ANTI-CD79B ANTIBODIES AND IMMUNOCONJUGATES AND METHODS OF USE

[0001] This non-provisional application filed under 37 CFR §1.53(b), claims the benefit under 25 USC
§119(¢) of U.S. Provisional Application Serial No. 60/950,052 filed on July 16, 2007, U.S. Provisional
Application Serial No. 61/025,137 filed on January 31, 2008, U S. Provisional Application Senial No. 61/032,790
filed on Febraary 29, 2008, and U.S. Provisional Application Serial No. 61/054,709 filed on May 20, 2008, cach

of which are incorporated by reference in emirety.

FIELD OF THE INVENTION
{00021 The present invention is directed o compositions of maner useful for (he weatment of

hematopoietic tumor in mammals and 10 methods of using those compositions of matter for the same.

BACKGROUND OF THE INVENTION

[0003] Malignant mmors (cancers) are the second leading cause of death in the United States, after

heart discase (Boring et al., CA Cancel J. Clin. 43:7 (1993)). Cancer is characterized by the increase in the
number of abnormal, or neoplasiic, cells derived from a normal tissue which proliferate to form a tumor mass, the
invasion of adjacent tissues by these neoplastic fumor cells, and the generation of malignant cells which
eventually spread via the blood or lymphatic system to Tegional lymph nodes and to distant sites via a process
called metastasis. In a cancerous state, a cell proliferates under conditions in which normal cells would not grow.
Cancer manifests itself n a wide variety of forms, characterized by different degrees of invasiveness and
agEressIveness.

[0004] Cancers which involve cells generated during hemalopoiesis, a process by which cellular
elements of blood, such as lymphocytes, leukocytes, platelets, erythrocytes and natural killer cells are generated
are referred to as hematopoietic cancers. Lymphocyies which can be found in blood and Ivmphatic tissue and are
critical for immune response are calegorized into two main classes of lymphocytes: B lymphocytes (B cells) and
T lymphocyies { T cells), which mediate humoral and cell mediated immunity, respectively.

{0003 B cells mamre within the bope marrow and leave the marrow expressing an antigen-binding
antibody on their cell surface. When a naive B cell first encounters the antigen for which its membrane-bound
antibody is specific, the cell begins to divide rapidly and ils progeny differentiate into memory B cells and
effecwr cells called “plasma cells”. Memory B cells bave a longer life span and contimue 10 express membrane-
bound antibody with the same specificity as the original parent cell. Plasma cells do not produce membrape-
bound antibody but instead produce the antibody in & form that can be secreted. Secreted antibodies are the major
effector molecule of bumoral immunity.

[0006] T cells mature within the thymus which provides an environment for the proliferation and
differentiation of immatare T cells. During T cell maturation, the T cells undergo the gene rearrangements that

produce the T-cell receptor and the positive and negative selection which helps determine the cell-surface



phenotype of the mature T cell. Characteristic cell surface markers of mature T cells are the CD3:T-cell receptor
complex and one of the coreceptors, CD4 or CDS.

[0007] In attempts to discover effective cellular targets for cancer therapy, rescarchers have sought to
identify ransmembrane or otherwise membrane-associated polypeptides that are specifically expressed on the
surface of one or more panicular typels) of cancer cell as compared to on one or more normal NON-CANCETOUS
cell(s). Often, such membrane-associated polypeptides are more abundanty expressed on the surface of the
cancer cells as compared to on the surface of the non-cancerous cells. The identification of such wmor-associated
cell surface antigen polypepides has given rise 1o the ability to specifically target cancer cells for destruction via
antibody-based therapies. In this regard, it is noted that antibody-based therapy has proved very effective in the
treatment of certain cancers. For example, HERCEPTIN® and RITUXAN®: (both from Genentech Inc., South
San Francisco, California) are antibodies that bave been used successfully to treat breast cancer and non-
Hodgkin's lymphema. respectively. More speeifically, HERCEPTING is 2 recombinant DNA-derived humanized
monoclonal antibody that selectively binds to the extracellular domain of the human epidermal growth factor
recepior 2 (HERZ) proto-oncogene. HERZ prolein overexpression is observed in 25-309% of primary breast
cancers, RITUXAN® is a genetically engineered chimeric murine/human monoclonal amibody directed against
the CD20 antigen found on the surface of normal and malignant B lymphocyics. Both these antibodies are
recombinantly produced in CHO cells.

[06008] In other atterapts to discover effective celiular targets for cancer therapy, rescarchers have
sought 10 identify (1) non-membrane-assoclated polypeptides that are specifically produced by one or more
particular type(s) of cancer cell{s) as compared to by one or more particular type(sy of non-cancerous normal
celi(s), (2) polypeplides that are produced by cancer cells at an expression level that is significantly higher than
that of one or more normal non-cancerous cell(s), or (3) polypeptides whose expression is specifically Hmited to
only a single {or very limited number of different) tissue type(s) in both the cancerous and non-cancerous state
(e.g.. normal prostaie and prostate tumor tissue}. Such polypeptides may remain intraceliularly located or may be
secreted by the cancer cell. Moreover, such polypeptides may be expressed not by the cancer cell tself, but rather
by cells which produce and/or secrete polypeptides having a polentiating or growtb-enhancing effect on cancer
cells. Such secreted polypeptides are often proteins that provide cancer cells with 2 growth advantage over
normal cells and include such things as, for example, angiogenic factors, cellular adhesion factors, growth factors,
and the like. Idemtification of antagomists of such non-membrane associated polypeptides would be expected to
serve as effeclive therapeutic agents for the treatment of such cencers. Furthermore, identification of the
expression patiern of such polypeptides would be useful for the diagnosis of particular cancers in manumnals.

[0009] Despite the above identified advances in mammalian cancer therapy, there is a great need for
additional therapeulic agents capable of detecting the presence of tumor in & mammal and for effectively
inhibiting neoplastic cell growth, respectively. Accordingly, it is an objective of the present invention to identify
polypepudes. cell membrane-associated, secreled or intracellular polypeptides whose expression is specifically
limited 10 ouly a single {or very limited number of different) tissue type(s), hematopoietic tissues, in both a
cancerous and nou-cancerous state, and to use those polypeptides, and their encoding nucleic acids, 10 produce
compositions of matter useful in the therapeutic treatment and/or detection of hematopoietic cancer in mammals.

[0016] CD79 is the signaling component of the B-cell receptor consisting of a covalent heterodimer

containing CD79% (Ige, mb-1) and CD79b (Igh. B29). CD79s and CD79b each conwin an extracellular
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imrounoglobulin  (Ig) domaip, a2 wensmembrane domain, wnd an imraceliular signaling domain, an
nmmunoreceplor tyrosine-based activation mouf (ITAM) domain . CD79 is expressed on B cells and in Non-
Hodgkin’s Lymphoma cells (NHLs} (Cabezudo et al., Haemarologica, 84:413-418 (1999); D’ Arena et al., Am. J.
Hemaiol., 64: 275-281 (2000); Olejniczak et al., Immunol Invesr, 35: 93-114 (2006)). CD79z2 and CD79b and
slg are all required for surface expression of the CD79 (Matsuuchi et al.. Curr. Opin. Immunol.. 13(3): 270-7)).
The average surface expression of CD79b on NHLs 13 simitar 10 that on normal B-cells, butl with a greater range
(Matsuuchi ¢t al.. Curr. Opin. Immunol., 13(3): 270-7 (2001)).

[0011] Given the expression of CD79b, it is beneficial to produce therapeutic amibodies 10 the CD79b
antigen that creale minimal or no antigenicity when administered to patients, especially for chronic treatment.
The present invention satisfies this and other needs. The present invention provides anti-CD79b antihodies that
overcome the limitations of current therapeutic compositions as well as offer additional advantages that will be
apparent from the detgiled description below.

{0012} The use of antibody-drug conjugaies (ADC), ie. immunoconjugates, {or the local delivery of
cylotoxit or cytostatic agents, .e. drugs 1o kill or inhibit vumor cells in the weatment of cancer {Lambert, J. (2005}
Curr. Opinion in Pharmacology 5:543-349; W ct al (2005) Nature Biotechnology 23(9):1137-1146; Pavne, G.
{2003) Cancer Cell 3:207-212; Syrigos and Epenetos (1995} Anticancer Research 19:605-614; Niculescu-Duvaz
and Springer (1997) Adv. Drug Del. Rev. 26:151-172; US 4975278) allows targeted delivery of the drug moiety
to tumors, and intracellular accumulation therein, where systemic adminiswation of these unconjugated drug
agents may resull in unacceptable levels of toxicity to normal cells as well as the tumor cells sought 1o be
climinated (Baldwin et al (1986) Lancet pp. (Mar. 15, 1986):603-05; Thorpe, {1985) "Antibody Carriers Of
Cyiotoxic Agenis In Cancer Therapy: A Review," in Monoclonal Antibodies '84: Biological And Clinical
Applications, A. Pinchera et al (¢d.s}, pp. 475-506). Efforts to improve the therapeutic index, i.e. maximal
efficacy and minimal toxicity of ADC have focused on the selectivity of polvclonal (Rowland et al (1986) Cancer
Immunol. Immunether., 21:183-87) and monoclonal antibodies (mAbs) as well as drug-linking and drug-releasing
properties (Lambert. J. (2005) Curr. Opinion in Pharmacology 3:543-549). Drug moieties used in antibody drug
conjugates include bacterial protein toxins such as diphtheria toxin, plant protein toxins such as ricin, smatl
molecules such as auristatins, geldanamycin (Mandler et al (2000) T of the Nat. Cancer Inst, 92(19):1573-1581;
Mandier et al (2000) Bioorganic & Med. Chem. Letters 10:1025-1028; Mandler et al (2002) Bioconjugate Chem.
13:786-791). mayiansinoids (EP 1391213; Liu et al (1996) Proc. Natl. Acad. Sci. USA 93:8618-8623),
calicheamicin (Lode et al (1998) Cancer Res. 58:2928; Hinman et al (1993) Cancer Res. 53:3336-3342),
daunomycin, doxorubicin, methotrexate, and vindesine {(Rowland et al (1986) supra). The drug moieties may
affect cytotoxic and cytostatic mechanisms including tubulin binding, DNA binding. or topoisomerase inhibition,
Some cytotoxic drugs iend 1o be inactive or less active when conjugated 1o large antibodies or protein receptor
ligands.

{0013]  The auristatin peptides, auristatin E (AE) and monomethylauristatin (MMAE). synthetic
analogs of dolastatin (WO 02/088172), have becn conjugated as drug moieties to: (i) chimeric monoclonal
antibodies cBR9S (specific 10 Lewis Y on carcinomas); (1) cACIO0 which is specific to CIX30 on hematolo gical
malignancies (Klussman, et al (2004}, Bioconjugate Chemistry 15(4):765-773; Doronina et al (2003) Nature
Biotechnology 21(7):778-784; Francisco et al (2003} Blood 102(4):1458-1463; US 2004/0018194; (iii) anti-CD20

antibodies such as rituxan (WO 04/032828) for the treatment of CD20-expressing cancers and imumune disorders;



{(1v) ant1-EphB2R antibody 2HY for treatment of colorectal cancer (Mao et al (2004) Cancer Research 64(3):781-
788); (v) E-selecun antibody (Bhaskar et al (2003) Cancer Res. 63:6387-6394), (vi) irastuwzumab (HERCEPTING,
US 2005/0238649), and (vi) anti-CD30 antibodies (WO 03443583}, Variants of auristatin E are disclosed in US
5767237 and US 6124431, Monomethy! auristatin E corjugated to monoclonal antibodies are disclosed in Semer
et al, Proceedings of the American Association for Cancer Research, Volume 45, Abstract Number 623, presented
March 28, 2004. Auristatin analogs MMAE and MMAF have been conjugated to various antibodies (US
2005/02386495,

[0014] Convemional means of attaching, i.e. linking through covalent bonds. a drug moiety 10 an
antibody generally leads 1o & heterogeneous mixture of molecules where the drug moieties are attached at a
pumber of sites on the antibody. For example, cytotoxic drugs have typically been conjugated 1o antibodies
through the often-numerous tysine residues of an antibody, generating & heterogeneous antibody-drug conjugale
mixure. Depending on reaction conditions, the heterogeneous mixiure typically contains a distribution of
antibodies with from 0 1o about 8. or more, attached drug moietics. In addition, within 2ach subgroup of
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conjugales with & particular integer ratio of drug moieties to antibody, is a potentially heierogeneous mixture
where the drug moiety is atfached at various sites on the amibody. Analytical and preparative methods may be
nadcquate to separate and characterize the antibody-drug conjugate species moleenles within the heterogencous
mixture resulting from a conjugation reaction. Antibodies are targe, complex and structuralty diverse
biomolecules, often with many reactive functional groups. Their reactivities with linker reagents and drug-linker
mtermediates are dependent on facters such as pH, concentration, salt concentration, and ¢o-sotvents.
Furthermore, the multistep conjugation process may be nonreproducible due to difficulties in controlling the
reaction conditions and characterizing reactanis and intermediates.

[0015] Cysieine thiols are reactive at neutral pH, unlike most amines which are prowonated and less
nucleophilic near pH 7. Since free thiol (RSH, sulfhydryl) groups are relatively reactive, proteins with cysteine
residues oflen exist in their oxidized form as disulfide-linked oligomers or have internally bridged disulfide
groups. Extracellular proweins generally do not have free thiols (Garman, 1997, Non-Radioactive Labelling: A
Practical Approach, Academic Press, London. at page 35). Antibody cysieine thiol groups are generally more
reaclive, i.e. more nucleophilic, towards electrophilic conjugation reagents than antibody amine or hydroxyl
groups. Cysteine residues have been introduced into proteins by genetic engineering techniques to form covalent
attachments to ligands or to form new intramolecular disulfide bonds (Better et al (1994) J. Biol. Chem. 13:9644-
9650; Bernhard et al (1994) Bioconjugate Chem. 5:126-132; Greenwood et al (1994) Therapeutic Immunolog
1:247-255; Tu et al (1999) Proc. Natl. Acad. Sci USA 96:4862-4867; Kanno et al (2000} 1. of Biotechnology,
76:207-214; Chmura et al (2001) Proc. Nat. Acad. Sci. USA 98(15%:8480-8484; US 6248364, However,
engineering in cysteine thiol groups by the mutation of varions amino acid residues of a protein 1o cysieine amino
acids is potentially problematic, particularly in the case of unpaired (free Cys) residues or those which are
relatively accessible for reaction or oxidation. In concentrated solutions of the protein, whether in the periplasm
of E. coli, culture supernatants, or partially or compleiely purified protein, unpaired Cys residues on the surface of
the protein can pair and oxidize to form iniermolecular disulfides, and hence protein dimers or multimers.
Disulfide dimer formation renders the new Cys unreactive for conjugation 1o a drug, higand, or other label,
Furthermore, if the protein oxidatively forms an intramolecular disulfide bond between the newly engineered Cys

and an existing Cys residue, both Cys thiol groups are unavailable for active site participation and imeractions.



Furthermore, the protein may be rendered inactive or non-specific, by misfolding or loss of tertiary structure
(Zhang ¢t 2l (2002) Anal, Biochem. 311:1-9).

[0016] Cysteine-engineered antibodies have been designed as FAB antibody fragments (thioFab) and
expressed as full-length, J¢G monoclonal (thioMab) antibodies (Junutula, J.R. et al. (2008) J Immunol Methods
332:41-52; US 2007/0092940, the contents of which are incorporated by reference). ThioFab and ThioMab
antibodies bave been conjugated through linkers at the newly introduced cysteine thiols with thiol-reactive linker
reagents and drug-linker reagents 10 prepare antibody drug conjugates (Thio ADC).

{0017 All references cived berein, including patem applications and publications, are incorporated by
reference in their entirety.

SUMMARY

[0018] The disclosure provides anti-CD79b antibodies or functional fragments thereof, and their
method of use in the treatment of hematopoietic fumors.

[0018a] In one aspect, there is provided an anti-CD79%b antibody comprising the following HVR
sequences:

@) HVR-L1 comprising sequence Al-AlS5, wherein AI-A15 is KASQSVDYEGDSFLN

(SEQ ID NO: 194)

(i) HVR-L2 comprising sequence B1-B7, wherein B1-B7 is AASNLES (SEQ ID NO: 193)

(i HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQSNEDPLT (SEQ ID NO:

196)
@Gv) HVR-HI comprising sequence D1-D10, wherein DI-D10 is GYTFSSYWIE (SEQ ID
NO: 202)

) HVR-H2 comprising sequence E1-E18, wherein E1-E18 is GEILPGGGDTNYNEIFKG

(SEQ ID NO: 203)

(vi} HVR-H3 comprising sequence F1-F10, wherein F1-F10 is TRRVPIRLDY (SEQ ID NO:

204);
wherein the antibody binds to the same epitope as a monoclonat antibody comprising the variable domains
of SEQ ID No 10 and SEQ ID No 14, an antibody comprising the variable domains of SEQ ID No 207 and
SEQ ID No 208 or an antibody comprising the light chain sequence of SEQ ID No 307 and the heavy chain
sequence of SEQ [D No 308,

[0019] In one embodiment, there is provided an antibody which binds, preferably specifically, to
any of the above or below described polypeptides. Optionally, the antibody is a monoclonal antibody,
antibody fragment, including Fab, Fab', F(ab'),, and Fv fragment, diabody, single domain antibody,
chimeric antibody, humanized antibody, single-chain antibody or antibody that competitively inhibits the
binding of an anti-CD79b polypeptide antibody to its Tespective antigenic epitope. Antibodies of the
present disclosure may optionally be conjugated to a2 growth inhibitory agent or cytotoxic agent such as a
toxin, including, for example, an auristatin, a maytansinoid, a dolostatin derivative or a calicheamicin, an
antibiotic, a radioactive isotope, a nucleolytic enzyme, or the like. The antibodies of the present disclosure
may optionally be produced in CHO cells or bacterial cells and preferably induce death of a cell to which
they bind. For detection purposes, the antibodies of the present disclosure may be detectably labeled,
attached to 2 solid support, or the like.



[0020] In one embodiment, there is provided a humanized anti-CD79b antibody wherein the
monovalent affinity (e.g affinity of the antibody as a Fab fragment to CD79b) or affinity in its bivalent
form of the antibody to CD79b (e.g. affinity of the antibody as an IgG fragment to CD79b) is substantially
the same as, Jower thamn, or greater than, the monovalent affinity or affinity in its bivalent form,
respectively, of a murine antibody {e.g. affinity of the murine antibody as a Fab fragment or as an IgG
fragment to CD79b) or a chimeric antibody {e.g. affinity of the chimeric antibody as a Fab fragment or as
an IgG fragment to CD79b), comprising, consisting or consisting essentially of a light chain and heavy
chain variable domain sequence as depicted in Figures 7A-B (SEQ ID NO: 10) and Figures 8A-B (SEQ ID
NO: 14),

[0021) In another embodiment, there is provided a humanized anti-CD79b antibody wherein the
affinity of the antibody in its bivalent form to CD79b (e.g., affinity of the antibody as an IgG to CD79b) is
0.4 nM, 0.2 nM or 0.5 nM.

[0022] In one embodiment, there is provided an antibody that binds to CD79b, wherein the
antibody comprises at least one, two, three, four, five or six HVRs selected from the group consisting of:

(3) HVR-L1 comprising sequence A1-AlS5, wherein A1-Al5 is KASQSVDYDGDSFLN
(SEQ ID NO: 131)

(i) HVR-L2 comprising sequence B1-B7, wherein B1-B7 is AASNLES (SEQ ID NO:
132)

(iify HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQSNEDPLT (SEQ ID
NO: 133)
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(iv) HVR-H1 comprising sequence D1-D10, wherein D1-D10 is GYTFSSYWIE (SEQ
1D NO: 134)

(v} HVR-H2  comprising  sequence  EI-EI8,  wherein EI.E18 is
GEILPGGGDTNYNEIFKG (SEQ ID NO: 135) and

{vi) HVR-H3 comprising sequence F1-F10, wherein F1-F10 IS TRRVPVYFDY (SEQ D
NO: 136}

{0023] In one embodiment, there is provided an antibody that binds to CD79b, wherein the
antibody comprises at least one variant HVR wherein the variant HVR sequence comprises modification of
at jeast one residue of the sequence depicted in SEQ ID NOs: 131, 132, 133, 134, 135 or 136.

{0024] In one embodiment, there is provided an antibody comprising a heavy chain variable
domain comprising the HVR1-HC, HVR2-HC and/or HVR3-HC sequence depicted in Figure 15 (SEQ ID
NO: 164-166).

f0025} In one embodiment, there is provided an antibody comprising a light chain variable
domain comprising HVR1-LC, HVR2-LC and/or HVR3-LC sequence depicted in Figure 15 (SEQ ID NO:
156-158).

[0026] In one embodiment, there is provided an antibody comprising a heavy chain variable
domain comprising the HVR1-HC, HVR2-HC and/or HVR3-HC sequence depicted in Figure 16 (SEQ ID
NO: 183-185).

{0027) In one embodiment, there is provided an antibody comprising a light chain variable
domain comprising HVR1-LC, HVR2-LC and/or HVR3-LC sequence depicted in Figure 16 (SEQ ID NO:
175-177).

[0028] In one embodiment, there is provided an antibody comprising a heavy chain variable
domain comprising the HVR1-HC, HVR2-HC and/or HVR3-HC sequence depicted in Figure 17 (SEQ ID
NO: 202-204).

[0029] In one embodiment, there is provided an antibody comprising a light chain variable
domain comprising HVRI-LC, HVR2-LC and/or HVR3-LC sequence depicted in Figure 17 (SEQ ID NO:
194-196).

[0630] In one embodiment, there is provided an antibody comprising a heavy chain variable
domain comprising the HVRI1-HC, HVR2-HC and/or HVR3-HC sequence depicted in Figure 18 (SEQ ID
NO: 221-223).

{0031} In one embodiment, there is provided an antibody comprising a light chain variable
domain comprising HVRI-LC, HVR2-L.C and/or HVR3-LC sequence depicted in Figure 18 (SEQ ID NO:
213-215).

[0032] In one embodiment, there is provided an anti-CD79b antibody comprising a heavy chain
variable domain selected from SEQ ID NOs: 170, 189, 208 or 227. In another embodiment, there is
provided an anti-CD7%b antibody comprising a light chain variable domain selected from SEQ ID NOs:
169, 188, 207 or 226.

{0033] In one embodiment, there is provided a cysteine engineered anti-CD79b antibody
comprising one or more free cysteine amino acids and a sequence selected from SEQ ID NOs: 251-298.
The cysteine engineered anti-CD79b antibody may bind to a CD79b polypeptide. The cysteine engineered
anti-CD79b antibody may be prepared by a process comprising replacing one or more amino acid residues
of a parent anti-CD79b antibody by cysteine.

[0034] In one embodiment, there is provided a cysteine engineered anti-CD79b antibody
comprising one or more free cysteine amino acids wherein the cysteine engineered anti-CD79b antibody
binds to a CD79b polypeptide and is prepared by a process comprising replacing one or more amino acid
residues of a parent anti-CD79b antibody by cysteine wherein the parent antibody comprises at least one
HVR sequence selected from:



{2) HVR-LI comprising seguence Al-AlS, wherein A)-A15 is KASQSVDYDGDSFLN (SEQ ID
NO: 131) or KASQSVDYBGDISFLN (SEQ ID NQ: 137);

) HVR-L2 compriging sequence B1-B7, wherein B1-B7 is AASNLES (SEQ ID NQ: 132

) HVR-L3 comprising sequence C1-C8, wheredn C1-C8 is QQSNEDPLT (SEQ IDNO: 133)

(d) HVR-HI comprising sequence D1-D10, wherein D1-D10 s GYTPSSYWIE (SEQ ID NOQ: 134)

(e} HVR-H2 comyprising sequence E1-E1R, wherein E1-EIR is GEILPGGGDTNYNEFKG (SEQ
ID NO: 135) and

{f) H\’R—I;B comprising sequence FI-F10, wherein F1-F10 is TRRVPVYFDY (SEQ ID NO: 136)
or TRRVPIRLDY (SEQ I NO: 138).

[0035) The cysicine engineered anti-CD79 amtibody mey be 2 monoclonal antibody, antibody
fagment, chimeric antbody, humanized antibody, single-chain antibody or amibody that competitively inhibits
the binding of an ent-CD79b polypeptide antibody 1o its Tespective antigenic epitope. Ambodies of the present
disclosure may optionally be conjugated 10 a growth inhibitory agent or cytotoxié agent such as a {oxin,
including, for example, an auristatin or maytansinoid. The antibodies ‘of the present disclosure may
optionally be produced in CHO cells or bacterial cells and preferably inhibit the growth or proliferation of

or induce the death of a cell to which they bind. For diagnostic purposes, the antibodies of the present
disclosure may be detectably labeled, attached fo a solid support, or the ]

{0013} In one embodiment, there is provided methods for making an antibody of the disclosure,
For example, the disclosure provides a method of making 2 CD79%b antibody (which, as defined herein
includes full length and fragments thereof), said method comprising expressing in a suitable host cell 2
yecombinant vector of the disclosure encoding said antibody (or fragment thereof), and recovering said
antibody.

j0036a] In one aspect, there is provided a method of maldng an antibody as defined above,
wherein the method comprises (a) culturing a host cell selected from the group comprising a enkaryotic cell
and 2 CHO cell under conditions suitable for expression of the polynucieotide encoding the antibody, and
{b) isolating the autibody.

[0036b] In another aspect, there is provided a polypeptide comprising the sequence as defined
herein,

{0036¢] In vet another aspect, there is provided an immunoconjugate comprising the antibody as
defined above covalently aftached to (i) z cytotoxic agent, optionally a chemotherapeutic agent, a drug
moiety, an antibotic, a radicactive isotope, and a nucleolytic enzyme; or (ii) 2 capture label, optionally a
biotin capture label; or (iii) 2 detection label, optionally a fluorescent dye detection label such as flurescein
type, a rthodamine type, dansyl, Lissamine, a cyanine, a phycoerythrin, Texas Red, and an analog thereof,
or a radionuclide detection label selected from °H, 'C, *C, '*F, ¥p, s, ®Cu, #Ga, ¥v, T, ', 'L
1247 125 W1 18xe ITLy, 1At and *°Bi; wherein the antibody is optionally attached to the detection label
by a chelating ligand, optionally DOTA, DOTP, DOTMA, DTPA or TETA.

[0037] In one embodiment, there is provided a pharmaceutical formulation comprising 2n
.. antibody of the disclosure or an antbody-drug conjugate of the disclosure, and 2 pharmaceuically
! acceptable diluent, carrier or excipient.

[00372] In one aspect, there is provided a pharmaceutical composition comprising an antibody as
defined above or the immunoconjugate as defined above and a pharmaceutically acceptable camier,
optionally in combination with a cytotoxic agent.

{0038} In one embodiment, there is provided an article of manufacture comprising a container;
and a composition contained within the container, wherein the compaosition comprises one or more CD79b
antibodies of the disclosure. :

{0039} In one embodiment, there is provided a kit comprising 2 first container comprising a
composition comprising one or more CD79b antibodies of the disclosure; and a second container
comprising a buffer.



[0039a} In one aspect, there is provided an antibody as defined above, for use as a medicament.

[0039b] In one aspect, there is provided an antibody as defined above or the immunoconjugate as
defined above for use in the treatment of a proliferative disorder, optionally in combination with a cytotoxic
agent.

[003%¢c] In one aspect, there is provided an antibody as defined above or the immunocenjugate as
defined above for use in inhibiting the growth of a cell that expresses CD79b, wherein said cell is a tumor
cell.

[0040] In one embodiment, there is provided use of a CDD7%9b antibody of the disclosure in the
preparation of a medicament for the therapeutic and/or prophylactic freatment of a disease, such as a
cancer, a tumor and/or a cell proliferative disorder.

[0041] In one embodiment, there is provided use of an article of manufacture of the disclosure in
the preparation of a2 medicament for the therapeutic and/or prophylactic treatment of a disease, such as a
cancer, a tumor and/or a cell proliferative disorder.

{0042] In one embodiment, there is provided use of a kit of the disclosure in the preparation of a
medicament for the therapeutic and/or prophylactic treatment of a disease, such as a cancer, a tumor and/or
a cell proliferative disorder.

[0043] In one embodiment, there is provided a method of inhibiting the growth of a cell that
expresses CD79b, said method comprising contacting said cell with an antibody of the disclosure thereby
causing an
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inhibition of growth of said cell. In one embodiment, the antibody is conjugated to a cytotoxic agent. In
one embodiment, the antibody is conjugated to a growth inhibitory agent.

{0043a] In one aspect, there is provided an in vitro method of inhibiting the growth of a cell that
expresses CD79b, said method comprising contacting said cell with an antibody as defined above or the
immunoconjugate as defined above, wherein said cell is optionally a B cell and/or a tumor cell.

[0044] In one embodiment, there is provided a method of therapeutically treating 2 mammal
having a cancerous tumor comprising a cell that expresses CD79b, said method comprising administering
to said mammal a therapeutically effective amount of an antibody of the disclosure, thereby effectively
treating said mammal. In one embodiment, the antibody is conjugated to a cytotoxic agent. In one
embodiment, the antibody is conjugated to a growth inhibitory agent.

[6045] In one embodiment, there is provided a method for freating or preventing a cell
proliferative disorder associated with increased expression of CD79b, sazid method comprising
administering to a subject in need of such treatment an effective amount of an antibody of the disclosure,
thereby effectively treating or preventing said cell proliferative disorder. In one embodiment, said
proliferative disorder is cancer. In one embodiment, the antibody is conjugated to a cytotoxic agent. In one
embodiment, the antibody is conjugated to a growth inhibitory agent.

{0046] In one embodiment, there is provided a method for inhibiting the growth of a cell,
wherein growth of said cell is at least in part dependent upon a growth potentiating effect of CD79b, said
method comprising contacting said cell with an effective amount of an antibody of the disclosure, thereby
inhibiting the growth of said cell. In one embodiment, the antibody is conjugated to a cytotoxic agent. In
one embodiment, the antibody is conjugated to a growth inhibitory agent.

[0047] In one embodiment, there is provided a method of therapeutically treating a tumor in &
mammal, wherein the growth of said tumor is at least in part dependent upon a growth potentiating effect of
CD79%b, said method comprising contaéting said cell with an effective amount of an antibody of the
disclosure, thereby effectively treating said tumor. In one embodiment, the antibody is conjugated to a
cytotoxic agent. In one embodiment, the antibody is conjugated to a growth inhibitory agent.

[0048] In one embodiment, there is provided a method of treating cancer comprising
administering to a patient the pharmaceutical formulation comprising an immunoconjugate described
herein, acceptable diluent, carrier or excipient.

[0045] In one embodiment, there is provided a method of inhibiting B cell proliferation
comprising exposing a cell to an immunoconjugate comprising an antibody of the disclosure under

conditions permissive for binding of the immunoconjugate to CD79b.



{0050] In one embodiment, there is provided a method of determining the presence of CD79b in
a sample suspected of containing CD79b, said method comprising exposing said sample to an antibody of
the disclosure, and determining binding of said antibody to CD79b in said sample wherein binding of said
antibody to CD79b in said sample is indicative of the presence of said protein in said sample.

[0050a] In one aspect, there is provided a method of determining the presence of a CD79b protein
in a sample suspected of containing said protein, said method comprising exposing said sample to an
antibody as defined above or the immunoconjugate as defined above and determining binding of said
antibody or immunoconjugate to said CD79b protein in said sample, wherein binding of the antibody to
said protein is indicative of the presence of said protein in said sample; wherein the sample is optionally
from a patient suspected of having a B cell proliferative disorder, optionally lymphoma, non-Hodgkins
lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL, refractory NHL,
refractory indolent NHL, chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma, leukemia,
hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL), and mantle cell lymphoma.

{00511 In one embodiment, there is provided a method of diagnosing a cell proliferative disorder
associated with an increase in cells, such as B cells, expressing CD79b is provided, the method comprising
contacting a test cells in a biological sampie with any of the above antibodies; determining the level of
antibody bound to test cells in the sample by detecting binding of the antibody to CD79b; and comparing
the level of antibody bound to cells in a control sample, wherein the level of antibody bound is normalized
to the number of CD79b-expressing cells in the test and control samples, and wherein 2 higher level of
antibody bound in the test sample as compared to the control sample indicates the presence of a cell

proliferative disorder associated with cells expressing CD79b.
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[0052] In one embodiment, there is provided a method of detecting soluble CD79b in blood or
serum, the method comprising contacting & test sample of blood or serum from a2 mammal suspected of
experiencing a B cell proliferative disorder with an anti-CD79b antibody of the disclosure and detecting a
increase in soluble CD79b in the test sample relative to a control sample of blood or serum from a normal

mammal.

[0033] In one embodiment, there is provided a method of binding an antibody of the disclosure
to a cell that expresses CD79b, said method comprising contacting said cell with an antibody of the
disclosure. In one embodiment, the antibody is conjugated to a cytotoxic agent. In one embodiment, the
antibody is conjugated to a growth inhibitory agent.

{00532} In one aspect, there is provided an assay for detecting B cells comprising: (2} exposing
cells to an antibody as defined above or the immunoconjugate as defined above; and (b) determining the

extent of binding of the antibody or immunoconjugate compound to the cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Figure 1 shows a nucleotide sequence (SEQ ID NO: 1) of a PRO36249 ¢DNA, wherein SEQ ID
NQ: 1 is a clone designated berein as “DNAZ225786" (also referred here in as “CD79b"). The nucleotide sequence
encodes for CD79b with the start and stop codons shown in bold and underiined.

[0055] Figure 2 shows the amino acid sequence (SEQ ID NO: 2) derived from the coding sequence of
SEQ ID NQ: ! shown in Figure 1.

[0056] Figure 3 shows the nucleotide sequence (SEQ ID NO: 3) of the light chain of chimeric CD79b
muwrine antbody (cBMA79b) 1gG1 (MA7%b 18 2 murine monocional anti-CD79b antibody). The nucleotide
sequence encodes for the light chain of chMA79b with the start and stop codons shown in bold and underiined.

[0057] Figure 4 shows the amine acid sequence (SEQ ID NO: 4), missing the first 18 amino acid signal
sequence, derived from the coding sequence of SEQ ID NO: 3 shown in Figure 3. Variable regions are ragions
not underimed.

[0058] Figure 5 shows the micleotide sequence (SEQ ID NO: 5) of the heavy chain of chimeric murine
antibody (chMA79) 1gGl (MAT9b 35 & munine monoclonal anti-CD7% antibody). The nucleotide sequence
encodes for the heavy chain of chMA795 with the start and stop codors shown in bold and underlined.

[0059] Figure § shows the amino acid sequence (SBQ ID NO: §), missing the first 18 amino acid signal
sequence and the last lysine (K} prior to the stop codon, derived from the coding sequence of SEQ ID NO: 3
shown in Figure 5. Variable regions are regions not underlined.

[0060] Figures 7A-B show the alignment of sequences of the variable light chains for the following:
Hght chain buman kappa I consensus sequence (lzbeled as “huXKI"; SEQ ID NO; 9) with VL-FR1, VL-FR2, VL-
FR3, VL-FR4 (SEQ ID NOs: 139-142, respectively), murine anti-CD75b antibody (labeled as “MA79b"; SEQ ID
NO: 10), MA79b-grafied “humanized” antibody (labeled as “huMA79b graft”; SEQ ID NO: 11), MA79b-grated
“humanized” antibody variant 17 (labeied as “buMAT79b.v17”; SEQ ID NO: 169), MA79b-grafted *““humanized”
antibody variant 18 (labeled as “huMA79b.v18”; SEQ ID NO: 188), MA79b-grafied “humanized” antibody
variznt 28 (labeled 25 “huMA79b.v28"; SEQ ID NO: 207) and MA79b-grafied “bumanized” antibody variant 32
(labeled as “huMA79b.v32"; SEQ ID NO: 226). Positions are numbered according to Kabat and bypervariable
regions (HVRs) grafied from MA79b to the variable light Kappa I consensus framework are boxed.

[0061] Figures 8A-B show the alignmemt of sequences of the variable heavy chains for the following:
heavy chain human subgroup I consensus sequence (labeled as *“bumlIll™; SEQ ID NO: 13) with VH-FR1, VH-
FR2, VH-FR3, and VH-FR4 (SEQ ID NOs: 143-146), murine anti-CD79b antibody (labeled as “MA?%"; SEQ
ID NO: 14), MA79b-grafted “humanized” antibody (laebeled as “buMA79b graft”; SEQ ID NO: 15) (contajning
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71A, 757 and 78A), MA79-grated “humanized” antibody variant 17 (labeled as “huMA 7% vi77; SEQ ID NO:
1703 (containing 71A, 73T and 78A), MA79b-grafied “‘humanized” amibody variant 18 (labeled as
“huMA79b.v1IE", SEQ ID NO: 189) (comtaiming 71A, 737 and 78A), MAT9b-grafied “humanized” antibody
variant 28 (labeled as “huMA79b.v28™. SEQ 1D NO: 208) (comaining 71A, 75T and 78A) and MA79h-grafied
“humanized” antibody variant 32 (labeled as “huMA79b.v32™ SEQ ID NQO: 227) (containing 71 A, 73T and 78A).
Positions are numbered according 1o Kabat and hypervariabie regions {HVRs) grafied from MA79b 10 the
variable heavy subgroup I consensus framewark are boxed.

{0062] Figure 9 shows various HVR sequences of selected MAT9b-grafied “humanized” amibody
variants (SEQ ID NOs: 17-21) wherein each variant has a single amino acid change in a single HVR of the
MA79b-grafted “humanized” antibody (HVR-L1 (SEQ ID NO; 131); HVR-L2 (SEQ ID NO: 132); HVR-L3
(SEQ ID NO: 133)). The sequences of the variable light and variable heavy chains outside of the shown single
amino acid changes were identical 1o the buMA79% grafl and are not shown. No changes were observed in HVR.-
HI (SEQ ID NO: 134), HVR-HI (SEQ ID NO: 135} or HVR-H3 (SEQ ID NO: 136) of the MA7Sb-grafled
“humanized” antibody.

[0063] Figure 10 shows various HVR sequences of selected MA79b-grafied “humanized” amibody
variants {SEQ ID NOs: 22-106), including buMA79b L2-2 (also referred to heretn as “L2”) an huMA79b H3-10
(also referred 1o herein as “H3™} wherein each variant bas multiple amino acid changes in 2 single HVR region of
the MA7%b-grafied “humanized” antibody (ITVR-L2 (SEQ ID NO: 132); HVR-L3 (SEQ ID NO: 133); IIVR-HI
(SEQ ID NQ: 134); portion of HVR-H3 (SEQ ID NO: 136} is shown in Figure 10 as SEQ ID NO; 107). The
sequences of the variable {ight and variable heavy chains outside of the shown amine acid changes were identical
1o the bBuMA79b graft and are not shown. No changes were observed in HVR-L1 (SEQ ID NO: 131) or HVR-H2
(SEQ ID NO: 135) of the MAT9b-grafied “humanized” antibody.

[0064] Figure 11 shows Biacore analysis of selected anti-CD79b antibodies, including murine CD79b
anmtibody (labeled as “MA79b"), MAT79b-grafled “humanized” antibody (labeled as “huMA79b grafi™}. and
MA79b-grafted “hbumanized” antibody variants, including huMA79b L2-2 (32R, 53K, 335G, 56R: SEQ ID NO:
223, huMA79b H3-10 (981, 99R, 100L; SEQ ID NO: 94}, huMA79b Hi-6 (28P, 30T, 31R, 35N; SEQ ID NQO: 57)
and BuMA79b L2/H3 (L2-2 and H3-10 muiations desoribed below) 1o designawed entigens. including the
extracellular domain of human CD7% (BuCD7%b.4). the extracellular domain of human CD79b fused to Fe
{tCD79b .0-Fc) and a 16 amine acid peptide containing the epiiope for MA79b and ¢chMA79b (SEQ ID NO: 16).

[0065]  Figure 12 shows Biacore analysis of selected anti-CD79b aptibodies. mcluding MA79b-grafied
“humanized” antibody (labeled as “huMA79b graft™) and MA79b-grafted “humanized” antibody variants (labeled
as 1-34 in the first column or as “all famework” in the first column) 1o the exiracelivlar domain of human CD79%
(huCh79%b-¢ccd antigen). MAT9b-grafied “humanized” antibody variants include an “all framework™ variant
where poleptially important murine framework residues are present and variants (labeled 1-34) with combinations
of framework mutations with or without HVR mutations in the variabie light chain and variabie heavy chain as
designated. MA79b-grafied “humanized” amibody variant 17 (hercin referred to as “huMA7%9b.v17"} is labeled
as 17 m the f{irst column, MA79b-grafied “humanized” amibody variant 18 (herein referred 1o as
“huMA79b.v18") 1s labeled as 18 in the first column, MA79b-grafied “humanized” amtibody variant 28 (herein
referred 10 as “huMA79b.v287) is labeled as 28 ip the first column and MA79b-grafted “humanized” antibody
variant 32 (herein referred 1o as “hnMA79b.v327) 15 labeled as 32 in the first column. Bivalent binding fold is

represented as the Kd of the particular MA79-grafied “bumanized” antibody variant (labeled as “Kdiag ' )/the
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Kd of the chimeric MA7% antibody (chMA79Db) (labeled as “Kdgimes )i values under the column labeled
“bivalent binding fold™ represents Kduasan/Kdaimes. NO detected binding is designated in the figure as “WDB™.

[00661 Figures 13A-B (variable heavy (VH} consensus frameworks} and Figure 14 (varisble light (VL)
consensus frameworks) depict exemplary accepior buman consensus framework sequences for use in practicing
the instant invention with sequence identifiers as follows: (Figures 13A-B) human VH subgroup ! consensus
framework minus Kabat CDRs (SEQ ID NO: 108), human VH subgroup 1 consensus framework minus extended
hypervariable regions (SEQ ID NQOs: 109-111), human VH subgroup [l consensus framework minus Kabat CDRs
(SEQ ID NO: 112). human VH subgroup II consensus framework minus extended hypervariable regions {SEQ ID
NQOs: 113-115), human VH subgroup III consensus framework minus Kabat CDRs (SEQ ID NQO: 116), human
VH subgroup HI consensus framework minus extended hypervariable regions (SEQ [D NOs: 117-119), human
VH accepior famework minus Kabat CDRs (SEQ ID NO: 1203, human VH accepior famework minus extended
hypervariable regions (SEQ ID NOs: 121-122}, human VH acceptor 2 framework minus Kabat CDRs (SEQ ID
NO: 123) and human VH aceeptor 2 [ramework minus extended hypervariable regions (SEQ ID NOs: 124-26)
and (Figure 14) buman VL keppa subgroup i comsensus framework (SEQ 1D NG: 127}, human VL kappa
subgroup 1 consensus framework (SEQ D NO: 128}, yman kappa subgroup 11 consensus framework (SEQ 1D
NO: 129) and human kappa subgroup I'V consensus framework (SEQ ID NO: 130).

f0067] Figures I5A (light chain) and 15B (heavy chain) show amino acid sequences of an antibody of
the invention (buMA79b.v17). Figures 15A (light chain} and 15B (heavy chain) show amine acid sequences of
the framework (FR), hypervariable region (HVR}, first constant domain (CL or CHI) and Fe¢ region (Fe) of one
embodiment of an antibody of the invention (huMA7%b.v17) (SEQ ID NOs: 152-159 (Figure 15A}) and SEQ ID
NOs: 160-168 (Figure 15B)). Full-length amino acid sequences {variable and counstant regions) of the light and
heavy chains of buMA79b.v17 are shown (SEQ ID NO: 303 (Figure 15A) and 304 (Figure 13B), respectively,
with the constant domains underlined. Amino acid sequences of the variable domains are shown (SEQ ID NO:
169 (Figure 15A for light chain) and SEQ ID NO: 170 (Figure 15B for heavy chain}).

[0068] Figures 16A (light chain} and 16B (heavy chain) show amine acid sequences of an antibody of
the invention (huMAT9b.v18). Figwres 16A (light chain) and 168 (heavy chain) show amino acid sequences of
the framework (FR), hypervariable region (HVR), first constant domain (CL or CHI) and Fe region (Fc) of one
embodiment of an antibody of the invention (huMA79b.v18) (SEQ ID NOs; 171-178 (Figure 16A) and SEQ ID
NOs: 179-187 (Figure 16B)). Full-length amino acid sequences (variable and constant yegions) of the light and
beavy chains of huMA79b.v18 are shown (SEQ 1D NO: 305 (Figure 16A) and 306 (Figure 16B), respectively,
with the constant domains underlined. Amino acid sequences of the variable domains are shown (SEQ ID NO:
188 (Figure 16A for light chain) and SEQ ID NO: 189 (Figure 16B for heavy chain)).

[0069] Figures 17A (hght chain) and 17B (beavy chainy show amino acid sequences of an antibody of
the invention (huMA79b.vZ8). Figures 17A (light chain) and 17B (heavy chain) show amino acid sequences of
the framework (FR}, hypervariable region (HVR), first constant domain (CL or CH1) and Fe region (Fe) of one
embodiment of an antibody of the invention (huMA79b.v28) (SEQ ID NQs: 190-197 (Figure 17A) and SEQ ID
NOs: 198-206 {Figure 17B). Full-length amino acid sequences (variable and constant regions) of the light and
heavy chains of huMA79b.v28 are shown (SEQ 1D NO: 307 (Figure 17AY and 308 (Figure |7B), respectively,
with the constant domains underlined. Amino acid sequences of the variable domains are shown (SEQ 1D NO:

207 (Figures 7A-B for light chain) and SEQ ID NO: 208 (Figures 8A-B {or heavy chain)y.
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{00701 Figures 18A (light chain) and 18B (beavy chain) show amine acid sequences of an aniibody of
the nvemion (huMA79b.v32). Figures 18A (light chain) and 188 (heavy chain) show amino acid sequences of
the framework (FR). hypervariable region (HVR), first constant domain (CL or CH1) and Fc region {Fc) of one
embodiment of an antibody of the invention (huMA79b.v32) (SEQ ID NOs: 209-216 (Figure 18A) and SEQ 1D
NQs: 217-225 (Figure 18B). Full-length amino acid sequences {variable and constant regions) of the light and
heavy chains of huMA79b.v32 are shown (SEQ 1D NO: 509 (Figure I8Aj} and 310 (Figure 18B). respectively,
with the constant domains underimed. Amino acid sequences of the variable domains are shown (SEQ ID NO:;
226 {Figure 184 for light chain) and SEQ ID NO: 227 (Figure 18B for heavy chain)).

[0071] Figwe 19 shows the alignment of the amino acid sequences of CD79b from human (SEQ ID
NQ: 2), cynomolgus monkey (cyno) (SEQ ID NO: 7) and mouse (SEQ ID NO: 8). Human and cvno-CD79h have
85% amino acid jdentity. The signal sequence, test peptide (the 11 amine acid epitope for MA79b | chMA79b
and ani-cyno CD79b antibody described in Example 1; ARSEDRYRNPK (SEQ ID NO: 12)), transmembrane
(TM) domain and immunoreceptor tyrosine-based activation motif (ITAM) domain are indicated. The region
boxed is the region of CD79b that is absent in the splice variant of CD79b (desoribed in Example 1).

[0072] Figure 20 is a graph of inhibition of in vivo tumor growth in 2 BIAB-luciferase xenograft model
which shows that administration of anti-CD79b antibodies ((a) chMA79b-SMCC-DM1, drug load was
approximately 2.9 (Table ) and (b) huMA79b L2/H3-SMCC-DM1, drug load was approximaiely 2.4 {Table 9))
1o SCID mice having buman B cell wmors significantly inhibited tumor growth. Conwols included Herceptin®
{trastzumab}-SMCC-DM1 (anu-HER2-SMCC-DM1).

[0073] Figure 21A is a graph of inhibition of in vivo tumor growth in a Granta-519 (Human Mantle
Cell Lymphoma) xenograft model which shows that administration of anti-CD79b antibodies ({2} chMA79b-
SMICC-DM1, drug load was approximately 3.6 (Table 10}, () uMA790.v17-SMCC-DM1, drug load was
approximately 3.4 (Table 10}, (¢} huMA79b.v28-SMCC-DMI, drug load was approximaiely 3.3 or 3.4 (Table 10),
(d) BuMATIL . vI8-SMCC-DM 1, drug load was approximately 3.4 (Table 10) and (¢} buMA79b.v32-SMCC-DM 1.
drug load was approximately 2.9 {Table 10}) to SCID mice having human B cell wmors significantly inbibied
tumor growth, Controls included Herceptin® (trasmzumab)-SMCC-DM1 (ani-HER2-SMCC-DM1 ). Figure 21B
is a plot of pereent weight change in the mice from the Granta-519 xenograft study (Figure 21A and Table 10)
showing that there was no significant change in weight during the first 7 days of the study. *“hu” refers 1o
humanized antibody and “ch” refers to chimeric antibody,

[0074] Figure 22 shows depictions of cysleine engineered anti-CD79b antibody drug conjugates (ADC)
where a drug moiety is attached to an engineered cysteine group in: the hight chain (LC-ADC); the heavy chain
{HC-ADC); and the Fe region (Fe-ADC).

[0075] Figure 23 shows the steps of: (i) reducing cysieine disulfide adducts and imerchain and
intrachain. disulfides in 2 cysieine engineered anti-CD79b antibody (ThioMab} with reducing agent TCEP (tris(2-
carboxyethylphosphine hydrochlonide); (i) partially oxidizing, ie. reoxidation 1o reform imerchain and
intrachain disulfides, with dhAA (debydrosascorbic acid); and (ii1) conjugation of the reoxidized antibody with a
drag-linker intermediate t© form a cysteine ami-CD79% drug conjugate (ADC).

[0076] Figure 24 shows (A} the light chain sequence (SEQ ID NO: 229) and (B) heavy chain sequence
(SEQ ID NO: 228) of humanized cysteine enginecred anti-CD79b antibody (thio-huMA79b v17-HC-A118C). in
which an alanine at EU posttion 118 (sequemial position alanine 118; Kabat positon 114) of the heavy chain was

altered 10 2 cysteine. A drug moiety may be attached 10 the engineered cysteine group in the heavy chain. In each
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figure, the altered amino acid is shown in bold text with double underlining. Single underlining indicates constant
regions. Variable regions are regions not underlined. Fe region is marked by ftalic. “Thio™ refers 1o cysteine-
engineered antibody while “hu™ refers to humanized anubody.

{0077} Figure 25 shows (A) the ight chain sequence (SEQ I NO: 231) and (B) beavy chain sequence
(SEQ ID NO: 230) of humanized cysieine engineered anti-CD79b antibody (thio-huMA 79h ¢18-HC-AT18C). in
which an alanine at EU position 118 (sequential position alanine 118, Kabat position 114) of the heavy chain was
alwred 10 a cysteine. A drug moiety may be attached to the cnginecred cysteine group in the heavy chain, In cach
figure, the altered amino acid is shown in bold wex1 with double underlining. Single underlining indicates constant
regions. Variable regions are regions nol undertined. Fe region is marked by itatic. “Thio” refers to cysteine-
engineered antibody while “hu” refers to humanized aniibody.

{00781 Figure 26 shows (A} the light chain sequence (SEQ ID NO: 233) and (B) heavy chain sequence
{SEQ ID NQ: 232) of humamzed cysieine engineered anti-CD79b antibody (thic-huMA 79b v2&-HC-A11KC). in
which an alanine a1 EU posiuon 118 (sequential position alanine 118: Kabat position 114) of the heavy chain was
altered 10 a cysteine. A drug moiety may be atiached 1o the engineered cysieine group in the beavy chain. In each
figure, the altered amino acid is shown in bold 1ext with double underlining. Single underlining indicates consiant
regions. Variable regions are regions not underlined. Fo region is marked by italic. “Thio” refers 1o cvsieine-
engineered antibody while “hu’” refers to humanized antibody.

[0079) Figure 27 shows (A} the light chain sequence (SEQ ID NQ: 235) and (B) heavy chain sequence
{SEQ ID NO: 234) of cysteine engineered antu-CD7% antibody {thio-MA79b-LC-V205C), 2 valine at Kabat
position 205 (sequential position Valine 209) of the light chain was alered to a cysieine. A drug moiety may be
attached the an engineered cysteine group in tbe light chain. In each figure, the alizred amino acid is shown in
bold fext with double underiining. Single underlining indicates constant regions. Variable regions are regions not
underlined. Fe region is marked by italic. “Thio” refers to cysteine-enginecred antibody.

[0080] Figure 28 shows (A} the light chain sequence (SEQ ID NO»: 237) and (B} beavy chain sequence
(SEQ 1D NO: 236) of cysteine engineered anti-CD79b antibody (thio-MA795-HC-A118C), in which an alanine at
EU positon 118 {sequential position slanine 118; Kabat position 114) of the heavy chain was alered 1o a cysieine.
A drug moiety may be attached 1o the enginecred cysicine group in the beavy chain. In each figure, the alicred
amino acid is shown in bold text with double underlining. Single underlining indicates constant regions. Variable
regions are regions not underlined. Fe region is marked by italic. “Thio™ refers to ¢ysteine-enginecred antibody.

[0081] Figures 29A-B are FACS plots indicating that binding of anti-CD79b thioMAb drug conjugaies
{TDCs) of the invention bind 1o CD79b expressed on the swiace of BIAB-luci{erase cells is similar for
conjugated {A) LC (V205C) thioMAb variants and (B} HC (A118C) thioMADb variants of chMA 79b with MMAF.
Detection was with MS anti-humanlgG-PE. “Thio™ refers 10 cysieine-engineered avtibody.

{0082} Figures 30A-D are FACS plots indicating that binding of anti-CD7%b thioMAb drug conjugates
{TDCs) of the invention bind 10 CD79 expressed on the surface of BJAB-luciferase cells is similar for (A) naked
{unconjugated) HC (A118C) thioMAb variants of BuMA79b.v18 and conjugated HC (A118C) thioMAb varjants
of huMA79b.v18 with the different drug conjugates shown ((B) MMAF. (Cy MMAE and (Dj DM1)). Detection
was with MS anti-humanleG-PE. “Thio” refers 1o cysteinc-engincered antibady while “hu™ refers to humanized
antibody.

[0083] Figures 31 A-D are FACS plots indicating that binding of anti-CD79b thioMAbD drug conjugates

{TDCs) of the invention bind to CD79b expressed on the surface of BIAB-luciferase cells is similar for {A) naked
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(unconjugated) HC (A118C) thioMAb variants of buMA79b.v28 and conjugated HC (A118C) thioMAb variants
of huMA79b.v28 with the different drug conjugates showsn ((By MMAE, (C) DM1 and (D) MMAF)). Deiection
was with MS anti-buman-PE. “Thio” refers to cysteine-engineered antibody while “hu” refers to humanized
antibody.

[0084] Figures 32A-D are FACS plots mdicating that binding of anti-cynoCD79b thioMAb drug
conjugates (TDCs) of the invention bind 1o CD79b expressed on the surface of BJAB-cells expressing
cynoCD79b is similar for (A) naked {(unconjugated} HC(A118C) thioMAb variants of anti-cynoCD7%b
(ch10D10) and conjugated HC(AI18C) thioMAb variants of ami-cynoCD79b (ch10D10) with the different drug
conjugates shown ((B) MMAE, (C) DM and (D) MMAF)). Detection was with MS anti-hulgG-PE. “Thio™
refers 10 cysieine-engineered antibody.

[0085] Figure 33A is a graph of inhibition of in vivo tumor growth i 2 Granta-519 (Human Mantle
Cell Lymphoma) xenografl model which shows that administration of anti-CD79b TDCs which varied by position
of the engineered eysteine (LC (V205C) or HC (A118C)} andror differemt drug doses 10 SCID mice having human
B cell wmors sigmficantly inhibited tumor growth. Xenografi models treated with thio chMA79b-HC(A 118C)-
MC-MMAF, drug load was approximaiely 1.9 (Table 11} or thio ¢chMA79b-LO(V205C)-MC-MMAF. drug load
was approximately 1.8 (Table 11) showed a significant inhibition of tumor growth during the study. Controls
included bu-anti-HER2-MC-MMAF and thio hu-ant-HER2-HC(A118C)-MC-MMATF and chMA79b-MC-
MMAF. Figure 33B is a plot of percent weight change in the mice from the Grama-51% xenograft stdy (Figure
33A and Table 11) showing that there was no significant change in weight during the first 14 days of the study.
“Thio™ refers to cysteine-engineered amibody while “hu™ refers 1o humanized amibody.

[00R6] Figure 344 is a graph of inhibition of in vivo wamor growth in & BJAB-luciferase (Burkiti's
Lymphoma) xenograft model which shows that administration of anti-CD79b TDCs conjugated o different linker
drug moicties (MCvcPAB-MMAE, BMPEO-DM! or MC-MMAF) to SCID mice having human B cell tumors,
significantly inhibited tmmor growth. Xenograft models treated with thio huMA 795 v28-HC(AT1RC)-MCvePAB-
MMAE, drug load was approximately 1.87 (Table 12). thio huMA 79b v28-HC(A118C)-BMPEG-DML. drug load
was approximately 1.85 (Table 12), or thio huMA79b.v28-HC(A 118C)-MC-MMAF, drug load was
approximaicly 1.95 (Table 12). showed a significant inhibition of umor growth during the study. Controls
included anti-HER2 controls (thio hu-anti-HER2-HC(A118C)-BMPEC-DM1, thio hu-anti-HER2-HC(A118C)-
MC-MMAF, thio bu-ant-1IERZ-HC(A118C)-MCvcPAB-MMAE), huMA 79b.v28 controls (huMA79b.v28-
SMCC-DM1 and thio huMA790.v28-HC(A 118C)) and anti-CD22 controis (thio bu-anti-CD22(10F4v3)-
HC(A118C)-MC-MMAF). Figure 348 is a plot of percent weight change in the mice from the BJAB-luciferase
xenografl study (Figure 34A and Table 12) showing that there was no significant change in weight during the first
7 days of the study.  “Thio" refers 1o cysteine-engineered antibody while “hu” refers to humanized antibody.

[0087] Figure 35A is a graph of inhibition of in vivo tumor growth in a WSU-DLCL?2 (Diffuse Large
Cell Lymphoma) xenografl model which shows that administration of anti-CD79b TDCs conjugated to different
linker drug moieties (MCvePAB-MMAE. BMPEO-DMI or MC-MMAF) to SCID mice baving human B cell
tumors significantly inbibited umor growth. Xenografi models treated with thio huMA79b.v28-HC(A118C)-
MCvePAB-MMAE, drug load was approximately 1.87 (Table 13), thio huMA79b.%28-HC(A 1 18C)-BMPEO-
DM1, drug load was approximately 1.85 (Table 13}, or thio buMA79b.v28-HC(A118C)-MC-MMAF, drug load
was approximately 1.95 (Table 13), showed a significant inhibiton of tumor growth during the study. Controls

inciuded anti-HER2 controls (thio hu-anti-HERZ-HC(A118C)-BMPEQ-DM1, thio hu-anti-HERZ2-HC(A118C)-
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MC-MMATF, thio hu-anti-HER2-HC(A118C)-MCvcPAB-MMAE), buMA79b.v28 controls (huMA795.v28-
SMCC-DMI and thio huMA79b.v28-HC(A118C)) and anti-CD22 controls (thio hu-anti-CD22(10F4v3)-
HCALIBC)H-MC-MMAF). Figure 35B 15 a plot of percent weight change in the mice from the WSU-DLCL2
xenografl study (Figire 354 and Table 13) showing that there was no significam change in weight during the first
7 davs of the study. “Thio™ refers 1o cysteine-engineered antibody while “hu” refers 10 humanized antibody, '

[(G088] Figure 36 is a graph of Inhibition of in vive umaor growth in a DOHH?2 (Follicular Lymphonta)
xenograft model which shows that administration of anti-CD79b TDCs conjugaicd 1o differemt linker drug
moieties (BMPEQ-DM 1, MC-MMAF or MCvePAB-MMAE) 1o SCID mice having human B cell tumors
significantly inhibited tumor growth. Xenografl models wreated with thio haMA79b. v28-BMPEO-DM 1 (drug
load was approximately 1.85 (Table 14)), thio huMA79b v28-MC-MMAF (drug load was approximately 1.95
(Table 14)) or thio MA79b-HC(AT18C)-MCvcPAB-MMAE (drug load was approximately 1.87 (Tabie 14))
showed a significant inhibition of tumor growth during the study. Controls included anti-HER2 controls (thio hu-
anti-HER2-HC(AT18C)-BMPEO-DMI. (o hu-anti-HER2-HC(ATI8C)-MC-MMAF, thio hu-anti-HER2-
HC(A118C)-MCvcPAB-MMAE), huMA79b.v28 controls (buMA79b.v28-SMCC-DM ! and thio huMA79b.v:28-
HC(AT18C)) and ami-CD22 controls {thio hu-anti-CD22(10F4v31-HC(AT1RCH-MC-MMATF). “Thie” refers o
cysteine-engineered antibody while “hu” refers to humanized antibody.

{0089] Figure 37 is a graph of inhibition of in vivo tumor growth in 2 BJAB-luciferase (Burkitt's
Lymphoma} xenografi mode! which shows that administration of apti-CD79b TDCs conjugated 1o different linker
drug moieties (MCvePAB-MMAE, BMPEO-DM1 or MC-MMAF} and/or administered at different doses as
shown 10 SCID mice having human B cell tumors, significantly inhibited umor growth, Xenografl models
treated with thio huMA79b. v28-HC{AT1BC)-BMPEO-DM I, drug load was approximately 1,85 (Table 13), thio
huMA79h.v28-HC(A 118C)-MCvePAB-MMAE, drug load was approximately 1.9 (Table 15, or thio
huMAT79b v28-HC(A L1 8C)-MC-MMAF, drug load was approximately 1.9 (Table 13) showed a significant
inhibition of mmor growth during the study. Controls included vehicle (buffer alone), anti-HER2 controls (thio
hu-anti-HER2-HC(A 11 8C)-BMPEO-DM 1, thio hu-anti-HER2-HC(A 1 18C)-MC-MMAF, thio hu-anti-HER2-
HC(AT18C)-MCvePAR-MMAE). huMA79b.v28 comrols (thio huMA79b v28-HC(AT1R(C)) and ani-CD22
controls (thio hu-anti-CD22(10F4v3)-HC(A118C)}-MC-MMAF). “Thio™ refers to cysteing-cngineered antibody
while “hu” refers 10 humanized antibody.

[0090] Figure 38A is 2 graph of inhibition of In vivo wmor growth in a Granta-619 (Human Manile
Cell Lymphoma) xenograft model which shows that admunistration of anti-CD7%b TDCs conjugated to different
linker drug moieties {BMPEO-DM1 or MC-MMAF) and/or administered at different doses as shown to SCID
mice having human B cell tumors, significantly inhibited umor growth, Xenografl models treated with thio
huMA79b.v28-HC(A1TRCY-BMPEQ-DM L. drug load was approximately .85 (Table 163, or thioc huMA79% . v28-
HC(AL18C)-MC-MMAF, drug load was approximately 1.95 (Table 16), showed significant inhibition of wumor
growth during the study.  Comrols included anti-HERZ controls (thie hu-anti-HER2-HC(A118C)-BMPEQ-DMI,
thic bu-anti-HER2-HC(A118C)-MC-MMAF). Figure 38B is a plot of percent weight change 1 the mice from the
Gramia-519 xenograft study (Figure 38A and Table 16) showing that there was no significant change i weight
during the first 14 days of fhe study. “Thio™ refers to cystelne-cngineered anlibody while “hu™ rofers to
humanized antibody.

[0091) Figure 39 is 2 graph of inhibition of ip vive umor growth in a WSU-DLCL2 (Diffuse Large

Cell Lymphoma) xenograft model which shows that administration of anti-CD79b TDCs conjugated to different
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linker drug moieties (BMPEO-DMI. MC-MMAF or MCvcPAB-MMAE) and/or administered at different doses
as shown to SCID mice having human B cell umors, sigmificantly inhibited tumor growth, Xenograft modets
reated with thio uMA 796 x28-HC(A118C)-BMPEO-DML. drug load was approximately .85 (Table 17), thio
huMATIL V28-HC(AL IRC)-MC-MMAF, drug oad was approximately 1.9 (Table 17) or thio huMA79b.v28-
HC(ALIBCH-MCvePAB-MMAE, drug load was approximately 1.9 (Table 17), showed significant inhibition of
mmor growth during the study, Contrels included vehicle (buffer alone) and anti-HER2 conwols {thio hu-ami-
HERZ-HC(ALIBCHBMPEO-DMI, thic hu-ami-HERZ-HCIAT 18C)-MC-MMAF. thio hu-ami-HERZ-
HO{A118C)-MCycPAB-MMAE). “Thio” refers 1o cysieine-engineered amibody while “hu™ refers 10 humanized
antibody.

[0092] Figure 40 1s a graph of inhibition of 1 vivo tumor growth in a Granta-319 (Human Mantle Cell
Lymphoma) xenografl model which shows that administration of ami-CD79b TDCs conjugated o different linker
drug moleties (BMPEO-DMI or MCvePAB-MMAE) and/or administered at different doses as shown 1o SCID
mice having human B cell tumors, significantly inhibiled tumor growth. Xenograft models treated with thio
huMA7% v28-HC(A118C)-BMPEQ-DM 1. drug load was approximately 1.85 (Table 18) or thic huMA79b v28-
BC(ALIRC)-MCvePAB-MMAE, drug 1oad was approxirnately 1,87 (Table 18}, showed significan inhibition of
fumor growth during the study. Controls ncluded anti-HER?2 coutrols (thio hu-anti-HER2-HC(A 1 18C)-BMPEO-
DM, thio hu-anti-HER2-HC(A118C)-MCvcPAB-MMAE), “Thio™ refers to cysteine-engineered antibody while
“hu” refers W humanized antibody,

[0093] Figure 41 shows a plot of in vitro cell proliferation assay results with (A) BJAB. (B) Granta-519
or (Cy WSU-DLCL2 tumor cells, reated with varying comncentrations 001 w0 10000 ng of TDC per ml, including;
(1) control thio bu anti-gD-HC(A118C)-MCvcPAB-MMAE, 2.0 MMAF/Ab loading, {2} control thio hu anti-gD-
HC(A118C)-MC-MMAF, 2.1 MMAF/Ab loading, (3) control thic hu anti-eD-HC(A$18C)-BMPECG-DM1, 2.1
DM1/Ab loading, {4) thio BuMA79b.vI8-HC(ATI8C)-MC-MMAF, 191 MMAF/Ab loading, (5) thio
huMA79b.v18-HC(A118C)-BMPEG-DM1, 1.8 DMI/Ab loading, and (6) thio huMA79b.v28-HC(A118C)-
MCvcPAB-MMAE, 2.0 MMAE/Ab ioading. “Thio” refers 10 cysieine-engineered amibody while “bu” refers 1o
humanized antibody. “gDD™ refers 1o glycoprotein D,

[0094] Figurc 42 shows the nucleotide sequence (SEQ ID NO: 238) of PRO283627 ¢DNA. wherein
SEQ ID NO: 235 15 a clone designated as “DNAS48455™ (aiso referred herein as “cyno CD79b”).  The nucleotide
sequence encodes for cypomolgus CD79b with the start and stop codons shown in bold and underlined

[0095) Figure 43 shows the amino acid sequence (SEQ ID NO: 239y derived from ihe coding sequence
of SEQ ID NO: 235 shown in Figure 42,

[0096] Figure 44 shows the nucleotide sequence (SEQ ID NO: 240) of the light chain of anti-cyno
CD79b antibody (ch10D10). The nucleotide sequence encodes for the light chain of anti-cyno CD79b antibody
{ch10D10) with the start and stop codons shown in bold and underfined.

[0097] Figure 45 shows the amino acid sequence (SEQ ID NO: 241). missing the first 18 amino acid
signal sequence, derived from the coding sequence of SEQ ID NO: 240 shown in Figure 44, Variable regions
(SEQ ID NQ: 302) are regions not underlined.

[0098] Figure 46 shows the nucleotide sequence (SEQ ID NO: 242) of the heavy chain of ami-cyno
CD79b antibody (ch10D10). The nucleotide sequence encodes for the heavy chain of amti-cvno CD79b antibody

(ch10D10) with the start and stop codons shown in bold and underlined.
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[0099] Figure 47 shows the amino acid sequence (SEQ ID NO: 243), missing the first 18 amino acid
signal sequence and the last lysine (K prior to the stop codon, derived from the coding sequence of SEQ ID NO:
242 ghown in Figure 46, Variable regions (SEQ ID NO: 3013 are regions not underlined.

[0100] Figure 48 shows (A} the Light chain sequence (SEQ ID NO: 245) and (B) heavy chain sequence
(SEQ ID NO: 244) of cysieine engineered anti-cyno CD79b amibody (Thio-anti-cynoCD795-HC-A118C), in
which an alanine a1 EU position 118 (sequential position alamine 118, Rabat position 114 of the heavy chain was
alicred to a cysteine. Amine acid D at EU position 6 (shaded in Figure) of the heavy chain may alternatively be E.
A drug moiety may be attached 10 the engineered cysieine group in the heavy chain. In each figure, the aliered
amine acid is shewn in bold text with double underlining. Single underlining indicates constant regions. Variable
regions are regions not underlined. Fe region is marked by italic. “Thio™ refers to cysteine-engineered antibody.

[0101] Figuwe 49 shows (A) the light chain sequence (SEQ ID NO: 300) and (B) heavy chain sequence
(SEQ ID NO: 299} of cysteine engineered anti-cvno CI79b antibody (Thic-ant-cynaCD790-LC-V205C), in
which an & valine at Kabat position 203 (sequemial posivion Valine 209) of the light chain was aliered o a
cysteine. Amino acid D at EU position 6 (shaded i Figure) of the heavy chain may alternatively be E. A drug
moiety may he attached to the engineered cysigine group in the heavy chain. In cach figure, the altered amino
acid is shown n bold text with donble underimng. Single underlining indicaies constant regions. Variable
regions are regions not underlined. Fe region is marked by ftalic. “Thio™ refers 10 cysteine-engineered antibody.

[0102] Figure 50 is a graph of inhibition of m vivo tumor growth in 2 BIAB-cynoCD79b (BIAB cells
expressing cynoCD79b) (Burkitt's Lymphoma} xenograft mode! which shows that administration of ami-CD79
TDCs conjugated fo different linker drug moieties (BMPEO-DM 1, MC-MMAF or MCvePAB-MMAE) to SCID
mice having buman B cell tumors, significantly inhibited tumor growth. Xenograft models treated with thio
huMAT9b v2E-HC(ATIRC)-BMPEG-DMI, drug load was approximately 1.85 {Table 19), thio huMA790.v28-
HC(A118C-MC-MMAF, drug load was approximately 1.9 (Table 19), or thio uMA79b v28-HC(A118C)-
MCvcPAB-MMAE, drug load was approximately 1.9 (Table 19), thio anti-cyno CD79b (ch10D10)-HC(A118C)-
BMPEQ-DMI. drug load was approximately 1.8 (Table 19}, thio anti-cyno CD79b (ch 10D 10-HCIAT18CH-MC-
MMAF, drug load was approximately 1.9 {Table 19) or thio anti-cyno CD79b (ch10D10-HC(A118C)-
MCvePAB-MMAE, drug load was approximately 1.86 (Table 19), showed significan! inhibition of tumor growth
during the study. Controls included anti-HER2 controls (thio hu-anti-HER2-HC{A11RC-BMPEO-DM 1, thio hu-
anti-MERZ-HC(AL1BC)-MCvePAB-MMAE. thio hu-anti-HERZ2-HC(AL 18C)}-MC-MMAF). “Thio” refers to
cvsicine-engineered antibody while “hu” refers 1o humanized antibody.

{01031 Figure 31 is a graph of inhibition of in vivo tumor growth in 2 BJAB-cynoCD79b (RIAR cells
expressing cynoCD79) (Burknt's Lymphoma) xenograft model which shows that administration of ami-CD7¢b
TDCs with BMPEO-DM linker drug moiety administered at different doses as shown, 10 SCID mice having
human B cell tumors, significantly inhibited tumor growth., Xenograft models treated with thio huMA79b.v28-
HC(A118CH-BMPEO-DM 1. drug toad was approximately 1.85 (Table 20) or thio anti-cyno (ch10D10)-
HC(AL1I8C)-BMPEO-DMI. drug load was approximately 1.8 (Table 20), showed significant inhibition of tumor
growlh during the study. Controls included anti-HER2 controls (thio hu-anti-HER2-HC(A 114C)-BMPEQ-DM 1)
and huMA795.v28 controls {thio uMA 795 v28-HC(AT18C) and anti-cynoCD79b(ch1 OD1M) controls (thio anti-
cynoCD79b(ch10D103-HC(ATIRC)). “Thio™ refers 1o cysieine-engineered antibody while “hu” refers to

humanized antibody.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0104] The invention provides methods, compositions, kits and articles of manufaciure for identifying
compositions useful for the treatment of hematopoietic wimor in mammals and to methods of using those
compositions of matier for the same.

{0105] Details of these methods. compositions, kits and articles of manufacture are provided herein.

I3 General Technigues
{0166] The practice of the present ipvention will employ, unless otherwise indicaied, conventional

technigues of molecutar biology (including recombinant techmques), microbiolegy. cell biology, biochemistry,
and immunology, which are within the skill of the art. Such techmiques are explained fully in the Hiterature. such
as, “Molecular Cloning: A Laboratory Manual™, second edition (Sambrook et al. 1989); “Oligonucleotide
Synthesis” (M. J. Gait. ed., 1984); “Animal Cell Culture™ (R L. Freshney. ed., 1987}; *Methods in Enzymology™
(Academic Press. Iuc.}; “Current Protocols in Molecular Biology™ (F. M. Ausubel et al, eds.. 1987, and periodic
updates); “PCR: The Polvmerase Chain Reaction™, (Muliis et al, ed., 1994); “A Praciical Guide 10 Molecular
Cloning™ (Perbal Bernard V.. 1988); “Phage Display: A Laboratory Manual” (Barbas et al., 2001).

L Definitions

[0107} For purpoeses of interpreting this specificavion, the following defimitions will apply and
whenever appropriate, terms used in the singular will 480 include the plural and vice versa. In the event that any
definition set forth conflicts with any document incorporated herein by reference, the definition set forth below
shal} control.

[0108] A “B-cell surface marker” or “B-cell surface antigen™ herein is an antigen expressed on the
surface of a B cell that can be targeted with an antagonist thal binds thereto, including but not limited 10,
antibodies 10 & B-cell surface antigen or a soluble form a B-cell surface antigen capable of antagonizing binding
of a ligand 10 the naturally occurring B-cell antigen. Exemplary B-cell surface markers include the CD10, CD19,
CD20, CD21, CD22, CN23, CNH24, CN37, CN40, CN53, CD72. CD73, CD74, Chw7s, Chw76, CDH77, CDwTS,
CD7%a, CD79b, CDRO, CDSL, CDS82, CD83, CDw84, CDRS and CD86 leukocvie surface markers (for
descriptions. see The Leukocyie Antigen Facts Book, 2™ Edition. 1997, ed. Barciay et al. Academic Press,
Harcourt Brace & Co., New York). Otber B-cell surface markers include RPI05. FeRH2. B-cell CR2, CCR6,
P2X5. HLA-DOB, CXCRS, FCER2. BR3, BAFF, BLyS, Btig, NAGI14, SLGC16270, FeRH1, IRTAZ. ATWDS578,
FeRH3, IRTAL, FcRH6, BCMA, and 239287, The B-cell surface marker of particular interest is preferemially
expressed on B cells compared to other non-B-cell ussues of a mammal and may be expressed on both precursor
B cells and matwe B cells.

[0109] The term “CD79b", as used herein. refers to any native CD79b from any vertebrate source,
imcluding mammrals such as primates (e.g. bumans, cynomolgus monkey (cvno)) and rodents {.¢.g., mice and rats),
unless otherwise indicated. Human CD79b is also referred herein to as “PRO36249” (SEQ ID NQ: 2) and
encoded by the nucleotide sequence (SEQ 1D NO: 1) also referred herein 1o a5 “DNA223786”. Cypomologus
D79 1s aiso referred berein to a8 “cyno CDT79D” or “PRO283627" (SEQ ID NO: 239) and cncoded by the
nucleotide sequence (SEQ ID NO: 238) also referred berein to as “DNAS54R4535". The term “CD79%"
encompasses “full-length,” unprocessed CD79b as well as any form of CD79b that results from processing in the

cell. The term also encompasses naturally occurring variants of CD79b, e.g., splice variants, allelic variants and
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isoforms. The CD79% polypeptides described herein may be isolated from a variety of sources, such as from
humnan ussue types or ffom another source, or prepared by recombinent or synthetic methods. A "native sequence
CD79b polypeptide” comprrises a polypeptide having the same amino acid sequence as the corresponding CD79b
polypeptide derived from nature. Such native sequence CIN7Sh potypeptides can be isotated from nature or canbe
produced by recombinant or svathetic means. The term "pative sequence CD79b polypeptide™ specifically
encompasses naturaliv-occurring wuncaled or secreted forms of the specific CD79b polypeptide {(e.g.. an
extraceliular domain sequence), natwrally-occurring variant forms {e.g.. alternatively spliced forms) and naturally-
occurring allelic variants of the polypepude. In certain embodiments of the invention. the nauve sequence CD79b
polvpeptides disclosed herein are mature or fuli-length mative sequence polypeptides comprising the full-length
amina acids sequences shown in the accompanying figures. Start and stop codons (if indicated) are shown in bold
font and underlined n the figures. Nucleic acid residues indicated as “W” in the accompanying figures are any
nucleic acid residue. However, while the CD79b polypeptides disclosed in the accompanying figures are shown
10 begin with methionine residues designated herein as amino acid pesition | in the Agures. 1 is conceivable and
possible that other methionine residues located either upstream or downstream from the amine acid position 1 in
the figures may be employed as the starting amino acid residue for the C179b polypeptides.

[0110] “MA79b™ or “murine CD79b antibody” or “murine anti-CD79b antibody™ is used herein 1o
specifically refer o murine ami-CD79b monoclonal amiibody wherein the murine anti-CD79 monoclonal
antbody comprises the Light c¢hamn variable domain of SEQ 1D NC: 10 (Figures 74-B) and the heavy chain
variable domain of SEQ ID NQO: 14 (Figures §A-B). Murine anti-CD7% monoclonal antibody may be purchased
from commercial sources such as Biomeda (anti-buman C1D79b antibody; Foster City, CA), BDbioscience (anti-
humen CD79b amibody; San Diego, CA} or Ancell (anti-buman CD79 antibody; Bayport, MN) or generated
from hybridoma clone 3A2-2E7 American Type Culture Collection (ATCC) deposit designation number
HB11413. deposited with the ATCC on July 20, 1993.

{01117 “chMA79b™ or “chimeric MA79b antibody™ is used herein to specifically refer to chimeric anti-
hwman CD79b amibody (as previousty described in US Application No. 11/462,336, filed August 3, 2006)
wherein the chimeric anti-CD 79 antibody comprises the light chain of SEQ 1D NO: 4 (Figure 4). The light chain
of SEQ ID NO: 4 further comprises the variable domain of SEQ ID NO: 10 (Figures 7A-B) and the light chein
constant domain of buman 1gGl. The chimeric anti-CD79b antibody further comprises the heavy chain of SEQ
ID NO: 6 (Figure 6). The heavy chain of SEQ ID NO: 6 further comprises the variable domain of SEQ 1D NO:
14 {Figures 8A-B) and the heavy chain constant domain of human IgG1.

[0112] “anti-cynoCD79b” or “anti-cyno CD79b™ is used herein 1o refer to antibodies that binds 10 cyno
(D79 (SEQ 1D NO: 239 of Figure 43) (as previousiy described in US Application No. 11/462 336, filed August
3, 2006). “anti-cynoCD79b(ch10DI10)” or “chl0DI10™ is used herein fo refer 1 chimeric ami-cynoCD79b (as
previously described in US Application No. 11/462,336, {iled August 3, 2006) which binds 1o cynoCD79b (SEQ
N NQ: 239 of Figure 43). Anti-cynoCD79b(ch10D10} or ¢h10D1G is chimeric anti-cynoCD79h antibody which
comprises the light chain of SEQ 1D NO: 241 (Figure 45).  Anti-cynoCD79b{chi0D10) or ¢ch10DI0 further
comprises the heavy chain of SEQ ID NQ: 243 (Figure 47).

[0113] “MA79b-graft” or “MA79b-grafied ‘humanized’ antibody” or “huMA79b graft” is used herein
to specifically refer 1w the graft gencrated by grafting the bypervariable regions from murine anti-CD79b antibody

(MA79b) into the acceptor human consensus VL kappa 1 (huKI) and human subgroup III consensus VH (hulll)
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with R71A. N73T and L78A (Carter et al,, Proc. Natl. Acad. Sci. US4, 89:4285 {1992)) (See Example 1A and
Figures 7 (SEQ ID NO: 11) and 8 (SEQ ID NO: 15)).

[0114] A “modification” of an amino acid residue/position, as used herein, refers to a change of a
primary amino acid sequence as compared (0 2 staring amino acid seguence, wherein the change results fom a
sequence alteration involving said amino acld residue/positions. For example, typical modifications include
substitution of the residue €or at said position; with another amino acid (e.g., a conservative or non~-conservative
substitution]. inscrtion of one or more (gencrally fewer than 5 or 3} amino acids adjacem 1o said residuc/posiiion,
and delerion of said residue/position. An “amino acid subsitwdon”, or vanaion thereof, refers 1o the replacemen
of an existing amino acid residue i a predetermined (starting) amino acid sequence with a differeni amino acid
residue.  Generally and preferably, the modification resuits in alteration in at least one physicobiochemical
activity of the variant polypeptide compared to a polypeptide comprising the starting (or “wild type”} amino acid
sequence. For example, in the case of an antibody. a physicobiochemical activity that is allered can be binding
aflinity. binding capability and/or binding effect uporn a target molecule.

[0115] The term “amibody” is used in the broadest sense and specifically covers, for example, single
anti-CN79b monoclonal antibodies (including agonist. antagonist, neutralizing amibodies, full length or intact
monoclonal antibodies), anii-CD79b antibody compositions with polyepitopic specificity, polyclonal antibodies,
multivalent antibodies. muliispecific antibodies (¢.g.. bispecific antibodies so long as they exhibit the desired
biological activity}, formed from at least rwo mtact antibodies, single cham anti-CD79b antibodics, and fragments
of anti-CD79b antibodies (see below), including Fab. Fab’, Flab’), and Fv fragmems, diabodies, single domain
antibodies (sdAbs), as long as they exhibit the desired biological or immunological activity. The term
“immunogliobulin® {Ig) is used interchangeable with antibody hercin. An antibody can be human, humanized
and/or affinity matured.

[0116] The term “anti-CD79b antibody” or “an antibody that binds to CD79b™ refers 1 an antibody
that is capable of binding CD79b with sufficient affinity such that the antibody is useful as a diagnostic and/or
therapeutic agent in targeting CD79b. Preferably, the extent of binding of an anti-CD79b antibody 10 an unrelated,
non-CND7% protein is less than about 10% of the binding of the antibody w0 CD79b as measwed, e.g., by 2
radioimmunoassay (RIA). In certain embodimenis, an antibody that binds fo CD79b has a dissociation constant
(Kd)of <1 uM, <100 nM, < 10 oM, £ 1 oM, or £0.1 oM. In certain embodiments. anti-CD79b amibody binds
10 an epitope of CD79b that is conserved among CD79b from different species.

{01177 An "isolated antibody” is one which has been identified and separated and/or recovered from a
component of its natiural epvironment. Contaminant components of its natural environmen! are malerials which
would interfere with therapeutic uses for the antibody, and may include enzymes, hormones. and other
proteinacecus or nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) o greater
than 95% by weight of amibody as determined by the Lowry metbod, 2nd most preferably more than $9% by
weight, (2) 1o & degree sufficient 10 obtain at least 15 residues of N-terminal or internal amino acid sequence by
use of a spinning cup sequenator. or (3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions
using Coomassie blue or, preferably, silver stain.  Isolated antibody includes the antbody in situ within
recombinant cells since at least one component of the antibody's natural enviromment will not be present.

Ordinarily, however, isolated antibody will be prepared by at least one purification siep.
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[0118] The basic 4-chain antibody unit is a heleroletrameric glycoprowein composed of two identical
light (L} chains and two identical beavy (H) chains (an IgM amibody consists of 5 of the basic heieroletramer unit
along with an additdonal polypeptide called I chain, and therefore contain 10 antigen binding sites, while secreted
IgA antibodies can polymerize w form polyvalent assemblages comprising 3-5 of the basic 4-chain units along
with J chain). In the case of IgGs, the 4-chain unit 15 generally about 150,000 daltons. Each L chain is linked 1o a
H chain by one covalent disulfide bond, while the two H chaing are linked w cach other by one or more disulfide
bonds depending on the H chain sotype. Each H and L chain also has regularly spaced intrachain disulfide
bridges. Each H chain bas at the N-ierminus, a variable domain (Vy) followed by three constant domains (Cy) for
cach of the « and v chains and four Cy domains for u and ¢ isotypes. Each L chain bas at the N-terminus, 2
variable domain (V) followed by a constant domain (Cy ) atl its other end. The V| is aligned with the Vy, and the
Cy s aligned with the first constant domam of the heavy chain (Cyl). Particular amino acid residues are believed
to form an interface between the light chain and heavy chain variable domains. The pairing of 2 Vi and Vi
together forms a single antigen-binding sile. For the structure and properues of the different élasses of antbodaes,

see, e.g., Basie and Chnics! Immunology, 8th edition, Daniet P, Stites, Abba I Terr and Trstram G. Parslow

{eds ), Appleton & Lange, Norwalk, CT, 1994, page 71 and Chapter 6.

[0119] The L chain from any veriebrate species can be assigned 10 one of two clearly distinet types,
called kappz and lambda, based on the aniino acid sequences of their consiant domains. Depending on the amino
acid sequence of the constant domain of their heavy chains (Cy), immunoglobulins can be assigned to different
classes or isotypes. There are five classes of immunoglobulins: IgA, IgD, IgE, 1gG, and 1gM, having beavy
chains designated a, &, ¢, v, and u, respectively. The y and o classes are further divided into subclasses on the
basis of relatively minor differences in Cy sequence and function, e.g., bumans express the following subclasses:
1eG1, IeG2. IgG3.1gG4, IgAl, and [gAL.

[0120] The “vanable region™ or “variable domain” of an antibody refers 10 the amino-terminal domains
of the heavy or light chain of the antibody. The variable domain of the heavy chain may be referred 1o as “VH.”
The variable domain of the light chain may be referred to as “V1."  These domains are generally the most
variahle parts of an antibody and comtain the antigen-binding sites,

{0121} The wrm "varable” refers w0 the fact that certain scgments of the variable domains differ
extensively in sequence among antibodies. The V domain mediates antigen binding and defines specificity of 2
particular antibody for its particular antigen. However, the variability is not evenly distributed across the 110-
amino acid span of the variable domains. Inslead, the V regions consist of relatively invariant streiches called
framework regicns (FRs) of 15-30 amino acids separated by shorter regions of extreme variability called
“hypervariable regions” that are each 9-12 amino acids long. The variabie domains of native heavy and light
chaing each comprise [our FRs. largely adopting a -sheet configuration, connected by three hypervariable regions,
which form loops connecting, and in some cases forming part of, the B-sheet sructure. The hypervariable regions
in each chain are held together in close proximity by the FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the antigen-binding stie of antibodies (see Kabat et al., Sequences of Proteins
of Immunological Interest, Sth Ed. Public Health Service, National Instimutes of Health, Bethesda, MD. (1991)).
The constant domains are not involved directly in binding an antibody to an antigen, but exhibit various cffector
functions, such as participation of the aniibody in antibody dependenmt ceftutar cyiotoxicity (ADCC).

[0122] Anp “intact” antibody is one which comprises an antigen-binding site as well as a C,_ and at least

heavy chain coustani domains, Cyl. Cy2 snd Cy3. The constant domains may be native sequence constant
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domains {e.g. human vative sequence constant domains) or amino acid sequence variant theveof. Preferably, the
intact antibody has one or more effector lunctions.

[0123] A “naked antibody”™ for the purposes herein is an antibody that is not conjugated 1o a cytotoxic
moiety or radiolabel.

{0124] "Axntibody fragments” comprise a porion of an intact antibody, preferably the antigen binding
or variable region of the imiact antibody. Examples of anmibody fragments include Fab, Fab', Flab'),. and Fv

fragments: diabodics: lincar antibodics {sec U.S. Patent No. 3,641.870, Example 2; Zapata et al., Protcin Eng

8(10), 1057-1062 [1993]); single-chain antibody melecules; and mulispecific antibodies formed from antibody
fragments. In one embodiment, an antibody ragment comprises an antigen binding site of the intact amibody and
thus retains the ability 10 bind antigen.

[0123] Papain digestion of amibodies produces two identical antigen-binding fragments, called "Fab"
fragments, and a residual "F¢" fragment, a designation reflecting the ability to crystallize readily, The Fab
{ragment consists of an entize L chain along with the variable region domain of the H chain (Vy), and the Grst
constant domain of one heavy chain {Cpl). Each Fab fragment is monovalent with respect to antigen binding, ie.,
it has z single antigen-binding site. Pepsin treatment of an antibody yvields a single large F(ab"). fragment which
roughiy corresponds to twe disulfide linked Fab {ragments having divalent antigen-binding activity and is still
capable of cross-linking antigen. Fab® fragments differ from Fab {ragments by having additional few residues at
the carboxy terminus of the Cypl domain including one or more cysteines from the antibody hinge region. Fab'-
SH is the desigpation berein for Fab' in which the cysleine residue(s) of the constant domains bear a free thiol
group. F(ab")- antibody fragments originally were produced as pairs of Fab' fragments which have hinge cysieines
between them. Other chemical couplings of antibody fragments are alse known.

[0126) The Fc fragment comprises the carboxy-erminal portions of both H chains beld wogether by
disulfides. The effector functions of antibodies are determined by sequences in the Fe region, which region is also
the part recognized by Fe receptors (FeR) found on certain types of cells.

{01271 "Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -
binding site. This fragmem consists of a dimer of one heavy- and one light-chain variable region domain in tight,
non-covalent association. In a single-chain Fv {scFv) speeics, one heavy- and one light-chain variable domain cap
be covalently linked by a flexible peptide linker such that the light and heavy chains can associate in 3 “dimeric™
structure analogous 10 that in a two-chain Fv species. From the folding of these two domains emanate six
hypervariable loops {3 loops each from the ¥ and L chain) that contribute the amino acid residues for antigen
binding and confer antigen binding specificity to the antibody. However, even a single variable domain (or half
of an Fv comprising only three CDRs specific for an antigen) has the ability 0 recognize and bind antigen.
although at & lower aflinity than the entire binding site.

{0128] "Single-chain Fv" also abbreviated as "sFv" or “scFv™ are amibody fragments that comprise the
¥y and Vp antibody domains connected into a single polypeptide chain. Preferably, the sFv polypeptide further
comprisés a polypeptide linker between the Vy and Vi domains which enables the sFv 10 form the desired

structure for antigen binding. For a review of sFv, see Pluckthun in The Pharmacologyv of Monoclonal Antibodies,

vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994); Borrebaccek 1995, infra.
[0129] The term “diabodies™ refers 1o antibody fragments with two antigen-binding sites, which
fragments comprise 2 heavy-chain variable domain (VH) connected 10 a light-chain variable domain (VL) in the

same polypeptide chain (VH-VL). The small antibody fragments are prepared by constructing sFv fragments (sce
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preceding paragraph) with short linkers (about 5-10 residues) between the Vi and V, domains such that inter-
chain but not intra~chain patring of the V domains is achieved, resulting in a bivalent [ragment, ie., fragment
having two antgen-binding sites. Diabodies may be bivalent or bispecific. Bispecific diabodies are heterodimers
. of two “crossover” sFv fragments in which the Vg and V| domains of the two anibodies are present on different
polypeptide chains, Diabodies are described more fully . for example, EP 404,097; W( 93/11161: Hudson et
al.. Nat. Med 9:139-134 (2003); and Hollinger et al.. Proc. Nail Acad. Sci USA. 90:6444-6448 (19933
Triabodics and tetrabodics are also described m Hudson et al.. Nar. Med, 9:129-134 (2003).

[0130] The term "monoclonal antibody" as used herein refers 1o an antibody obtained from a
population of subsiantally homogeneous antibodies, i.e., the individual amibodies comprising the population are
identical except for possible naturally occurring mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific. being directed against a single antigenie site. Furthermore, in contrast 1o polyclonal
antibody preparations which includs different antibedies directed against differemt delerminants {ephiopes), each
monoclonal antibody is direcied against a single determinant on the antigen. In addition to their specificity. the
monoclonal antibodies are advantageous in that they may be synthesized uncontaminated by other antibodies.
The meodifier “monocional® is not 1 be comswued as requiring production of the antbody by any particular
method.  For example, the monoclonal antibodies useful in the present invention may be prepared by the
hybridoma methodology first described by Kohler et al, Nature, 236:495 (1975), or may be made using
recombinant DNA methods in bacienial, evkaryotic animal or plamt cells {see, e.g., U.S. Patemt No. 4.816.567).
The "monoclonal antibodies™ may also be isolated from phage antibody libraries using the techniques described in
Clackson et al., Nature, 352:624-628 (1991) and Marks et al., ], Mol Biol., 222:581-597 (1991}, for example.

f0131] The monocional antibodies herein include "chimeric” antibodies in which a ponion of the heavy

and/or light chain is identical with or homologous to corresponding sequences in antibodies derived from a
particular species or belonging 1o a particular antibody class or subclass, while the remainder of the chain(s) is
idemical with or homelogous 10 comresponding sequences in antibodies derived fom another species or belonging
1o another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the desired
biological activity (see U.S. Patent No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6853

{1984)). Chimeric antibodics of interest bercin include “primatized” amtibodics comprising variable domain
anligen-binding sequences derived from a non-human primate {e.g. Old World Monkey, Ape ete), and human
constant region SequUEnces.

[0132}] “Humanized" forms of non-buman {e.g., rodent) amibodies are chimeric antibodies that contain
minimal sequence derived {rom the non-human antibody. For the most part. humanized antibodics are buman
immunoglobulins (recipient antibody) in which residues from a hypervariable region of the recipient are replaced
by sesidues from a hypervariable region of a non-hwman species {donor antibody) such as mouse, 1at, rabbit or
non-human primate having the desired antibody specificity, affinity, apd capability. In some instances,
framework region (FR) residues of the human immunoglobulin are replaced by corresponding non-human
residues. Furthermore, humanized antibodies may comprise residues that are not found in the recipient amibody
or in the donor antibody. These modifications are made 1o further refine amibody performance. In general, the
humanized antibody will comprise substantially all of at least one, and typically two, varfable domains. in which
all or substamially all of the hypervariable loops correspond w those of & pon-buman Immunoglobilin and all or
substantially all of the FRs are those of 2 human immunoglobulin sequence. The humanized antibody oprionally

also will comprise at least a portion of an mmunoglobulin constant region (Fc), typically that of a2 human

"
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immunoglobulin.  For further detatls, see Jomes et al., Nature 321:322-525 (1986); Riechmann et al, Namre

332:323-329 (1988); and Presta, Curr, Op. Struct, Biol. 2:593-596 (1992}, See also the following review articles

and references chied thereln: Vaswani and Hamilton, Amn. Allergy, Asthma and Bnmunol., 1:105-115 (1998),;
Harris, Biochem. Soc. Transactions, 23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech., 5:428-433 (1994),

[0133] “Thio” when used herein 1o refer 1o an antibody refers 10 2 cysteine-engineered antibody while
“hu’” when used herein w refer 10 an antibody refers 16 2 bumanized antibody.

[0134] A “human antibody™ is one which possesses an amino acid segquence which corresponds 1o that
of an antibody produced by a human and/or bas been made using any of the techniques for making human
antibodies as disclosed berein. This definition of a human antibody specifically excludes a humanized antibody
comprising non-human antigen-binding residues. Human antibodies can be produced using various techniques
known 1o the ar, mcluding phage-display librarics. Hoogenboom and Winter. J. Mol Riol.. 227:381 (1991});
Marks ef al.. J. Mol Biol., 222581 (1991}, Also available {or the preparation of human monoclonal antibodies
are methods deseribed in Cole er al., Monocelonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1983);
Boemer ef al., J. Immunol., 147(1}:86-95 (1991). See also van Dijk and van de Winkel, Cwrr. Opin. Pharmacol.,
5:368-74 (2001). Human antibodies can be prepared by administering the antigen 10 a transgenic animal that hag
been modified 10 produce such antibodies in response 1o antigenic challenge, but whose endogenous loci have
been disabled, eg., immunized xenomice (sez, e.g, U.S, Pat Nos. 6,075,181 and 6.150.584 regarding
XENOMOQUSE™ technology). See also, for example, Li er al, Proc. Natl Acad Sci US4, 103:3557-3562

{2006} regarding human antibodies generated via 2 human B-cell hybridoma technology.

(0135} The term “hypervariable region™, “HVR”, or “HV"™, when used herein refers 10 the regions of an
antibody variable domain which are hypervariable in sequence and/or form siructurally defined loops. Generally,
antibodies comprise six hypervanable regions; three in the VH (H1. H2, H3), and three in the VL (L1, L2, L3). A
number of hypervariable region delineations arc in use and are encompassed herein. The Kabat Complementarity
Determimng Regions {CDRs) are based on sequence variability and are the most commonly used (Kabat f al..
Sequences of Proleins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991}). Chotbia refers insiead 1o the location of the structural loops (Chothia and Lesk J. Mol
Biol. 196:501-917 {1987)). The end of the Chothia CDR-H1 loop when numbered using the Kabat numbering
convention varies between H32 and H34 depending on the length of the loop (this is because the Kabat numbering
scheme places the insertions at H35A and H358B; il neither 35A nor 35B is present, the loop ends at 32; if only
35A is present, the loop ends at 33, if both 33A and 35B are present, the loop ends at 34). The ADM
hypervariable regions represent a compromise between the Kabar CDRs and Chothia structural loops, and are
used by Oxford Molecular's AbM antibody modeling software. The “contact” hypervariable regions are based on
an agnalysis of the available complex crysial structures. The residues from each of these hypervariable regions are

noted below,

Loop Kabat AbM Chothia Contact
11 L24.134 1.24-1.34 L24-134 L30-136
L2 L30-L36 L30-L56 L50-L56 1L46-L35

L3 L8§9-1L97 L89-1.97 189-1L97 1.88-196



Hl  H31-H35B H26-H35B H26-H32.34 H30-H35B

(Kabat Numbering)
HI  H31-H35 H26-H33  H26-H32 H30-135
{Chothia Numbering)
M2 HS50-HeS  H30-HS8  HSI-RHS56 H47-H58
H3  H9S-HIG2 H9S-HIOZ  H9S-HIO2 H93-H101

{ClBé} Hypervariable regions may comprise “exiended hypervariable regions™ as follows: 24-36 or 24-
34 (L1), 46-536 or 50-56 (L2) and 89-97 (L3) in the VL and 26-35B (H1), 50-65, 47-65 o1 49-65 (H2) and 93-102,
94-102 or 95-102 (H3) n the VH. The variable domain residues are mumbered according w Kabat er al., supra
for each of these definitions.

[0137] “Framework™ or “FR” residues are those variable domain residues other than the bypervariable
region residues herein defined.

f0138] The term “variable domain residue numbering as in Kabat" or “amino acid position numbering
as in Kahat”, and variations thereof, refers to the numbering system used for heavy chain variable domains or
tight chain variable domains of the compilation of antibodies in Kabat et al, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Insututes of Health, Bethesda, MD. (1991).
Using this numbering system, the actual lincar amino acid seguence may contain fewer or additional aming acids
corresponding 1o @ shoriening of, or insertion into, 2 FR or CDR of the variable domain. For example, a heavy
chain variable domain may include a single amino acid insert (residue 32z according to Kabat) after residue 572 of
H2 and inserted yesidues (e.g. residues 82a, 81b. and §2¢, ete according 10 Kabat) afier heavy chain FR residue 82,
The Kabat numbering of residues may be determined for a given amibody by alignment at regions of bomology of
the sequence of the antibody with a “standard” Kabat numbered sequence.

[0139] The Kabat numbering syslem is generally used when referring to a residue in the variable
domain {approximately residues 1-107 of the light chain and residues 1-113 of the heavy chain) (e.g, Kabat er al.,
Sequences of Immunological Interest. 5th Ed. Public Health Service, National Institutes of Health, Rethesda, Md.,
(1991)). The “EU numbering sysiem™ or “EU index™ is gencrally used when releming o 2 residuc in an
immunoglobulin heavy chain constamt region (e.g., the EU index reported in Kabat er al, supra). The “EU index
as in Kabat” refers 10 the residue numbering of the buman 1gGl FU amibody. Unless stated otherwise herein,
references 10 residue numbers in the variable domain of antibodics means residue numbering by the Kabat
numbering systens.  Unless stated otherwise herein, references to residue numbers in the constant domain of
antibadies means residue numbermg by the EU numbering system (e.g., see Umited States Provisional Application

No. 60/640,323, Figures for EU numbering).

[0140] An “affinity mawred” antibody is one with one or more alterations in one or more HVRs thereof
which result in an improvement in the affinity of the antibody for antigen, compared 10 a parent antibody which
does not possess those ahieration(s). Preferred affinity matured amibodies will have panomolar or even picomotar
affinities for the target antigen. Affinity matured antibodies are produced by procedures known in the art. VMarks
el al. Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain shuffling. Randam

mutagenesss of HVR and/or framework residues is described by: Barbas et al. Proc Nai. Acad. Sci, US4 91:3809-



3813 (1994); Schier ef al. Gene 169:147-155 (1995); Yelon er al J. Immunol. 155:1994-2004 (1995); Jackson er
al., J. Immamol. 154(71.3310-9 (19933, and Hawkins ef al, J. Mol Biol. 226:883-896 (1992).

[01411 A “blocking” antibody or an “antagonist” antibody is one which inhibits or reduces biological
activity of the antigen it binds. Preferred blocking antibodies or antagonist antibodies substantially or completely

inhibit the biological activity of the antigen,

[0142] An “agomist amibody”, as used herein, is an antibody which mimics at least one of the

functonal acuvities of a polypepiide of interest.

{0143] A “species-dependent antibody.” €.2., a mammalian anti-human IgE antibody, is an antibody
which has a stronger binding affinity for an antigen from a first mammalian species than it has for a homologue of
that antigen from a second mammalian species. Normally, the species-dependent antibody “bind specifically” 10 a
human antigen (ie.. haé a binding affinity (Kd) value of no more thap about 1 x 107 M, preferably no more than
about 1 x 107 and most preferably no more than aboui 1 x 107 M) but has 2 binding affimity for a homologue of
the antigen from a second non-human mammalian species which is at least about 30 fold, or at least about 500
fold, or ar least abow 1000 fold, weaker than its binding affmity for the human antigen. The species-dependent
antibody can be of any of the various types of antibodies as defined above, bt preferably is & humamized or
human antibody.

[0144) “Binding affinity” generally refers to the strength of the sum iotal of noncovalent interactions
between a single binding site of a molecule (e.g., an antibody) and its binding pariner (e.g., an antigen). Unless
indicated otberwise, as used herein. “binding affinity” refers to intrinsic binding affinity which reflects a [:]
interaction hetween members of 2 binding pair (e.g., antibody and antigen). The affinity of a molecule X for its
partner Y can generally be represented by the dissociation constant (Kd). Affinity can be measured by commen
methods known o tohe art, mcluding those described berein  Low-affimity amtibodies gemerally bind antigen
slowly and tend 1o dissociate readily, whereas high-affinity antibodies generally bind antigen faster and 1end to
remain bound longer. A variety of methods of measuring binding affinity are known in the art, any of which can
be used for purpeses of the present invention. Specific iltustrative embodiments are described in the following.

[0145] *“Or better” when ysed herein to refer o binding affinity refers to a sronger binding between a
molecule and its binding partner. “Or better” when used berein refers 1o a stronger hinding, represented by a
smaller numerical Kd value, For cxample, an antibody which has an affinity for an antigen of “.6 oM or better”,
the aniibody s affinity for the antigen is <.6 oM., Le. .59 nM, .58 nM, .37 nM eic. or any value less than .6 nM.

[0146] In ome embodiment, the “Kd” or “Kd value” according to this invenmion is measured by a
radiolabeled antigen binding assay (RIA) performed with the Fab version of an antibody of interest and its antigen
as described by the following assay that measures solution binding affinity of Fabs for antigen by equilibrating
Fab with a minimal concentration of (1*>1)-labeled antigen in the presence of a ttration series of unlabeled
antigen, then capturing bound antigen with an anti-Fab antibody-coated plate (Chen, et al., (1999} J. Mol Biol
293:8635-881). To eswablish conditions for the assay, microtiter plaies (Dynex) are coated overnight with 5 pg/ml
of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium carbunate (pH 9.6). and subsequently blocked
with 295 (wrv) bovine serum albumin in PBS for two 10 five hours at room temperature (approximately 23°C), In
a non-adsorbant plate (Nun¢ #269620), 100 pM or 26 pM {lzs}j-amigen are mixed with serial dilutions of a Fab

of interest (e.g., consistent with assessment of an anti-VEGF antibody, Fab-12. in Presta et al., (1997) Cancer Res.
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57:4593-4599). The Fab of interest is then incubated overmight; however, the incubation may cominue for a
longer period (e.g.. 65 hours) to msure that equilibnium is reached. Thereafier, the mixwres are transferred 1o the
capture plate for incubation at room temperature (e.g., for one hour), The solution is then removed and the plate
washed eight times with 0.1% Tween-20 i PBS. When the plates have dried, 150 wiwell of scimillant
(MicroScint-20; Packard) is added. and the plates are coumed on a2 Topcount gamma counter (Packard) for ten
minutes. Concentrations of each Fab that give less than or equal to 20% of maximal binding are chosen for use
competitive binding assays. According to another- ermbodiment the Kd or Kd value is measured by usmg
surface plasmon resonance assays using a BIAcoreTM—Z()O() or a BlAcore TM.3000 {BlAcore, Inc., Piscaiaway,
NI} at 25C with immobitized antigen CMS3 chips at ~10 response units {(RU). Briefly, carboxymethylated doxtran
biosensor chips (CM3, BlAcore Inc.) are activated with N-ethyl-N - (3-dimethylaminopropyl}-carbodiimide
bydrochloride (EDC) and M-hydroxysuccinimide (NHS) according to the supplier’s instructions. Antigen is
ditted with 10mM sedium acetate, pH 4.8, into Sugiml (~0.2uM) before injection at a2 flow raie of Sul/minue to
achicve approximately 10 response umits (RU) of coupled protein Foliowing the injection of antigen, 1M
ethanolamine is injected to block unreacted groups. For kinetics measurements, two-fold serial dilutions of Fab
{(0.78 aM 1w 500 nM) are injected in PBS with 0.05% Tween 20 (PBST) at 23°C at a [low rate of approximately
25ul/min. Association rates (kqp,) and dissociation rates (k,pp) are caleulated using a simple one-to-one Langmuir
binding model (BlAcorc Evaluation Software version 3.2) by simultancous fining the association and dissociation

sensorgran. The equilibrium dissociation constant (Kdj is calculated as the ratio kopkon  See, e.g., Chen, Y., et

al.. (1999) .J. Mol Biol 293:865-881. If the on-rate exceeds 108 M~1 $-1 by the surface plasmon resonance assay
above, then the on-rate can be determined by using a {luorescent quenching technique that measures the increase
or decrease in fluorescence emission Intensity (excitation = 295 nm; emission = 340 nm. 16 nm band-pass) at
259C of a 20nM ami-antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
antigen as measured In & specwomeler. such a8 a stop-flow equipped spectrophometer {Aviv Instrumems) or a

8000-series SLM-Aminco spectropbotomeier { ThermoSpecironic) with a stir red cuvette,

N & sl " : e - : ” . P .
{0147} Ap “on-raie” or “rate of association” or “association rate” or “kyy  according 1o this invention

can also be determined with the same surface plasmon resonance technique described above using a BlAcore TM.

2000 or a BIAcore T M.3000 (BlAcore. Inc., Piscataway. NJ} as described sbove.

{01481 The phrase “substantially similar” or “substantially the same”, as used herein, denowes a
sufficiently high degree of similarity between two numeric values (generally one associaled with an antibody of
the invention and the other associated with a reference/comparator antibody) such that one of skill in the art would
consider the difference between the two values 1o be of littie or no biological and/or siatistical signifieance within
the confext of the biological characteristic measured by said values (e.g., Kd values). The difference berween said
two values is preferably less than about 30%, preferably less than about 40%. preferably less than abour 30%,
preferably less than about 20%, preferably less than about 10% as a funclion of the value for the
reference/comparator antibody.

{0149} The phrase “substanually reduced,” or “substantially different”, es used herein, denotes a
sulficiently high degree of difference between two numeric values (generally one associaled with an antibody of
the invention and the other associated with a reference/comparator antibody) such that one of skill in the art would

consider the difference hetween the two values 1o be of statistical significance within the context of the biological

~
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charactenistic measured by said values (e.g., Kd values, HAMA rvesponse). The difference between said two
values is preferably greater than about 10%, preferably greater than about 20%, preferably greater than about 30%,
preferably greater than about 40%, preferably greater than about 50% as a function of the value for the
reference/comparator antibody.

[0150] An “antigen” is & predetermined amigen to which an antibody can selectively bind.  The target
antigen may be polypeptide. carboliydrate. nucleic acid, lipid, hapten or other nawrally occurring or synthetic
compound. Preferably. the target amigen 15 a polypeptide.

[0151] An “acceptor human framework” for the purposes herein is & framework comprising (he amino
acid sequence of a VL or VH framework derived from a human immunoglobulin framework, or from a human
consensus framework. An acceptor human framework “derived from” a human immunoglobulin framework or
human consensus framework may comprise the same amino acid sequence thereof, or may contain pre-existing
amino acid sequence changes. Where pre-existing amine acid changes are present. preferably no more than 5 and
preferably 4 or less, or 3 or less, pre-existing amino acid changes are present.  Where pre-existing amino acid
changes are present in a VH, preferably those changes are only at three. two or one of positons 71H, 738 and
78H; for instance, the amino acid residues at those positions may be 71A, 73T and/or 78A. In one embodiment,
the VI acceptor human {ramework is identical in sequence to the VL human immunoglobulin framework
sequence or human consensus framework sequence.

[0152] A “human consensus framework™ i1s a framework which represents the most commonly
occurring amino acid residue in a selection of human immunogiobulin VL or VH framework sequences.
Generally, the selection of buman immunogiobulin VL or VH sequences is [rom 2 subgroup of variable domain
sequences. Generally, the subgroup of sequences is a subgroup as in Kabat er ¢/, In one embodiment, {or the VL.,
the subgroup is subgroup kappa I as in Kabat er o/ In one embodiment, for the VH, the subgroup is subgroup Il
as 1n Kabat ef al.

[0153] A “VH subgroup III consensus framework™ comprises the consensus sequence obtained from
the amino acid sequences in variable heavy subgroup III of Kabat e/ al In one embodiment, the VH subgroup I
consensus framework amino acid sequence comprises at least a portion or all of each of the following sequences:
EVQLVESGGGLVQPGGSLRLICAAS (SEQ ID NO: 143)-HI-WVRQAPGKGLEWYV (SEQ 1D NO: 144)-H2-
RFTISRDNSKNTLYLQMNSLRAEDTAVYYC (SEQ ID NO: 145)»-H3-WGQGTLVTVSS (SEQ ID NO: 146},

[0154] A “VL subgroup I consensus framework™ comprises the consensus sequence obfained from the
amino acid sequences in variable light kappa subgroup I of Kabat ef o/ In onre embodiment, the VL subgroup |
consensus framework amino acid scquence comprises at least a portion or all of each of the following sequences:
DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 139)-L1I-WYQQKPGKAPKLLIY (SEQ ID NO: 140)-L2-
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ 1D WNO: 141)-L3-FGQGTKVEIKR (SEQ ID NO: 142).

[0153] An “vnmodified human fFamework” is a buman framework which has the same amino acid
sequence as the acceptor human framework. e.g. lacking human to non-human amino acid substinmion(s) in the
acceptor human framework.

[0156] An “altered hypervariable region” for the purposes herein is a hypervariable region comprising
onc or more (e.g. one to about 16) amino acid substitution(s) therein.

[0157] An “un-modified hypervariable region” for the purposes herein is a hypervariable region having
the same amino acid sequence as a non-human amibody from which it was derived, i.e. one which lacks one or

more amino acid substittions therein
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{0158] An antibody “which binds” an antigen of interest, e.g. a tumor-associated polypeptide antigen
targel. 1s one that binds the antigen with sufficient affimity such that the sntibody is useful as a therapeutic agent in
targeting a cell or tissue expressing the antigen, and does not significantly cross-react with other proteins. In such
embodiments, the extent of binding of the antibody to a “nou-target” protein will be less than abow 10% of the
binding of the antibody to its particular target protein as determined by fluerescence activated cell sorting (FACS)
anafysis or radicimmunoprecipitation (RIA). With regard 1o the binding of an antibady 1o & wrget molecule. the
term “specific binding” or “specifically binds 10” or is “specific for™ a particular polypeptide or an epitope on a
particular polypeptide target means binding that is measurably different from @ non-specific imteraction. Specific
binding can be measured, for example, by determimng binding of a molecule compared 1o binding of 2 contol
molecule, which gencrally is a2 molecule of similar structure that does not have binding activity. For example,
specific binding can be dewrmined by competition with a control molecuie that is similar W the target. for
example, an excess of non-labeled target. In this case, specific binding s indicated if the binding of the labeled
larget {0 a probe 18 compettively inhibiled by excess unlabeled target.  The term “specific binding™ or
“specifically binds 10™ or is “specific for” a particular polypeptide or an epitope on a particular polypeptide target
as used herein can he exhibited, for example, by a malecule having a Kd for the target of at least ahout 107 M.
alternatively at lcast about 107 M, alternatively at least about 10 M, alternatively at least about 107 M,
alternatively at leagt about 10 M, ahemnatively at least abour 107 M, ahematively at least abowt 107% M,
alternatively at least about 10 M, alternatively at least about 107 M, or greater. In one embodiment. the term
“specific binding” refers to binding where a molecule binds 1o a particular polvpeptide or epiope on a particular
polypeptide withowt substantially binding to any other polypeptide or polypeptide epitope.

[0159] An antibody that “inhibits the growth of tumor cells expressing a CD79b polypeptide” or a
“growth inhibitory” antibody is one which results in measurable growth inhibition of cancer cells expressing or
overexpressing the appropriate CD7%b polypeptide.  The CD79b polypeptide may be a transmembrane
polypeptide expressed on the surface of a cancer cell or may be a polypeptide that is produced and secreted by a
cancer cell, Preferred growth inhibitory anti-CD79 antibodies inhibit growth of CD79b-expressing tumor cells
by greater than 20%. preferably from about 20% to about 50%, and even more preferably, by greater than 50%
(¢c.g., from about 50% 10 about 100%} as compared 10 the appropriate control, the control typically being tumor
cells not treated with the antibody being tested. In one embodiment, growth inhibition can be measured at an
antibody conceniration of about 0.1 to 30 pg/ml or abowt 0.5 aM to 200 oM in cell culture, where the growth
inhibition is defermined 1-10 days afler exposure of the tumor cells o the antibody. Growth imhibition of tumor
cells ir vivo can be defermined in various ways such as is described in the Experimental Examples section below.
The antibody is growth inhibitory in vive if administration of the anti-CD79b antibody at about 1 pg/kg 1o abouwt
100 me/kg body weight results tn reduction in wmor size or tumor cell proliferation within about 5 days o0 3
months from the first administration of the amibody, preferably within about S 10 30 days.

[(0160] An antibody which "induces apoptosis” is one which induces programmed cell death as
determined by binding of annexin V, fragmentation of DNA, cell shrinkage, dilation of endoplasmic reticulum,
cell fragmentation, and/or formation of membrane vesicles (called apoptotic bodies). The cell is usually one
which overexpresses 2 CD79b polypeptide. Preferably the cell is a tumor cell, e.g., 2 hematopoictic cell, such as s
B cell, T cell, basophil, eosinophil, neutrophil. monocyte. platelet or erythrocyte. Various methods are available
for evaluating the cellular events zssociated with apoptosis. For example, phosphatidyl serine (PS) translocation

can be measured by annexin binding; DNA f{ragmentation can be evaluated through DNA laddering; and
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puciear/chromatin condensation along with DNA {ragmentation can be evaluaied by any increase in hypodiploid
celis. Preferably, he amibody which induces apoplosis is one which results in about 2 1o 50 fold, preferably
about 5 1o 30 fold, and most preferably abowt 10 o 30 fold, induction of annexin binding relative 10 untreated celt
in an annexin binding assay.

[0161] An antibody which “induces cell death’™ is one which causes a viable cell to become nonviable.
The cell is ome which expresses a CD79b polypeptide and is of a cell type which specificaily expresses or
overexpresses a CD79b polypeptide. The cell may be cancerous or normal cells of the particular cell type. The
CT¥79b polypeptide may be a transmembrane polypeptide expressed on the surface of a cancer cell or may be a
polypeptide that is produced and secreted by a cancer cell. The cell may be a cancer cell, e.g., a B cell or T cell.
Cell death i vifro may be determined in the absence of complement and immune effector cells 10 distinguish cell
death induced by amibody-dépendcnt cell-mediated cytotoxicity (ADCC) or complement dependent cviotoxicity
(CDC). Thus. the assay for cell death may be performed using heat inactivated serum (ie.. in the absence of
complement) and in the absence of immune effector cells. To determine whether the antibody is able 1o nduce
cell death, loss of membrane integrity as evaluated by uptake of propidium iodide (P1), ypan blue (see Moore et
al. Cvtotechnology 17:1-11 (1995)) or TAAD can be assessed relative 1o untreated cells. Preferred cell death-
inducing antibodies ase those which induce PI uptake in the PI uptake assay in BT474 cells.

[0162] Antbody “effector functions™ refer 1o those biological acuvities attribiable 1o the Fe region (a
native sequence Fe region or amino acld sequence variant Fe region) of an antibody, and vary with the antibody
isotype. Examples of antibody effector functions include: Clq binding and complement dependent cvtotoxicity;
Fc receptor binding; antibody-dependent cell-mediated cyloioxicity (ADCC); phagocytosis; down regulation of
cell surface receptors (e.g., B cell receptor); and B cell activation,

[0163] The ierm “Fe region” herein is used (o define & C-terminal region of an immunoglobulin heavy
chain, including native sequence Fc regions and variant Fc regions. Although the boundaries of the Fe region of
an immunoglobulin heavy chain might vary, the human IgG heavy chain Fe region is usually defined 10 stretch
from an amino acid residue at position Cys226, or from Pro230. 10 the carboxyl-terminus thersof, The C-terminal
lysine (residue 447 according to the EU numbering system) of the Fe region may be removed, for example. during
production or purification of the antibody, or by recombinantly enginecring the nucleic acid encoding a heavy
chain of the antibody. Accordingly, a composition of intact antibodies may comprise antibody populations with
all K447 residues removed, antibody populations with no K447 residues removed, and antibody populations
having a mixture of antibodies with and without the K447 residue.

[0164] A “functional Fc region” possesses an “effector function™ of a native sequence Fe region.
Exemplary “effector functions” include Clg binding; CDC; Fe receptor binding; ADCC; phagocyiosis, down
regulation of cell surface receprors (e.g. B cell receptor; BCR), ete. Such effector functions generally require the
Fe region 1o be combined with 2 binding domain (e.g., an antibody vanable domain) and can be assessed using
various assays as disclosed, for example, in definitions herein.

[0165] A “native sequence Fc region”™ comprises an amino acid sequence identical 1o the amino acid
sequence of an Fc region found in nature. Native sequence human Fe regions include a native sequence human
I2G1 Fe region (non-A and A allotypes); native sequence human JgG2 Fe region; native sequence human IgG3 Fo
region; and native sequence human IgG4 Fe region as well as naturally occurring variants thereof.

[0166] A “vartant Fc region” comprises an amino acid sequence which differs from thet of a native

sequence Fc region by virmie of at least one amino acid modification, preferably one or more amino acid
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substitation(s). Preferably, the variant Fe region bas at least one amano acid substiiution compared 10 a pative
sequence Fe region or to the Fe region of a parent polypeptide, e.g. from ebout one lo about ien amino acid
substitutions, and preferably from about one to about fve amino acid substittions in a native sequence Fc region
or in the Fe region of the parent polypeptide. The variant Fc region herein will preferably possess at least about
%0%% homology with a pative seguence Feo region and/or with an Fe region of 2 parent polypeptide. and most

preferably at least about 90% homology therewith, more preferably at least about 93% homology therewith.

[0167] “Antbody-dependent cell-mediated cvtowxicity” or “ADCC” refers 1o a form of cytotoxicity in
which secreted Ig bound onta Fe receptors {FeRs) present on certain cyviotoxic cells {e.g., Natural Killer (NK)
cells, neutropbils, and macrophages) enable these cytotoxic effector cells 1 hind specifically to an antigen-
bearing target cell and subsequently kill the warget cell with cylotoxins. The antibodies “arm” the cytotoxic celis
and are absolutely required for such killing. The primary cells for mediaung ADCC, NK cells, express FevRIT
only, whereas monocyies express FeyRI, FoyRID and FeyRIHL  FeR expression on hematopoictic cclls is
summarized in Table 3 on page 464 of Raveich and Kinet, Annp. Rev. Immunol, 9:457-92 (1991}, To assess
ADCC activity of 2 molecule of interest, an in vito ADCC assay. such as that described in US Patent No.
5,500,362 or 5,821,337 may be performed  Useful effecior cells for such assays include peripheral biood
mononuclear cells {PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC activity of the
molecule of interest may be assessed in vivo, e.g.. in a animal model such as that disclosed in Clynes et al. (UUSA)
95:652-656 (1998).

{0168] "Fc recepior” or “FeR™ describes a receptor that binds to the Fe region of an antibody. The
preferred FeR is a native sequence humnan FcR. Moreover, a preferred FeR is one which binds an 1gG antibody (a
gamma receptor) and includes receplors of the FeyRL FeyRIT and FeyRIIT subclasses, including allelic variants
and aliernatively spliced forms of these receptors. FeyRII receptors include FevRIIA (an "activaling recepior”)
and FoyRIB (an "inhibiting receptor™), which have similar amino acid sequences that differ primerily in the
cytoplasmic domains thereof. Activating recepior FeyRIIA contains an immumnorecepior tyrosine-based activation
motif ITAM) in i1s cytoplasmic domain. Inhibiting receptor FeyRIIB contains an immunoreceplor tyrosine-based
inhibition mofif (ITIM) in its cyioplasmic domain. (see review M. in Daéron. Annu, Rev. Impunol, 15:203-234
{1997)). FcRs are reviewed in Ravetch and Kinet. Anny. Rev. Immunol, 9:457-492 (1991); Capel et al,
Immunometbods 4:25-34 (1994); and de Haas et al., }. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including

those to be identified o the future, are encompassed by the term "FeR" hersin. The term also includes the
neonatal receplor, FcRn, which is responsible for the transfer of maternal IgGs to the fetus (Guyer et al. I
Immunol. 117:587 (1976) and Kim et al., [, Immunol. 24:249 (1994)}.

[0165] Binding o buman FcRn in vive and serum half life of human FcRa high affinity binding
polypeptides can be assayed, e.g., in transgenic mice or transfected human cell lines expressing human FeRa, or
in primates to which the polypeptides with & variamt Fc region are administered. WO 2000742072 (Presta)
describes antibody variants with improved or diminished binding 10 FcRs. See also. e.g.. Shields er al. J. Biol
Chem. 9(2):6591-6604 {2001).

{01701 “Human effector cells” are leukocytes which express one or more FeRs and perform effector
functions. Preferably, 1he cells express at least FoyRII and perform ADCC effector function. Examples of

human leukocytes which mediate ADCC include peripheral blood mononuciear cells (PBMC), natural killer (NK)



celis, monocytes, cytotoxic T cells and neutrophils; with PBMCs and NK cells being preferred. The effector cells
may be 1solated from a native source, e.g., from blood.

[0171] “Complement dependent cyiotoxicity” or “CDC™ refers 1o the lysis of a target cell in the
presence of complement. Activation of the classical complement pathway 1s initiated by the binding of the first
component of the complement sysiem (C1g) 1o amibodies (of the appropniate subclass) which are bound 1o their
cognate antigen. To assess complement activation, 2 CDC assay, e.g.. as described in Gazzane-Santoro et al., L
Immunel, Methads 202:163 (1996), may be performed. Polypeptide variants with altered Fe region amino acid
sequences (polypeptides with a variant Fe region) and increased or decreased C lq binding capability are described,
eg.. in US Patent No. 6,194,551 Bl and WG 1999/51642. See also, e.g., Idusogie er al J. Immunol. 164 4178-
4184 (2000).

{0172} The werm “Fe region-comprising smibody” refers 1o an antibody that comprises an Fo region.
The C-terminal lysine (residuc 447 according 1o the EU numbering system) of the F¢ region may be removed, for
example, during purification of the antibody or by recombinant engineering of the nucleic acid encoding the
aptibody. Accordingly, z compoesition comprising an antibody having an Fo region according o this invention
can comprise an antibody with K447, with all K447 removed, or a mixiure of antibodies with and without the

K447 restdue.

{01731 The CD79% polypeptide “exwacellular domain™ or “ECD” refers 10 & form of the CD79%
polypeptide which is essentially free of the transmembrane and cytoplasmic domains. Ordinarily, a CD79%
polypepuide ECD will have less than 1% of such transmembrane and/or cytoplasmic domains and preferably, will
have less than 0.5% of such domains. It will be undersiood that any transmembrane domains identified for the
CD79b potypeprides of the presem invention are identified pursuam 1o criteria routinely employed n the art for
identifying that type of hvdrophobic domain. The exact boundaries of a transmembrane domain may vary but
most likely by no more than about 5 amino acids at either end of the domain as iniually identified herein.
Omuionally, therefore, an extracellular domain of a CDD79b polypenptide may comamn from about 5 or fewer amino
acids on cither side of the ransmembrane domain/extracelinlar domain boundary as idemified in the Examples or
specification and such polypeptides, with or without the associated signal peptide. and nucleic acid encoding them,
are conterplated by the present invention.

[0174] The approximate location of the “signal peptides” of the CD79b polypemids disclosed herein
may be shown in the present specification andior the accompanying figures. It is noied. however, that the C-
terminal boundary of a signal peptide may vary, but most likely by no more than about 5 amino acids on either
side of the signal peptide C-terminal boundary as initially identified berein, wherein the C-terminal boundary of
the signal pepride mayv be identified pursuamt to criteria routinely emploved in the art for identifying that type of

amino acid sequence element (e.g., Nielsen ef al., Prot Eng. 10:1-6 {1997) and von Heinje et al., Nucl. Acids. Res.

14:4683-4690 (1986)). Moreover, it is also recognized that, in some cases, cleavage of a signal sequence from a
secreled polypeptide is not entirely umiform, resuliing in more than one secreted species. These mature
polypeptides, where the signal peptide is cleaved within no maore than ahout § amino acids on either side of the C-
ierminal boundary of the signal peptide as idemified berein, and the polynuclestides encoding them. are
contemplated by the present invention.

[0175] "CD79b polypeptide variant” means a CD79 polypeptide, preferably an active CD79b
polypeptide. as defined herein having at least about 80% amine acid sequence identity with a full-length native

-
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sequence CD79b polypeptide sequence as disclosed herein, a CD79b polypeptide sequence lacking the signal
pepude as disclosed berem, an extraceliviar domain of a CDY79b polypeplide, with or withomt the signal peptide.
as disclosed herein or any other {ragment of a full-length CD79b polypepiide sequence as disclosed herein {such
as those encoded by a nucleic acid that represents only a portion of the complete coding sequence for a full-length
CD75b polypeptide}. Such CD79% polypeptide variants include, for instance, CD79b polypeptides wherein one or
more amino acid residues are added. or deleted. at the N- or C-termmus of the full-length native amino acid
sequence. Ordmanly, 2 CD79b polypeptide veriant will have at least abont 80% emino acid sequence identity,
alternatively at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%. 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% amine acid sequence identity, 10 a full-length mative sequence CI79b polypeptide
sequence as disclosed herein, @ CD79b polypeptide sequence lacking the signal pepude as disclosed herein. an
extracellular domain of a CD79 polypeptide. with or without the signal peptide, as disclosed herein or any other
specifically defined fragment of a full-length CD79b polypeptide soquence as disclosed heremn.  Ordimarily,
CD79b variant polypeptides are at least about 10 amino acids in length, afternatively at least about 20, 30. 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290,
300, 310, 320, 330, 340, 350, 360. 370, 380, 350, 400, 410, 420, 430, 440. 450, 460, 470, 480. 450, 500, 510, 320,
530, 540, 550, 560, 570, 580, 590, 600 amino acids in length, or more. Optionally, CD79b variant polypeptides
will have no more than one conservative amino acid sabstitution as compared o the native CD79 polypepiide
sequence, aliernatively no more than 2, 3. 4, 5, 6. 7, 8, 9, or 10 conservative amino acid substiution as compared
to the pative CD79b polypeptide sequence.

[0176] “Percent (%) ammno acid sequence idemtity" with respect to a peptide or polypeptide sequence,
ie. CD79b polypeptide sequences identified herein, is defined as the percemtage of amino acid residues in a
candidate sequence that are identical with the amino acid residues in the specific peptide or polypeptide sequence.,
1e. CD79 polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, 1o achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part of the sequence
identity, Alignment {or purposes of determining percemt amino acid sequence idemity can be achieved in various
ways that are within the skifl i the art, for instance, using publicly available computer software such as BLAST,
BLAST-2, ALIGN or Mcgalign (DNASTAR) sofiware. These skilled in the art can determine appropriate
parameters for measuring alignment, including any algorithms needed 1o achieve maximal alignment over the full
length of the sequences being compared. For purposes hercin, however, % amino acid sequence identity values
are generated using the seguence comparison computer program ALIGN-2, whercin the complete source code for
the ALIGN-2 program is provided in Table 1 below. The ALIGN-2 sequence comparison cOmpuler program was
authored by Genentech, Inc. and the source code shown in Table 1 below has been filed with user documentation
in the U.S. Copyright Office. Washingion D.C.. 20539, where 1t is regisiered under U.S. Copyright Registration
No. TXU510087. The ALIGN-Z program is publicly available throngh Genentech, Inc., South San Francisco,
California or may be compiled from the source code provided in Table 1 below. The ALIGN-2 program shounld
be compiled for use on a UNIX operating system, preferably digital UNIX V4.0D.  All sequence comparison
parameters are set by the ALIGN-2 program and do not vary.

[0177] In siwstions where ALIGN-2 is employed for amine acid sequence comparisons, the % amino
acid sequence identity of a given amino acid sequence A 10, with, or against a given amino acid sequence B
(which can alternatively be phrased as a2 giver anuno acid sequence A that has or comprises a certain % amine

acid sequence identity 10, with, or against a given amino acid sequence B) is calculated as follows:
23
-~



100 times the fraction XY

where X is the number of amino acid residues scored as identical matches by the sequence alignment program
ALIGN-2 in that program’s alignment of A and B, and where Y is the 1otal npumber of amine acid residuss in B.
It will be appreciated that where the iength of amine acid sequence A is not equal 1 the length of amine acid
scquence B, the % amino acid sequence identity of A 10 B will not cqual the % amino acid seguence identity of B
10 Al

[0178] "CD79b variant polynucleotide” or “CD79b variant nucleic acid sequence™ means a nucleic acid
molecule which encodes a CD79b polypeptide, preferably an active CD79b polypeptide, as defined herein and
which has at least sbout 80% nucleic acid sequence identity with a nucleotide acid sequence encoding a {ull-
length native sequence CT79b polypeptide sequence as disclosed herein. a full-length pative sequence CIY79b
polypeptide sequence facking the signal pepude as disclosed herein, an extracellular domaim of a CD7%
polypeptide, with or without the signal peptide, as disclosed herein or any other fragment of 2 full-length CD79b
polypeptide sequence as disclosed herein (such as those encoded by a nucleie acid that represents only a portion
of the complele coding sequence for a full-dength CD79b polypepiide). Ordinarily, a CD79b variam
potynucleotide will have at least about 80% nucleic acid sequence idemtity, alternatively at least about 8§1%, 82%,
83%, 84%, 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, or 99% nucleic acid
sequence identity with a mucleic acid sequence encoding a full-length native sequence CD79b polypeptide
sequence as disclosed herein, a full-length nmative sequence CD79b polypeptide sequence lacking the sigmal
peptide as disclosed berein, an extracellular domain of a CD79b polypepude, with or without the signal sequence,
as disclosed herein or any other fragment of a full-length CD79b polypepiide sequence as disclosed herein,
Variants do not encompass the native nucleotide sequence.

[0179] Ordinarily, CD79b variant polymucleotides are at least about 5 pucleotides in length,
allernatively at least about 6, 7,8, 9, 10, 11,12, 13, 14,15, 16, 17, 18, 19,20, 21. 22, 23, 24, 25, 26. 27, 28, 29. 30,
35, 40, 453, 50, 55, 60, 65, 70, 75. 80, 83, 90, 95, 100, 105, 110, 115, 120, 123, 130, 135, 140, 145, 150, 155. 160,
165,170, 175, 180, 185, 190, 193, 200, 210, 220, 250, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350.
360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 380,
590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810,
820, 830, 840, 850, 860, 870, 880, 890, 900, 910, $20, 930, 940, 930, 960, 670, 980, 990, or 1000 nucleotides in
length, wherein in this context the ierm “about” means the referenced nucleotide sequence length plus or minus
10% of that referenced length.

[0180] “"Percent (%) nucletc acid sequence idenity” with respect o CD79b-encoding nucleic acid
sequences identified herein is defined as the percemage of nucleotides in a candidate sequence that aye identical
with the nucleotides in the CD7%b nucleic acid sequence of interest, afier aligning the sequences and imroducing
gaps, if necessary, to achicve the maximum percent sequence identity. Alignment for purposes of determining
percent nucleic acid sequence identity can be achieved in various ways that are within the skill in the art, for
ingtance, using publicly available computer software such as BLAST, BLAST-2, ALIGN or Megalign
(DNASTAR) software. For purposes herein, however, % nucleic acid sequence idennty values are generated
using the sequence comparison compuier program ALIGN-2, wherein the complete source code for the ALIGN-2

program is provided in Table I below. The ALIGN-2 sequence comparison computer program was authored by
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CGenentech, Inc. and the source code shown in Table | below has been filed with user documemation in the U.S.
Copynight Office, Washingion D.C.. 20359, where 11 is regisiered under U.S. Copyright Regisuation No.
TXUS10087. The ALIGN-2 program is publicly available through Genentech, Inc., South San Francisco,
California or nry be compiled from the source code provided in Table | below. The ALIGN-2 program should
be compiled for use on a UNIX operating system. preferably digital UNIX V4.0D. Al sequence comparison
parameters are set by the
ALIGN-2 program and do not vary.

[0181] In situations where ALIGN-2 is employed for nucieic acid sequence comparisons, the % nucleic
acid sequence identity of a given nucleic acid sequence C to, with, or against 2 given nucleic acid sequence D
(which can alterpatively be phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic

acid sequence identity 10, with, or agains! a given nucleic acid sequence D) is calculated as follows:

100 umes the fraction W/2

where W is the number of nucleotides scored as identical maiches by the sequence alignment program ALIGN-2
in that program’s alignment of C and D, and where Z is the towl number of nucleotides in . It will be
appreciated that where the length of nucleic acid sequence T is not equal 1o the length of nucleic acid sequence D,
the % nucleic acid sequence idemity of C 1o D will not equal the % nucleic acid sequence identity of D 10 C.
Unless specifically stated otherwise, all % nucleic acid sequence identity values wsed herein are obtained as
described in the immediately preceding paragraph using the ALIGN-2 compuler program.

{0182] In other embodiments, CD79b variant polynuclentides are nucleic acid molecules that encode 2
CD7% polypeptide and which are capabie of hybridizing, preferably under stringent hybridization and wash
conditions, to nucleotide sequences encoding a full-length CD79b polvpeptide as disclosed herein. CD79b variant
polypepiides may be those that are encoded by 2 CD79b variam polynucieonde.

[0183] The term “full-length coding region” when used in reference 10 a nucleic acid encoding a
CD7% polypeptide refers 1o the sequence of nucleotides which encode the full-length CD79b patypeptide
of the invention {which is oficn shown berwecn start and stop codons, inclusive thereof, m the accompanying
figures). The term “full-length coding region” whep used in reference 10 an ATCC deposiied nucleic acid refers
10 the CD79b polypeptide-encoding portion of the ¢cDNA that is inserted imo the vector deposiied with the ATCC
(which is ofien shown between start and stop codons, inclusive thereof, in the accompanying figures (star and
stop codons are holded and underlined in the figures)).

[0184] "Isolated." when used to describe the various CD79b polypeptides disclosed herein, means
polypeptide that has been identified and separaied and/or recovered from a component of its natural environment.
Contaminant comnponenis of its natuwral environment are materials that would typically interfere with therapeutic
uses for the polypeptide, and may include enzymes, hormones, and other proleinaceous or non-proieinaceous
solutes. In preferred embodiments, the polypeptide will be purified (1) to 2 degree sufficient w obtain at least 15
residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (2) 10 homogeneity
by SDS-PAGE under non-reducing or reducing conditions vsing Coomassic blue or, preferably, silver stain
Isolated polypeptide incliudes polypeptide in siry within vecombinant cells, sinee at least one component of the
CD7%b poiypeptide natural environment will not be present. Ordinarily, however, isolated polypepide will be

prepared by at teast one purification step.
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(0185} Axn "isolated” CD79b polypeptide-encoding nucleic acid or other polypeptide-encoding nucleic
acid is a nucléic acid molecule that 1s idenufied and separated from at least one confaminant nucleic acid molecule
with which it 1s ordinarily associated in the natural source of the polypeptide-encoding nucleic acid. An isolated
polypeptide-encoding mucleic acid molecule is other than in the form or setting in which it is found in pawre.
Isolated polypeptide-encoding nucleic acid molecules therefore are distinguished from the specific polypeptide-
encoding nucleic acid molecule as it exists in patural cells. However. an isolated polypeptide-encoding nucleic
acid molecule includes pelypeptide-cncoding nucieic acid molecules contained in cclls that ordinarily express the
polypeptide where, for example, the nucleic acid molecule is in a chromosomal location different from that of
natural cells.

[0186] The term “control sequences” refers to DNA sequences necessary {or the expression of an
operably linked coding sequence in a particular host organism. The control sequences that are suitable for
prokaryotes. for example, include a promoter, optionally an operator sequence, and a ribosome binding site.
Eukarvotic cells are known 1o wilize promoters, polyadenylation signals, and enhancers.

[0187] Nucleic acid is "operably linked” when 1t is placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA fora
polypeptide if it is expressed as 2 preprotein that participates in the secretion of the pnlypeptiﬁe; a promoler or
enhancer is operably linked to 2 coding sequence if 1t affects the transcription of the sequence; or a ribosome
binding site is operably linked to a coding sequence if 1t is positioned so as 1o facilitate wanslation. Generally,
"operably linked” means that the DNA sequences being linked ave contiguous. and, in the case of z secretory
leader, contiguous and in reading phase. However, enhancers do not have 1o be contignous. Linking is
accomplished by ligation al convenient restriction sites. 1€ such sites do ot exist, the syntbetic oligonucleotide
adaptors or linkers are used in accordance with conventional practice.

[0188] "Stringency" of hybnidization reactions is readily determinable by one of ordinary skill in the art,
and generally is an empirical caleulation dependent upon probe length, washing temperatuve, and salt
conceniration. In general, longer probes require higher temperatures for proper annealing, while shorter probes
need lower temperatures.  Hybridization generally depends on the ability of denatured DNA to reanneal whes
complementary strands are present in an environment below their melting temperature. The higher the degree of
desired homology between the probe and hybridizable sequence, the higher the relative wemperanire which can be
used. As a2 result. it follows that higher relative temperatures would 1end 10 make the reaction conditions more
stringent, while lower temperatures less so. For additional details and explanation of siringency of hybridization
reactions, see Ausubel et al., Quitent Protocols in Molecular Biology, Wiley Interscience Publishers, (1995).

{01891 “Stringent conditions” or "high stringency conditions”, as defined berein, may be identified by
those that: {1) employ low jomic strength and high temperawre for washing, for example 0.015 M sodium
chloride/0.0013 M sodium citrate/0.1% sodium dodecyl sulfaie at 50°C; (2) employ during hybridization a
denaturing agent, such as formamide, for example, 50% (v/v) formamide with 0.1% bovine serum atbumin/0.1%
Ficoll/0.1% polyvinylpyrrohdone/50mM sodium phosphaie buffer at pH 6.5 with 750 mM sodium chioride, 73
™M sodium citrate at 42°C; or (3) overnight hybridization in a solution that employs 50% formamide, 5 x $SC
(0.75 M NaCl, 0.075 M sodium citrate). 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 3 x
Denhardt’s solution, somcated salmon sperm DNA (50 pg/mi), 0.1% SDS, and 10% dexiran sulfate at 42 -C, with



a 10 minute wash at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) followed by a 10 minute high-stringency
wash consisting of 0.1 x SSC comaining EDTA at 35°C.
[0190] “"Modcrately stringent conditions” may be idemified as described by Sambrook et al.. Molccular

Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and include the use of washing

solution and hvbridization conditions (e.g.. lemperature, ionic strength and “SDS) less swringent that those
described above. An example of moderately suingent conditions is overmight incubation at 37°C in a solution
comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citae). 50 mM sodium phosphbate (pB
7.6}, 5 x Denhardt’s solution, 10% dextran sulfate, and 20 mg/m! denatured sheared saimon sperm DNA., followed
by washing the filters in 1 x SSC at about 37-50°C. The skilled arusan will recognize how to adjust the
iemperature, onic strengih, cle. as necessary 10 accommodate faciors such as probe lengih and the like.

[0191] The term “epitope tagged" when used herein refers to a chimeric polypeptide comprising a
CD79b polypeptide or anti-CD79b antibody fused 0 a "tag polypeptde”. The tag polypeptide has enough
residues 1o provide an epifope against which an aniibody can be made, vet 1s shont enough such that it does not
wnterfere with activity of the polypeptide to which 1t s fused. The tag polypeptide preferably also is fairly unique
s0 thatl the antibody does not substantially cross-react with ather epitopes. Suitable tag polypeptides generally
have at least six amine acid residues and usually between about 8 and 50 amino acid residues (preferably, between
about 10 and 20 amino acid residues).

{0192] "Active" or "activity" for the purposes herein vefers 1o form(s) of 2 CD79b polypepude which
retain 2 biological andior an immunological acuvity of native or naturally-occurring CD79b, wherein “biological™
activity refers to a biological function (either inhibitory or stimulatory) caused by a native or naturally-occurring
CD79b other than the ability 1o induce the produciion of an antibody against an antigenic epitope possessed by a
native or naturally-occurring CD79b and an “immunological” activity refers 10 the ability 10 induce the production
of an antibody against an antigenic epitope possesscd by a native or naturallv-occurring CD79b.

{01931 The term "antagonist” is used in the broadest sense, and includes any molecule that partially or
fully blocks. inhibits, or neutralizes a biological activity of a native CD79b polypeptide. In a similar manmer. the
term "agonist” is used in the broadest sense and includes any molecule that mimics a biological activity of a native
(D790 polypeptide. Suitable agonist or antagonist molecules specifically include agonist or anagonist antibodies
or antibody fragments, fragments or amino acid sequence variants of native CD79 polypeptides, peptides,
antisense oligonucleotides, small organic molecules, elc. Methods for identifving agonisis or antagonists of a
CD7% polypeptide, may comprise contacting a CD7Sb polypeptide, with a candidaic agonist or antagonist
molecule and measuring a detectable change in one or more biological activities normally associated with the
CD79b polypeptide.

[0194) “Purified” means that 2 melecule is present in a sample af a concentration of at least 95% by
weight, or at least 98% by weight of the sample in which it 1s contained.

{0195] An “isolated” nucleic acid molecule is a micleic acid molecule that is separated from at least one
other nucleic acid molecule with which it is ordinarily associated, for example, in its natural enviromment. An
isolated nucleic acid molecule further includes a nucleic acid molecule contained in cells that ordinarily express
the nucleic acid molecule, but (he nucleic acid molecule 18 present extrachromasomally or at a clromosomal

location that is different from its natural chromosomal location.
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[0196] The term "vector," as used herein, is intended to refer to a nucleic acid molecule capabl¢ of
transporting another nucleic acid to which it has been hnked. One type of vecior is 4 "plasmid”, which refers o 2
circular double stranded DNA loop nto which additional DNA segments may be ligated. Another type of vector
is & phage vector. Another type of vector is a viral vector, wherein additional DNA segments may be ligated
into the viral genome. Certain vectors are capable of autonomous replication in a host cell into which they are
inwoduced (e.g., bacierial vectors having a baciterial origin of replication and episomal mammalian veciors).
Other vectors {e.g., non-cpisomal mammalian vectors) can be integrated into the genome of a host ccll upon
introduction into the host cell, and thereby are replicaled along with the host genome. Moreover, certain veclors
are capable of directing the expression of genes 1o which they are operatively linked. Such vectors are referred
10 berein as "recombinant expression vectors™ {or simply, “recombinant vectors”). In general, expression vectors
of utiiity in recombinant DNA techmiques are ofien in the form of plasmids. In the present specification,
“plasmid”™ and “vector” may be used inierchangeabty as the plasmid is the mosi commonly used form of vector.

[0197) "Polynucleotide.” or “nucleic acid" as vsed inlerchangeably herein, refer 1o polymers of
nucleotides of any length, and include DNA and RNA. The nucleotides can be deoxyribonucleotdes,
ribonucleotides, modified nucleotides or bases, andior their analogs, or any substrate that can be incorporated into
2 polymer by DNA or RNA polymerase, or by a synthetic reaction. A polynucleotide may comprise modified
nacleotides, such ag methylated nucleotides and their analogs. If present, modification to the nucleotide structure
may be imparied before or after assembly of the polymer. The sequence of nuclectides may be interrupted by
non-nucleotide componenis. A polynucieotide may be further modified after synthesis, such as by conjugation
with a label. Other types of modifications include, for example, “caps®, substitution of one or more of the
paturally occurring mucleotides with an analog, infernucleotide modifications such as, for example, those with
uncharged linkages {(e.2.. methyl phosphonaies, phosphotriesters, phosphoamidates, carbamates, ete.) and with
charged linkages (e.g., phosphorothi(zatcs, phosphorodithioates, etc.}, those containing pendant moieties. such as,
for example, proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-iysine, etc.), those with
mntercalators (e.g., acridine, psoralen, eic.), those comaining chelalors (e.g., metals, radioactive metals. boron,
oxidative metals, elc.), those comaining alkylators, those with modified linkages (e.g., alpha anomeric nucleic
acids. cic.), as well as unmodified forms of the polynucicotide(s). Further. any of the hydroxyl groups ordinarily
present in the sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected by
standard proteciing groups, or activated to prepare additional linkages 1o additional nucleotides, or may be
conjugated to solid or semi-solid supports. The 5" and 3' terminal OH can be phosphorylated or substituted with
amines or organic capping group moieties of from 1 to 20 carbon atoms, Other hydroxyls may also be derivatized
to standard protecting groups. Polynucleotides can also contain analogous forms of ribose or deoxyribose sugars
that are generally known i the art, including, for example, 2-O-methyl-, 2'-0-allyi, 2-fluore- or 2-azido-ribose.
carbocyclic sugar analogs, .alpha.-anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses,
pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs such as methy)
riboside. Ome or more phosphodiester linkages may be replaced by alternative linking groups. These alternative
linking groups include, but are not limited 1o, embodiments wherein phosphate is replaced by P(O)S(*thiocate™},
P(S)S ("diploac"), "(OYNR.sub.2 ("amidate”), O, PIOYOR!, CO or CH.sub.2 ("formacetal®), in which cach R
or R' is independently H or substituted or unsubstituwed alkyl (1-20 C.) optionally comiaining sn ether (-O-)
linkage, aryl, alkenyl. cycloalkyl, cycloalkenyl or araldyl. Not all linkages in 2 polynucleotide need be idemtical.

The preceding description applies o all polvnucleotides referred o herein. including RNA and DNA.
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[6198] "Oligonucleotide,” as used herein, generally refers 1o short, generally single siranded, generally
svnthetic polymucieotides that are generally, but not necessanly, less than about 200 nucleotides in length. The
terms “oligonucleotide"” and "polynucleotide” are not mutually exclusive.  The description above for

polynucleotides is equally and fully applicable to oligonucleotides.

[0199] The wrms "cancer” and "cancerous” refer 1o or deserive (he physiclogical condition in marmmals
that is typically characterized by unregulaied cell growth. Examples of cancer include, but are not imited 1o,
hematopoietic cancers or blood-related cancers, such as lymphoma, leukemia. myeloma of ymphoid malignancies,
but also cancers of the spleen and cancers of the iymph nodes and also carcinoma. blastoma and sarcoma. More
particular examples of cancer include B-cell associated cancers, including for example. high, intermediate and low
grade lvmphomas (including B cell tymphomas such as, for example, mucosa-associated-lymphoid tssue B cell
tymphoma and non-Hodgkin’s tymphoma (NFHL), mantle cell lymphoma, Burkitt's lymphoma, small lvmphocyiic
fvmphoma, margnal zove lymphoma, diffuse large cell  lvmphoma, follicular lvmphome, and Hodekin's
tviphoma and T cell tvrphomas) and leukemias (including secondary leukemiz, chronic lvmphoceyiic leukemia
(CLL), such as B cell leukemia (CDS+ B lymphocyies), myelowd leukemia, such as acute myeloid leukemia,
chronic myeloid leukemia. lymphoid leukemia, such as acute lymphoblastic leukemia (ALL) and myvelodysplasia},
and other hemarological and/or B cell- or T-cell-associated cancers. Also included are cancers of additional
hematopoietic cells, including polymorphomuclear leukocytes, such as basophils, eosinophils, neutrophils and
monocytes, dendrilic cells, platelets, erythrocyies and natural killer cells.  Also included are cancerous B cell
proliferative disorders selected from the following: Ilymphoma, non-Hodgking lymphema (NHL). aggressive NHL,
relapsed aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolent NHL, chronic lymphocyiic
leukemia (CLL), small lymphocytic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocytic
leukemia (ALL), and mantie cell lymphoma. The origins of B-cell cancers include as follows: marginal zone B-
cell lymphoma origins in memory B-cells in marginal zone, follicular lymphoma and diffuse large B-cell
Jvmphoma originates in centrocyies in the light zone of germinal centers, chronic lymphocytic leukemia and small
Iymphocytic leukemia originates in Bl cells (CD3+), mantle cell lymphoma originates in naive B-cells in the
mantle zone and Burkitt's lvmphoma originaies in centroblasts in the dark zone of germiinal centers. Tissues
which include bematopoicetic cells referred berein 10 as “hematopeietic cell iissues™ include thymus and bone
marrow and peripheral lymphoid tissues, such as spleen. lymph nodes, lvmphoid tissues associated with mucosa,
such as the gut-associated lympboid tssucs, fonsils, Peyer’s patches and appendix and lymphoid tissues
associaied with other mucosa, for example, the bronchial linings. Further panicular examples of such cancers
include squamous cell cancer, smali-cell lung cancer, non-small celi lung cancer. adenocarcinoma of the lung,
squamous carcinoma of the lung. cancer of the peritoneum, hepatocellular cancer. gastrointestinal cancer,
pancreatic cancer, glioma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, colorectal cancer, endometrial or ulerine carcinoma, salivary gland carcinoma, kidney cancer, liver
caneer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, leukemia and other lvmphoproliferative

disorders, and various t¥pes of head and neck cancer.

[0200] A “B-cell malignancy” berein includes non-Hodgkin’s fymphoma (NHL), including low
grade/follicular NHL, small lymphocytic (SL) NHL, imermediate grade/follicular NHL, intermediate grade
diffuse NHL, high grade immunoblastic NHL. high grade lymphoblastic NHL, high grade smalil non-cleaved cell

NHL, bulky discase NHL, mantle cell lympboma, AIDS-related lymphoma, and Waldenstrom's
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Macroglobulinemia, non-Hodgkin's lymphoma (NHL), lymphocvie predominant Hodgkin's disease (LPHD),
small lymphocytic tymphoma (SLL), chronic lymphocytic leukemia (CLL). indolent NHL including relapsed
indolemt NHL and rituximab-refractory indolent NHL; leukemia, including acute Iymphoblastic leukemia (ALL).
chronic lymphocytic lenkemia (CLL), Hairy cell leukemia, chronic myveloblastic leukemia; mantle cell
lymphoma; and other hematologic malignancies.  Such malignancies may be treated with antibodies directed
against B-cell surface markers, such as CD79. Such diseases are comtemplated herein 1o be treated by the
adnmnistration of an amtibody dirccied agamst a B cell swiace marker, such as CD79b, and includes the
admimstration of an unconjugated (“naked™) antibody or an amibody conjugated 10 a cytotoxic agent as disclosed
crein. Such diseases are also contemplated herein 1 be treated by combination therapy including an anti-CD79b
antibody or anti-CD79b antbody drug conjugale of the invention in combination with another antibody or
antibody drug conjugate, another cyloxic agent, radialion or other treaiment administered simultaneously or in
series. In exemplary treatment method of the invention, an anti-CI)79b antibody of the invention is administered
in combination with an anti-CD26 amibody, immunoglobulin, or CD20 binding fragment thereo!, either wgether
or sequentially. The anti-CD20 antibody may be 2 naked antibody or an antibody drug conjugate. In an
embodiment of the combination therapy. the anti-CID79b antibody is an antibody of the present invention and the

anti-CD20 antibody 18 Rituxan®: {riftamab).

[0201] The term “non-Hodgkin’s lymphoma™ or “NHL", as used herein, refers 10 a cancer of the
lymphatic system other than Hodgian’s lymphomas. Hodgkin’s lymphomas can generally be distinguished from
non-Hodgkin’s lymphomas by the presence of Reed-Sternberg cells in Hodgkin's lymphomas and the absence of
said cells ip non-Hodgkin's lvmphomas. Examples of non-Hodgkin's lymphomas encompassed by the term as
used berein include any that would be identified as such by one skilled in the art (e.g., an oncologist or
pathologist) in accordance with classification schemes known in the art, such as the Revised European-American
Lymphoma (REAL)} scheme as described i Color Atlas of Clinical Hematology (3rd edition), A. Victor
Hoffbrand and John E. Pettit {eds.) (Harcourt Publishers Lid., 2000), See, in particular, tbe lists in Fig. 11.57,
11.58 and 11.59. More specific examples include, but are not hmited to. relapsed or refractory NHL, front iine
low grade NHL, Stage III/IV NHL. chemotherapy resistant NHL, precursor B lvmphoblastic leukemia and/or
lymphoma, small lymphoceytic tympboma, B cell clvonic lymphocwvtic lenkemia and/or prolymphocyiic leukemia
and/or  small lympbocytic  tvmphoma, B-cell prolymphoeytic  lymphoma, immunocyioma andior
lymphoplasmacytic lymphoma, lymphoplasmacytic lymphoma, marginal zone B cell lymphome. splenic marginal
zone lvmphoma, exiranodal marginal zone - MALT lymphoma, nodal marginal zone lymphoma. hairy cell
leukemia, plasmacytoma and/or plasma cell myeloma, low grade/follicular lymphoma. imermediate
grade/follicular NHL. mantle cell lymphoma, follicle center lymphoma (follicular). intermediate grade diffuse
NHL, diffuse large B-cell lymphoma, aggressive NHL (including aggressive fromt-line NHL and aggressive
relapsed NHL), NHL relapsing after or refractory w0 autologous stem cell transplaptation, primary mediastinal
large B-cell iymphoma, primary effusion iymphoma, high grade immunoblastic NHL, high grade lvmphoblastic
NHL, high grade small non-cleaved cell NHL., bulky disease NHL, Burkitt's lymphoma, precursor (peripheral)
large granular lymphocytic leukemia, mycosis fungoides and/or Sezary syndrome, skin (cutaneous) lvmphomas,

anaplastic large cell ymphoma, angiocentric lymphoma.

[0202] A “disorder" is any condition that would benefit from treatment with a substance/molecule or

method of the invention. This includes chronic and acute disorders or diseases including those pathological
40



conditions which predispose the mammal to the disorder in question. Non-limiting examples of disorders 1o be
reated herein mclude cancerous conditions such as malignant and benmign tumors; non-leukernias and lympheid
malignancies; neuronal, glial, astroeytal, hypothelamic and other glandular, macrophagal, epithelial, stromal and
blastocoelic disorders; and inflammatory, immunologic and other angiogenesis-related disorders.  Disorders
further include cancerous conditions such as B cell proliferative disorders andsor B cell tumors. e.g.. lymphoma,
non-Hodgking Ivmphoma (NHL ). aggressive NHL. relapsed agegressive NHL. relapsed indolent NHL. refractory
NHL, refractory indolent WHL. chronic lymphocytic leukemia (CLL). small lymphocytic Ivmphoma, leukemia,
hairy cell leukemia (HCL), acute lymphocytic leukemia {ALL}, and mantle cell lymphoma.

[0203] The terms “cell proliferative disorder”™ and “proliferative disorder” refer w disorders that are
associated with some degree of abnormal cell proliferation. In one embodiment, the celi proliferative disorder is
cancer.

{0204} "Tumor”, as used herein, refers w0 all neoplastic cell growth and proliferavon, whether
malignant or benign, and all pre-cancerous and cancerous cells and tissues.

102051 An “sutoimunune disease™ herein is & disease or disorder arising from and direcied against an
individual’s own 1Ssues or organs or a co-segregate or manifesiation thereof or resulting condition therefrom. In
many of these awoimmune and inflammatory disorders, a number of climical and laboratory markers may exist,
including. but not limited to, hypergammagiobulinemia, high levels of auoantibodies, antigen-antibody complex
deposits in ussues, benefit from corticosieroid or immunosuppressive ireaiments, and Iyraphoid cell aggregaies in
affecied tssues. Without being himited 1o any one theory regarding B-cell mediated aumtoimmune disease, 1 is
believed that B cells demonstrate a pathogenic effect in human anioimmune diseases through a mulitude of
mechanistic pathways, including autoantibody production, immune complex formation, dendritic and T-cell
aclivation. cviokine symbesis, direct chemokine release, and providing a nidus for eciopic neo-lymphogenesis.

Each of these pathways may participate to different degrees in the pathology of autoimmune discases.

[0206] “Awoimmune disease” can be z2n organ-specific disease {(ie., the immune response is
specifically directed against an organ system such as the endocrine system, the hematopoietic system, the skin. the
cardiopulmonary system. the gaswoiniestinal and liver systems, tbe renal sysiem, the thyroid, the ears, the
newromuscular system. the central nervous system, ele.) or a systemic disease which can affect multiple organ
systems {for example, systemic lupus erythematosus {(SLE), rheumaitoid arthritis, polymyosttis, ete.). Preferred
such diseases include autoimmune rheumalologic disorders (such as, for example, rheumatoid arthritis, Sjdégren's
syndrome, sclerodenna, lupus such as SLE and tupus neplritis. polyvmyositis’dermatomyositis, cryeglobulinemia,
ami-phosphotipid antibody syndrome, and psoriatc arthritis), amoimmune gastroiniestinal and bver disorders
{such as, for example, inflammatory bowel diseases (¢.g.. ulcerative colitis and Crohn's disease), autoimmune
gastritis and pernicious anemia, autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis,
and celiac disease), vasculitis (such as, {or example, ANCA-negative vasculitis and ANCA-associated vasculitis,
including Churg-Strauss vasculitls, Wegener's granulomatosis, and microscopic polyangiitis), autoimmune
neurological disorders (such as, for example, multiple sclerosis, opsoclonus myocloous svndrome, myasthenia
gravis, neuromyelitis optica, Parkinson’s disease, Alzheimer’s disease, and autoimmune polyneuropathies), renal
disorders (such as, for example, glomerulonephritis, Goodpasture's syndrome, and Berger’s disease), autoimamune
dermatologic disorders (such as. for example, psoriasis, urticaria, hives, pemphigus vulgaris, bullous pemphigoid,

and cwianeous lupus eryvthematosus), hematwlogic disorders (such as, for example, thrombocyiopenic purpura,
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thrombotic thrombocyiopenic purpura, post-transfusion purpura, and auloimmune hemolylic anemia),
atherosclerosis, uveitis, autoimmune hearing diseases (such as, for example, inner ear disease and hearing loss).
Behcet's discase, Raypaud's syndrome, organ transplant, and autoimmune endocrine disorders (such as, for
example, disbetc-related autoimmune diseases such as insulin-dependent diabetes mellius (IDDM). Addison’s
disease, and autoimmune thryroid disease (e.g., Graves® disease and thyroidits)). More preferred such diseases
include, for example, rheumatoid arthritis. ulcerative colitis, ANC A-associated vasculitis. lupus, multiple sclerosis,

Siogren's syndrome, Graves' discase. IDDDM, perpicious anemia, thyroiditis, and glomerulonephritis.

102071 Specific examples of other amoimmune diseases as defined herein, which in some cases
encompass those listed above, include, but are not limited 1o, arthritis (acwte and chronic, rheumatoid arthritis
mcluding juvenile-onsel rheumatond arthritis and stages such as rheumatoid synovitis, gout or gouty arthritis,
acute immunological artbrivs, chronic inflammatory arthrins, degenerative arthritis, tvpe I collagen-induced
arthriis, infections arthrius, Lyme arthritis, proliferative arthritis, psoriatic arthritis, Sull's discase, vertebral
arthnts, oSicoarthritis, arthriis chromica progredienie, arthritis deformans, polvarthrilis chronica primaria,
rcactive arthmitis, menopausal artbritis, estrogen-depletion arthritis, and ankylosing spondyliisitheumaioid
spondylitis), autoimmune tymphoproliferative disease, inflammatory byperproliferative skin diseases, psoriasis
such as plaque psoriasis, gulale psoriasis, pusilar psoriasis. and psoriasis of the nails, atopy including atapic
diseases such as hay fever and Job's syndrome. dermatitis including contact dermatitis, chronic contact dermatitis,
exfoliative dermatiuis, allergic dermatitis, allergic contact dermatitis, hives, dermatitis herpetiformis, mummular
dermatitis, seborrheic dermatitis, non-specific dermatitis, primary irritant contact dermatilis, and atopic dermatitis,
x-linked hyper IgM syndrome, allergic imraocular mflammatory diseases, wriicaria such as chronic allergic
urticaria  and  chronic  idiopatbic  uricaria, including chromic awtoimmume uriicaria,  myosits,
polymryosits/dermatomyosiiis, juvenile dermatomyosiis, toxic epidermal necrolysis, scleroderma (inciuding
systemic scleroderma}, sclerosis such as systemic sclerosis, multiple sclerosis (MS) such as spino-optical MS,
primary progressive MS (PPMS), and relapsing remitting MS (RRMS), progressive syslemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis disseminata, ataxic sclerosis, newomyelitis optica (NMO),
mflammatory bowel disease (1BD) (for example, Crohn's disease, antoimmune-mediaied gaswroimestinal diseases,
gastroimestinal inflammation, colitis such as ulcerative colitis, coliis ulcerosa, microscopic colitis, coliagenous
colitis, colitis potyposa, necrotizing enterocolitis, and wansmural colitls, and amoimmune inflammatory bowel
disease), bowel inflammation, pyoderma gangrenosum, ervthema nodosum, primary sclerosing cholangitis,
respiratory diswress syndrome, including adult or acwle respiratory distress syndrome (ARDS), meningitis,
nflammation of all or part of the uvea, witis. choroiditis, an awtoimmune hematological disorder, grafi-versus-host
disease, angioedema such as hereditary angiocdema, cranial nerve damage a5 in meningitis, herpes gestationis,
pemphigoid gestationis, pruritis scroli, autoimmune premature ovarian failure. sudden hearing loss due 1o an
autoinmune condition, IgE-mediated diseases such as anaphylaxis and allergic and atopic rhiniis, encephalitis
such as Rasmussen's encepbalitis and timbic and/or brainstern encephalitis, uveiiis, such as amerior uveitis, acute
anterfor uveitis, granolomatons uveitis, nongranulomalous uveitis, phacoantigenic uveitis, posierior uveitis, or
agtoimmune uveills, glomerulonephritis (GN) with and without nephrotic syndrome such as chromic or acule
glomerulonephrids such as primary GN, immune-mediated GN, membranous GN {mmembranous nephropathy).
idiopathic membranous GN or idiopathic membranous nephropathy. membrano- or membranous proliferative GN

(MPGNY), including Type 1 and Type 11, and rapidly progressive GN (RPGN), protiferative nephrivs, autoimmune
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polyglandular endocrine failure, balanitis including balaniils circumscripta plasmacellularis, balanoposthitis,
erythema annulare cenirifugum, erythema dyschromicum perstans, eyibema muhiform, granuloma annulare,
lichen nitidus, lichen sclerosus et atrophicus, lichen simplex chronicus, lichen spinulosus, lichen planus, lameliar
ichthyosis, epidermolytic hyperkeratosis, premalignant keratosis, pyoderma gangrenosum, allergic conditions and
responses, food allergies, drug allerges, insect allergies, rare allergic disorders such as mastocylosis, allergic
caction, eczema imcluding allergic o7 atopic eczema. asieatotic eczema, dyshidrotic eczema, and vesicular
palmoplantar cczema, asthma such as asthma bronchiale, bronchial asthmg, and auto-immune asthma, condhions
mvolving infiltration of T cells and chronic inflammatory responses. immune reactions against foreign amigens
such as fetal A-B-O blood groups during pregnancy, chronic pulmonary inflammatory disease, anioimmune
myocarditis, leukocvie adbesion deficiency, lupus. including lupus nephritis. lupus cerebritis, pediatric upus, non-
renal lupus, extra-renal lupus, discoid lupus and discoid lupus erythematosus, alopecia lupus. SLE. such as
cutaneous SLE or subacute cutaneous SLE, neonatal lupus syndrome (NLE), and lupus ervthematosus
disseminatus, juvenile onset (Type 1) diabetes mellitus, including pediatrie IDDM. adubt onset diabetes meliins
(Type 1I diabetes), autoimmune diabetes, idiopathic diabetes insipidus, diabetic retinopathy, diabetic nephropathy,
diabetic colitis, diabetic large-artery disorder, immune responses associaled with acute and delaved
bypersensitivity mediated by cytokines and T-lymphocytes, wberculosis, sarcoidosis, granulomatosis including
Iymphomatoid granulomatosis, agranulocytosis, vascuiitides (including large-vessel vasculitis such as
polymyalgia rheumatica and giant-cell (Takavasu’s) arteritis, medium-vessel vasculitis such as Kawasaki's
disease and polvarteritis nodosameriarterits nodoesa, immuncovasculitis, CNS vasculitis, cwtancous vasculitis,
hypersensitivity vasculitis, necrotizing vasculitis such as {fibrinoid necrotizing vasculitis and systemic pecrotizing
vasculitis, ANCA-negative vasculitls, and ANCA-associaled vasculitis such as Churg-Strauss syndrome {CSS),
Wegener's granulomatosis, and microscopic polyangiitis), temporal arierius, aplastic anernia, autoimmune
aplastic anemia, Coombs positive anemia, Diamond Blackfan anemia, hemolytic anemia or immune bemolytic
anemia inchuding awoimmune nemolytic anemiz (AIHA), pernicious anemia {anemiz perniciosa), Addison's
disease, pure red cell anemia or aplasia (PRCA), Factor VIII deficiency, bemophilia A, autoimmune
neutropenia(s), cylwpenias such as pancylopema, leukopenia, diseases involving leukocyte diapedesis, CNS
inflammatory disorders, Alzbeimer's discase, Parkinson's discase, multiple organ injury syndrome such as those
secondary to septicemia, trauma or hemorrhage, antigen-aniibody complex- mediated diseases, anti-glomerular
basement membrane discase, anti-phospholipid antibody syndrome, motoneunitis, allergic neuritis, Behget's
disease/syndrome, Castieman’s syndrome, Goodpasture's syndrome, Reynaud's syndrome, Sjogren’s syndrome,
Stevens-Johnson syndrome, pemphigoid or pemphigus such as pemphigoid bullous, cicatricial (mucous
membrane) pemphigoid, skin pemphigoid, pemphigus vulgaris, paraneoplastic pempbigus, pemphigus foliaceus,
pemphigus mucus-membrane pemphigoid, and pemphigus erythematosus, epidermolysis bullosa acquisita, ocular
inflammation, preferably allergic ocular inflamumation such as allergic conjunctivis, linear IgA bullous disease,
autoimmune-induced comunctival inflammation, auteimmune polyendocrinopathies, Reiter’s disease or syndrome,
thermal injury due 10 an autoimmune condition, preeclampsia, an immune complex disorder such as immune
complex nephritis, antibody-mediated nephritis, newroinflammatory disorders, polvneuropathies. chronic
peuropathy such as IgM pelyncuropathies or IgM-mediated neuropathy, thrombocytopeniz (as developed by
myocardial infarction patients. for example), including thrombotic thrombocyiopenic purpura (TTP). post-
wansfusion purpura (PTP), heparin-induced thrombocviopenia. and autoimmune or immune—mcdiamé

thrombocytopenia including, for example, idiopathic thrombecyiopenic purpura (ITP) including chronic or acute
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ITP, scleritis such as idiopathic cerato-scleritis, episcleritis, autoimmune disease of the testis and ovary including
autoimmune orchitis and oophoriis, primary bypotbhyroidism, hypoparathyroidism, auioimmune endocrine
discases including thyroiditis such as sutoimmune thyroiditis, Hashimoto's disease, chronic thyroiditis
(Hashimoto's thyroiditis), or subacule thyroiditis, awtoimmune thyroid disease, idiopathic hypothyroidism,
Grave's disease, Grave's eve disease (ophthalmopathy or thyroid-associated ophthalmepathy), polyglandular
syndromes such as autoinymune polyglandular syndromes, for example. vype | {or polyglanduiar endocrinopathy
syndromes), parancoplastic syndromes, including neurologic parancoplastic syndromes such as Lambert-Eaton
myvasthenic syndrome or Eaton-Lambert syndrome, stiff-man or stiff-person syndrome, encephalomyelitis such as
allergic encephalomyelitis or encephalomyelitis allergica and experimental allergic encephalomyelitis (EAE),
mvasthenia gravis such as thymoma-associated royasthenia gravis, cercbellar degeneration, neuromyolonia,
opsoclonus or opsocionus myocionus syndrome {OMS). and sensory neuropathy, multifocal motor neuwropathy,
Sheehan’s syndrome, autoimmune hepatitis, chronic hepatits, lupoid hepatitis, giant-cell hepatius, chronic active
hepatitis or aoimmune chronie active hepatitis, pneurmonius such as lymphoid interstitial poneumonitis (LIP),
bronchiolitis obliterans (non-transplant) vs NSIP, Guillain-Barré syndrome, Berger's disease (IgA nepbropathy),
idiopathic IgA nephropathy, linear IgA dermatosis, acute f{ebrile neutrophilic dermatosis, subcorneal pustular
dermatosis, transient acantholylic dermatosis, cirrhosis such as primary biliary cirrhosis and pneumonocirrhosis,
autoimmune enteropathy syndrome, Celiac or Coeliac disease, celiac sprue (gluen enteropathy). refractory sprue,
idiopathic sprue, crvoglobulinemia such as mixed cryoglobulinemia, amylotrophic lateral sclerosis (ALS: Lou
Gehrig's disease), coronary artery disease, autoimmune ear disease such as autoimmune inner ear disease (AIED).
autoimmune hearing loss, polychondritis sach as refractory or relapsed or relapsing polyvchondritis, pulmonary
alveolar proteinosis, keratitis such ag Cogan's syndrome/nonsyphilitic interstitial keratitis, Beil's palsy, Sweet's
disease/syndrome, rosacea autoimmune, zoster-associated pain, amyloidosis, a non-cancerous lvmphocyiosis, a
primary lymphocytosis, which includes monoclonal B cell iymphocywsis (e.g., benign monoclonal gammopathy
and monoclonal gammopathy of undetermined significance, MGUS), peripheral neuropathy, paraneoplastic
syndrome, channelopathies such as epilepsy, migraine, arthythrmia, muscolar disorders, deafness, blindness,
periodic paralysis, and channelopathies of the ONS, autism, inflammatory myopathy, focal or segmental or focal
scgmerital glomerulosclerosis (FSGS), endocrine ophtbalmopathy, uveoretinits, chorioretinitis, autoimmunc
hepatological disorder, fibromyalgia, muliple endocrine failure, Schmidt's syndrome. adrenalitis, gastric atrophy,
presenile dementia, demyelinating diseases such as autoimmune demyelinating discases and chronic inflammatory
demyelinating polyoewropathy, Dressler's symdrome, alopecia areata, alopecia towalis, CREST syndrome
{calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and ielangiectasia), male and female
autoimmune infertility, e.g.. due 1o anti-spermaiozoan antibodies, mixed connective tssue disease, Chagas'
disease, rheumatic fever, recurrent aborion, farmer's lung, ervthema multiforme, post-cardiolomy syndrome,
Cushing's syndrome, bird-fancier's lung, sllergic grapulomatous angiitis, benign lymphbocytic angiitis, Alports
syndrome, atveolitis such as allergic alveolitis and fibrosing atveolitis, interstitial lung disease, transfusion
reaction, leprosy, malaria, parasitic diseases such as leishmaniasis, kypanosomiasis, schistosomiasis. ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome. dengue, endocarditis, endomyocardial {ibrosis, diffuse
imerstitial pulmonary fibrosis, interstitial lung fibrosis, {ibrosing mediastinitis, pulmonary fibrosis, idiepathic
pulmonary {brosis, cystic fibrosis, endopbthalmitis, erythema elevatum et divtinum, erythroblasiosis fetalis,
eosinophilic faciitis, Shulman's syndrome, Felty's syndrome, flariasis. cycliis such as chronic cyclitis,

heterochronic cyclitis, iridocyclitis (acute or chromic), or Fuch's cyclitis, Henoch-Schonlein purpura, human
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immunedeficiency virus (HIV) infection, SCID, acquired immune deficiency syndvome (AIDS), echovirus
nfection, sepsis (systemic inflammatory response syndrome {SIRS)), endotoxemia, pancreafitis, thyroxicosis,
parvovirus infection, rubella virus infection, post-vaccination syndromes. congenital rubella infection, Epstein-
Barr virus infection, mumps, Evan's syndrome. autoimmune gonadal faillure, Sydenmham's chorea, post-
sweptococcal  nephritis, thromboangitis ubjierans, thyvrotoxicosts, tbes dorsalis. chorioiditis. giant-celt
polymyalgia, chromc hypersensnivity pneumoniis, conjunclivitis, such as vernal caiarrh. keraloconjunchivitis
sicea, and epidemic keratoconjuncuvius, idiopathic nephritie syndrome, minimal change nephropathy, benign
familial and ischemia-reperfusion injury. ransplani organ reperfusion, retinal autoimmunity, joint mflammation,
bronchitis. chronic obstructive airway/pulmonary discase, silicosis, aphthae. aphthous stomaritis, arterioscierotic
disorders (cerebral vascular msufficiency) such as arteriosclerotic encephalopathy and arteriosclerotic retinopathy,
aspermiogenese, autoimmune hemolysis, Boeck's disease, cryoglobulinemia, Dupuvtren's contracture,
endophthaimia phacoanaphylactica, enterinis allergica, erythems nodosum leprosum, idiopathic facial paralysis.
chronic fatigue syndrome, febris rheumatica. Hamman-Rich's disease. seosoneural bearing loss, haemoglobinuria
paroxysmatica, hypogonadism. ileitis regionalis, leucopenia, mononucleosis infectiosa, traverse myelitis, primary
idiopathic myxedema, nephrosis, ophthalmia symphatica (sympathetic ophthalmitis), neonata! ophthalmitis, optic
neuritis, orchitis grapulomalosa, pancreatitis, polyradiculits acuta, pyoderma gangrenosum, Quervain's
thyreoiditis, acquired spenic atrophby, non-malignant thymoma, lymphofollicular thymitis, vitiligo, 1oxic-shock
syndrome, food poisoning, conditions involving infiltration of T cells, leukocyte-adhesion deficiency, immune
responses associated with acute and delayed hypersensitivity mediated by cyiokines and T-tymphocytes, diseases
involving levkocyle diapedesis, multiple organ injury syndrome, antigen-antibody complex-mediated discases,
antiglomerular basement membrane disease, awioimmunre polyendocrinopathies, oophoritis, primary mysedema,
awoimmune atrophic gastritis, rhenmatic diseases, mixed connective tissue disease, nephrotic syndrome, insulitis,
polyendocrine failure, autoimmune polyglandular syndromes, including polyglandular syndrome type I, adult-
onset idiopathic hypoparatbyroidism (AOIH), cardiomyopathy such as dilated cardiomyopathy, epidermolisis
bullosa acquisita (EBA), hemochromatosis, myocarditis, nephrotic syndrome. primary sclerosing cholangitis,
purtlent or nonpurulent sinusnis, acute or chronic sinusitis, ethmoid, frontal, maxillary, or sphenoid sinusitis,
allergic sinusitis, an cosinophil-rclaled disorder such as cosinophilia. pulmonary infiliration cosinophilia,
eosmophilia-myalgia syndrome, Loffler's syndrome, chronic eosinophilic pneumonia. tropical pulmonary
cosinophilia, bronchopneumonic aspergillosis, aspergilloma, or granulomas containing eosinophils. anaphylaxis,
spondyloarthropathies, scronegalive spondyloarthritides, polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutancons candidiasis. Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskoti-Aldrich syndrome, ataxia tclangiectasia syndrome, angiectasis,
autoimmune  disorders associated with collagen disease, theumatsm such as chronic arthrorheumatism,
ymphadenitis, reduction in blood pressure response, vascular dysfunction, tissue injury, cardiovasculer ischemia,
hyperalgesia, rtemal ischemia, cercbral ischemia, and disease accompanying vascularization, allergic
hypersensitivity disorders, glomerulonephritides, reperfusion injury, ischemic re-perfusion disorder, reperfusion
injury of myocardial or other tissues, lymphomatous tracheobronchitls, mflammalory dermaioses. dermatoses
with acuie inflammatory components, multiple organ fathwe, bullous discases, renal cortical necrosis, acute
purnlent meningitis or other central nervous sysiem inflammatory disorders, ocular and orbital inflammatory
disorders, granulocyie iransfusion-associaled syndromes, cyiokine-induced toxicity, narcolepsy. acuie serious

inflammation, chronie intractable inflammation. pyelitis, endarterial hyperplasia, peplic ulcer, valvulits, and
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endometriosis. Such diseases are coniemplated herein 1o be treated by the administration of an antibody which
binds to a B cell surface marker, suck as CD79b, and includes the administration of an unconjugated (“paked”)
antibody or an antibody conjugated fo a cytotoxic agent as disclosed herein.  Such diseases are also contemplated
herein to be treated by combination therapy including an ami-CD79b anubody or anti-CD79h amibody drug
conjugate of the mvention n combination with another amibody or amibody drug conjugate, another cytoxic

agent, radiation or other wealment admimsicred stmuliancously or in series.

[0208] "Treating” or “treaiment™ or “alleviation™ refers to both therapeutic treatment and prophylactic
or preventative measures, wherein the object is 1o prevent or slow down (lessen) the rargeted pathologic condition
or disorder. Those in need of treatment include those already with the disorder as well as those prone w0 have
the disorder or those in whom the disorder s 10 be prevented. A subject or mammal is successfully “treated”™ for a
CD79% polypeptide-expressing cancer if, afier receiving a therapeutic amount of an anti-CD79b aniibody
accordimg to the methods of the present invention. the paticnt shows obscrvable and/or measurable reduction in or
absence of one or more of the followmng: reduction in the number of cancer cells or absence of the cancer cells;
reduction in the tumor size; inhibiton (.., slow 10 some extent and preferably stop) of cancer cell infiltration nto
periphera! organs including the spread of cancer into sofl tssue and bone; inhibition (.. slow to some extent and
preferably stop) of tumor metastasis; inhibition, w0 some extent, of tumor growth; andior relief 10 some extent, one
or more of the symptoms associated with the specific cancer; reduced morbidity and mortality, and improvemen?
in quality of life issues. To the exient the anti-CD79b antibody may prevent growth and/or kill exisiing cancer
cells, 1t may be eytostatic and/or cytotoxic. Reduction of these signs or symptoms may also be felt by the patient.

[0209] The above paramelers for assessing successful treatment and improvement in the disease are
readily measurable by routine procedures familiar 1o a physician. For cancer therapy, efficacy can be measured,
for example, by assessing the time 10 disease progression (TTP) andior determining the response rate (RR).
Metastasis can be determined by staging tests and by bone scan and tests for calcium level and other enzymes w0
determine spread to the bone. CT scans can also be done fo look for spread to the pefvis and lymph nodes in the
area. Chest X-rays and measurement of liver enzyme levels by known methods are used 10 look for metastasis to
the lungs and liver, respectively. Other routine methods {or monitoring the disease include transrecial
ultrasonography (TRUS) and transrectal needle biopsy (TRNB).

[0210] For bladder cancer, which is 2 more localized cancer, methods to determine progress of disease
include urinary cviologic evaluation by cvsioscopy. monitoring for presence of blood in the urine, visualization of
the urothelial wact by sonogr;’iphy or an imtravenous pyelogram. computed tomography (CT) and magnetic
resonance imaging (MR, The presence of distant metastases can be assessed by CT of the abdomen, chest x-
rays, or redionuclide imaging of the skeleton.

[0211] "Chronic” administration refers 10 administration of the agent(s) in a continuous mode as
apposed W an acute mode, so 2s 10 maintain the nitial therapeutic effect (activity) for an extended period of time.
“Intermittent” administration is trealment that is not consecutively done without interruption, but rather is cvelic
in nature.

[0212) An “individual” is a veriebrate. In certain embodiments, the veriebrate is 2 mammal. Mammals
inchude. but are not limited to. farm animals (such as cows), sport animals, pets (such as cats, dogs, and horses),

primates. mice and rats. In cerain embodiments, a mammal is 2 human,



[0213] "Mammal" for purposes of the treatment of, alleviating the symptoms of a cancer refers to any
animal classified as o mammal, Including humans, domestic and farm snimals, and zoo, sports, or petl animals,
such as dogs, cats, cattle, horses, sheep, pigs, goals, rabbits, etc. Preferably, the mammal is buman

[0214] Administraton "in combination with" one or more further therapeutic agents includes
simultaneous {concurrent) and consecutive admupistration in any order.

[0213] "Carmiers” as used herein include pharmacentically acceptable carriers, excipients. or stabilizers
which are nomoxic to the cell or mammal being exposed thereto at the dosages and concentrations cmployed.
Often the physiologically acceptable carner 18 an aqueous pH buffered solution. Examples of physiologically
acceptable carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including
ageorbic acid; low molecular weight (less than about 10 residues) polypeptide: proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinyipyrrolidone; amino acids such as glycine,
glitamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including
alucose, mannose. or dextring; chelating agents such as EDTAL sugar alcobols such as manmitol or sorbitol; salt-
forming counterions such as sodium and/or nonionic surfaclants such as TWEEN®, polvethylene glveol (PEG),
and PLURONICS®.

{0216} By "solid phase” or “solid support” is meant a non-aqueous matrix 1o which an antibody of the
present invention can adhere or attach. Examples of solid phases encompassed herein include those formed
partially or emtirely of glass {(e.g. con‘eroi}ed pore glass), polysaccharides (e.g., agarose). polvacrvlamides,
potystyrene, potyvinyl aicohot and silicones. In ceriain embodiments, depending on the contex, the solid phase
can comprise the well of an assay plaie; i others it 1s a purification column (e.g., an affinity chromatography
columm). This term alse includes a discontinuous solid phase of discrele particles, such as those described in U.S.
Patent No. 4,275,149,

[0217] A "bposome" is a small vesicle composed of various types of lipids, phospholipids and/or
surfactant which is useful for delivery of a drug (such as an CD79b antibody) ® 2 mammal. The components of
the liposome are commonly arranged in a bilayer [ormation, similar 10 the lipid arrangement of biological
membranes.

{0218} A “small” molecule or “small” orgenic molecule is defined herein 1o have a molecular weight
below about 500 Daltons.

{02197 An “individual,” “subject.” or “patient” is & vericbrate. In certain embodiments, the vertebrate
is 2 mammal. mammals inciude, but are not limited 10, farm animals (such as cows). sport animals, pets (such as
cats, dogs. and horses), primates, mice and rats. In certain embodimenis, a mammal is human.

{0220] The term “phbarmaceutical formulation™ refers 10 a preparation which is in such form as ©
permit the biologicat activity of the active ingredient 10 be effective, and which conuins no additional components
which are unacceptably foxic 1o a subject to which the formulation would be administered. Such formulation may
be sterile.

[0221) A “sterile™ formulanon is aseptic of free from all living microorganisms and their spores.

[0222] An “effective amount™ of an antibody as disclosed herein is an amount sufficient 1o carry out a
specifically stated purpose. An “cffeciive amount” may be determined empirically and i 2 routine manner, in
relation 1o the stated purpose.

[0223] The term “therapeutically effective amount™ refers 1o an amount of an antibody or other drug

effective 10 “treat” a disease or disorder in a subject or mammal. In the case of cancer, the therapeutically
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effective amount of the drug may reduce the number of cancer cells; reduce the tumor size; inhibit {i.e., slow to
some exlent and preferably stop) cancer cell infiltration into peripheral organs; inhibit (i.e.. slow 10 some exient
and preferably stop) tumor metastasis; inhibit, to some exient, umor growth; and/or relieve to some extent one or
more of the symptoms associated with the cancer. See the definition herein of “treating”. To the extent the drug
may prevent growth and/or kill existing cancer cells. it may be oytostatic andior cytotoxie. A “prophvlactically
effective amount” refers 10 an amount effective, at dosages and for periods of time necessary, 1o achieve the
desired prophylactic result. Typically but not necessarily. since 2 prophylactic dose is used in subjects prior 10 or
at an earlier stage of disease, the prophylactically effectiive amount will be less than the therapeutically effective
amount,

{02241 A “growth inhibitory amownt” of an anti-CD79b amibody is an amount capable of inhibiting the
growth of a cell, especially tumor, e.g., cancer cell, either in virre or in vive, A “growth inhibitory amount” of an
anti-CD796 antibody for purposes of inhibiting neoplastic cell growth may he determined empirically and in a
TOUHRNG MAnNer.

[0225] A “cvictoxic amount” of an anti-CID79b antibody is an amount capable of causing the
destruction of a cell, especially tumor, ¢.g.. cancer cell, either in vitro ot in vivo., A “eytowoxic amount™ of ap anti-
CD79 antibody for purposes of inhibiting neoplastic cell growth may be determined empirically and in a routing
manser.

[0226] A “CD79b-expressing cell” is a cell which expresses an endogenous or transfected CD79b
polypeptide either on the cell surface or in a secreted form. A “CD79b-expressing cancer” is a cancer comprising
cells that have a CD7%b polypeptide present on the cell surface or that produce and secrete a CD79b polypeptide.
A “CD79b-expressing cancer’ opuonally produces sufficient levels of CD79b polypeptide on the surface of cells
thereof, such that an anti-CD79b antibody can bind thereto and have 2 therapeutic effect with respect to the cancer.
In anotber embodiment, a “CD79b-expressing cancer” optionally produces and secretes sufficient levels of
CD79b polypeptide, such that an anti-CD7%b anubody antagonist can bind thereto and have a therapeutic effect
with respect 1o the cancer. With regard to the latter, the antagonist may be an antisense oligonucleotide which
reduces, inhibits or prevents production and secretion of the secreted CD79b polypeptide by wmor cells. A
cancer which “overcxpresses™ a D79 polypeptide is ome which has significantly higher levels of CD79b
polypeptide at the cell surface thereof, or produces and secretes, compared to a noncancerous cell of the same
tssue type. Such overexpression may be caused by gene amplification or by increased transcription or translation,
CD79b polypeptide overexpression may be determined in 2 detection or prognostic assay by evaluating increased
levels of the CD79b protein present on the surface of a ecll, or secreied by the cell {eg., via an
immunohistochemistry assay using anti-CD79b antibodies prepared against an isolated CD79b polypeptide which
may be prepared using recombinant DNA technology from ap isolated nucleic acid encoding the CD79b
polypeptide; FACS analysis, etc.). Alternatively, or additionally, one may measure levels of CD79 polypeptide-
encoding nucleic acid or mRNA in the cell, e.g., via finorescent in sirv hybridization using 2 nucleic acid based
probe corresponding 1o a CD79b-encoding mucleic acid or the complement thereof;, (FISH; see WO98/45479
published Octaber, 1998}, Southern blotiing, Northern blotting, or polymerase chain reaction (PCR) technigues,
such as rcal time quantitative PCR (RT-PCR). One may also study CD79b polypeptide overexpression by
measuring shed antigen in a biological fluid such as serum, e.g., using antibody-based assays (see also, e.g., U.S.
Patent No. 4,933,294 issued June 12, 1990; W(O91/05264 published April 18, 1991; U.S, Patent 5,401,638 issued
March 28, 1995; and Sias et al., 1. Immunol. Methods 1342:73-80 {1990}). Aside from the above assays, various in



vivo assays are available to the skilled practitioner. For example, one may expose cells within the body of the
patient 1o an antibody which is optionally labeled with a detectable label, e.g., a radicactive isolope, and binding
of the antibody to celis in the patient can be evaluated, e.g., by external scanning for radivactivity or by analyzing
a biopsy taken from a patient previously exposed 1o the antibody.

{0227] As used herein, the tferm “immunoadhesin® designates antibody-like molecules which combine
the binding specificity of a helerologous protein (an “adhesin™) with the effecior functions of immunogiobulin
constant domains. Structurally. the immunoadbesing comprise z {usion of an amino acid sequence with the
desired binding specificity which is other than the antigen recognition and binding site of an antibody (ie.. is
“heterologous”), and an immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin
melecule typically is a contiguous amino acid sequence comprising at least the binding site of a recepior or a
ligand. The immunoglobulin constant domain sequence in the immuncadhesin may be obtained from any
immunoglobulin, such as IgG-1, IgG-2, 1gG-3, or IgG-4 subtypes, IgA (including IgA-1 and IgA-2), IgE, IgD or
IgM.

{0228] The word “label” when used herein refers 10 a detectable compound or composition which is
conjugated directly or indirectly to the amibody so as v generate s "labeled" antibody. The label may be
detectable by iself (e.g. radioisolope labels or fluorescent labels) or, in the case of an enzymatic label, may
catalyze chemical alteration of a substrate compound or composition which is detectable,

[0229} The term "cytotoxic agent" as used berein refers 1o a substance that inhibits or prevents the
fimction of cells and/or causes destruction of celis. The term is intended to include radioactive isotopes (e.g.,
AP TP Y® R Re'™, Sm'®, Bi*, P* and radioactive isotopes of Lu), chemotherapeutic agents e.g.
methotrexate, adriamicin, vinca alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan, mitomycin
C, chlorambucil, daunorubicin or other intercalating agents, enzymes and fragments thereof such as nucleolytic
enzymes, antiblolics, and toxins such as small molecule 1oxins or enzymatically active toxing of bacierial, fungal,
plant or animal ongin, including fragments andvor variants thereof, and the various antitumor or anticancer agents
disclosed below. Other cyiotoxic agents are described below. A wmoricidal agent causes destruction of mmor
cells.

[0230] A *wxin™ is any substance capable of having a detrimental effect on the growth or proliferation
of a cell.

[023]1] A "chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.
regardless of mechanism of action. Classes of chemotherapeutic agents include, but are not limited 10: alkyating
agents, antimetabolites. spindie poison plam atkaloids, cvtoxic/antitumor antibiotics, topoisomerase inhibitors,
antibodies, photosensitizers, and kinase mhibitors. Chemotherapeutic agents include compounds used in “targeted
therapy™ and conventional chemotherapy. Examples of chemotherapeutic agents include: erlotinib (TARCEVA®,
Genentech/OSI Pharm.), docetaxel (TAXOTERER®, Sanofi-Aventis), 53-FU (fluorouracil, 5-fluorouracil, CAS Ne.
51-21-8), gemeitabine (GEMZAR®:, Lilly), PD-0325901 (CAS No. 391210-10-9, Pfizer), cisplatin (cis-
diamine.dichloroplatinnm(IT), CAS No. 153663-27-1}, carboplatin (CAS No. 41575-94-4), paclitaxel (TAXQOL®,
Bristol-Myers Squibb Oncology, Princeton, N.J.), trastuzumab (HERCEPTIN®, Genentlech), temozolomide (4~
methyl-5-ox%0- 2.3,4,6,8-pentazabicyclo [4.3.0] nona-2,7,9-Iriene- 9-carboxamide, CAS No. 85622-93-1,
TEMODAR®, TEMODAL®:, Schering Plough), tamoxifen ((Z)-2-[4-(1,2-diphenylbut-1-envljphenoxy}-N,N-
dimethyl-ethanamine, NOLVADEX®, ISTUBAL®, VALODEX®), and doxorubicin (ADRIAMY CIN®), Akti-

1/2, HPPD, and rapamycin.
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{02321 More examples of chemotherapeutic agents inchude: oxaliplatin (ELOXATIN®, Sanofi),
boriezomib (VELCADE®:, Millennium Pharm.}, sutent (SUNITINIB®, SU11248, Pfizer), letrozole (FEMARAR,
Novartis), imatinib mesylate {GLEEVEC®. Novartis), XL-518 (Mek inhibitor, Exelixis, WO 2007/044515),
ARRY-886 (Mek inhibiwor, AZD6244, Array BioPharma, Astra Zeneca), SF-1126 (PI3K inhibilor. Semafore
Pharmaceutcals), BEZ-235 (PI3K imhibitor, Novarus), XL-147 (PI3K inhibitor, Exelixis). PTK787/ZK 227384
{Novartis}, fulvestrant (FASLODEXE, AstraZeneca), leucovorin (folinic acid). rapamycin {sirolimus,
RAPAMUNE®:, Wyeth}, lapatinib (TYKERB®:, GSK372016, Glaxo Smith Klinc), lonafarnib (SARASARTM,
SCH 66336, Schering Plough), sorafemib (NEXAVARE, BAY43-9006, Bayer Labs). gefitinib JRESSA®,
AstraZeneca), irinotecan (CAMPTOSAR®, CPT-11, Pfizer), tipifarnib (ZARNESTRA™, Johnson & Johnson},
ABRAXANE™ (Cremophor-free), albumin-cngineered nanoparticle formulations of paclitaxel (American
Pharmaceutical Partners, Schaumberg, I1), vandetanib (rxINN, ZD6474. ZACTIMA®, AstraZeneca).
chloranmbucil, AGI1478, AG1571 (SU 5271; Sngen), lemsirolimus {TORISEL®, Wyeth), pazopanib
(GlaxoSmiuthiline}, canfosfamide (TELCYTA®, Telik). thiolepa and cvclosphosphamide (CYTOXAN®:,
NEOSAR®); alkyl sulfonates such as busulfan. improsulfan and piposulfan; aziridines such as benzodopa,
carboquone, meturedopa. and uredopa; ethyleninines and metbylamelamines including aliretamine,
tricthylenemelamine, tricthylencphosphoramide, tnethylenetbiophosphoramide and trimethylomclamine;
acetogenins {especially bullatacin and bullatacinone); 2 campiothecin (including the svntbetic analog topotecan};
bryostatin; catlystatin; CC-1065 (including Its adozelesin, carzelesin and bizelesin synthetic analogs);
cryptophycins (particularly cryplophycein 1 and eryplophycin 8); dolastatin: duscarmyein (including the synthetic
analogs, KW-2189 and CBI-TMI). eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards
such as chlorambucil, chiornaphazine, chlorophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesierine, prednimustine, trofosfamide, yracil
mustard; mitrosoureas such as carmustine, chiorozotocin, fotemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enediyne antibiotics (e.g., calicheamicin, calicheamicin gammall, calicheamicin omegall
(Angew Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin, dynemicin A; bisphosphonates, such as clodronate;
an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne antibiolic
chromophores). aclacinomysins, actinomycin. authramycin, azaserine, bleomycins, caclinomycin, carabicin,
carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diaze-5-0x0-L-
norleucine, morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcetliomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, porfiromycin, puromyein, quelamyein, rodorubicin,
streptonigrin, streplozocin, tubercidin, ubenimex, zinostatin, zorubicin; auti-mewmbolites such as methotrexate and
3-fluorouracil (3-FU); folic acid analogs such as denopierin, methowrexate, pieropierin, rimetrexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitdine, 6-azauridine, carmofur, cytarabine. dideoxyuridine, doxifluridine, enocitabine, floxuridme; androgens
such as calusicrone, dromostanolone propionaic, cpiliosianol, mepiiosiane, estolacione; anti-adrenals such as
aminoglutethimide, mitotane, trilastane; folic acid replenisher such ag {rolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; enituracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elilptinium acetate; an epothilone; etoglucid; galfium nitrate; hydroxyures;

lentinan; lonidainine; mayvtansinoids such as mayiansine and ansamitocins; mitoguazone; mitoXamrone:
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mopidanmol; nitraerine; peplostatin; phenamet; pirarubicin: losoxantrone; podophyllinic acid; 2-ethythvdrazide;
procarbazine; PSK&: polysaccharide complex (THS Natural Producis, Eugene. OR); razoxane; rhizoxin; sizofiran;
spirogermaniuin; fenuazonic acid; tiaziguone: 2.2'.2“-trichlorouiethyiaminci richothecenes (especially T-2
oxin, verracurin A, roridin A and anguidine): urethan; vindesine: dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; erabmoside (“Ara-C"). cvelophosphaniide: thiotepa; 6-thinguaning;
mercaplopurine; methotrexatc; platinum analogs such as cisplatin and carboplatin; vinblastine; etoposide (VP-16);
ifosfamide; mitoxantrone; vincristine; vinorelbine (NAVELBINE®R; novantrone; feniposide; odatrexate;
daunomycin; aminopterin; capecitabine (XELODA®:, Roche); ihandronate; CPT-11; iopoisomerase inhibitor RFS
2000; difluoromethylomithine (DMFOY); retinoids such as retinoic acid; and pharmacentically acceptable salts,
acids and derivatives of any of the above.

[0233] Also included in the definition of "chemotherapeutic agent” are: (i) anti-hormonal agents that
act 1o regulate or inhibit bormone action on wmors such as anti-estrogens and selective estrogen receptor
modulators (SERMs). including. for example. tamoxifen (including NOLVADEX®; tamoxifen citrate),
raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene. LY 117018, onapristone, and FARESTON®:
(foremifine citrate); (ii) aromatase inhibitors that inhibit the enzyme aromatase, whick regulates esirogen
production in the adrenal glands, such as, for example, 4(5)-imidazoles, aminoghuicthimide, MEGASE®
{megestrol acetate), AROMASING: (exemestane; Plizer), formestanie, fadrozole, RIVISOR® (vorozole),
FEMARA® (letrozole; Novartis), and ARIMIDEX® (anastrozole; AstraZeneca); (iii) anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide. and goserelin; as well as woxacitabine (a 1,3-dioxolane
mucleoside cytosine analog); (iv) protein kinase mhibitors such as MEK inhibiwors (WO 2007/044515); (v) lipid
kinase inhibitors; (vi) antisense oligonucleotides, particularly those which inhibit expression of genes in signaling
pathbways implicated in aberrant cell proliferation, for example, PKC-alpha, Ral and H-Ras, such as oblimersen
(GENASENSE®, Genta Inc ); (vii] ribozymes such as VEGF expression inhibitors (e.g., ANGIOZYME®) and
HER2 expression inhibitors; (viii) vaccines such as genc therapy vaccines. for example, ALLOVECTIN®,
LEUVECTIN®R, and VAXID®; PROLEURIN® riL-2; 1opoisomerase 1 inhibitors such as LURTOTECAN®;
ABARELIX® rmRH; {ix) an-angiogenic agents such ag bevacizumab (AVASTINE:, Genentech); and
pharmacentically acceptabie salts. acids and derivatives of any of the above,

{02341 Also included in the defirdtion of "chemotherapeutic agent” are therapeutic antibodies such as
alemmuzumab (Campath). bevacizumab (AVASTINE, Genentech). cetiximab (ERBITUX®, Imclone);
panitumumab (VECTIBIX®, Amgen), rituximab (RITUXANR, Genentech/Biogen 1dec), pertuzumab
{OMNITARG™. 2C4. Genentech), trastuzumab (HERCEPTIN®, Genentech), tositumomab (Bexxar, Corixia).
and the antibody drug conjugate. gemtuzumah ozogamicin (MYLOTARG®E, Wyeth).

{02351 A "growth inhibitory agent” when used hercin refers 10 8 compound or composition which
inhibits growth of a cell, especially a CD79b-expressing cancer cell, either in vitro or in vivo. Thus, the growth
inhibitory agent may be ane which significantly reduces the percemage of CD79b-expressing cells in S phase,
Examples of growth inhibitory agents include agens that block cell cyele progression (at a place other than §
phase), such as agents that induce G1 arrest and M~phase arrest. Classical M-phase blockers include the vincag
(vincristine and vinblastine), taxanes, and topoisomerase I inbibitors such as doxorubicin, epirubicin,
daunorubicin, etoposide, and bleomycin. Those agents that arrest Gl also spill over into S-phase arrest, for

example, DNA alkylating agents such as tamoxifen. prednisone, dacarbazine, mechlorethamine, cisplatin,
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methotrexate, 5-fluorouracil, and ara-C. Further information can be found i The Molecular Basis of Cancer,

Mendelsohn and Isracl, eds., Chapter 1, emitled "Cell cyele regulation, oncogenes, and antineoplastic drugs" by
Mursekami et al. {(WB Saunders: Philadelphia, 1995}, especially p. 13. The mxeames (paclitaxel and docetaxel) are
aricancer drugs both derived from the vew ree. Docetaxel (TAXOTERRE®, Rhone-Poulenc Rorer), derived from
the Furopean yew. is a semisynthetic analogue of paciitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and
docetaxel promoi the assembly of microtubules from tubulin dimers and stabilize microtubules by prevenung
depolymerization, which results in the inhibition of mitosis in celis.

[0236] “Doxorubicin™ is an anthracycline aniibiotic. The full chemical name of doxorubicin is (8S-
¢is)-10-{(3-amino-2.3,6-trideoky-o-L-lyxo-hexapyranosyl joxy}-7,8.9, 1 O-tetrahydro-6,8, 1 L -tribydroxy-§ -
(hydroxvacetyl)-1-methoxy-3, 1 2-naphthacenedione.

{0237} The werm "cyiokine" is 2 generic term for proteins released by one cell population which act on
another cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional
polypeptide hormones. Included among the cylokines are growth hormone such as human growth bormone, N-
methiony! buman growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin;
proinsulin; reiaxin; prorelaxin; glycoprowin hormones such as follicle stimulating hormone (FSH), thyroid
suimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth factor;
protactin; placental lactogen; tumor necrosis factor-a and -B; mullerian-inhibiting substance; mouse gonadotropin-
associaled peptide: Inbibin; activin, vascular endothelial growth factor; mtegrin; thrombopoietin (TPO); nerve
growth factors such as NGF-; platelet-growth factor; wansforming growth factors (TGFs) such as TGF-a and
TGF-§3; insulin-like growth factor-] and -II; erythropoieun (EPQ); osteoinductive faciors; interferons such as
imerferon -, -B, and -y, colony simulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-
macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF}; interieukins (ILs) such as IL-1, IL- 1a, TL-2, IL-3,
1L-4, IL-5, IL-6, IL-7, IL-8. IL-9, IL-11, IL-12; a tumor necrosis factor such as TNF-o. or TNF-B; and other
polypeptide factors including LIF and kit ligand (KL). As used herein, the term cytokine includes proweins from
natural sources or from recombinant cell culure and biclogically active equivalents of the pative sequence
cyiokines.

[0238) The term “package insert” is used to refer 1o instructions customarily included in commercial
packages of therapeutic products, that contain information about the indications, usage, dosage, administration,
contraindications and/or warnings concerning the use of such therapeutic products.

0239} The 1erm “Intraceliular melabolite™ refers w a compound resulting from a metabolic process or
reaction inside a cell on an antibody-drug conjugate {ADC). The metbolic process or reaction may be an
enzymalic process. such as proteolytic cleavage of a peptide linker of the ADC, or hyvdrolysis of & functional
group such as a hydrazone, ester, or amide. Intracellular metabolites include, but are not limited to, antibodies

and free drug which have undergone intracellular cleavage after entry, diffusion, uptake or transport into a cell.

[0240] The terms “intraceliularly cleaved” and “intracellunlar cleavage” refer 1 & meiabolic process or
reaction inside a cell on an antibody-drug conjugaste (ADC) whereby the covalent attachment, i.e. linker, between
the drug moiety (D) and the antibody (Ab) 1s brokern, resulting in the free drug dissociated from the antibody

inside the cell. The cleaved moieties of the ADC are thus intracellular metabolites.

[0241] The term "bicavailability” refers w the systemic availability (i.e., blood/plasma levels) of a
given amount of drug administered 10 a patient. Bioavailability is an absolute term that indicates measurement of
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both the time (rate} and total amount (extent) of drug that reaches the general circulation from an administered

dosage form.

[0242] The term “cytotoxic activity™ refers 10 a cell-killing. cylostatic or growth inhibitory effect of an
ADC or an intracellutar metabolite of an ADC. Cyloloxic activity may be expressed as the 1Cs, value. which is

the concentration (molar or mass) per unit volume at which half the cells survive.

[0243] The term "alkyl" as used herein refers to a saturated linear or branched-chain monovalent
hvdrocarbon radical of one to twelve carbon aioms (C;-Cy,), wherein the alkyl radical may be optionally
substited independently with one or more substituents described below. In another embodiment. an alky! radical
is onc 10 eight carbon atoms (C—Cs). or one to six carbon atoms (C,—Cq). Examples of alkyl groups include, but
are not limited to, methyl (Me, -CH;), ethyl (Et, -CH.CHs), I-propyl (n-Pr, n-propyl, -CH.CH-CH3), 2-propyl (i-
Pr, i-propyl. -CH(CH;).), l-butyl (v-Bu, n-butyl, -CH.CH,CH,CH:) 2-methyl-l-propyl (i-Bu, i-buwvl, -
CH>CH(CH;)o). 2-butyl (s-Bu, s-buryl -CH(CH;)CHACH ), 2-methyl-2-propyl (1-Bu, w-butyl, -C(CHa)s ). 1-pentyl
(n-pentyl, -CH.CH,CH,CH,CH;), 2-pentyl (-|CH(CH;)CHACH,CH,), 3-pentyl (<CH(CHACH4ja), 2-methyl-2-butyl
(-C(CH3),CHLCH;), 3-methyl-2-buty! (-CH(CH;)CH(CH:),), 3-methyl-1-butyl (-CH,CH.CH(CH, ), ). 2-methyl-1-
butyl (-CH-CH{CH:)CH,CH,), I-hexyl (-CH.CHyCH-CH-CH,CH;), 2-hexy! (-CH(CH;)CH,CH.CH-CH:), 3-
hexyl (-CH(CH,CH3)(CH,CH,CH;)),  2-methyl-2-pentyl  (-C{CH::CH,CH,CH;),  3-methyl-2-pentyl (-
CH(CH;)CH(CH;)CH,CH3), 4-methyl-2-pentyi (~CH(CH;)CH.CH(CH;h), 3-methyl-3-pentyl -
C(CH3)(CH,CH3h), 2-methyl-3-pentyl (-CH(CH.CH3;CH(CH,),),  2.3-dimethyl-2-butyl (-C(CH; hCH(CH; )},
3,3-dimethyl-2-butyl (<CH(CH1)C(CHs)s, [-heptyl, 1-octyl, and the like.

[0244] The term “alkenyl" refers to linear or branched-chain monovalent hydrocarbon radical of two 1w
eight carbon atoms (C;—Cyg) with at least one sile of unsaturation, i.e., a carbon-carbon, spz double bond, whercin
the alkenyl radical may be optionally substituted independently with one or more substituents described herein.
and includes radicals having "cis" and "trans” orientations, or altermatively, "E" and "Z" oriemations. Examples

include, but are not limited 10, ethylenyl or vinyl (-=CH=CH,), allyl {-CH,CH=CH,), and the like.

[0245] The term "alkynyl" refers 10 a linear or branched monovalent hydrocarbon radical of two to
eight carbon atoms (Co~Cy) with al least one site of unsaturation, i.e., a carbon-carbon, sp triple bond, whercin the
alkyny! radical may be optionally substitited independently with one or more substituenis described herein.

Examples inctude. but are not limited to. ethyny! (-C=CH), propyny] (propargyl, -CH,C=CH). and the like.

[0246] The terms "carbocycle”, “carbocyclyl". "carbocyclic ring” and "cycloalkyl" refer 10 a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 10 12 carbon atoms (Ci—~Cjn) as 2
menocyelic ring or 7 to 12 carbon aloms as a bicyclic ring. Bicvclic carbocyclies baving 7 to 12 atoms can be
arranged, for example. as a bicvelo [4,5]. [5.5], [5.6] or [6.6] system, and bicyclic carbocyeles having 9 or 10 ring
atoms can be arranged as & bicyclo [5.6] or [6.6] system, or as bridged systems such as bicvclo[2.2.1]heptane,
bicyclo[2.2.2}octane and bicyclo[3.2.2jnonane. Examples of monocyclic carbocyeles include, but are not limited
to, cyclopropyl, cyclobutyl. cyclopentyl. 1-cyclopent-1-enyl, 1-cyclopent-2-¢nyl, I-cyclopent-3-enyl. cyclohexyl,
1-cyclohex-1-enyl, I-cyclobex-2-enyl, 1-cyclobex-3-¢nyl, cyclohexadienyl, cycloheptyl, cyclooctyl, eyclononyl,

cyclodeeyl, cycloundecyl, cyclododecyl. and the like.
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[0247] "Aryl” means a monovalent aromatic hyvdrocarbon radical of 6-20 carbon atoms (Ce~Cay)
derived by the removal of one hydrogen atom from a single carbon atom of a parent aromatic ring system. Some
aryl groups are represented in the exemplary structures as "Ar". Aryl includes bicyclic radicals comprising an
aromatic ring fused to a saturated, partially unsaturated ring, or aromatic carbocyelic ring. Typical aryl groups
inctude, but are not himited to, radicals derived from benzene (phenyvl), subsituted benzenes, naphthalene,
ambracene, biphenyl, indenyl, indanyl, 1,2-dihydronaphthalene, 1.2.3.4-tetrahydronaphtbyvl, and the like, Arvi

aroups are optionally substituted independently with one or more substituents described herein.

[0248] The wnms “heterocycle,” “hetereyelyl™ and “heterooyclic ring” are used interchangeably herein
and refer 10 a sawrated or a parvially unsaturated (i.e., having one or more double and/or triple bonds within the
ring) carthoovclic radical of 3 to 20 ring atoms in which at least one ring atom is 2 heteroatom selected from
mitregen, OxXyeen, phosphorus and sulfur, the remaining ring atoms being C, where one or more ring atoms is
aptionally substitnted independently with one or more substituemts described below. A heterocycle may be a
monocycle having 3 1o 7 ring members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, P. and S)
or a bicycle having 7 to 10 ring members (4 to 9 carbon atoms and | fo 6 beleroatoms selected from N, O, P, and
S). for example: a bicyclo [4.5], [3.5], [3.6]. or [6,6] system. Hewrocyeles are described in Paquetie, Leo A
"Principles of Modern Heterocyclic Chemistry” (W.A. Benjamin, New York. 1968}, particularly Chapters 1. 3, 4,
6, 7. and 9; "The Chemisry of Heterocyelic Compounds, A series of Monograpbs™ (John Wilcy & Sons, New
York, 1950 to present), in particular Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566.
"Heterocyelyl" also includes radicals where heterocycle radicals are fused with a sawrated, partially unsaturated
ring, or aromatic carbocyclic or beterocyclic ring.  Examples of helerocyelic rings include, but are not limited 1o,
pyrrolidinyl,  tetrabydrofuranyl, dibydrofuranyl, 1tetrahydrothienyl. tewahydropyranvl, dibydropyranyl,
ietrabydrothiopyranyl, piperidino, morpholino, thiomorpholine, thioxanyl, piperazinyl, homopiperazinyl,
azendinyl, oxetanyl, thietanvi, homopiperidinyl, oxepanyl. thiepanyl, oxazepioyl, diazepinyl, thiazepinyl, 2-
pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1.3-dioxolanyl, pyrazolinyl, dithianyl,
dithiolanyl, dihydropyranyl, dibydrothienyl, dibydrofuranyl, pyrazolidinylimidazolinyl, imidazolidinvl, 3-
azabicyeof3.1.07hexanyl, 3-azabicyclof{4.1.0Jheptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl quinoliziny! and N-
pyridyl ureas. Spiro moieties are alse included within the scope of this definition. Examples of a heterocyclic
group wherein 2 ring carbon atoms are substituted with oxe (=0) moictics are pyrimidinonyl and 1,1-dioxo-
thiomorpholinyl. The heterocycle groups herein are optionally substituted indcpendently with one or more

substituents described herein.

[0249] The term "hetercaryl” refers 1o a monovalent aromatic radical of 5-, 6-, or 7-membered rings,
and includes fused ring systems (at least one of which is aromalic) of 5-20 aioms, containing one or more
beteroatoms independently sclecied from nitrogen, oxygen, and sulfur. Examples of hetcroarvl groups are
pyridiny! (including, for example, 2-hydroxypyridinyl). imidazolyl, imidazopyridinyl, pyrimidiny! (including, for
example, 4-hvdroxypyrimidinyl). pyrazolyl, triazolyl, pyrazinyl. tetrazolyl. furyl, thienyl, isoxazolyl thiazolyl,
oxazolyl, isothiazolyl, pvrrolyl, quinolinyl. isoquinolinyl, indolyl, benzimdazolyl, benzofuranyl, cinnolinyl,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl. iriazinyl, isoindolyl, preridinyl, purinvl, oxadiazolvl, triazolyl.
thiadhazotyl. thiadiazolyvl, furazanyl, benzofurazanyl, benzotmophenyl, benzothiazotyvl, benzoxazotyvl, quinazolinyl,
guinoxalinyl, naphthyridinyl, and {wopyridioyl. Heteroaryl groups are optionally substituied independently with

one or more substituents described herein.
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[0250] The heterocycle or heteroaryl groups may be carbon {(carbon-iinked), or nitrogen (mitrogen-
linked) bonded where such is possible. By way of example and not limitation, carbon bonded heterocycles or
heteroaryls are bonded af position 2. 3, 4, 5, or 6 of a pyridine, position 3, 4, 5. or 6 of a pyridazine. position 2, 4,
5. or 6 of a pyrimidine, position 2, 3, 5, or 6 of & pyrazine, position 2, 3, 4, or 5 of & furan. tetrahydrofuran.
thiofuran, thiophene, pyrroie or tewrabydropyrrole, position 2. 4, or 5 of an oxazole, imidazole or thiazole, position
3, 4. or 5 of an isoxazole, pyrazole, or isothiazole, posiion 2 or 3 of an azinidine, positon 2, 3, or 4 of an axeridine.

position 2, 3.4, 5, 6, 7. or 8 of 2 quinoline or position 1, 3,4, 5, 6. 7, or 8 of an Isoguinoline.

[0251] By way of example and not limilation, nitrogen bonded heterocycles or heteroarvls are bonded
at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline. 3-pyrroline, imidazole, imidazolidine, 2-
imidazoline. 3-imidazoline, pyrazole, pyrazoline, 2-pyrazeline, 3-pyrazoline, piperidine. piperazine, indole,
indoline, 1H-indazole, position 2 of 2 isoindole, or isoindotine, position 4 of a morphotine, and positon 9 of 2

carbazole, or B-carboline.

[0252] "Alkylene” refers w a saturated, branched or straight chain or cyclic hydrocarbon radical of 1-18
carbon atoms, and having two monovalent radical centers derived by the removal of two hydrogen atoms from the
same or two different carbon atoms of a parent alkane. Typical alkviene radicals inchude, but are not limited to:
methylene (-CHz-) 1.2-¢thyl {(-CH,CHz-y, 1.3-propyt (-CHCHLCH ), 1.4-butyl (-CHCH.CH,CH--), and the like.

[0253] A “C}-Cy alkylene” is a straight chain, saturated hydrocarbon group of the formula -{CH2)y. 10~
Examples of a C;-Cy¢ alkylene include metbylene, ethylenc, propviene, butylene, pentylene, hexylene, heptvlenc,

ocytylene, nonylene and decalene.

[0254] “Alkenviene” refers 10 an unsaturaied. branched or straight chain or cyclic hydrocarbon radical of 2-
18 carbon atoms, and having two monovalent radical ceniers derived by the removal of two hydrogen atoms from the
same or two different carbon atoms of a parent alkene. Typical alkenylene radicals include. but are not limited 10: 1,2~

ethyiene (-CH=CH-}.

[0255] “Alkynylene™ refors to an unsaturated, branched or straight chain or cyvelic hydrocarbon radical of
2-18 carbon atoms, and having two monovalent radical centers derived by the removal of two hydrogen atoms from
the same or two different carbon atoms of a parent alkyne. Typical alkynvlene radicals include, but are not limited to:
acetylene (-C=C-), propargyl (-CH,(=(C-), and 4-pentyny! (-CH,CH.CH,C=(-).

[0236] An “arylene” is an aryl group which has twe covalem bonds and can be in the ortho, meta, or

para configurations as shown in the following structures:

o Y

AU %

in which the phenyl group can be unsubstituted or substituted with up 1o four groups ncluding, but not imited 1o,
-C;-Cy atkyll -O~(C,-Cy alkyl), ~aryl, -CLOIR’, -OC(OIR", -C(OYOR", -CLHOWNH; . -CIOINHR". -C{ON(R ). -
NHC{OJR", -§(O)R". -S(OIR", -OH, -halogen, -N; , -NH,, -NH{R’), -N(R’}» and -CN; wherein each R" 15

independently selected from H, -C;-Cy alkyl and aryl.
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[0257) "Aryialkyl” refers 1o an acyclic alkyl radical in which one of the hydrogen atoms bonded to a
carbon atom, typically a lerminal or sp’ carbon atom. is Teplaced with an aryl radical. Typical aryialkyl groups
include, but are not limited to, benzyl, 2-phenylethan-1-yl. 2-phenyiethen-1-yl, naphthylmethyl, 2-naphthylethan-
I-yl, Z2-naphthylethen-1-yl, naphthobenzyl, 2-naphthophenylethan-1-y! and the like. The arylalkyl group
comprises 6 0 20 carbon soms. e.g. the alicyl moiety, including alkanyl alkenvt or alkynyl groups. of the

arylalky! group is 1 10 6 carbon atoms and the aryl molety is 5 w 14 carbon awoms.

{02581 "Heteroarytalkyl” refers to an acyclic alkyl radical in which one of the hydrogen atoms bounded
1 a carbon atom, typically a ierminal or sp’ carbon atom, is replaced with & heteroaryl radical. Typical
heteroarylalkyl groups include, but are not limited 1o, 2-benzimidazolylmethyl. 2-furylethyl, and the like. The
heteroarylalky! group comprises 6 to 20 carbon atoms, e.g. the alkyl moiety, including alkanyl, alkenyl or alkynyl
groups, of the beteroarylalkyl group is 1 10 6 carbon aoms and the beteroary! moiety is 5 10 14 carbon atoms asd
I 10 3 heteroaoms selected from N, O. P, and §. The beteroaryl modety of the heteroaryialkyl group may be a
monocycele having 3 to 7 ring members (2 to 6 carbon aloms or a bicycle having 7 to 10 ring members (4 10 9
carbon atoms and 1 10 3 heweroatoms selected from N, O, P, and S). for example: a bicyelo [4,5]. {5,5], [5.6], or

[6.6] system.

{02397 The term "prodrug” as used in this application refers 10 2 precursor or derivative form of a
compound of the invention that may be less cyiotoxic 10 cells compared 10 the parent compound or drug and is
capable of being enzymatically or hydrolytically activated or converied into the more active parent form. See, e.g.,
Wilman, "Prodrugs in Cancer Chemotherapy” Biochemical Society Transactions, 14, pp. 375-382, 615th Meeting
Belfast (1986) and Stella et al, "Prodrugs: A Chemical Approach to Targeted Drug Delivery," Directed Drug
Delivery, Borchardt et al., (ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but
are not limited 10, phosphate-containing prodrugs, thiophosphate-comtaining prodrugs, sulfaie-containing prodrugs,
peptide-comaining prodrugs, D-amino acid-modified prodrugs, glyvcosviated prodrugs, B-lactam-comaining
prodrugs, optionally substituted phenoxvacctamide-containing prodrugs, optionally substituted phenylacetamide-
containing prodrugs, 3-fluorocytosine and other 3-fluorouridine prodrugs which can be converied imo the more
active cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized inic & prodrug form for use in this
nvention include, but are not limited 10, compounds of the invention and chemotherapeutic agents such as

described above.

{02601 A "metabolite” is a product produced through metabolism in the body of a specified compound
or salt thereof. Metabolites of a compound may be identified nsing routine techniques knows in the art and their
activities determined using tests such as those described herein. Such products may result for example from the
oxidation, reduction, bydrolysis, amidation, deamidation, estenification, deesterification, enzymalic cleavage, and
the like, of the administered compound. Accordingly. the mvention includes metabolites of compounds of the
invention, including compounds produced by a process comprising contacting a compound of this invention with

a mammal for a period of time sufficient 1o yield a metabolic product thereof.

[0261] A “"liposome" 15 a2 small vesicle composed of various tyvpes of lipids, phospholipids and/or
surfactant which is usefil for delivery of a drug 1o 2 mammal. The compenenis of the iposome are commonty

arranged 1o a bilayer formation. similar to the lipid arrangement of biological membranes.
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{0262] "Linker" refers to a chemical moiety coruprising a covalent bond or & chain of atoms that
covalently attaches an amibody 10 a drug moiety. In various embodiments. linkers include a divalent radical such
as an alkyldiyl, av aryldivl, a hetcroaryldiyl, moieties such as: ~(CR1),O(CR,),— repeating units of alkyloxy {c.g.
polyethylenoxy, PEG, polymethylencoxy; and alkylamino (e.g. polvethyleneamino. Jeffamine™); and diacid ester

and amides including succinate. succinamide. digiyeotate, malonate, and caproamide.

[0263] The wrm “chiral” refers 10 molecules which have the property of non-superimposability of the
mirror image partner, while the term "achiral” refers to molecules which are superrmposabie on their mirror irnage

partner,

{0264] The erm "stereosomers” refers 1o compounds which have identical chemical constitution. but

differ with regard 1o the arrangement of the atoms or groups in space.

[0265] "Diasiereomer” tefers 10 a siereoisomer with two or more centers of chirality and whaose
molecules are not mirror images of one another. Diastereomers have different physical properties. e.g. melting
points, boiling points, spectral properties. and reactvities, Mixtures of diastereomers may separale under high

resohution analytical procedures such as electrophoresis and chromatography.

[0266] "Enantiomers" refer 1o Two siereoisomers of a compound which are non-superimposable mirror

images of one another.

{02671 Stereochemical definitions and convemtions used herein gemerally follow S. P. Parker, Ed.,
McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., Stereochemistry of Organic Compounds (1994} John Wiley & Sons, Inc., New York. Many organic
compounds exist in oplically active forms, ie., they have the ability 10 totate the plane of plane-polarized bight. In
describing an optcally active compound, the prefixes D and L. or R and S are used 10 denote the absolute
configuration of the molecule about its chiral center(s). The prefixes d and | or (+) and (-} are emploved 10
designate the sign of rotation of planc-polarized light by the compound, with (-) or | meaning that the compound
is levorotatory. A compound prefixed with (+) or d is dexworowalory, For a given chemical struciure, these
siereoisomers are identical except that they are mirror images of one snother. A specific stereoisomer may also be
referred 10 as an enantiomer., and a2 mixture of such isomers is ofien called an enantiomeric mixture. A 50:50
mixture of enantiomers 15 referred 10 as a racemic mixture oT a racemate, which may occur where there bas been
no stereoselection or stercospecificity i a chemical rcaction or process. The terms “racemic mixture™ and

"sacernate” refer 1 an equirnolar mixture of two enantiomeric species, devoid of optical acuivity.

[0268] The term "automer” or “tautomeric form" refers 1o structural isomers of different energie
which are imerconverible via a low energy barrier. For example, proton lautomers (also known as prototropic
awmomers) include interconversions via mugration of a proton, sueh as keto-enol and imine-chamine

isomerizations. Valence wautomers include interconversions by reorganization of some of the bonding electrons.

[0269] The phrase "pharmaceutically acceplable sali" as used herein. refers 1o pharmaceutically
accepiable organic or inorganic salts of a compound of the invention. Exemplary salis include. but are not Lmited,
w sulfate, citrate, acetate, oxalate, chioride, bromide, iodide. nitrate. bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate, 1arirate, oleate, lanmate, panfothenate, bitartrate, ascorbale, succinate,
maleate, gentisimate, fumarate, gluconate, ghicuronaie, saccharate, formale, benzoale, glulamate,
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methanesulfonate “mesylaie”, cthancsulfonate, benzenesulfonate, p-toluenesulfonate, and pamoste (ie., 1,1-
metbylene-bis(2-hydroxy-3-paphthoate)) salls. A pharmaceutically acceptable salt may involve the inclusion of
another molecule such as an acetate jon, a succinale ion or other counter ion. The counter Jon may be any organic
or inorganic moiety that stahilizes the charge on the parent compound. Furthermore, a pharmaceutically
aceeptable salt may bave more than one charged atom in its structure. Instances where multiple charged atoms are
part of the pharmaceutically accepiable salt can have multiple counter jons. Hence, a pharmaceutically acceptable

salt can have one or more charged atoms and/or 0ne or More counter o0,

[0270] If the compound of the invention is a base, the desired pharmaceutically acceptable salt may be
prepared by any suiable method available in the art, for example, wreatment of the free base with an inorganic acid,
such as hvdrochloric acid. hydrobromic acid, sulfuric acid. nitric acid. methanesulfonic acid, phosphoric acid and
the Hke, or with an organic acid. such as acetic acid, wifluoroacetic acid, maleic acid, succimc acid, mandelic acid,
fumaric acid, malonic acid, pyruvic acid, oxalic acid, glveolic acid, salicylic acid, a pyranosidyl acid, such as
glucuronic acid or galacturonic acid, an alpha hydroxy acid, such as citric acid or artaric acid, an amine acid.
such as aspartic acid or ghutamic acid, an aromatic acid, such as benzoie acid or cinnamic acid, & sulfonic acid,

such as p-toiuenesulfonic acid or ethanesulfonic acid, or the like.

[0271] 1If the compound of the invention is an acid. the desired pharmaceutically acceplable salt may be
prepared by any suiiable method, for example, treatment of the free acid with an inorganic or organic base, such
as an amine (primary, secondary or tertiary), an alkali mewal hydroxide or alkaline earth metal hvdroxide, or the
like. TNlustrative examples of suitable salts include. but are not limited to, orgamc salts derived from amino acids,
such as glycine and arginine, ammonia, primary, secondary, and fertiary amines, and cvclic amines, such as
piperidine, morpholine and piperazine, and norganic salts derived from sodium, calcium, potassinm, magnesium,

manganese, iron, copper, zine, aluminum and hithium.

[0272] The phrase “pharmaceutically acceptable” indicates that the substance or composition must be
compatible chemically and/or toxicologically, with the other ingredients comprising a formulation, and/or the

manynal being weated therewith.

[0273] A “solvaie" refers 10 an association or complex of ope or more sotvent molecules and a
compound of the invention. Examples of solvents that form solvates include, but are not limited 1w, waler,
isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, and ethanolamine. The term "hydrate” refers io

the complex where the solvent molecule is water.

[6274] The term "proteciing group” refers 10 a substituent that is commonly emploved to block or
proiect a particular funciionality while reacting other funcional groups on the compound. For example, an
"amino-prolecing group” is @ substitient attached 1o an amino group that blocks or protects the amino
functionality in the compound. Suitable amino-prolecting groups include acetyl, trifluoroacetyl, 1-butoxyvcarbonyt
(BOC), benzyloxyearbonyl (CBZ) and 9-fluorenylmethylenoxycarbonyl (Fmoc),  Similarly, a "hydroxy-
prolecting group" refers 1o a substituent of a hydroxy group that blocks or protects the hydroxy functionality.
Suitable protecting groups include acetyl and silyl. A "carboxy-protecting group” refers 1o a substiment of the
carboxy group that blocks or protects the carbexy functiomality. Common carboxy-protecting eroups include
phenylsulfonylethyl. cyvanoethyl. 2-(trimethylsilyl)ethyl, 2-(trimethylsilyljethoxymethyl, 2-(p-
toluenesulfonyl)ethyl, 2-(p-nitrophenyisulfenyljethyl, 2-(diphenviphosphino)-ethyl, nitroethyl and the like. Fora
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general description of protecting groups and their use, see T. W. Greene, Protective Groups in Organic Synthesis,

Jobn Wiley & Sons, New York, 1991,

[0275]) “Leaving group” refers to a functional group that can be substituled by another functional groun,
Certain leaving groups are well known 1n the arl, and examples inciude, but are not limited to. a halide (e.g.,
chloride, bromide, iodide). methanesulfonyl (mesyl). p-toluenesulfonyl (1osyl), rifluoromethyisulfonyl (irifiate).

and wifluoromethvisulfonate.

{0276] LINKER COMPONENTS:

MC = é-maleimidocaproyt

Vai-Cit or "v¢” = valine-ciirulline (an exemplary dipeptide 1o a protease cleavable linker)

Cirulline = 2-amine-5-ureido pentanoic acid

PAB = p-aminobenzyloxycarbonyl {an example of a “self immelative”™ inker component)

Me-Val-Cit = N-methyl-valine-citrulline {wherein the linker peptide bond has been modified to prevem
its cleavage by cathepsin B)

MC({PEG)6-OH = maleimidocaproyl- polyethylene glyea! (can be attached 10 antibody cysteines).
CYTOTOXIC DRUGS:

MMAE = mono-methyl anristatin E (MW 718)

MMAF = variant of auristatin E (MMAE) with a phenylaianine at the C-terminus of the drug (MW
731.%)

MMAF-DMAEA = MMAF with DMAEA (dimethylaminoethylamine) in an amide linkage to the C-

terminal phenylalanine (MW §01.5)
MMAF-TEG = MMAF with tetracthylene glycol esterified to the phenyialanine
MMAF-N1Bu = N-t-butyl, attached as an amide 1o C-terminus of MMAF
DM = N{2"-deacetyl-N{2"-(3-mercapio-1-oxopropyl)-maytansine
DM3 = N(2"}-deacetyl-N2-{4-mercapio-1 -oxopentyl j-mayiansine
DM4 = N(2'}-deacetyl-N2-(4-mercapio-4-methyl- | -oxopentyl)-mayiansine

[0277] Further abbreviations are as follows: AE is auristaun E, Boc is N-{r-butoxycarbonyl), cit is
ciirulline, dap s dolaproine, DCC is 1,3-dicvclohexylearbodiimide, DCM is dichloromethane, DEA is
diethylamine, DEAD s diethylazodicarboxylate, DEPC is dicthylphosphoryicyanidate, DIAD s
diisopropylazodicarboxylate, DIEA is NAN-diisopropylethylamine, dil is dolaisoleucine, DMA is
dimethylaceramide, DMAP is 4-dimethylaminopyridine, DME is ethyleneglveol dimethyl ether (or 1.2-
dimethoxyethane}, DMF is N.N-dimethylformamide, DMSO 1s dimetbylsulfoxide. doe is dolapbenine, dov is & N-

dimethylvaline, DTNB is 5,5 -dithiobis(2-nitrobenzoic acid), DTPA is diethvlenetriaminepentaacetic acid, DTT
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is dithiothreitol, EDCI is 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, EEDQ is 2-ethoxy-1-
ethoxycarbonyl-1.2-dihydroquinoline, ES-MS is elecirospray mass spectrometry, EtOAc is ethyl acetate, Fmoc is
N-{9-fluorenyimethoxycarbonyl), gly 18  glycine, BATU is  O-(7-azabenzotiazol-1-v1}-N,N,N N'-
tetramethyluronivm hexafluorophosphate, HOB1 is 1-hyvdroxybenzotriazole, HPLC is high pressure liquid
chromatograpby. ile is isolencine, tys s tysine, MeCN (CH.CN) is acetlonitrite, MeOH s methanol, Mtr s 4-
anisyidiphenyimethy! (or 4-methoxyirityl).nor 1s (15, 2Rj~(+}-norephedrine, PBS is phosphate-buffered saline (pH
7.4), PEG is polvethylene glveol. Ph is phenyl, Pnp is p-nitrophenyl, MC is é-malcimidocaproyl, phe is L-
phenylalanine, PyBrop is bromo ris-pyrrolidino phosphonium hexafluorophosphate, SEC is size-exclusion
chromatography, Su is succinimide. TFA is trifluoroacetic acid, TLC is thin layer chromatography, UV is

ultraviolet, and val is valine.

[0278] A “free cysieine amine acid” refers 1o a cysieine amine acid residue which has been engineered
nto a parent antibody, has a thiol functional group {-SH}. and is not paired as an intramolecular or inermolecular
disulfide bridge.

[0279] The term “thiol reactivity value” is a quantitative characterization of the reactivity of free
cysteine armno acids. The thiol reactivity value is the percentage of a free cysieine amine acid in a cysteine
engineered antibody which reacts with a thiol-reactive reagent, and converted to a maximum value of 1. For
example, & free cysteine amino acid on a cysteine engineered antibody which reacts in 100% yield with a thiol-
reaclive reagent, such as a biotin-maleimide reagent. to [orm a biotin-labelied antibody has a thiol reactivity
value of 1.0. Another cysteine amino acid engineered into the same or different parent antibody which reacts in
80% yield with a thiol-reactive reagent has a thiol reactivity value of 0.8. Another cysieine amino acid
engineered into the same or different parent antibody which fails 1otally 1o react with a thiol-reactive reagent has
a thiol reactivity valne of 0. Determination of the thiol reactiviry value of a particular cysieine may be conducied
by ELISA assay, mass spectroscopy. liquid chromatography, autoradiography, or other quantitative analytica!
1e818.

[0280] A "parent antibody” is ap antibody comprising an amino acid sequence from which one or more
amino acid residues are replaced by one or more cysteine residues. The parent antibedy may comprise a native or
wild type sequence. The parent antibody may have pre-existing amino acid sequence modifications (such as
additions, deletions and/or substitutions) relative to other native, wild type. or modified forms of an antibody. A
parent antibody may be directed agains! 2 target antigen of interest, e.g. a biologically important polypeptide.
Antibodies directed against nonpolypeptide antigens (such as tumor-associated glycolipid antigens; see US

5091178) are also contemplated.
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*;

#inciude <stdio b>
#inctude <clype h>

#define
#define
#define
#define

#define
Adefine
#define
#define
#define
#define

MAXIMP 6
MAXGAP 24
IMPS 1024
MX 4
DMAT 3
DMIS 0
DINSO g
DINSt 1
PINSO 8
PINS1 4

struct jmp {
short n{MASIMP]; /* size of jmp (neg for dely) */
unsigned short  x[MAXIMP): /* base no. of jmp in seq x */

3.
$

struct diag {

5

int score,
long affset;
short ljmp;
struet jmp im

struct path {

1.
g

char
char
char
char
it

int

int

int
int
int
int

int

int
long
struct
struct

char
char

Table 1 (cont’)

/* max jumps in a diag */

/% don't continue 1 penalize gaps larger than this */
* max jmps in an patk */

/* save if there's at least MX-[ bases since last jmp */

/* value of matching bases */

/* penalty for mismaiched bases */
/* penalty for a gap ¥/

/* penalty per base ¥/

/* penalty for 2 gap ¥/

/¥ penalty per residue */

/* limits seq t6 2716 -1 %/

/¥ score at last jmp */

/% offset of prev block */
/* current ymp index ¥/
/* Liss of ymps %/

nt spe; ## number of leading spaces */
sbort  n[IMPS];/* size of jmp (gap) ¥/
int x[ IMPS]; 7* loc of ymp (last clem before gap) ¥/
*ofile: /* output {ile name */
*namex{2}; /* seq namss: getsegs() */
*prog; /* prog name for err msgs */
*sequf2]; /* seqs: getseqs() */
dmax; /* best diag; nw(} ¥/
dmax0; /* final diag */
dna; * st if dna: main() */
endgaps, /* set if penalizing end gaps */
gapk, gapy, /* wnral gaps in seqs ¥/
len0, lenl: ’* geq lens */
ngapx, ngapy, * votal size of gaps ¥/
smax; /¥ max score: nw() */
*3bm, * bitmap for maching ¥/
offset; /* current offset in jmp file */
diag s ved #* holds diagonals */

path ppi20

/* holds path for seqs */

#ealloc(), *maboc(), *index(), *strepy();
*getseq(), *g_calloc();



Table 1 ¢eont’)

/* Needleman-Wunsch alignment program

*

* usage: progs filel fileZ
# where {ile] and file2 are two dna or two prowein sequences.

* K X B *

*

* The program may create s tmp file in Amp 10 hold info about traceback.
* Original version developed wnder BSD 4.3 om » vax 8630

*#/

Hinclude "nw "
#Hinclude "day.h”

static
T
‘.

static

_dbval]26) = {

1,14.2.12,004.11.0,012.02150.0,0,5,68,8,7.9.0,10.0

_pbval[26] = {

L 2HI<<(DY A E<ONS-AY, 4, 8, 16,32, 64,

128, 256, OxFFFFFFF, 1<<I0, 1<, J<<12, I<<13, Je<ig,
fa<18, 1e<16, 1<<]7, 1<<] 8, J«1§, 12220, 1<<2], 1=<2D,
1<<23, 1<<24, 1<<250 1 <<CE AN <<('Q-'A")

mainfac, av})

-

int ac;
char *av[};

prog = av[0};
if (ac '=3) {

fprintfisiderr, usage: %s file! file2w", prog);

fprintfistderr,"where filel and file2 are two dna or two prolein sequences. ™)
fprintfisiderr," The sequences can be in upper- or lower-casen™);
fprintfisiderr.” Any lines beginning with ' or '<' are ignoredw™);
fprintfisiders,"Ouiput is in the file Valign out™™n"y;

exn(l),

namex[0] =av{1};
pamex{1] =av{2};

seqr{0] = getseqtnamex{ 0], &len0);
seqxf 1] = getseqtnamex] 1], &lenl);
xbm = (dpa)? dbval : pbval;

endgaps = 0;
ofile = "align.out";

nw();
readimps(};
prini( )

cleanup(0};

/* 1 to penalize endgaps */

I ompmt {ile ¥/

/¥ fill in the matrix, get the possible jmps */

/* get the actual jmps */
/* pript stats. alignment */

/* unlink any wmp files */}

The sequences can be in upper- or lower-case an may contain ambiguity
Any lines beginning with ', '>" or "< are ignored
Max file length is 65535 (lindied by imsigned short X in the jmp struct)

A sequence with 1/3 or more of its elements ACGTU is assumned 10 be DNA
Ouiput is in the file "align.out”

o

main



Table 1 {(cont’)
/* do the alignment, return best score: main()

* dna: values in Frich and Smith, PNAS, 80, 1382-1386, 1983

* nro: PAM 250 values

* When scores are equal, we prefer mismaiches to any gap, prefer
* 3 new gap 10 exiending an ongoing gap, and prefer a gap in segx
*10 & gap in seq ¥.

*1

e}

{
char *ox, ¥py; /* seqs and pirs ¥/
int *ndely, *dely: /* keep track of dely %/
int ndclx, delx; /* keep rack of delx */
int *mp, /% for swapping row(, row] */
int mis; /* score for each type %/
int ms0, ingd; #* insertion penalties %/
register id; /* diagonal index */
register i /* jmp index */
register *call, *eoll: 7* score for curr, last row *
register XX, V¥ /* index into seqs %/

dx = (struct diag *)g_calloc{"to get diags”, lenO~lenl—1, sizeof{struct diag));

ndely = {int *)g_calloc{"to get ndely”, lenl+1, sizeaf{int));

dely = (int *jg_calloc(™o get dely”, lenl~+1, sizeoKint)};

col0 = {int *)g_calloc("o get col0", lenl =1, sizeof(int});

coll = (int *)g_calloc("o get coll®, lenl~1, sizeofiint)),

ins0 = (dna)? DINSO ; PINSQ;

nsl = (dna)? DINSI : PINSY;

smax = -10000;

if (endgaps) {

for (col0{0] = delyl0] = -ins0, vy = 1 yy <= lenl; yy+=) {

colffyy] = dely[vy] = colOf{yy-1] - ins1;
ndelylyy] = yy.

;

col0j0} = 0; * Watenman Bull Math Biol 84 */
H
else

for (vv =1, yy <=lenl; yy=—)

dely[vy] = -ins0;

4 611 in match matrix
*y
for {px = seqx]{], xx = I; xx <= lenl; px— xx+-) {

/* initialize first entry in col

*/
if {endgaps) {
il (xx ==1)
col}{0] = delx = -(insC~ns) )
else
¢o1l0] = delx = col0{0? - ing [;
adelx = xx:
H
else {
col1[0] = @
delx = -insl);
ndelx = 0;
}

nw



Table 1 (cont”)

«.IW
for {py = seqxf 1), vy = 1; yy <= lenl; py~—, yy=+) {
mig = colO{yv-11;
if (dna}
mis = {xbm] *px-'AN&xbm] *py-"AT)7 DMAT : DMIS:
else
mis ~= _day[*px-AT[*py-"AT];
7* updaie penalty for del o x seq;
* favor new del over ongong del
* jgnore MAXGAP if weighling endgaps
%
!
if (endgaps | ndely{vy] <« MAXGAP) §
if (colOfyv] - ins0 >= dely[vy]) |
delylyy} = colOlyy] - (insO+ins1y;
ndely{yyl= 1;
4 else {
delyl vyl ~= ms 1t
ndelylyyl-;
;
3 else §
if {col0lyy] - (insO~ins1} >= dely[vy]) {
delylyy] = colOfvy] - (insO-ins1};
ndelyfyy] = 13
} else .
ndelylyy}—;
¢
/% update penalty for del in vy seq;
* favor new del over ongong del
*{'
if (endgaps [ ndelx < MAXGAP) {
if (colifyy-1] - insC >= delx) {
delx = collivy-11 - (insO~insly,
ndelx = {;
jelse §
dely == insl,
adelx—;
H
3 elbse §
if (coll{yv-1] - insO~ins 1) >= delx) {
delx = colifvy-1] - (insO~+insl);
ndelx = 1
| else
ndelx~+;
}
/* pick the maximum score; we're favoring
* mig over any del and delx over dely
¥/
DWW

id=xx-yy~lenl-1;
if (mis >= delx && mis >= delylyy])
collfyy] = mis;



Table 1 (cont’)
else if (delx >=delvfyv]s {
colllvy] = deix;
ij = dxfid] iymp;
if (dx[id] jp.n{0} && (!dna || (ndeix >= MANIMP
&& xx > dxfid]ypx(i]1-MX) || mis > dx{3d].score=~DINSO}} {
ax]id}.ipmp——;
i (—1f »= MAXIMPY |

writejmps(id);
ij = dxfid}.ijmp = O;
dxfid].offser = offset;

offser ~= sizeof{soruct jmp) - sizeofi offser);

}

i
dx{id).jp.nfij] = ndeix;
dx[3d]jpx[ij] = xx;
dx[id].score = delx;
H
else {
collfyy} = dely[vy];
i = dx{1d].ijmp;
if (dx[id} jp of0] && (dna {f (ndelylyy] >~ MAXIMP
&& xx = dxfid).jpxfii}~MX} || mis > dxjid).score~DINSO)) {
dxlid].ijmp—;
§ (i >= MAXIMP) {
writgjmps(id);
ij = dxfid}ipmp = O;
dxfid].offset = offser:
offset —= sizeof(struct jmp} — sizeof{offset);

}
H
dxiid}.ipafij] = -ndelylyyl
dxfid].jpx[ij] = xx;

dx[id].score = delylyy];

}
if (xx ==len0 && yy < lenl) {
/* last col
w7
if {endgaps)
colllyy] -= insOrins] % len!-yy),
if (colliyy} > smax) {
smax = colliyy}h
dmax = id;

——

b
i

}
if (endgaps && xx < len0)

coll{yy-1] == insO~ms 1 ¥lenC-xx);
if (col}{yy-1] > smax) §

smax = colliyy-1}

dmax = id:

tmp = collh col0 = coll: coll = tup:
H
tvoid) freef(char *ndely);
{void) free(ichar *)delyy;
(void) Fee({char *)col0);
(void) free({char *)coll);

o
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Table 1 (cont’)

1%
*

* prini() -- only routine visible outside this module
*

* qlatic:

* getmat(} -- trace back best path, count matches: prini(}

* pr_align() -~ print alignment of described o array p{}: pring)

* dumpblock() ~ dump a block of lines with numbers, swrs: pr_align()
* nums() -- put out a nurnber line: dumpblock()

* putline() -~ put out a line {name, [num}. seq, {num}): dumpblock(}

* stars() - -put & line of stars: dumpblock()

* strippame() -~ strip any path and prefix from a seqname

*/

#include "nw "

#define SPC 3

#define P_LINE 236 £* maximum output line */
3

#define P_SPC /¥ gpace berween name or num and seq */

extern _day|26}]28);

int olen: /¥ set output line ength */
FILE *tx, /* output {ile */
print(}
!
int Ix, ly, firstgap, lastgap: /* overlap */

if ({fx = fopen{ofile, "w"}} == 0} {
fprintfisidert,"%es: can't write %os'n”, prog, ofiley,
cleanup(l};
H
fprintfi £x, "<first sequence: %s (length = %d)n", namex{0], len0);
fprintf{ fx, "<second sequence: %s (lengih = %dyn", namex[1]. leni);
olen = 60;
Ix = lenl),
ly = lenl;
firsigap = lastgap = (3
if (dmax <lenl - 1) { /* leading gap in x ¥/
ppl0).spe = firsigap = len! - dmax - §;
ly -= pp{OLspc;
}
else if (dmax > len! - 1} { /*leadinggap iny*/
ppi!].spe = firstgap = dmax -~ (les] - 1),
x -= pp[11.spc;
1
i
i {dmax0 < len0 - 1) § # railing gap m % ¥/
lastgap = len - dmax0 -1;
Ix == lasigap;

else i (dmax0>len0 - 1) { M mailing gap in v %/
lasigap = dmax0 - (len0 - 1);
Iy -= lastgap;

germat(ix, Iy, firsigap, lasigap);
pr_align(); !

print



Table 1 (cont’)

i*

* trace back the best path, count matches

*

static

getmat(Ix, ly, firsigap, lastgap) getmat
nt ix by, /¥ Meore” {minus endgaps) */
int firsigap, lasigap: /* leading trailing overlap */

{
int urm, i0, i1, siz0, sizl;
char ourx{321:
deuble pet;
register n0, nl;

register char *pO, *pl;
/* get wotal matches, score
*/
i0 =il =gi20 = sizl =0
pl = segx[0] ~ pp{l f.spe;
pl =seax{1] -~ pp{C].spc:
n(t = pp{ilspc - 1;
ni =ppl0].spc ~ I;

nm = {;
while ( *p0 && *pl ) {
if (siz0 {
pl~—;
nl=—;
siz(--;
else if (s1z1) §
pl=—;
n0—;
sizi--y
H
eise {
if (xbm[ *p0-"A’}&oxbm| *p1-'A"})
-
if (nU—~ == pp| 0}.x[i0]}
81z0 = pp{0] .nfiG—];
if (nl+ ==ppf{1Lx[i1]}
sizl = pp{ll.nfit-—1
pO-—=;
pi—
}
H

/* pct homology:
* if penalizing endgaps, base is the shorter seq
* else, knock off overbangs apd take shorier core

*/
if {(endgaps}
Ix = (len0 < lenl)? len0 : lenl;
else

X={x <iy)?Ix:ly,

pct = 100 *(doublemm/(double)ix;

forintf(fx, “a"n

printf{ £, "<%d match%s in an overlap of %d: %.2{ percent similarityin”,
am, fam == 17" e, Ix, pot,

68



Table I (cont’)

fprinifUfx, "<gaps in first sequence: %d", gapx); -~.getmat
if (gapx) {
{void) sprintfloum, " (%od %as%es)",
ngapx, {dna)? "base™ "residue”, (ngapx == 1)? """}
fprintf(fx,"%es”, outx);
fprintf( &, ", gaps in second sequence: %d”, gapyi:
if (gapy) {
{void) sprimfount, ” {%%d Yosos),
pgapy. {(dna)? "base"Mresiduc”. (ngapy == 1}? "":"¢"y
forintf{ f,"%s". outx);

¥
if (doa)
fprintf{ fx,
"w<score: Yod (match = %d, mismalch = %d, gap penalty = Sod ~ %d per haseyn”,
smax. DMAT, DMIS, DINSO, DINS1);
else
[print fx,
"n<score: %d (Davhoff PAM 250 mawix, gap penalty = %d — %d per residugjn”,
stnax, PINGG, PINSI )
if (endgaps}
fprintf fx,
“<endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%sw”,
firstgap, (dna}? "base” : "residuc”, (firstgap == 1)? " . "g",
lastpap, (dna)? "base” : "residuc”, (lastgap == 1)? "™ “s"),
else
fpriotf(fx, “<endgaps not penalizedn™);
H
static nm; /* matches in core -- for checking */
static Imax; /¥ lengths of stripped file names */
static §2% * jmp index for a path */
static ne[2%; /* number at start of curzent line */
static oif 21; /* current elem number - for gapping */
static §1z]2);
static char *ps{2); /* ptr o current elewent */
static char *po2]: /* pir 10 next output char slot */
static char out] 2JiP_LINEYL.  /* owiput line ¥/
statie char siarfP_LINE]; % set by stars() *¢
/*
* print alignment of deseribed in struct path ppf]
¥
static
pr_align() pr_align
{
int an; #* char count */
int MOLE;
register IR

for(i= 0, Imax =0:i <21~} {
np = stripnamel namex{ily;
if (o > Imax)
Imax = nn;
nefi} = {;
nifi} = 1
sizfi] = ijfi} = G;
psli} = seqx[il;
pofi} = owtfi}; }



Table 1 (cont’)

for (on = nm = @, more = | more; } {
for (i=more=0,1<2; i~} {

¥

!"*

* do we have more of this sequence?

*;

if'{ P*psfi}}

more=—;

continne;

if (pplil.spe) { /* leading space */

*pofil—="4
pplil.spe—;

else if (sizfi]) { /*inagap*

else {

}

*pafi}— =",
sizfi}--;

/* we're putting a seq element

*pofi] = *psfil:
if (islower(*ps[i})
) *ps{i] = toupper(*pslil);

polij—
pslif—=

/*

* are we at next gap for this seq?
*/

i (mif i} == ppli}x{iiiil}) {

/*

* we need 1o merge all gaps
* at this location
*/
siz[i} = pplil.ofijfil—}
while (pift] == pplijx{ijfill)
siz[i] == pp{il.ufij[i]—;
}

nifi}—:

if (—nn == olen || 'more && nnj {
dumphblock();
for (i=0;]<2; i)

-

nn = {;

poli] = out[i};

* dump s biock of lines. including numbers, stars: pr_align()

|

]
!
llt

*/
static
dumpblock()
{

register i;

for (i=0;i<2; i)
*polif--="107%

...pr_align

dumpblock



Tabie 1 {cont®)

(void) putef"w’, Hi):
for (i =0 i<2 =3y {

H (Fout{i] && (Fout{i] I="" { *(pofi]) t="")) |

i (j == 0}
nums(i};
Hi==0&& *ow{l]
stars(};
putline(i);

i {1 == 0 && *om]1))
fpromfiix, sar);
if{i==1}
nums(i):

——

%

* pan ow & number line: duampblock()

=°/’
static
nums(ix)
int iX; /¥ index in out]] holding seq line *¢
5
i
char nlinefP_LINE];
register L
register char *no, *px, *py;
for {pm = nline, i = 0; 1 < hnax~P_SPC; i~, pn+}
=t
for (i = ncfix], py = aut{ix}; *py; py—, pn—) {
if (bpy == ""{ *py == ")
*pp="'"
clse {
(%10 ==0}(==1&&nefix] I= 1)} {
Tl R R VSRR
for (px = pn; ji j /= 10, px-)
*nx = j%10 -0
if (i < )
Py =
}
else
*pn=""
N
H
t
*pn = "\(;
nefix] = i;
for (pn = nline; *pi1; pn~+)
(void) pure(*pa. fx).
(void) putc(n’, fx);
1
-

* put out a line (name, {num], seq, {num}) dumphlock(}
*;

static

putline(ix)

int iX;

~J
=

...dumpbiock

nums

putline
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‘

static
stars()

{

Table I {(cont’)

int i
register char p;

for {px = namexfin]. i =0 *px && Fpx b= pro—, i)
{void) pute(*px, fx);

for (; i <lmax+P_SPC; i—)
{void) puic(’ ", fx)

/* these count from 1:
* i} is curent element (from 1)
* ncl] is number at siart of current line
#‘,"
for (px = outfix}; *px; px--=)
(void) puc(*px&Ox7F, fx}h
(void) puteta’, &x);

* put & Line of stars (seqs always in outf0}, owt{11): dumpblock(}

int i
register char *n0, *pl, ex, *px;

i 0<oul[0] [ (Fout{0] = " && *(po[0]) == |
Mout[1] [ (foutf 1] =="" && *(po[1]} == ")

return,

pX = star;

for (i = Imax~P_SPC; L i~)
&pxm =1 ';

for (p0 = out[0), p! = out| 1]; *p0 && *pi; p0—, pl—) {
if (isalpha(¥p0) & & isalpba*plh |

if (xbm| *p0-'AN&xbmf *p1-'A"}) {
cx ="

-,
3

¥
else if (idna && _day{*p0-'A"i*p1- AT > )

ex=""
else
cx=""
¥
else
cx=""
¥ i 3 e
R++ = OX;
} -
*pX"’"'f = "\n';
*px - l'\(}t;

..putline

stars



Table 1 {cont’)

1%

* strip path or prefix from pn, retums ten: pr_align()
*3

static .
striprame(pn) stripname
char *pn; /% file pame tmay be path} ¥/

{
rvegister char *nx. *py;

py =0
for (pxX = po; *px; px~+}
H (*px =)
py=px~L
# (py)
{void) srcp¥p, pYY:
return(sirien{pn)l;



Table 1 (cont”)

i%

* cleanup() -~ cleanup any tmp file

* getseq() -- read in seq. set dna, len, maxlen

* g_calloc() -- calloe() with error checkin

* readjmps() -- get the good jmps, from tmp file if necessary

* vritejmps(} - write a filled array of jmps 1o a tmp file: nw()

*/

#imclude "nwh"
#inctade <gys/file h>

char *iname = "/tmp/homgRXNXXX"; /* ump file for jmps */
FILE *1;
fnt cleanup(); /% cleanup mp file */
iong tseek(};
/*
* remove any tmp {le if we blow
*f
cleanup(i} Cfe&ll(lp
int i
{
if (§)
(void) unlink(jnamej;
exit(i);
H
Vi

* read, return pir to seq, set dna, len, maxlen
* skip lines swrting with '}, '<’, or >’
* seq in upper or lower case

*/

char *

geseqt file, len) : getseq
char *file; /* file name */
int Flen, /¥ seq len ¥

£

t
char e 1024]. *pseq;
register char *x, *py:
int natge, ten,
FILE *p;

i ((fp = fopentfile, 1)) == 0) {
fprintfisiderr,*%6s: can't read %osw”, prog, file);
exif(1);

}

ten = nayge = §;

while (fgets(line, 1024, ip}) {
if (*line == %" || *line == '<" || ¥lin¢ == ">")

continue;
for (px = line; *px != "a'; px—+}
if (isupper{*px} |} islower *px))
tlen-+;

H

if ((pseq = malloc((unsigned) tlen~6))) == 0) {
fprintflsider,"%s: malloc() failed to get %d byies for %swn”, prog, tflen+6, file);
exifl)

}
pseqf0] = pseq[ 1] = pseq[2] = pseq{3] = 0%



Table 1 (cont’)

py =pseq + 4
*len = tlen:
rewind( fp};
while (fgets(line, 1024 fp)) |
if (Mine == 4" § Mine == '< | ¥lipg ==">)

continue:
for (px = line; *px I= "' px——} {
if (isupper{ *px})
*‘py-—»-+ = "p;;;

eise if (islower(*p1))
*py = toupper{*px};
if (index("ATGCU" *(py-I W}

nalgc:“—:_
}
}
*py= =
*py = "0
(void) fclose(fp):
dna = natge > (tlen/3};
return(pseq—~4);
H
char *
g_calloc{msg, DX, 52}
char *misg; /* program, calling routine */
int nx, §z; /* nunther and size of clements %/
§
[3
char *mx, *calloe();
if {{px = calloc(t unsignednx, (unsigned)sz)) == 0 {
i (*msg) {
fprint{isiderr, "%as: g_calloc() falled %s (n=%d, sz=%d)xn", prog, msg, nx. sz},
exit(1);
H
H
reurn{px);
H
/*
* get final jmps from dx{] or wmp file, set ppl], reset dmax: main()
*/
readimps(}
{
int = -1,
nt siz, 10, ii;
register i, j, Xx;
i) {

(void) fciose(f));
if ((fd = open(jpame, O_RDONLY, 0y <0} {
fprintfistderr, "Yas: can't open() Yos\w", prog, jname):
cleanup(1});
H
H
for (i =10 =1} =0, dmax0 = dmax, xx =ienD;; iI—} {
while (1¥{
for (j = dx{dmax}].ijmp: | >= 0 && dx{dmax].jp.x{j} >= o j)

T

.getseq

g calloc

readjmps



Table 1 (cont®)

if (§ <0 && dx[dmax].offset &£& ) {
{veid) lseek(fd. dxjdmax}.offser, 0);
{void) read(1d, (char *)&dx|dmax] jp. sizeofistruet jmp));

(veid) read{{d, (char *)&dx[dmax].offset, sizeofl dx[dmax].ofiser)};

dxfdmax}.iymp = MAXIMP-1; }
else
break; H
i {3 »= JMPS) ¢
fprintfistderr, "%s: 100 many gaps in alignmentn®, prog);
cleanup(1};

}

(=0}
siz = dx[dmax],jp.nfj};
xx = dx{dmax].jp.x[j}:
dmax ~= §iz;

i (512 < 0y { /* gap in second seq ¥/
pplilafil] = -siz
xR = 837
id=xx - yv = lenl - 1 *
ppi11x{il] = xx - dmax ~ lenl - 1;
gapy+y

ngapy -= siz:
/* 1gnore MAXGAP when doing endgaps */
siz = (-siz < MAXGAP | endgaps)? -siz : MAXGAP;
: 11 Sonad
else if (siz>0){ /* gap i first seq */
ppi0)afi0] = siz;
ppl0]x{i0] = xx:
gapx;
ngapx ~= §iz,
/* ignore MAX GAF when doing endgaps */
siz = (siz < MAXGAP |l endgaps)? siz : MAXGAP;
10~

}
else
brealk;
!
/* reverse the order of jmps %/
for (§ = 0. 30§ <0 j=r 0. §
1 =pp[0L.n[j}; pp{0].nfj] = pp[0].n[30}; pp{0].0fi0] = i
i = ppf0].x{j}; ppl0].x[j] = ppl0).x[i0]; pplO].x[i0] = 1;

for (j =0, il j <il; j== i1--) {
i=pp[ilafjk pplijali] = pplila{il];pplilafii] =i
= pp{1].x{j) ppl1).x[T = ppl11.x]11); ppi1 ) x[i1] =1;

}
i (fd >=0)
{vuid) close(id),
BREHR
{veid) unlink(jname};
fj=0;
offset =0

..readjmps
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/%

* write a filled jmp struct offser of the prev one (if any): nw()

¥/

writejmps{ix) writejmps
int ix;

}
char *mitemp( );

if (1) ¢

if (mlkaemp(iname) < 0} {
fprintfistderr, "%os: can't mkiemp(} %eswn”, prog, jnane};
cleavup(1);

i

i {(f; = fopen{name, "w™)) == 0} {
fprintfistderr, "Yes: cant write %os'n”, prog. jpame);
exit{ 15

}

H
(void) fwrie({char *)&dx{ix] jp, sizeof(struct jmpl, 1, G
(void} fwrite({char *)&dx[ix].offset, sizeafidx[ix].offset), 1. {j};

s

~d
~J



I Compositions and Methods of the Inveption
[0281] The inventon provides ami-CD79b anttbodies or funciional fragments thereof, and their method

of use in the treatment of hematopoietic TumoTS.

{02821 In ome aspect, the invention provides an antibody which binds, preferably specifically, 10 any of
the above or below described polypeptides. Optionally. the antibody is 2 monocional antibody, antibody fragment,
including Fab, Fab', F(ab'y,. and Fv fragment. diabody. single domain antibody, chimeric antibody, humanize
antibody, single-chain amtibody or amibody that competitively inhibits the binding of an ant-CD79b polypeptide
antibody W its respective antigenic epitope.  Antibodies of the present invention may optionally be conjugated 1o a
growth inhibitory agent or cyiotoxic agent such as 2 oxin. including, for example. an auristatin, & maytansinoid, a
dolostatin derivative or a calicheamicin, an antibiotic. a radioactive isotope, a nucleolytic enzyme, or the like. The
antibodies of the present invention may optionally be produced in CHO cells or bacterial cells and preferably induce
death of a cell 1o which they bind. For delection purposes, the antibodies of the present invention may be detectably
labeled, attached 1o a solid support. or the like.

[0283] Ip one aspect, the invention provides 2 humanized anti-CD79b amibody wherein the monovalent
affinity of the antibody to CD79b (e.g. affinity of the antibody as a Fab fragment to CD79b) is substantially the
same as the monovalent affinity of a murine antibedy (e.g. affinity of the murine antibody as & Fab fragment o
CD7%b) or a chimeric antibody {e.g. aflinity of the chimeric antibody as a Fab fragment 10 CD79b), comprising,
consisiing or consisting essentially of a light chain and heavy chain variable domain sequence as depicted in Figures
7A-B {3EQ ID NO: 10) and Figures 8A-B (SEQ ID NO: 14),

{0284] In another aspect, the invemlion provides a humanized anui-CD79b anmiibody wherein the
monovalent affinity of the antibody w CD79b (e.¢., affinity of the antibody as & Fab fragment 10 CD79b) is lower,
for example at least 1, 2.5, 4.5.6,7,8,9. 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35. 40, 45, 30, 55 or 60~
fold lower. than the monovalent affinity of a murine antibody (e.g., affinity of the murine amibody as a Fab
fragment 10 CD79b) or & chimeric amibody (e.g. affinity of the chimeric antibody as 2 Fab fragment 10 CD79b),
comprising, consisting or cousisting essentially of a light chain and heavy chain variable domain sequence as
depicted in Figures 7A-B (SEQ ID NO: 10} and Figures 8A-B (SEQ ID NQO: 14).

[0285] In another aspect, the invention provides a humanized anti-CD7%b antibody wherein the
monovalent affinity of the antibody to CD79b (e.g.. affinity of the antibady as 2 Fab fragment to CD79b) is greater,
for example at teast 1, 2,3, 4, 5,6, 7, 8, 9 or 10-fold greater, than the monovalent affinity of 2 murine antibody (e.g.,
affinity of the murine antibody as a Fab fragment 1o CD79b) or a chimeric antibody (e.g. affinity of the chimeric
antibody as 2 Fab fragment to CD79b), comprising, consisting or consisting essentally of 2 light chain and heavy
chain variable domain sequence as depicted in Figures 7A-B (SEQ ID NQ: 10) and Figures §A-B (SEQ ID NO: 14).

{0286] In one aspect, the invention provides a humanized anti-CD79b antibody wherein the affinity of
the amibody in its bivalent form to CD79 (e.g affinity of the antibody as an 1gG 10 CD79b) is substantially the
same as the affinity of a murine antibody (¢.g. affinity of the antibody as an IgG to CD79b) or a chimeric antibody

{e.g. affinity of the chimeric antibody as & Fab fragment 1o CD79b) in its bivalent form, comprising. consisting or



consisting essentially of a light chain and heavy chain vaniable domain sequence as depicied m Figures 7A-B (SEQ
ID NQ: 10) and Figures 8A-B (SEQ ID NO: 143,

{62871 In another aspect. the tnvention provides a humanized ant-CD79% antibody wherein the affinity
of the antibody in its bivalent form o CD7%b (e.g. affinity of the amibody as an 1g(G 0 CD79b) is lower, for
example atleast 1, 2.3,4,5,6. 7. 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 30, 55 ar 60-fald
lower, as the affinity of 2 murine antibody (e.g. affimty of the antibody as an IgG 10 CD79b) or a chimeric antibody
{e.g. affinity of the chimeric antibody as an IgG fragment 10 CD79b) in its bivalent form, comprising, consisting or
consisting essentially of a light chain and heavy chain variable domain sequence as depicied in Figures 7A-B (SEQ
ID NO: 10) and Figures 8A-B (SEQ ID NQO: 14).

[0288] In another aspect. the invention provides a humanized anti-CD79b antibody wherein the affinity
of the antibody in its bivalent form 0 CD79 (e.g. affinity of the antibody as an IgG 10 CD79b) is greater, for
example at least [, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold greater, than the affinity of a murine antibody (e.g. affinity of the
antibody as an IgG to CD79b) or a chimeric amibody (e.g. affnity of the chimeric antibody as an 1gG fragment 1o
CD79) in its bivalent form, comprising, consisting or consisting essentially of a light chain and heavy chain
variable domain sequence as depicled in Figures 7A-B (SEQ 1D NO: 10) and Figures 84-B (SEQ ID NO: 14).

{0289] In another aspect, the invention provides a humanized anti-CD7% antibody wherein the affinity
of the antibody in its bivalent form to CD79 (e.g., affinity of the antibody as an IgG 10 CD79b)is 0.4 oM. Ina
further aspect, the invention provides 8 humanized anti-CD79b antibody wherein the aflinity of the antibody in its
bivalent form to CD79b (e.g., affinity of the antibody as an 12G to CD79b) is 0.4 oM +/- 0.04.

{0290} 1In another aspect. the invention provides a humanized anti~-CD7% amibody wherein the affimity
of the amtibody in its bivalem form to CD79b (e.g., aflinity of the antibody as an IgG to CD79b) is 0.3 nM or betier.
In amother aspect, the invention provides 2 hbumanized anti-CD79b antibody wherein the affinity of the antibody in
its bivalent form o CD79b (e.g., affinity of the antbody as an 1gG o CD79b) is 0.32 oM or better. In another
aspect, the invention provides 2 humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent
form 1o CD79b (c.g., affinity of tbe antibody as an IgG to CD79b) is 0.36 oM or better. In another aspect, the
invention provides & humanized anti-CD79 antibody wherein the affinity of the antibody in its bivalent form 10
CD79b (e.g., affinity of the antibody a5 an 1gG o CD79b) is 0.4 oM or betier. In another aspect, the invention
provides a humanized anti-CD79 antibody wherein the affinity of the antibody in its bivalent form 10 CD79 (e.g.,
affinity of the antibody as an IgG to CD79b) is 0.44 nM or betler. In another aspect, the invention provides a
humanized anti-CD79b antibody wherein the affinity of the antibody mm its bivalent form 1o CD79b (e.g.. affinity of
the antibody as an 1gG to CD79b) is 0.48 nM or betler. In another aspect, the invention provides a humanized anti-
CD7%b antibody wherein the affinity of the antibody in its bivalent form to CD79b (e.g.. affinity of the aniibody as
an IgG 10 CD79h) is 0.5 nM or better. In another aspect, the invention provides 2 humanized anti-CD79b antibody
wherein the affinity of the antibody in its bivalent form to CD79b (e.g., affinity of the antibody as an IgG to
CD79b) is between 6.3 oM and 0.5 nM. In another aspect, the invention provides a humanized anti-CID79b
antibody wherein the affinity of the antibody in its bivalent form to CD79b (e.g., affinity of the antibody as an 1gG
10 CD79b) is between 0.32 oM and 0.48 nM. In another aspect, the invention provides 2 humanized anti-CD7%b
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antibody wherein the affinity of the antibody in its bivalent form 1o CD79b (e.g., affinity of the antibody as an IgG
10 CD79h) is between 0.36 nM and 0.44 nM.

[0291} In another aspect. the invention provides a humanized anti-CD79b antibody wherein the affiniry
of the amtibody in its bivalent form to CD79b (e.¢., affinity of the antibody as an 1gG 10 CD79b) is 0.2 nM. Ina
further aspect, the invention provides a humanized anti-CD79b antibody wherein the affinity of the antibody in its
bivalent form to CD79 (e.g., affinity of the antibody as an IgG to CD79b) 15 0.2 oM +-0.02.

[0292] In another aspect, the invention provides a humanized anti-CD79b antibody wherein the affinity
of the antibody in jts bivatent form to CD79b (e.g., affimity of the antibody as an igG to CD79b) is 0.1 nM or better.
In another aspect, the invention provides a humanized anti-CD79b amibody wherein the affinity of the antibody in
1§ bivalent form to CD79b (c.g., affinity of the antibody as an 1gG 0 CD7%9b) is 0.12 nM or bener. In another
aspect. the invention provides 2 humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent
form to CD79b {e.g, affinity of the antibody as an IgG to CD79b) is 0.14 oM or better. In another aspect, the
invention provides a humanized anti-CD79 antibody wherein the affinity of the antibody in its bivalent form w0
CD79%b (e.g., affinity of the antibody as an 1gG 1o CD79b) is 0.16 nM or better. In another aspect, the inventon
provides a humanized ami-CD7%b antibody wherein the affinity of the antibody in its bivalent form 10 CD79%b (eg,
affinity of the antibody as an IgG w CD79b) 15 0.18 oM or better. In another aspect, the invention provides &
humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent form 0 CD79b (e.g., affinity of
the antibody as an 1gG to CD79b) 15 0.2 nM or betier. In another aspect, the invention provides 2 humanized anti-
CD79b antibody wherein the affinity of the antibody in it bivalent form to CD79b (e.g., affinity of the antibody as
an IgG 10 CD79b} is 0.22 oM or better. In another aspect. the invention provides a humenized anti-CD79b amibody
wherein the affinity of the antibody in its bivalent form to CD79b (e.g., affinity of the amtibody as an IgG 10
CD79b) is .24 oM or better. In another aspect. the invention provides 2 humanized anti-CD79b antibody wherein
the affinity of the antibody in its bivalent form w CD79b (e.g., affinity of the antibody as an 12G 1o CD79b) is 0.26
oM or better. In another aspeet, the wnvention provides a humanized anti-CD79b antibody wherein the affinity of
the antibody in its bivalent form 1o CD79b (e.g.. affinity of the antibody as an 1gG w0 CD79b) is 0.28 nM or better.
In another aspect, the invention provides a humanized anti-CD79 amibody wherein the affinity of the antibody in
its bivalem form to CD7% (e.g., affinity of the amibody as an 1gG w0 CD79b) 1s 0.30 nM or betier.  In another
aspect, The invention provides a humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent
form to CD79b (e.g.. affimity of the antibody as an 1gG to CD79b) is between 0.1 oM and 0.3 oM. In another aspect.
the invention provides 2 humanized anti-CD7%b antibody wherein the affinity of the antibody in its bivalent form 10
CD79b (e.g.. affinity of the amtibody as an IgG 1o CD79b) is between 0.12 oM and 0.28 nM. In anotber aspect. the
mvention provides a humamzed ami-CD7% antibody wherein the affinity of the antibody in its bivalent form 1o
CD79% (e.g., alfinity of the antibody as an I1g(i 10 CD79) is between (.14 nM and 0.26 oM. In another aspect, the
invention provides a humanized anti-CD7% antibody wherein the affinity of the amibody in its bivalemt form to
CD79 (e.g., affinity of the antibody #s an IgG 1o CD79b) is between 0.16 nM and 0.24 nM. In another aspect, the
invention provides a humanized anti-CD79b antibody wherein the affinity of the amtibody in 1ts bivalent form 1o

CD79b (e.g., affinity of the antibody as an IgG o CD79b} is between 0.18 oM and 0.22 aM.
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[0293} In another aspect. the invention provides a humanized anti-CD79b antibody wherein the affinity
of the antibody in its bivalent form 10 CD7%b (e.g., affinity of the antibody as an IgG 0 CD79)is 0.5 nM. Ina
further aspect, the invention provides & humanized anti-CD79b antibody wherein the affinity of the antibody in its
bivalent form 1o CD79b (e.g.. affinity of the amtibody ag an IgG 10 CD79b) is 6.5 nM +- 0.1,

{0294} In another aspect, the invention provides a humanized anti-CD79b antibody wherein the affinity
of the antibody in its bivalent form to CD79b (e.g., affinity of the antibody as an 1gG 10 CD79by) is 0.4 nM or beter.
In another aspect, the invention provides a humanized anti-CD79% antibody wherein the affinity of the antibody in
its bivalent form 1o CD7%b {e.¢., alfinity of the antibody as an IgG 1w CD79b) is 0.5 nM or better. In another aspect,
the invention provides a humanized anti-CD79b antibody wherein the aflinity of the antibody in its bivalent form 10
CD79b (e.g., affinity of the amibody as an 1gG 10 CD79) is 0.6 nM or better. In another aspect, the invention
provides a bumanized anti-CD79 antibody wherein the affinity of the antibody i its bivalent form 10 CD79b (e.g.,
affinity of the antibody as an I1gG to CD79b) is 0.7 nM or better. In another aspect, the invention provides a
humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent form 1o CD79b (e.g.. affinity of
the antibody as an 1gG to CD79b) is between 0.3 nM and 0.7 oM. In another aspect, the invention provides a
humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent form to CD79b (e.g., affinity of
the antibody as an IgG to CD79b) is between 0.4 nM and 0.6 nM. In another aspect, the invention provides a
humanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent form 1o CD79b {e.g., affinity of
the antibody as an IgG to CD79b) is between 0.5 oM and 0.55 oM.

[0295] In one aspect, the monovalent affmity of the murine antibody o CD79b is subsiantially the same
as the binding affinity of a Fab fragment comprising variable domain sequences of SEQ ID NO: 10 (Figures 7A-B)
and SEQ ID NO: 14 (Figures 8A-B). In another aspect, the monovalent affinity of the murine antibody to CD79b is
substantially tbe same as the binding affinity of a Fab fragment comprising variable domain sequences of an
antibody generated from hybridoma deposited with the ATCC as HB11413 on July 20, 1993 or chimeric antibody
comprising the variable domains from antibody generated from hybridomas deposited with the ATCC as HB11413
on July 20, 1993,

[0296] As is well-established in the art, binding affinity of a ligand to its receptor can be determined
using any of a variety of assays, and expressed in terms of 2 varicty of quantitative values. Accordingly, in one
embodiment, the binding affimty is expressed as Kd values and reflects intrinsic binding affinity (e.g., with
minimized avidity effects). Generally and preferably, binding affinity is measured in vitro, whether in a cell-free or
cell-associated setting. As described in greater detail herein, fold difference in binding affinity can be quantified in
terms of the ratio of the monovalent binding affinity value of 2 humanized antibody (e.g., in Fab form) and the
monovalent binding affinity value of a reference/comparator antibody {e.g., in Fab formj (e.¢., a murine antibody
having donor hypervariable region sequences), wherein the binding affinity values are delermined under similar
assay conditions. Thus, in one embodiment, the fold difference in binding affinity is determined as the ratio of the
Kd values of the humanized antibody in Fab form and said reference/comparator Fab antibody. For example, in
one embodiment, if an antibody of the invention (A} has an aflinity that is “3-fold lower” than the affinity of a
reference antibody (M), then if the Kd value for A i8 3%, the Kd value of M would be 1x. and the ratio of Kd of A to
Kd of M would be 3:1. Conversely, in one embodiment, if an antibody of the invention (C) has an affinity that is
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“3-fold areates” than the affinity of a reference antibody (R}, then if the Kd value for C is 1x, the Kd value of R
would be 3x, and the rafo of Kd of C to Kd of R would he 1:3  Any of 2 number of assays known in the art,
inciuding those described herein, can be used 10 obtain binding affinity measurements, mcluding, for example,
Biacore. radioimmunoassayv (R1A) and ELISA
[0297] In one aspect, an amibody that binds to CD79b is pravided, wherein the antibody comprises:
{2} at least one, two, three. four, five or six HVRs selected from the group consisting of:
(i) HVR-L1 comprising sequence Al-AlS, wherein Al-AlS is KASQSVDYDGDSFLN (SEQ ID

NQG: 131)
{11y HVR-L2 comprismg sequence B1-B7, wherein B1-B7 18 AASNLES (SEQ ID NQ: 132)
(il HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQSNEDPLT (SEG D NQO: 133}
(iv) HVR-H1 comprising sequence D1-D10, wherein DI-D10 1s GYTFSSYWIE (SEQ 1D NO:
134)

(v} HVR-H2 comprising sequence E1-E18, wherein E1-E18 is GEILPGGGDTNYNEIFKG (SEQ
ID NQ: 135) and
(vi) HVR-H3 comprising sequence F1-F10, wherein FI-F10 1S TRRVPVYFDY (SEQ ID NO:
136},
In one smbodiment, HVR-L! of an antibody of the invention comprises the sequence of SEQ ID NO: 131. In one
embodiment, HVR-L2 of an antibody of the invention comprises the sequence of SEQ I NO: 132, In one
embodiment, HVR-L3 of an antibody of the invention comprises the sequence of SEQ 1D NO: 133.  In one
embodiment, HVR-H1 of an amibody of the invention comprises the segquence of SEQ ID NO: 134, In ome
embodiment, HVR-H2 of an antibody of the invention comprises the sequence of SEQ ID NO: 135. In one
embodiment. HVR-H3 of an amibody of the invention comprises the seguence of SEQ ID NO; 136. In one
embodiment, an antibody of the invention comprising these sequences (in combination as described herein) is
humanized or human.
102981 In one aspecy, an antibody that binds 1o CD79b 15 provided, wherein the antibody comprises:
(8) at least one, two, three, four, five or six HVRs selected from the group consisting of:
(1) HVR-L1 compnsing sequence A1-AlS, wherein A1-Al3 is KASQSVDYDGDSFLN (SEQ ID

NO: 131)
(i1 HVR-L2 comprising sequence B1-B7, wherein B1-B7 s AASNLES (SEQ 1D NQ: 1323
(111) HVR-L3 comprising sequence C1-C9, wherein C1C9 is QQSNEDPLT (SEQ ID WO: 133}
{iv) HVR-H1 comprising sequence D1-D10, wherein DI-D10 is GYTFSSYWIE (SEQ ID NO:
134)

{v} HVR-H2 comprising sequence EI-E18, wherein E1-F18 is GEILPGGGDTNYNEIFKG (SEQ
1D NO: 135) and
(vi) HVR-H3 comprising sequence F1-F10, wherein F1-F10 IS TRRVPVYFDY (SEQ ID NO:
136); and
(b} at least one variant HVR wherein the variant HVR sequence comprises modification of at least one
residue of the sequence depicied in SEQ I NOs: 131, 132, 133, 134, 135 or 136. In one embodiment. IVR-L1 of
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an antibody of the invention comprises the sequence of SEQ ID NO: 131. In one embodiment, HVR-L2 of an
amibody of the invention comprises the sequence of SEQ ID NO: 132, In one embodiment. HVR-L3 of an
antibody of the mvemion comprises the sequence of SEQ ID NO: 133, In one embodiment. HVR-HI of an
antibody of the invention comprises the sequence of SEQ ID NQ: 134, In one embodiment, HVR-H2 of an
antibody of the invention comprises the sequence of SEQ 1D NQ: 135, In one embodiment, HVR-H3 of an
antibody of the invention comprises the sequence of SEQ ID NO: 136. In one embodiment, an antibody of the
invention comprising these sequences (in combination as described herein) is humanized 61 }mmau

[0299] In one agpect, the mvention provides an antibody compnsing one, two, three, four, five or six
HVRs, wherein ecach HVR comprises, consists or consists essentially of a sequence selected from the group
consisting of SEQ 1D NOs: 131, 132, 133, 134, 135, and 136, and wherem SEQ ID NO: 131 corresponds 10 ap
HVR-LI, SEQ ID NO: 132 comresponds w HVR-L2. SEQ ID NO: 133 corresponds  an HVR-L3, SEQ 1D NO:
134 corresponds 10 an HVR-H1, SEQ ID NO: 135 corresponds to an HVR-H2, and SEQ 1D NO: 136 corresponds 1o
an HVR-H3. In one embodiment, an antibody of the invention comprises HVR-L1, HVR-L2, HVR-L3, HVR-HI,
HVR-H2, and HVR-H3, wherein cach, in order, comprises SEQ ID NO: 131, 132, 133,134, 135 and 136,

[0300) Variant HVRs in an antibody of an invemion can have modifications of one or more residues
within the HVR. In one embodiment, a HVR-L1 variant comprises onc substitution in the following positions: A4
(K), A9 (E or §) and A10 (A or S}. In one embodiment, a HVR-L2 variant comprises 1-5 (1, 2. 3, 4, or 3)
subsiimiions in any one or combingtion of the following positions: B2 {(Sor G), B3 (Ror G), BA(X, R, Y. L, Hor
Q). BI (R}, B6{(G, K. A, R SorL)yand B7 (R N, Tor G). Inone embodiment, a HVR-L3 variant comprises 1-4 (1,
2, 3 or 4) substitutions in any one or combination of the following positions: C1 (Nor D). C2 (N or P), C3 (D or R},
CSS, K, A, Q. D, Lor Gy C6(A E or N}, C7 (A), CB {R) and €8 (N). In one embodiment, 2 HVR-H1 variant
comprises 1-7 (1, 2. 3, 4, 5, 6 or 7) substittion in any one or combination of the following positions: DI (P), D2
(F), D3(P,S,Y,GorN),Dd(Lor V). DS (T, RN, K. C, Gor P}, D6 (R, T, K or G). D8 (F), D% {V OR L) and
D10 (S, Q, Nor D). In on embodiment, 8 HVR-H3 variant comprises 1-3 (1. 2 or 3) substinitions in any one or
combination of the following positions: F4 (Rorl), Fé {1 or F), F7T (X, C, R, Vor F), F8 (L}, and F9 (S). Lectter{s)
in parenthesis following each position indicates an illustrative substitution (i.e., replacement) amino acid; as would
be evident 1o one skilled in the art, suitebility of other amino acids as substitution amino acids in the comiext
described herein can be routinely assessed using techniques known in the art and/or described herein. In one
embodiment, AY in a variant HVR-L1 is E. In onc embodiment, Fé in a variant HVR-H3 15 1. In one embodiment,
F7 in a variant HVR-H3 is R, In one embodiment, ¥8 in a variant HVR-H3 is L. In one embodiment an antibody
of the invention comprises & variant HVR-H3 wheren F6 is I, F7 18 R and F8 s L. In one embodiment an antibody
of the invention comprises a variant HVR-L] wherein A9 15 E and a variant HVR-H3 wherein F6 is I, F7 is R and
F§ is L. In one embodiment, A9 in a vanant HVR-L1 is §. In one embodiment an antibody of the invention
comprises a variant HVR-L1 whereln A9 is S and a variant HVR-H3 wherein F6 1s 1, F7 s R and F8 s L.

[0301] In one embodiment, an antibody of the invention comprises a variant. HVR-L1 wherein A4 is K.
In some embodiments, said variant HVR-L1 comprises HVR-L2, HVR-L3, HVR-H1, HVR-H2 and HVR-H3
wherein each comprises, in order, the sequence depicted in SEQ ID NOs: 132, 133, 134, 1335 and 136. In some
embodiments, said variant HVR-L1 antibody further comprises a ITVR-L1 variant wherein A9 is E or S andior A10
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is A or S. In some embodiments, said variant HVR-L1 antibody further comprises a HVR-13 variant wherein C6 is
E or N andior C7 is A, In some embodiments. these antibodies further comprise a buman subgroup 111 heavy chain
framework consensus sequence. 1o one embodiment of these amibodies, the framework consensus sequence
comprises substinution at position 71, 73 and/or 78. In some embodiments of these antibodies, posttion 71 is A, 73
is T andior 78 is A. In one embodiments of these antibodies, these amibodies further comprise 2 human «! light
chain framework consensus sequence. In some embodiment of these antibodics. the framework human «I light
chain framework consensus sequence comprises substitution at position 4 and/or 47. In some embodiments of these
antibodies, position (of the human «J light chain ramework consensus sequence) 4 is L andior 47 is F. In one
embodiment of these antibodies, the human subgroup I heavy chain framework counsensus sequence comprises
substiwtion at position 48, 67, 69, 71, 73, 75, 78 andior 80, In some embodiments of these amibodies, position (of
the human subgroup III heavy chain framework consensus sequence) 48 151, 67 8 A, 6915 F, T1is A, 7318 T, 75 is
S, 78is Aandor 80 1s M. 1n some embodiments of these antibodies, these aniibodies further comprise & human ]
light chain framework consensus sequence. In one embodiment of these antibodies, the framework human «I light
chain framework consensus sequence comprises subslitition at position 4 and/or 47, In some embodiments of these
antibodies, position (of the human «I light chain framework consensus sequence) 4 is L and/or 47 is F.

[0302] In one embodiment, an antibody of the invention comprises a variant HVR-L2 wherein B3 is R,
B4 i« K, B6 18 G and B7 is R In one embodiment, an antibady of the invenuion comprises a variant HVR-L2
wherein B3 is R, B4 i3 Y, B6 1s K and B7 is R, In one embodiment, an antibody of the invention comprises &
varianmt HVR-L2 wherein B3 is R B4 is K and B6 is G. In some embodiments, said vanant HVR-L2 antibody
further comprises HVR-L1, HVR-L3, HVR-HI, HVR-H2 and HVR-H3 wherein each comprises, in order, the
sequence depicled i SEQ ID NOs: 131, 133, 134, 135 and 136. In some embodiments, said variant HVR-L2
antibody further comprises 2 HVR-L1 variant wherein AY is E or 8 and/or A10 is A or §. In some embodiments,
said variant HVR-1L2 antibody further comprises @ HVR-L3 variant wherein C6 is E or N and/or C7 18 A. In some
embodiments, these antibodies further comprise 2 human subgroup 111 heavy chain framework consensus sequence.
In one embodiment of these antibodies, the framework consensus sequence comprises substitution at position 71, 73
and/or 78. In some embodiments of these antibodies, position 71 is A, 73 is T and/or 78 is A. In one embodiments
of these antibodies, these antibodies further comprise a human I light chain framework consensus sequence. In
some embodiment of these antibodies, the {ramework human «I Hght chain framework consensus sequence
comprises substitution at position 4 and/or 47. In some embodiments of these antibodies, position {of the human xl
light chain framework consensus sequence) 4 is L and/or 47 is F. In one embodiment of these antibodies, the
human subgroup III heavy chain framework consensus sequence comprises substitution at position 48, 67, 69, 71,
73,75, 78 andsor 80. In some embodiments of these antibodies, position (of the human subgroup I heavy chain
framework consensus sequence) 48 is 1, 6715 A, 691sF, 71is A, 73is T, 75is S, 78 is A and or 80 is M. In some
embodiments of these antibodies, these antibodies further comprise 2 human xI light chain framework consensus
sequence. In one embodimem of these antibodics. the framework human I light chain framework consensus
sequence comprises substitation at position 4 andior 47, In some embodiments of these antibodies, position (of the

buman kI hght chamn framework consensus sequence) 4 18 L and/or 47 is F.
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{0303} In one embodiment, an sntibody of the nvention comprises a varlant HVR-L3 wherein C5 is K.
Iz one embodiment, an antibody of the invention comprises a variamt HVR-L3 wherein C5 is S.  In some
embodiments, said variant HVR-L3 antibody further comprises HVR-L1. HVR-L2, HVR-H1. HVR-H2 and HVR-
H3 wherein each comprises, in order, the sequence depicied in SEQ ID NQOs: 131, 132, 134, 135 and 136. insome
embodiments, said variant HVR-L3 antibody further comprises 2 HVR-L1 variant wherein A9 is E or § and/or AlQ
is A or 5. In some embodiments, said variant HVR-L3 antibody further comprises a HVR-L3 variant wherein C6 is
E or N andior (7 1s A, In some embodiments, these entibodies finther comprise a buman subgroup I heavy chain
framework consensus sequence. In ome embodiment of these antibodies, the framework consensus sequence
comprises substitution at position 71, 73 and/or 78. In some embodiments of these antibodies, position 71 is A, 73
is T andior 78 is A, In one embodiments of these antibodies, these amibodies further comprise a buman I high
chain framework consensus sequence. In some embodiment of these antibodies, the framework human I light
chain framework consensus sequence comprises substitution at position 4 and/or 47. To some embodiments of these
anlibodies, position (of the human I light chain framework consensus sequence) 4 is L and/or 47 is F, In one
embodiment of these antibodies, the human subgroup HI heavy chain framework consensus sequence comprises
substitution at position 48, 67, 69, 71. 73, 75, 78 and/or 8C. In some embodimems of these anibodies. position (of
the human subgroup III heavy chain framework consensus sequence) 48 is 1, 67 is A, 69 is F, 71 is A, 7318 T, 75 is
S. 78 is A and or 80 is M.  In some embodiments of these amibodies, these antibodies further comprise a human xI
light chain framework consensus sequence. In one embodiment of these antibodies, the framework human w3 light
chain framework consensus sequence comprises substitution at position 4 and/or 47. In some embodiments of these
antibodies, position (of the human I light chain framework consensus sequence} 4 is L andior 47 is F.

[0304) In one embodiment, an antibody of the invention comprises a variant HVR-H! wherein D3 is P,
D5 is T. D6 is R and D10 is N. In one embodiment, an antibody of the invemion comprises a variant HVR-H]
wherein D3 18P, DS s N, D6 is R and D10 is N.  In some embodiments, said variant HVR-HI entibody fusther
comprises HVR-L1, HVR-L2, HVR-L3, HVR-H2 and HVR-H3 wherein each comprises. in order, the sequence
depicted in SEQ ID NOs: 131, 132, 133, 135 and 136, In some embodiments, said variant HVR-H1 antibody
further comprises a HVR-L1 variant wherein A9 1s E or S andfor A10 is A or S. In some embodiments, said variant
HVR-HI] antibody further comprises a HVR-L3 variant wherein C6 is E or N and/or C7 is A. In some
embodiments, these antibodies further comprise & human subgroup II heavy chain ramework consensus sequence.
In one embodiment of these antibodies, the framework consensus sequence comprises substingtion at posivion 71, 73
and/or 78. In some embodiments of these antibodics, position 71 is A, 73 is T andior 78 is A, In one embodiments
of these antibodies, these antibodies further comprise a human «I light chain framework consensus sequence. In
some embodiment of these amibodies, the framework human =1 light c¢bain framework consensus sequence
comprises substitution at position 4 and/or 47. In some embodiments of these antibodies, position {of the human I
light chain framework consensus sequence) 4 is L andfor 47 35 F. In one embodiment of these amtibodies, the
human subgroup III heavy chain framework consensus sequence comprises substitufion at position 48, 67, 69, 71,
73, 75, 78 and’or 80. In some embodiments of these antibodies, position (of the human subgroup III heavy chain

{ramework consensus sequence) 48151, 6718 A, 69 8 F. T1is A 73is T, 758 S, 78is Aandor 80 is M.  In some
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emhodiments of these antibodies, these antibodies further comprise a human «! light chain framework consensus
sequence. In one embodiment of these antbodies, the framework buman I light chain framework consensus
sequence comprises substintion at position 4 and/or 47 In same embodiments of these antibadies. position (of the
human I light chain framework consensus sequencej 4 1s Lo and/or 47 is F,

[0305] In one embodiment, an antibody of the invention comprises a variant HVR-H3 wherein F6 is I
and F8 is L. In one embodiment, an antibody of the invention comprises a variant HVR-H3 wherein F6 is I, F7is R
and F8§ 15 L. In some embodiments, said variant HVR-H3 antibody further comprises HVR-L1, HVR-L2, HVR-L3,
HVR-HI and HVR-H2 wherein each comprises, in order, the sequence depicied in SEQ 1D NOs: 131, 132, 133,
134 and 135. In some embodiments, said vartant HVR-H3 antibody further comprises a HVR-L] variant wherein
A9 is For S andlor A0 is A or S, In some embodiments, said variant HVR-H3 amibody further comprises 2 HVR-
L3 variant wherein C6 is E or N and/or C7 15 A. In some embodiments, these antibodies further comprise 2 human
subgroup III heavy chain framework consenmsus sequence. In one embodiment of these antibodies, the human
subgroup III heavy chain framework consensus sequence comprises substitution at position 71, 73 and/or 78. In
some embodiments of these antibodies, position (of the human subgroup IIl beavy chain framework consensus
sequence) 71 is A, 73 is T and/or 78 is A. In one embodiment of these antibodies, the human subgroup III heavy
chajn framework consensus sequence comprises substitution at position 48, 67, 69, 71, 73 and/or 78. In some
embodiments of these antibodies, position (of the buman subgroup III heavy chain framework consensus sequence)
4881, 6715 A, 69 is F, 71 is A, 73 is T and/or 78 is A. In one embodiments of these antibodies, these antibodies
further comprise 2 human xI light chain framework consetisus seguence. [n some embodiment of these antibodies,
the framework human I light chain framework consensus sequence comprises substitution at position 4 and/or 47.
In some embodiments of these antibodies, position (of the buman xI light chain framework consensus sequence) 4
is L andfor 47 is F. In one embodiment of these antibodies, the buman subgroup III heavy chain framework
consensus sequence comprises substitution al position 48, 67, 69, 71, 73, 73, 78 and/or BO. In some embodiments
of these antibodies, position {(of the human subgroup 11 heavy chain framework consensus sequence) 48 is 1, 67 is
A 69 F TlisA 7318 T, 75188, 78 is A and or 80 is M. In some embodiments of these antibodies, these
antibodies further comprise 2 buman x Hght chain framework consensus sequence. 1n one embodiment of these
antibodies, the framework human xI light chain framework consensus sequence comprises substitution at position 4
andjor 47. In some embodiments of these amibodies, position {of the human xI light chain framework consensus
sequence) 4 1s L and/or 47 is F.

{0306] In one aspect. the invention provides an antibody comprising one, two, three, four, five or all of
the HVR sequences depicted in Figure 9 (SEQ ID NQOs: 17-21) and/or Figure 10 (SEQ ID NOs: 22-106).

{3307] A therapeutic agent for use in 2 host subject preferably elicts litle W po immunogenic vesponse
against the agent in said subject. In one embodiment, the invention provides such an agent. For example, in one
embodiment, the invention provides a humanized antibody that elicits andior is expected to elicit 2 human anti-
mouse antibody response (HAMA) at 2 substantially reduced level compared to an antibody comprising the
sequence of SEQ ID NO: 10 & 14 in a host subject. In another exampie. the invention provides a humanized

anibody that elicits and/or 1s expected 1o elicit mimmal or no human anti-mouse antibody response (HAMA). In

86



one example, an antibody of the invention elicits anti-mouse antibody response that is at or less than a clinically-
acgepiable level.

[0308] A humanized antibody of the inventon may comprise one or more human andior human
consensus non-hypervariable region (e.g.. framework) sequences in its heavy andvor light chain variable domein. In
some embodiments. ong or more addivonal medifications are present within the human and/or human consensus
non-hypervariable yegion sequences. In one embodiment, the ieavy chain variable domain of an antibody of the
invention comprises a human consensus framework sequence, which in one embodiment is the subgroup IN
consensus framework sequence. ln one embodiment, an antibody of the ipvention comprises 2 variant subgroup 11
consensus framework sequence modified at least one amino acid position. For example, in one embodiment. a
variant subgroup I consensus framework sequence may comprise a substitnlion at one or more of positions 71, 73
and/or 78. In one embodiment, said substilution is R71A, N73T andior L78A, in any combination thereof For
example, in one embodiment, a variant subgroup IH heavy chain framework consensus sequence comprises
substitution at position 48, 67, 69, 71. 73 and/or 78. In one embodiment, said substitution is V48, F6TA. 169F,
R71A, N73T and/or L78A. For example, in one embodiment, a variant subgroup I heavy chain framework
consensus sequence comprises substitution at position 48, 67, 69, 71, 73. 75, 78 and/or 80. In one embodiment,
said substitution is V481, F6TA, 169F, R71A N75T, K758, L784 and/or LSOM. In one embodiment, the light chain
variable domain of an antibody of the invention comprises a human consensus {ramework sequence, which in one
embodiment is the I consensus framework sequence. In one embodiment, an antibody of the invention comprises
a variant k! consensus framewark seguenced modified at least one amino acid position. For example, in one
embodiment, a variant kI consensus framework sequence may comprise & substimition al position 4. In one
embodiment, said substitution 1 M4L. For exampie, in one embodimeni, a variant kI consensus framework
sequence may comprise a substitution at positon 4 and/or 47, In one embodiment, said substitution is M4L and/or
L4TF,

[0309] As is known in the art, and as described in greawer detail herein below, the amino acid
position/boundary delineating a bypervariable region of an antihody can vary, depending on the context and the
various definitions known in the art (as described below). Some positions within a variable domain may be viewed
as hybrid hypervariable positions in that these positions can be deemed 10 be within a hypervariable region under
one set of criteria while being deemed to be outside a hypervariable region under a different set of criteria, One or
more of these positions can also be found i exiended hypervariable regions (as further defined below). The
invention provides antibodies comprising modifications in these hybrid bypervariable positions. In one
embodiment. these hypervariable positions include one or more positions 26-30. 33-35B, 47-49, 57-65, 93, 94 and
101-102 in a heavy chain variable domain. In one embodiment, these hybrid hypervariable positions include one or
more of positions 24-29, 35-36, 4649, 56 and 97 in a light chain variable domain. In one embodiment, an antibody
of the inventon comprises & human variant human subgroup consensus framework sequence modified at one or
more hybrid hypervariable positions.

[6310] In one aspect. an aniibody of the imvention comprises 2 heavy chain variable domain comprising 2
variant buman subgroup Il consensus famework sequence modified at one or more of positions 26-30, 33-35, 48-

49, 58, 60-63, 93 and 101. In one embodiment, the antibody comprises a G26P substitmion. In one embodiment,
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the amibody comprises a F27Y substitution. In one embodiment, the antibody comprises a T28P, S, Y, G or N
substitution. In one embodiment, the amibody comprises a F29L or FI9V substiiution. In one embodiment. the
antibody comprises a S30T. R N, K., C. G or P substittion. In one embodiment, the amibody comprises a A3ZW
or A33F substuwtion. In one embodiment, the antibody comprises 2 M341, V or L substitwtion. In one embodiment
S35E, Q. N or I In one embodiment, the antibody comprises a V481 substitution. in one embodiment, the
antibody comprises a S49G substitution. In one embodiment, the antibody comprises 2 Y38N substitution. In one
embodiment, the antibody comprises a A60N substitution. In one embodiment, the antibody comprises a D61E
subgtitution. In one embodiment, the antibody comprises a S621 substitution. In one embodiment, the antibody
comprises a V63F subsitvtion.  In ope embodiment, the antibody comprises a A93T substimnion. In one
embodiment, the amibody compnises a D101S substitution,

{03117 In one aspect, an antiboady of the invention comprises & tlight chain variable domain comprising &
variant human kappa subgroup I consensus framework sequenced modified at one or more of positions 24, 27-29.
56 and 97. In one embodiment, the antibody comprises a R24K substinition. In one embodiment, the antibody
comprises a Q27K substitution. In one embodiment, the amibody comprises a S28D or E substitwtion. In one
embodiment, the antibody comprises 2 129G, A or S substitution. In one embodiment, the antibody comprises a
S56R, N, T or G substitution. In one embodiment, the antibody comprises 2 T97N substitution.

[0312] In one aspect, an antibody of the invention comprises a heavy chain variable domain comprising a
variant human subgroup ITI consensus framework sequence modified at 1, 2, 3,4, 5,6, 7. 8, 9,10, 11, 12, 13, 14, 13,
16 or all of positions 26-30, 33-33, 48-49, 58, 60-63, 93 and 101. In one embodiment, modification is selected from
the group consisting of G26P, F27Y, T28P (S. Y. G or N}, F29L (V), S30T (R, N, K, C, G or P). A33W (F), M34]
(V or L), S35E (Q, N or D), V48L, S49G, YS58N, AGON, DGIE, S62I, V63F, A93T and DI0IS. In some
embodimenms of the imvention, an antibody of the invention comprises a variant subgroup 111 consensus framework
sequence modified at position 48, 67, 69, 71, 73, 75, 78 and/or 80. In one embodiment, said substitution is V48],
F6&7A.TA9F R71A, N73T, K758, L78A asdior L8OM,

[6313] In one aspect, an antibody of the invention comprises a light chain variable domain comprising 3
variant human Kappa subgroup 1 consensus framework sequence modified at 1, 2,3, 4, 5 or all of positions 24, 27-
29, 56 and 97. In one embodiment, modification is selected from the group consisting of R24K, Q27K, S28D (E),
129G (A or Sy, SS6R (N, T or G} and T97N. In some embodiments of the invention, an antibody of the invention
comprises a variant kI consensus framework sequenced modified at position 4 and/er 47. In one embodiment, said
substitution is M4L and/or L47F.

[0314] An antibody of the invention can comprise any suitable buman or human consensus light chain
framework sequences, provided the antibody exhibits the desired biological characteristics (e.g.. a desired binding
affinity). In one embodiment, an antibody of the invention comprises at least a portion (or all) of the framework
sequence of hurnan x light chain, In one embodiment, an amibody of the invention comprises at least a portion (or
all} of human x subgroup I framework consensus sequence.

{0315] 1In one aspect, an antibody of the mvention comprises a heavy and/or light chain variable domain

comprising famework sequence depicted in SEQ ID NO: 9 (Figures 7A-B) and/or 13 (Figures SA-B).
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[0316] In one aspect, an antbody of the Invention is & humanized anti-CD79b antibody conjugated © 2
cytotoxic agent. In one aspect, the humanized anti-CD79b antibody conjugated 1o & cytotoxic agent mhibis tumor
progression in xenografts.

[0317] In one aspect, both the humanized anvibody and chimeric antibody are monovalent. In one
embodiment. both the humamized and chimeric amibody comprise a single Fab region linked 1o an Fc region, In
one embodiment, the reference chimeric antibody comprises variable domain sequences depicted in Figures 7A-B
{SEQ ID NO: 10) and Figures 8A-B {SEQ ID NO: 14) linked 10 a human Fc region. In one embodiment. the human
Fe region is that of an I1gG {e.g.. 12G1, 2.3 or 4).

{0318] In one aspect. the invention provides an sntibody comprising 2 heavy chain variable domain
comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence depicied i Figure 15 (SEQ ID NO: 164-166),
In one embodiment, the variable domain comprises FR1-HC, FR2-HC. FR3-HC and/or FR4-HC sequence depicted
in Figure 15 (SEQ ID NO: 160-163). In one embodiment, the amibody comprises CH1 andor Fe sequence
depicted in Figure 13 (SEQ ID NO: 167 and/or 168). In one embodiment, an antibody of the inventon comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence (Figure 15, SEQ
ID NO: 164-166), and the FRI-HC. FR2-HC, FR3-HC and/or FR4-HC sequence (Figure 15, SEQ ID NQ: 160-143).
In one embodiment, an antibody of the invention comprises a heavy chain variable domain comprising the HVRI-
HC, HVR2-HC and/or HVR3-HC sequence (Figure 15, SEQ ID NO: 164-166), and the CHI and/or Fc sequence
depicted in Figure 15 (SEQ ID NO: 167 and/or 168) In one embodiment, an antibady of the invention comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence (Figure 15, SEQ
ID NQO: 164-166). and the FR1-HC, FR2-HC. FR3-HC and/or FR4-HC sequence (Figure 15, SEQ ID NO: 160-163),
and the CH1 and/or Fe (Figure 15. SEQ ID NQO: 167 and/or 168}

{03191 In ope aspect, the invention provides an anmtibody comprising a light chain variable domain
comprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depicted in Figuwre 13 (SEQ ID NO: 156-158). In
one embodiment, the vanable domain comprises FR1-LC, FR2-LC, FR3-LC and/or FR4-LC sequence depicted in
Figure 15 (SEQ ID NO: 152-155). In one embodiment, the amibody comprises CL1 sequence depicted in Figure 15
{SEQ ID NQO: 159). In one embodiment, the antibody of the invention comprises a light chain variable domain
comprising the HVRI-LC, HVR2-LC and/or HVR3-LC sequence (SEQ 1D NO: 156-138), and the FR1-LC. FR2-
LC, FR3-LC and/or FR4-LC sequence (SEQ ID NO: 152-153) depicted in Figure 15, In one embodiment, 2n
aniibody of the invention comprises a light chain variable domain comprsing the HVRI-LC, HVR2-LC andior
HVR3-LC sequence (SEQ ID NO:156-158), and the CLI sequence (SEQ ID NO: 159) depicted in Figure 15, In
one embodiment, an antibody of the invention comprises a light chain variable domain comprising the HVRI-LC,
HVR2-LC andfor HVR3-LC sequence (SEQ ID NO: 156-158), and the FR1-L.C, FR2-LC, FR3-LC and/or FR4-LC
(SEQ ID NO: 152-155) sequence depicled in Figure 13, and the CL1 sequence depicted in Figure 15 (SEQ ID NO:
159).

[0320] In one aspéct, the invention provides an antibody comprising a heavy chain variable domain
comprising the HVRI-HC, HVRZ-HC andior HVR3-HC sequence depicied in Figure 16 (SEQ ID NQO: 1831853
in one embodiment, the variable domain comprises FR1-HC, FR2-HC, FR3-HC andior FR4-HC sequence depicted
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in Figure 16 (SEQ ID NO: 179-182). In one embodiment, the antibody comprises CHI and/or Fe sequence
depicted in Figure 16 (SEQ ID NO: 186 and/or 187). In one embodiment, an antibody of the invention comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC andror HVR3-HC sequence (Figure 16, SEQ
1D NQ: 183-183), and the FRI-HC, FR2-HC, FR3-HC and/or FR4-HC sequence {Figure 16, SEQ ID NO; 175-182).
In one embodiment, an antibody of the invention comprises a heavy chain variable domain comprising the HVR]-
HC, HVR2-HC and/or HVR3-HC sequence (Figure 16, SEQ ID NQ: 183-185), and the CH1 andior Fc sequence
depicted in Figure 16 (SEQ ID NO: 186 and/or 187) In one embodiment, an antibody of the invention comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence (Figure 16, SEQ
1D NO: 183-185), and the FRI-HC, FR2-HC, FR3-HC and/or FR4-HC sequence (Figure 16. SEQ ID NO: 179-182},
and the CH1 and/or Fec (Figure 16, SEQ ID NO: 186 and/or 187).

[0321] In ome aspect, the invention provides an antibody comprising a light chain variable domain
comprising HVRI-LC, IIVR2-LC and/or 1IVR3-LC sequence depicted in Figure 16 (SEQ ID NO: 175-177). In
one embodiment, the variable domain comprises FRI-LC. FR2-LC, FR3-LC and/or FR4-LC sequence depicted in
Figure 16 (SEQ ID NO: 171-174). In one embodiment, the antibody comprises CL] sequence depicted in Figure 16
(SEQ ID NO: 178). In one embodiment, the antibody of the invention comprises a light chain variable domain
comprising the HVR1-LC, HVR2-LC and/or HVR3-LC sequence (SEQ ID NO: 175-177), and the FR1-LC, FR2-
LC, FR3-LC and/or FR4-LC sequence (SEQ ID NO: 171-174) depicted in Figure 16. In one embodiment, an
antibody of the mvention comprises a light chain variable domain comprising the HVR1.LC, HVR2-LC andior
HVR3-LC sequence (SEQ ID NO: 175-177). and the CL1 sequence (SEQ ID NO: 178) depiced in Figure 16, In
one embodimen, an antibody of the invenion comprises a g chain variable domain comprising the HVRI-LC,
HVR2-LC andior HVR3-LC sequence (SEQ 1D NO; 175-177), and the FRI-LC, FR2-LC, FR3-LC and/or FR4-LC
(SEQ ID NQ: 171-174) sequence depicted in Figure 16, and the CL1 sequence depicted in Figure 16 {(SEQ ID NO:
178).

[0322) 1In one aspect, the invention provides an anlibody comprising a heavy chain variable domain
comprising the HVR1-HC, AVR2-HC andior HVR3-HC sequence depicied i Figure 17 (SEQ 1D NO: 202-204),
In one embodiment, the variable domain comprises FR1-HC, FR2-HC, FR3-HC and/or FR4-HC sequence depicted
in Figure 17 (SEQ 1D NQO: 198-201). In one embodiment, the antbody comprises CH1 andior Fe sequence
depicted in Figure 17 (SEQ D NO: 205 and/or 206). In one embodiment, an antibody of the invention comprises a
beavy chain variable domain comprising the HVRI-HC., HVR2-HC and/or HVR3-HC sequence (Figure 17, SEQ
ID NO: 202-204), and the FR1-HC, FR2-HC, FR3-HC and/or FR4-HC sequence (Figure 17, SEQ ID NO; 198-201).
In one ergbodiment, an antibody of the invention comprises a heavy chain variable domain comprising the HVR1-
HC, HVR2-HC and/or HVR3-HC sequence (Figure 17, SEQ ID NO: 202-204}, and the CHI and/or Fc sequence
depicted in Figure 17 (SEQ ID NO: 205 and/or 206) In one embodiment, an antibody of the invention comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence (Figure 17, SEQ
ID NQ: 202-204), and the FR1-HC, FR2-HC, FR3-HC and/or FR4-HC sequence (Figure 17, SEQ ID NQ: 198-201},
and the CH1 and/or Fe (Figure 17, SEQ ID NQ: 205 and/or 206).
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[0323] In one aspect, the invention provides an antibody comprising a2 light chaip variable domain
comprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depieted in Figure 17 (SEQ ID NO: 194-196). In
one embodiment, the variable domain comprises FRI-LC, FR2.LC, FR3-LC andior FR4-LC sequence depicied in
Figure 17 (SEQ ID NO: 190-193). In one embodiment, the amibody comprises CL1 sequence depicted in Figure 17
(SEQ ID NO: 197). In one embodiment, the antibody of the invention comprises a light chain variable domain
comprising the HVR]-LC, HVR2-LC andior HVR3-LC sequence (SEQ ID NO: 194-196), and the FR1-LC, FR2-
1LC, FR3-LC andior FR4-LC sequence (SEQ ID NO: 190-193) depicted in Figure 17. In one embodiment, an
antibody of the nvention comprises a light chain variable domain comprising the HVRI-LC, HVR2-LC andror
HVR3-LC sequence {SEQ ID NO: 194-196), and the CL1 sequence (SEQ ID NO: 197) depicied in Figure 17. In
one embodiment, an amibody of the invention comprises & light chain variable domain comprismg the HVRI-LC,
HVR2-LC and/or HVR3-LC seguence (SEQ ID NO: 194-196), and 1he FR1-LC. FR2Z-LC, FR3-LC and/or FR4-LC
(SEQ ID NO: 190-193) sequence depicied in Figure 17, and the CL1 sequence depicted in Figure 17 (SEQ ID N

197).

[0324] 1In one aspect, the iovention provides an antibody comprising a heavy chain variable domain
comprising the HVR1-HC, HVR2-BC and/or HVR3-HC seguence depicted in Figure 18 (SEQ ID NO: 221-223).
In one embodiment, the variable domain comprises FRI-HC, FR2-HC, FR3-HC and/or FR4-HC sequence depicted
in Figure 18 (SEQ ID NO: 217-220). In one embodiment, the antibody comprises CHL and/or Fe sequence
depicted m Figure 18 (SEQ ID NO: 224 and/or 225). In one embodiment, an anibody of the invention comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence (Figure 18, SEQ
ID NO: 221-223), and the FR1-HC, FR2-HC. FR3-HC and/or FR4-HC sequence (Figure 18, SEQ ID NOQ: 217-220).
In one embodiment, an antibody of the invention comprises a heavy chain variable domain comprising the HVR{-
HC. HVR2-HC and/or HVR3-HC sequence (Figure 18, SEQ D NO: 221-223), and the CHI and/or Fc sequence
depicted in Figire 18 (SEQ ID NO: 224 and/or 2253} In one embodiment, an antibody of the invemion comprises a
heavy chain variable domain comprising the HVRI-HC, HVR2-HC andior H\’lﬁ—HC sequence (Figure 18, SEQ
ID NQ:; 221-223), and the FR1-HC, FR2-HC. FR3-HC and/or FR4-HC sequence (Figure 18. SEQ ID NO: 217-220),
and the CH1 and/or Fe (Figure 18, SEQ ID NQO: 224 and/or 225).

{0323} 1in one aspect, the mvention provides an antibody comprising a light chain variable domain
comprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depicted in Figure 18 (SEQ ID NQO: 213-215). In
one embodiment, the variable domain comprises FRI-LC, FR2-LC, FR3-LC and/or FR4-LC sequence depicted in
Figure 18 (SEQ ID NO: 209-212). In one embodiment. the antibody comprises CL1 sequence depicted in Figure 18
(SEQ ID NO: 216). In one embodiment, the antibody of the invention comprises a light chain variable domain
compnsing the HVRI-LC, HVR2-LC andior HVR3-LC sequence (SEQ ID NO: 213-215). and the FR1-LC, FR2-
LC, FR3-LC and/or FR4-LC sequence (SEQ ID NO: 209-212) depieted in Figure 18. In one embodiment, an
antibody of the invention comprises a light chain variable domain comprising the HVRI-LC, HVR2-LC and/or
HVR3-LC sequence (SEQ ID NQ: 213-215), and the CLI sequence (SEQ ID NO: 216) depicted in Figure 18. In
one embodiment, an antibody of the invention comprises a light chain variable domain comprising the HVRI-LC,
HVR2-LC andior HVR3-LC sequence (SEQ ID NQ: 213-215), and the FRI1-LC, FR2-LC, FR3-LC and/or FR4-LC
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(SEQ 1D NQ: 209-212} sequence depicted in Figure 18, and the CL1 sequence depicted in Figure 18 (SEQ ID NO:
216}

[0326] Inone aspect, the antibodies of the imvention include cysieine engineered antibodies where one or
more amino acids of a parent antibody are replaced with a free cysteine amyne acid as disclosed in
WO2006/034488; US 20074092940 (herein incorporated by reference i fis entivety). Any form of anti-CD79%
antibody may be so engineered, .e. mutated. For example, a parent Fab amibody fragment may be engineered to
form a cysweine engineered Fab, referred to berein as “ThioFab.” Similarly, & parent monoclonal antibody may be
engineered 1o form a “ThioMab.” Tt should be noted that a single site mutation vields a single engineered cysieine
residue in & ThioFab, while a single sitc mutation vields two engineered cysteine residues in a ThioMab, due to the
dimeric nature of the IgG antihody. The cysicine engincered anti-CD79 antibodies of the invention include
monoclonal antbodies. humanized or chimeric monocional antibodies, and antigen-binding Fragments of amibodies,
fusion polypeptides and analogs that preferentially bind cell-associated CD79b polypeptides. A cysieine engineered
antibody may aliernatively comprise an aniibody comprising a cysieine at a posiltion disclosed herein in the
antibody or Fab. resuliing from the sequence design and/or selection-of the antibody, withowt necessarily aliering a
parent amtibody, such as by phage display sntibody design and selection or through de nove design of light chain
and/or heavy chain framework sequences and constamt regions. A cysleine engineered antibody comprises one or
more free cysteine amino acids having a thiol reactivity value in the ranges 0 0.6 10 1,0; 0.7 10 1.0 0r 0.8 10 1.0. A
free cysieine amino acid is a cysieine residne which has been engineered into the parent antibody and is not part of a
disulfide bridge. Cysteine engineered antibodies are useful {or attachment of eytoloxic and/or imaging compounds
at the sile of the engineered cysteine through. for example, a maleimide or haloaceryl. The nucleophilic reactiviry
of the thiol functionality of a Cys residue to a maleimide group is about 1000 times higher compared 10 any other
amino acid functonality in a protein, such as amino group of lysine residues or the N-terminal amino group. Thiol
specific functionality in iodoacety! and maleimide reagents may react with amine groups, but higher pH (>9.0) and
longer reaction times are required (Garman, 1997, Non-Radioactive Labelling: A Pracucal Approach, Academic

Press, London).

[0327] Inan aspect, a cysieine engineered anti-CD79b antibody of the invention comprises an engineered
cysteine at any one of the following positions, where the position 18 numbered according to Kabat et al. in the light
chain {see Kabat et al (1991} Sequences of Proteins of Immunological Interest, Sth Ed. Public Health Service,
National Instinutes of Health, Bethesda, MD) and according 10 EU numbering in the heavy chain (including the Fc
region) (sec Kabat et al. (1991), supra} , wherein the light chain constant region depicted by underlining in Figure
24A, 234, 26A, 27A, 28, 48A and 49A begins al position 109 (Kabat numbering) and the heavy chain constant
region depicted by underiing in Figures 24B., 25B, 26B, 178, 28B., 48B and 498 begins at posidon 118 (EU
numbering). The position may also be referred 10 by its posiuon in sequential numbering of the amino acids of the
full length light chain or heavy chain shown in Figures 24-28, 48 and 49. According 10 one embodiment of the
invention, an ant-CD79b amibody comprises an engineered cysieine at LC-V205C (Kabat number: Val 203;
sequential number 209 in Figure 27A and 49A engineered 1o be Cys at that position). The engineered cysteine in

the light chain is shown in bold. double underlined text in Figure 27A and 49A. According 1o one embodiment, an
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anti-CD79b antibody comprises an engineered cysteine at HC-A118C (EU number: Al 118; Kabat number ]14;
sequemial number 118 1n Figure 24B, 23B. 26B, 28B or 48B engineered 10 be Cys at that position). The engineered
cysteine in the heavy chain is shown in bold, doubie underlined text in Figure 24B. 25B, 26B, 28B or 48B
According 1o one embodiment, an anuy-CD79b antibody comprises an engineered cysteine at F¢-5400C (EU
number: Ser 400; Kaba number 396 sequential number 400 in Figure 24B, 258, 268, 288 or 48B ¢ngineered w be
Cys at that position). In other embodiments. The engineered cysteine of the heavy chain (including the Fe region) is
at any one of the following positions (according 1o Kabat numbering with EU numbering in parenthesis): 5. 23, 84,
112, 114 (118 EU numbering), 116 (120 EU numbering), 278 (282 EU numbering), 371 (375 EU numbering} or
396 {400 EU numbering). Thus, changes 1o the amino acid at these positions for & parent humanized anti-CD79%
antibody of the invention are: V5C, AZ3C, AR4C, S112C, A114C (A118C EU Numbering), T116C (T120C EU
numbering), V278C (V282C EU pumbering), S371C (S375C FU numbering) or $396C (S400C EU numbering).
Thus, changes in the amino acid at these positions {or a parent chimeric anti~CD79b antibody of the invention are:
Q5C, K23C, 584C, S112C, A114C (AT18C EU Numbering), T116C (T120C EU numbering), V278C (V282C EU
numbering), S371C (S373C EU numbering} or S396C (S400C EU numbering}. Thus, changes in the amino acid at
these positions for a parent anti-cynoCD79b amtibody of the invention are: Q5C, T23C, S84C, S112C, A114C
{A118C EU Numbering), T116C (T120C EU numbenng), V278C (V282C EU numbering), S371C (8375C EU
numbering) or S396C (S400C EU numbering). In other embodiments, the engineered cysteine of the light chain is
at any one of the following positions (according to Kabat numbering): 15, 110, 114, 121, 127, 168, 205. Thus,
changes in the amino acid al these posiions for a parent humanized anti-CD79b antibody of the invention are:
VI3C, V110C, S114C, S121C, S127C, S168C, or V205C. Thus, changes in the amino acid at these pesitions for a
parent chimeric ani-CID79b antibody of the mvention are; L15C, VII0C, S114C, S121C, S127C, S168C, or
V205C. Thus. changes in the amino acid at these positions for a parem anti-cynoCD79h amibody of the invention
are: L15C, V110C. §114C, S121C. 8127C, S168C. or V205C,

[0328] In ome aspect, the invention inchudes a cysteine engineered antd-CD79b antibody comprises one or
more free cysleine amino acids wherein the cysteine engineered anti-CD79b amtibody binds 1o & CD79b
polypeptide and is prepared by a process compnsing replacing one or more amino acid residues of a parent anti-

CD79b antibody by cysieine wherein the parent antibody comprises al least one HVR sequence selecied from:

(a} HVR-L1 compnsing sequence Al-AlS, wherein Al-Al5 is KASQSVDYDGDSFLN (SEQ ID
NO: 131y or KASQSVDYEGDSFLN (SEQ 1D NO: 137y

(b) HVR-L2 comprising sequence B1-B7. wherein B1-B7 is AASNLES (SEQ ID NO: 132

(¢} HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQSNEDPLT (SEQ ID NO: 133

{d} HVR-H1 comprising seguence D1-1210, wherein D1-D10 s GYTFSSYWIE (SEQ ID NO: 134)

(e) HVR-H2 comprising sequence E1-E18. wherein F1-E18 is GEILPGGGDTNYNEIFKG (SEQ ID
NQO: 135) and

) HVR-H3 comprising sequence Fi-F10, wherein FI-F10 is TRRVPVYFDY (SEQ ID NQO; 136} or
TRRVPIRLDY {SEQ ID NO: 138).
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[0329] In a cenain aspect, the invention concerns a cysleine engineered anti-CD79b antibody.
comprising an aming acid sequence having at least about 80% amino acid sequence identity, aliernatively at least
about 81%, §2%, §3%, 8§4%, 85%, 86%, 8§7%, 88%. 89%. 90%. 91%, 92%, 93%. 94%, 93%, 96%, 97%. 98%, 99%
or 100% amino acid scquence identity, 10 a cysteine engineered antibody having a full-length amino acid sequence
as disclosed berein. or a cysieine engineered antibody amine acid sequence lacking the signal peptide as disclosed

herein,

f0330] In a yer further aspect, the mvenlion concerns an isolated cysieine engineered ami-CD79b
antibody comprising an amino acid sequence thet is encoded by 2 nuclectide sequence that hybridizes 1o the
complememt of 3 DNA molecule encoding (a) a cysteine cugincered antibody having a full-length amine acid
sequence as disclosed herein, (b) a cysieine enginecred antibody amino acid scquence lacking the signal peptide as
disclosed herein, (¢} an extracellular domain of a transmembrane cysieine engineered antibody protein, with or
without the signal peptide, as disclosed berem, (d) an amino acid sequence encoded by any of the nucleic acid
sequences disclosed herein or (¢) any other specifically defined fragment of a full-length cysteine engineered

antibody amino acid sequence as disclosed herein.

{0331} Ib a specific aspect, the invention provides an isolated cysicine engineered anti-CD79b anibody
without the N-lerminal signal sequence and/or without the initiaing methionine and is encoded by a nucleotide
sequence that encodes such an amino acid sequence as described in.  Processes for producing the same are also
herein described, wherein those processes comprise culturing a host cell comprising 2 vector whick comprises the
appropriate encoding nucleic acid molecule under conditions suitable for expression of the cysieine engineered

antibody and recovering the cysteine engineered antibody from the cell culture,

[0332] Another aspect of the invention provides an isolated cysteine engineered anti-CD7%b antibody
which 15 eather wansmembrane domain-deleted or wansmembrane domain-inacuvated. Processes for producing the
same are also herein described, wherein those processes comprise culturing 2 host cell comprising 2 vector which
comprises the appropriate encoding nucleic acid molecule under conditions suitable for expression of the cysteing

engineered amibody and recovering the cysieine engineered antibody from the celf culre.

[0333] In other aspects, the invemtion provides isolated anti-CD79b chimeric cysteine engineered
antibodics comprising any of the hercin described cysteine enginecred antibody fused to a hetcrologous (non-
CD79b) polypeptide. Examples of such chimeric molecules comprise any of the herein described cysteine
engineered antibodies fused 1o a heterglogous polypeptide such as, for example, an epitope tag sequence or a Fe

region of an immunoglobulin.

[0334] The cysteine engineered anti-CD7% antibody may be 2 monoclonal antibody, antihody fragment,
chimeric antibody, humanized antibody, single-chain antibody or antibody that competitively inhibits the binding of
an anti-CD79b polypeptide antibody to its respective antigenic epitope. Antibodies of the present invention may
optionally be conjugated 10 a growth inhibitory agent or cytotoxic agent such as a toxin. including. for example. an
auristatin, & maytansinoid, a dolostatin derivative or a calicheamicin, an antibiotic, a radicactive isotope, a

nucleolytic enzyme. or the like. The antibodies of the present invention may optionally be produced in CHO cells
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or bacterial cells and preferably inhibit the growth or proliferation of or induce the death of a cell 1o which they bind.
For diagnostic purposes, the amtibodies of the present mvention may be delectably labeled, atiached 10 a solid

support. or the like.

[0335] 1in other aspects of the present invention, the nvention provides vectors comprising DNA
encoding any of the herein described anti~-CD79b antibodies and anti-CD79b cysteine engineered aniibodies. Host
cells comprising any such vecior are also provided. By way of example, the host cells may be CHO celis, E. coli
cells, or veast cells. A process for producing z2ny of the herein described polypeptides i fusther provided and
comprises culturing host cells under conditions suitable for expression of the desired polypeptide and recovering the

desired polypeptide from the cell culnue.

[0336] Cysteine engineered antibodies may be useful in the wreatment of cancer and include amibodies
specific for cell surface and transmembrane receptors, and tumor-associaled aniigens (TAA). Such amibodies may
be used as naked antibodies (unconjugated to a drug or label moiety) or as amibody-drug conjugates (ADC).
Cysteine engineered antibodies of the invention may be site-specifically and efficiently coupled with a thiol-
reactive reagent. The thiol-teactive reagenmt may be s multifunciional linker reagent, a capture label reagent, a
fluorophore reagent, or a drug-hinker imtcrmediate. The cysteine engineered amibody may be labeled with a
detectable label, immobilized on a solid phase support and/or conjugated with a drug moiety. Thiol reactivity may
be generalized 10 sny antibody where substitution of amino acids with reactive cysteine amino acids may be made
within the Tanges in the light chain s¢lected from amino acid ranges: L10-1.20, L105-1.115, L109-1.119, L116-L126,
L122-1.132, L163-L173, L200-L210; and within the ranges in the heavy chain selected from amtno acid ranges:
H1-H10, H18-H28, H79-HRY9, H107-HI117, HI109-H119, HI111-H121, and in the Fc region within the ranges
selected fom H270-H280, H366-H376, H391-401, where the numbering of amino acid positions begins at position
1 of the Kabat numbering svstem {Rabat et al. {1991) Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Instines of Health, Bethesda, MD) and continues sequentially thereafier as
disclosed in W02006034488; US 2007/0092940. Thiol reactivity may also be generalized 10 certain domains of an
antibody, such as the light chain constant domain (CL) and beavy chain constant domains, CHI, CH2 and CH3.
Cysteine replacements resulting in thiol reactivity values of 0.6 and higher may be made in the heavy chain constant
domains ¢, 8, ¢ v, and p of intact antibodies: IgA, gD, IgE, 1gG, and IgM, respeciively, including the 1gG
subclasses: 1gG1l, IgG2, IeG3, eG4, JgA, and IgA2.  Such antibodies and their uses are disclosed in
WO2006/034488; US 2007/0092940.

[0337] Cysteine engineered antibodies of the invention preferably retain the antigen binding capability of
their wild type, parcat antibody counterparts.  Thus, cysteine cngineercd antibodics are capable of binding,
preferably specifically, to antigens. Such antigens include, for example, tumor-associated antigens (TAA), cell
surface receplor proteins and other cell surface molecules, ransmembrane proteins, signalling proteins, cell survival
regulatory factors, cell protiferation regulatory factars, molecules associated with (for e.g., known or suspecied 10
contribute functionally 10) tissue development or differentiation, lymphokines, cytokines, molecules involved in cell
cycle regulation. molecules involved in vasculogenesis and molecules associated with (for e.g., known or suspected
10 conuribute functionally w) angiogenesis. The wmor-associated antigen may be a cluster differentiation factor
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{ie., a CD protein. including bwt not limited w CD7%). Cysteine engineered anti-CD79b amiibodies of the
invention retain the antigen binding ability of their parent anti-CD79b amibody counterparts. Thus, cysteine
engineered anu-CD7% antibodies of the invenion are capable of binding, preferably specifically, 10 CD7%
antigens including human anti-CD79b isoforms bete and/or alpha, inciuding when such antigens are expressed on

the surface of cells, inciuding, without limitation, B cells.

[0338] In one aspect, antibodies of the invention may be conjugated with any label moiety which can be
covalently attached to the antibody through a reactive moiety, an activated moiety. or a reaciive cysteine thiol group
(Singh et al (2002) Anal. Biochem. 304:147-15; Harlow E. and Lane, D. (1999} Using Antibodies: A Laboratory
Manual, Cold Springs Harbor Laboratory Press, Coid Spring Harbor, NY: Lundblad R.L. (1991) Chemical
Reagents for Protein Modification, 2nd ed. CRC Press. Boca Raton, FL). The attached label may function w: ()
provide a detectable signal; (31) interact with a second label {o modify the deteciable signal provided by the fiyst o1
second label, e.g 10 give FRET (fluorescence resonance energy transfery: (iil) stabilize interactions or increase
affinity of binding, with antigen or ligand; (iv} affect mobility, e.g. electropboretic mobility or celi-permeability, by
charge, hvdrophobicity, shape, or other physical parameters, or (v) provide a capture moiety, fo modulate ligand

affinity, antibody/antigen binding, or ionic complexation.

{0339} Labelled cysieine engineered amibodies may be nseful in diagnostic assavs, e.g., {07 deeclng
expression of an antigen of interest 1n specific cells, tissues, or serum. For diagnostic applications, the antibody will
typically be labeled with a deteciable moiery. Numerous labels are available which can be generally grouped into

the following calegories:

[0340] Radioisolopes (radionuclides), such as *H, "'C, **C, 'F, #p, ¥*s, “Cu, ®Ga. ¥Y, #Tc, W, 1,
2y By Bl 1Bxe T, 2MAr or PUBiL Radioisotope labelled antibodies are useful in receptor targeted imaging
experiments. The antibody can be labeled with ligand reagents that bind, chelale or otherwise complex a
radioisotope metal where the reagent is reactive with the engineered cysteine thiol of the antibody, using the
techniques described in Current Protocols i Immunelogy, Velumes 1 and 2, Coligen et al, Ed. Wiley-Interscience,
New York, NY. Pubs. (1991). Chelating ligands which may complex a metal ion include DOTA, DOTP, DOTMA,
DTPA and TETA (Macrocyclics, Dallas, TX). Radionuclides can be targeted via complexation with the antibody-
drug conjugates of the invention {Wu et al (2003) Nature Biotechnology 23(9):1137-1146).

[0341] Linker reagemts such as DOTA-maleimide (4-maleimidobutvramidobenzyl-DOTA) can be
prepared by the reaction of aminobenzyl-DOTA with 4-maleimidobutyric acid (Fluka) activated with
isopropylchloroformate (Aldrich), following the procedure of Axworthy et al (2000} Proc. Natl, Acad. Sci. USA
97(4%.1802-1807). DOTA-maleimide reagents react with the free cysteine amino acids of the cysteine engineered
antibodies and provide a metal complexing ligand on the antibody (Lewis et al (1998) Biocony. Chem. 9:72-86).
Chelating linker iabelling reagents such as DOTA-NHS (1.4,7.10-ewaazacyclododecanc-1,4,7, 10+tetraacetic acid
mono (N-hydroxysuccinimide ester) are commercially available (Macrocyelics, Dallas, TX). Receptor target
imaging with radionuclide labelled antibodies can provide a marker of pathway activation by detection and
quamiiation of progressive accumulation of amibodies in tumor ussue (Albert et al (1998) Biovorg. Mcd. Chem. Lett.

8:1207-1210), The conjugaled radio-metals may remain intracellular following lysosomal degradation.
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{0342} Metal-chelaie complexes suitable as amibody labels for imaging experiments are disclosed: US
$342606; US 5428155, US 5316757, US 5480990, US 5462725, US 5428139; US 5385893; US 5739294; US
5750660, US 5834456; Hnatowich et al (1983) I, Immunol. Methods 65:147-157; Meares et al (1984) Anal.
Bicchem. 142:68-78; Mirzadeh ¢t al (1990) Bioconmugate Chem. 1:59-65; Meares ¢t al {1990) J. Cancer 1990, Suppt.
10:21-26: Izard et al (1992) Biocompugate Chem. 3:346-350; Nikule et al (1995) Nucl. Med. Biol. 22:387-99;
Camera ef al {1993) Nucl. Med. Biol. 20:935-62; Kukis et al (1998) J. Nucl. Med. 39:21035-2110; Verel et al (2003}
J. Nucl. Med. 44:1663-1670; Camera el al (1994) J. Nucl, Med. 21:640-646; Ruege et al (1990 Cancer Res.
50:4221-4226; Verel et al (2003) 1. Nucl Med. 44:1663-1670; Lee et al (2001) Cancer Res. 61:4474-44872; Mitchell,
et al (2003) J. Nucl. Med. 44:1105-1112; Kobavashi et al {1999) Bioconjugate Chem. 10;103-111; Miederer ¢t al
(20043 §. Nucl. Med. 45:129-137; DeNardo et al (1998 Climical Cancer Research 4:2483.90; Blend et a} (2003}
Cancer Biotherapy & Radiopharmacewticals 18:355-363; Nikula et al (1999) 1. Nucl. Med. 40:166-76; Kobayashi et
al (1998} J. Nucl. Med. 39:829-36; Mardirossian et al (1993) Nuci. Med. Biol. 20:63-74; Roselli et al {1999) Cancer
Biotherapy & Radiopharmaceuticals, 14:209-20.

[(343] Fluorescent labels such as rare earth chelates (europium chelates), fluorescein types including
FITC, S-carboxyfluorescein, 6-carboxy fluotescein; rhodamine types including TAMRA, damsyl; Lissamine;
cyanines; phycoerythrins; Texas Red; and analogs thereof. The fluorescent labels can be conjugated 1o antibodies
using the techmiques disclosed in Current Protocols in Immunology, supra, for example. Fluorescent dyes and
fluorescent label reagenis inctude those which are commercially available from Invirogen/Molecular Probes

{Eugene, OR) and Pierce Biotechnology. Inc. (Rockford, 1L,

[0344] Various enzyme-substrate labels are available or disclosed (US 4275149). The enzyme generally
catalyzes a chemical alteration of a chromogenic subsirate that can be measured using various techmques. For
example, the enzyme may catalyze a color change in @ substrate, which can be measured spectrophotometrically.
Alernatively, the enzyme may alter the fluorescence or chemiluminescence of the substrate. Techmiques for
quantifying & change in fluorescence are described above. The chemiluminescent substrate becomes electronically
excited by a chemical reaction and may then emit light which can be measured (using 2 chemifuminometer. f{or
example) or donates energy 1 a fluorescem acceptor. Examples of enzymatic labels include luciferases (e.g.,
firefly luciferase and bacierial luciferase; US 4737456), luciferin, 2,3-dihydrophthalazinediones, malate
dehydrogenase, urease, peroxidase such as herseradish peroxidase (HRP), alkaline phosphaiase (AP), B-
galactosidase, glucoamylase, lysozyme. saccharide oxidases (e.g.. glucose oxidase, galaciose oxidase. and glucose-
6-phosphate dehydrogenase), heterocyclic oxidases (such as uricase and xanthine oxidase), lactoperoxidase,
microperoxidase, and the like. Technigues for conjugating enzymes to antibodies are described in (Y'Sullivan et al
(1981) “Methods for the Preparation of Enzyme-Antibody Conjugates for use in Enzyme Immunoassay”, in

Methods in Enzym. {ed J. Langone & H. Van Vunalkis), Academic Press, New York, 73:147-166.

[0343] Examples of enzyme-subsirate combinations include. for example:
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{1} Horseradish peroxidase (HRP) with hydrogen peroridase as & substrate, wherein the hydrogen
neroxidase oxidizes a dye precursor (e.g.. orthophenylene diamine (OPD) ar 3.3".5.5-wetramethylbenzidine

bydrochloride (TMB));
{11) atkaline phosphatase (AP) with para-mitrophenyl phosphate as chromogenic substrate; and

(iii) B-D-galactosidase  (B-D-Galy with a chromogenic substrate (e.g., p-nitropbenyl-p-D-

galactosidase) or fluorogenic substrate 4-methylumbelliferyl-f-D-galactosidase.

[0346] Numerous other enzyme-substrate combinations are available o those skilled in the art. Fora

general review, see US 427514G and US 4318984,

[0347] A label may be indirectly conjugaied with an amino acid side chain. an activated amino acid side
chain, a cysteine engineered antibody, and the like. For example, the antibody can be conjugated with biotin and
any of the three broad categories of labels mentioned above can be conjugated with avidin or strepravidin, or vice
versa. Biotin binds selectively to strepravidin and thus, the label can be conjugated with the amibody in this indirect
manner. Alternatively, 1o achieve indirect conjugation of the label with the polypepude variant, the polypeptide
variant is conjugated with a small haplen (e.g.. digoxin) and one of the different types of lahels mentioned above is
conjugated with an anti-hapten polypeptide vanant {¢.g., anti-digoxin antibody). Thus, indirect conjugation of the
label with the polypeptide variant can be achieved (Hermanson, G. (1996) in Bioconjugate Techmgues Academic

Press, San Diego).

[0348] The antibody of the present invention may be emploved in any known assay method, such as
ELISA. competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays (Zola,

{1987) Monoclonal Antibodies: A Manua! of Technigues, pp.147-158. CRC Press. Inc.).

[0349] A detection label may be useful for localizing, visualizing, and quantitating a binding or
recognition evenl. The labelled antibodies of the mvention can detect cell-surface recepiors. Another use for
detectably labelled anibodies is a method of bead-based immunocapture comprising conjugating a bead with a
fluoresceni labelled antibody and deteciing a fluorescence signal upon binding of a ligand. Similar binding
detection methodoiogies utilize the surface plasmon resonance (SPR) effect 10 measure and detect antibody-antigen

nleractions,

{0350] Detection labels such as fluorescent dyes and chemiluminescent dyes (Briges et al (1997)
"Synthesis of Functionalised Fluorescent Dyes and Their Coupling fo Amines and Amino Acids," J. Chem. Soc..
Perkin-Trans. 1:1051-1038) provide a detecuble signal and are gencrally applicable for labelling antibodies,
preferably with the following praperties: (i) the labelled antibody should produce & very high signal with low
background so that small quantities of antibodies can be sensiively delected in both cell-free and cell-based assays;
and {i1) the labelled antibody should be photostable so that the fluorescent signal may be observed, monitored and
recorded without significant photo bicaching. For applications involving cell surface binding of labelled antibody 10

membranes or cell surfaces, especially live cells, the labels preferably (iii) have good water-solubility to achieve
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effective conjugate concentration and detection sensitivity and (iv) are non-toxic to living cells so as not to disrupt

the normal mewbolic processes of the cells or cause premature cell death,

[0351] Direct quantification of cellular fluorescence intensity and enumeration of fluorescently labelled
events, e.g. cell surface binding of pepuide-dve conjugates may be conducled on an system (FMAT®: 8100 HTS
System, Applied Biosystems, Foster City. Calill) that automates mix-and-read, non-radioactive assays with live
cells or beads (Miraglia, "Homogeneous cell- and bead-based assays for high throughput screenming using
{luorometic microvolume assay technology”, (1999 1. of Biomolecular Screening 4:193-204). Uses of labelied
antibodies also include cell surface receptor binding assays, Inmmunocapture assays, {luorescence linked
immunosorbent assays {FLISA), caspase-cleavage (Zheng, "Caspase-3 comirols both cyvioplasmic and nuclear
events associawed with Fas-mediated apoptosis in vive”. (1998) Proc. Nati. Acad. Sci. USA 93:618-23; US
6372907}, apoptosis (Vermes, "A novel assay for apopiosis. Flow cytometric detection of phosphatidylserine
expression ob early apopiotic cells using fluorescein labelled Annexin V" (19953 1. Immunol. Methods 184:39-51)
and cylotoxicity assays. Fluoromewic microvolume assay iechnology can be used to identify the up or down
regulation by a molecule that is targeted to the cell surface (Swartzman, "A homogeneous and multiplexed
immunoassay for high-throughput screening using fluorometric microvolume assay technology™, (1999) Anal.

Biochem. 271:143-51).

[0352] Labelled amibodies of the invention are uscful as imaging biomarkers and probes by the various
methods and techniques of biomedical and molecular imaging such as: (i) MRI (magnetic resonance imaging); (31}
MicroCT (computerized 1omography); (i1} SPECT (single photon emission computed tomography): (iv) PET
(positron emission tomography) Chen et al (2004) Bioconjugate Chem. 15:41-49; (v} bioluminescence; (vi)
{luorescence, and (vil) ultrasound. Immunoscimigraphy is an imaging procedure in which amtibodies labeled with
radioaciive substances are adminisiered 10 an animal or human paiient and a picture is taken of sites in the body
where the antibody localizes (US 6528624). Imaging biomarkers may be objectively measured and evaluated as an
indicator of pormal biological processes, pathogenic processes, or pharmacological responses 10 a therapeutic
imtervention. Biomarkers may be of several types: Type O are natural history markers of a disease and correlate
longitudinally with known clinical indices. e.g. MRI assessment of synovial inflammation in rheumatoid arthritis;
Type 1 markers capture the effect of an intervention in sccordance with 2 mechanism-of-action, even though the
mechanism may not be associated with climceal outcome: Type I markers function as swrogate endpoints where the
change in, or signal from, the biomarker predicts a clinical benefit to “validate” the targeted respomnse, such as
measured bone erosion in rheumatoid arthritis by CT. Imaging biomarkers thus can provide pharmacodynamic
(PD) therapeutic information about: (i) expression of a target protein, (ii) binding of a therapeutic 1o the target
protein. ie. selectvity. and (iii) clearance and half-life pharmacokinetic data. Advantages of in vivo imaging
biomarkers relative 1o lab-based biomarkers include: non-invasive treatment, guantifiable, whole body assessment,
repetitive dosing and assessment, ie. muhiple time poimts, and potentially transferable effects from preclinical
(small animal} 10 clinical (human) results. For some applications, bioimaging supplents or minimizes the number of

animal experiments in preclinical studies,
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[0353] Peptide labelimg metbods are well known. See Haugland, 2003, Molecular Probes Handbook of
Fluorescemt Probes and Research Chemicals, Molecular Probes, Inc.; Brinkiey, 1992, Bioconjugate Chem. 3:2;
Garman, (1997) Non-Radioactive Labelling: A Pracucal Approach, Academic Press, London; Means (1990)
Bioconjugate Chem. 1:2; Glazer et al (1975) Chemical Modification of Prowins. Laboratory Techniques in
Biochemistry and Molecular Biology (T. S. Work and E. Work, Eds.} American Elsevier Publishing Co., New
York; Lundblad, R. L. and Noyes, C. M. (1984} Chemical Reagents for Protein Modification, Vols. I and II, CRC
Press, New York: Plieiderer. G. (1985) “Chemical Modification of Proteins”, Modern Methods in Protein
Chemistry, H. Tschesche, Ed., Walter DeGryter, Berlin and New York, and Wong {1991) Chemistry of Protein
Conjugation and Cross-linking, CRC Press. Boca Raton, Fla), De Leon-Rodriguez ef al (2004) Chem Eur. J.
10:1149-1155; Lewis et ai (2001} Bioconjugate Chem. 12:320-324; Li et al (2002) Bioconjugate Chem. 13:110-
113; Mier et al (2005) Bioconjugaie Chem. 16:240-237,

{0354] Peptides and proteins labelled with two moieties. a fluorescent reporter and quencher in sufficient
proximity undergo fluorescence resonance energy transfer (FRET). Reporter groups are typically fluorescent dyes
that are excited by light at a certain wavelength and transfer energy to an acceptor, or quencher, group, with the
appropriate Stokes shift for emission at maximal brighiness. Fluorescent dyes inciude molecules with extended
aromaticity, such as fluorescein and rhodamine, and their derivatives. The fluorescent reporier may be partially or
significantly quenched by the quencher moiety in an intact peptide. Upon cleavage of the peptide by a peptidase or
protease, a delectable increase in fluorescence may be measured (Kmight, C. (19935) “Fluorimetric Assays of

Proteolvtic Enzymes”. Methods in Enzymology, Academic Press, 248:18-34).

[0355] The labelled antibodies of the invention may also be used as an affinity purification agent. In this
process, the labelled antibody is immobilized on a solid phase such a Sephadex resin or filter paper, using methods
well known in the art. The immobilized antibody is comacted with 2 sample containing the antigen 10 be purified,
and thereafier the support is washed with a suitable solvent that will remove substantially all the material i the
sampie except the antigen to be purified, which is bound to the immobilized polypeptide variant. Finally, the
support is washed with another suitable solvent, such as glycine buffer, pH 5.0, that will release 1he anmigen from

the polypeptide variant.

[0356] Labelling reagents typically bear reactive fumctionality which may react (i) directly with a
cysteine thiol of a cysieine engineered antibody 1o form the labelled antibody. (ii) with a linker reagent 1w form a
Linker-label imtermediate, or (i) with a linker antibody to form the labelled antibody. Reactive functionabity of
labelling reagents include: maleimide, haloaceryl, iodoacetamide succimimidy! ester (e.g. NHS, N-
hydroxysuceinimide), isothiocyanate, sulfonyl chloride, 2.6-dichlorotriazinyl, pcntafinorophenyl ester. and

phosphoramidiie, although other functional groups can also be used.

[0357] An exemplary }eaclive functional group is N-hydroxysuccinimidyl ester (NHSY of a carboxyl
group substituent of a detectable label, e.g biolin or 2 fluorescent dve. The NHS ester of the label may be
preformed, isolated, purified, and/or characterized, or it may be formed in situ and reacted with a nucleophilic group
of an antibody. Typically, the carboxyl form of the label is activaicd by reacting with some combination of a

carbodiimide reagent, e.g. dicyclohexylcarbodiimide, diisopropylcarbodiimide, or a wronium reagent, e.g. TSTU
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(O~(N-Succimmidyl}-N.N,N".N’tetramethyluronium tetrafluoroborate, HBTU (O-benzotriazol-1-y1)-N,N,N" N~
etramethyluronium hexafluorophosphate), or HATU (O-(7-azabenzotriazol-1-vI}-N.N.N"N -etramethyluronium
bexafluorophosphate), an activator, such as I-hydroxybenzotriazele (HOBU, and N-bydroxysuccinimide 10 give the
NHS ester of the label. In some cases, the tabel and the amibody may be coupled by in site activation of the label
and reaction with the anubody 10 form the label-antibody conjugate in one step. Other activating and coupling
reagents include TBTU (2-(1H-benzotriazo-1-yl}~1-1.3 3-tetramethyluronium  hexafluorophosphate), TFFH
(N.N' N"N""-tetramethyhwronium 2-fluore-hexaflnorophosphate), PyBOP (benzotriazole- ] -yl-oxy-tris-pyrrolidino-
phosphomium  hexafluorophosphate,  EEDQ 2-gthoxy-1-ethoxycarbonyl-1.2-dibydro-quinoline),  DCC
{dicyciochexylearbodiimides; DIPCDI {dusopropylearbodiimide), MSNT (I -(mesitviene-2-sutfonyl)-3-nitro-1H-

1.2,4-triazole. and aryl sulfopy! halides, e.g. trizsopropylbenzenesulfony! chloride.

Albumin binding peptide-Fab compounds of the invention:

{0358] In one aspect, the antibody of the invention is fused 0 an albumin binding protein. Plasme-
protein binding can be an effective means of improving the pharmacokinetic properties of short Hved molecules.
Albumin is the most abundant protem in plasma. Serum albumin binding peptides (ABP) can alter the
pharmacodynamics of fused active domain proteins, including alteration of tissue uptake, penetration, and diffusion,
These pharmacodynamic paramelers can be modulaied by specific selection of the appropriate serum alburnin
binding peptide sequence (US 20040001827). A series of albumin binding peplides were identified by phage
display screeming (Dennis et al. (2002) “Albumin Binding As A General Swategy For Improving The
Pharmacokinetics Of Proteins™ J Biol Chem. 277:35035-35043; WO 01/45746). Compounds of the mvention
inciude ABP sequences taught by: (1) Dennis et al (2002) J Biol Chem. 277:35035-35043 at Tables 11l and IV, page
35038; {11) US 20040001827 at {0076] SEQ ID NOS: 9-22; and (i11) WO 01/45746 at pages 12-13, all of which are
incorporated berein by reference.  Albumin Binding (ABP)-Fabs are engineered by fusing an albumin binding
peptide 10 the C-terminus of Fab heavy chain in 1:1 stoichiomerric ratio (1 ABP / 1 Fab). It was shown that
association of these ABP-Fabs with albumin increased antibody half life by more than 25 fold in rabbits and mice.
The above described reactive Cys residues can therefore be introduced in these ABP-Fabs and used for site-specific

conjugation with cytotoxic drugs followed by in vive animal siudies.

0359] Exemplary slbumin binding pepuide sequences include, but arc pot limited to the amino acid
plary g Pep g

sequences listed in SEQ ID NOS: 246-250:

CDKTHTGGGSQRLMEDICLPRWGCLWEDDF SEQ ID NO: 246
QRLMEDICLPRWGCLWEDDF SEQ ID NO: 247
QRLIEDICLPRWGCLWEDDF SEQ ID NO: 248
RLIEDICLPRWGCLWEDD SEQ ID NO: 249
DICLPRWGCLW SEQ ID NO: 250
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Antibodv-Drug Conjugates

[0360} In another aspect, the invention provides immunoconjugales. or antibody-drug conjugates (ADC),
comprising an antibody comjugated 10 a cyiotoxic agem such as a chemotherapeutic agent, & drug, 2 growth
inhibitory agent, a toxin {e.g., an enzymalcally active toxin of bacterial, fungal, plant, or animal origin, or
fragmems thereof). or a radioactive isolope {i.e., 4 radicconjugate). In another aspect, the invention further provides
methods of using the immunoconjugaies. In one aspect, an mmunoconjugate comprises any of the above anti-

CD79b antibodies covalently attached 0 a cyiotoxic agent or a detectable agent.

{03611 In ooe aspect, & CD79% antbody of the invention binds 1 the same epitope on CD79b bound by
another CD79b antibody. In another embodiment. a CD79b amiibody of the invention binds to the same cpitope on
CD7%b bound by the Fab fragment of, a monoclonal amibody generated from hybridemas deposited with the ATCC
as HB11413 on July 20, 1993, 2 monoclonal antibody comprising the variable domains of SEQ ID NO: 10 (Figures
7A-B) and SEQ ID NO: 14 (Figures 8A-B) or a chimeric antibody comprising the variable domain of either
antibody generated from HB11413 hybridomes deposited with the ATCC on July 20, 1993 and consiant domains
from IgG1, or the variable domains of monocional antibody comprising the sequences of SEQ ID NO: 10 (Figures
7A-B) and SEQ ID NO: 14 (Figures 8A-B). In another embodiment, 2 CD7%b amibody of the invention binds 10
the same epitope on CD79 bound by another CD79b antibody (i.e., CB3.1 (BD Biosciences Catalog #555678; San
Jose, CA), AT105-1 (AbD Serotee Catalog #MCA2208; Raleigh, NC), AT107-2 (AbD Scrotec Catalog
#MCAZ209), anti-human CD79b antibody (BD Biosciences Catalog #357592; San Jose. CAN.

{0362} In another aspect, a CD7Sh amibody of the invemion binds 10 an epitope on CD79b disuinet from
an epitope bound by anpther CD79b antibody. In another embodiment. 2 CD79b antibody of the invention binds to
an epitope on CD79b distinet from an epitope bound by the Fab fragment of, monoclonal antibody generated from
HB11413 hybridomas deposited with the ATCC on July 20, 1993, monoclonal antbody comprising the variable
domains of SEQ ID NO: 10 {Figures 7A-B) and SEQ ID NO: 14 (Figures §A-B), or chimeric amibody comprising
the variable domain of either antibody generated from HB11413 hybridomas deposited with the ATCC on July 20,
1993 and constant domains from 1gG1l, or the variable domains of monoclonal antibody comprising the sequences
of SEQ ID NQ: 10 (Figures 7A-B) and SEQ 1D NO: 14 (Figures §A-B). In another embodiment, a CD79b antibody
of the invention binds t0 an epitope on CD79b distinet from an epitope on CD79 bound by another CD79b
antibody (ie.. CB3.1 (BD Biosciences Catalog #353678; San Jose, CA), ATI03-1 (AbD Serotec Caulog
#MCA2208; Raleigh, NC), AT107-2 (AbD Serotec Catalog #MCAZ209), anti-human CD79b antibody (BD

Biosciences Catalog #557592; San Jose, CA)).

103631 In another aspect, 8 CD79b antibody of the invemdon is distinet from (ie., it is not) & Fab
fragment of, the monoclonal antibody generated from hybridomas deposited with the ATCC as HB11413 on July 20,
1993, the monoclonal antibody comprising the variable domains of SEQ ID NO: 10 (Figures 7A-B) and SEQ 1D
NO: 14 (Figures $A-B), or chimeric antibody comprising the variable domain of antibody generated from
hybridomas deposited with the ATCC as HB11413 on July 20, 1993 and constant domains -fom IgG1, or the
variable domains of monocional antibody comprising the sequences of SEQ ID NO: 10 (Figures 7A-B) and SEQ ID

NQ: 14 (Figures 8A-B). In another embodiment, a CD 79 antibody of the invention is distinct from (Le., it isnot) a
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Fab fragment of another CD79b antibody ((1.¢.. CB3.1 (BD Biosciences Catalog #555678; San Jose, CA), AT105-1
(AbD Secrowee Catalog #MCAZ208; Raleigh. NC). AT107-2 (AbD Seroiee Catalog #MCAZ2209), anti-human
CD79h antibody (BD) Biosciences Catalog #357592; San Jose. CA)).

[0364] In one aspect, an antibody of the invention specifically binds to CD79b of a {irst animal species,
and does not specifically bind 1w CD79b of a second animal species. In one embodiment, the first animal species is
human and/or primate {(e.g., cynomolgus monkey), and the second animal species is murine (e.g., mouse) and/or
canine. In one embodiment, the first animal species is human. In one embodiment, the first animal species is
primate, for example cynomolgus monkey. In one embodiment, the second animal species is murine, for example
mouse. In one embodiment, the second animal species is canine.

[0363] In onc aspect, the invenBon provides composiiions comprising one or morc antibodies of the
invention and a carrier. In one embodiment, the carrier 18 pharmaceutically acceptable,

[0366] In one aspect, the invention provides nucleic acids encoding 2 CD79 antibody of the invenion.

f0367] In one aspect, the invegtion provides vectors comprising @ nucleic acid of the invention.

[0368] In ope aspect, the invention provides host cells comprising a nucleic acid or a vector of the
invention. A vector can be of any type, for example a recombinant vector such as an expression vector, Any of a
variety of host cells can be used. In one embodiment, a host cell is a prokaryotic cell. for example, £. coli. In one
embodiment, a host cell is a eukaryotic cell, for example a mammalian cell such as Chinese Hamster Ovary (CHO)
cell.

[0369] In one aspect, the invention provides methods for making an antibody of the invention. For
example, the invention provides a method of making 2 CD79b anubody (which, as defined herein includes full
length and fragments thereof), said method comprising expressing in a suitable host cell a recombinant vecior of the
invention encoding said antibody (or fragment thereof), and recovering said antibody.

{0370} In one aspeci, the invention provides an article of manufacture comprising 2 container; and a
composition contained within the container, wherein the composition comprises one or more CD79b antibodies of
the tovention. In one embodiment, the composition comprises a nucleic acid of the nventon. In one embodiment,
a composition comprising an antibody further comprises a carrier, which in some embodiments is pharmaceutically
acceptable. In one embodiment, an article of manufaciure of the invention [urther comprises instructions for
administering the composition (e.g.. the antibody) 10 a subject.

[0371) 1n one aspect, The invention provides a kit comprising a first container comprising a composition
comprising one or more CD79b antibodics of the mvention; and & sccond container comprising a buffer. In one
embodiment, the buffer is pharmaceutically acceptable. In one embodiment, a composition comprising an
antagonist antibody further comprises a carrier, which in some embodiments is pharmaceutically acceptable. In one
embodiment. a kit further comprises instructions for administering the composition (e.g., the antibody) 1o a subject.

[0372) Inone aspect, the mvenmion provides use of a CD7% antibody of the invention in the preparation
of a medicament for the therapewtic andsor prophylaciic treaiment of a disease, such 2s a cancer, 2 tumor andior a
cell proliferative disorder. In one embodiment. cancer, wmor asdior cell proliferative disorder is selected from

lymphoma. non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL,
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refractory NHL. refractory indolent NHL, chronic lymphocytic leukemia (CLL), small lymphocytic iyvmphoma,
leukermia. hairy cell leukemia (HCL), acute Iymphocytic jeukemia (ALL), and mantle cell lymphoma.

[0373] In one aspect, the mvention provides use of & nucleic acid of the mvention in the preparation of 2
medicament for the therapeutic and/or prophylactic treatment of a disease, such as a cancer, a tumor and/or 4 cell
proliferative disorder. In one embodiment, cancer. tumor andfor cell proliferative disorder is selecied from
lymphoma, non-Hodgkins lvmphoma (NHL). aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL,
refractory NIL, refractory indolent NHL, chronic lymphocyiic leukemia (CLL), small lymphocytic lymphoma.
leukemia, hairy cell leukemia (HCL). acute lymphocytic leukemia (ALL), and mantie cell lymphoma.

[0374] In one aspect. the invention provides use of an expression vector of the invention in the
preparation of & medicament fi or the therapeutic and/or prophyvlactic treatment of a disease, such as a cancer, a
wmor and/or a cell proliferative disorder. In one embodiment, cancer, turnor and/or cell proliferative disorder is
selected from lymphoma, non-Hodgkins fymphoma (WNHL), aggressive NHL, relapsed aggressive NHL, relapsed
indolent NHL, refractory NHL, refractory indolent NHL, chronic lymphocytic leukemia (CLL). small Tymphocytic
lymphoma, ieukemia, hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL), and mantle cell lymphoma,

[0373} In one aspect, the invention provides use of a host cell of the invention in the preparation of a
medicament for the therapeutic and/or prophylactic reatment of a discase, such as 2 cancer, a tumor and/or a cell
proliferative disorder. In one embodiment, cancer, tumor andfor cell proliferative disorder is selected from
lymphoma, non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL,
refractory NHL, refractory indolent NHL, chronic lymphocytic leukemia (CLL), small lymphoeytic lymphoma,
jeukemia, bairy cell leukernia (HCL}, acute lymphocytic leukemia (ALL), and mantle cell lymphoma.

{03761 In one aspect, the invention provides use of an article of manufacture of the invention in the
preparation of a medicament for the therapeutic and/or prophylacic treatment of a disease, such as a cancer, &
tumor and/or a cell proliferative disorder. In one embodiment, cancer, tumor and/or cell proliferative disorder is
selected from lymphoma, non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed
indolent NHL., refractory NHL, refractory indolent NHL, chronic lymphocytic leukemia (CLL}, small lymphocytic
lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocytic lenkemia (ALL), and mantle cell lymphoma.

[0377) In ome aspect, the invention provides use of a kit of the invemtion in the preparation of a
medicament {or the therapeutic and/or prophylactic treatment of a disease, such as a cancer, 2 mmor andior a cell
proliferative disorder. In one embodiment, cancer, tmor and/or cell proliferative disorder is selected from
lymphoma, non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL,
refractory NHL, refractory indolent NHL, chronic lymphocytic leukemia (CLL), small lvmpbocytic lymphoma,
feukemia, hairy cell leukemia (HCL), acuie lymphocytic leukemia (ALL), and mantle cell lymphoma.

{0378] In one aspect, the invention provides g method of inhibiting the growth of a cell that expresses
CD79, said method comprising contacting said cell with an antibedy of the invention thereby causing an inhibition
of growth of said cell. In one embodiment, the antibody is conjugated 10 a cyvtotoxic agent. In one embodiment, the
antibody is conjugated 10 a growth inhibitory agent.

[03791 In ome aspect, the invention provides a method of therapeutically treating 2 mammal having a
cancerous tumor comprising a cell that expresses CD79b, said method comprising administering to said mammal a
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therapeutically effective amount of an antibody of the invention, thereby cffectively treating said mammal. In one
embodiment. the antibody is conjugated 10 a cyioloxic agent. In one embodiment, the antibody is conjugated 10 &
growth inhibitory agent.

[0380] Ib one aspect, the invention provides a method for ureating or preventing a cell proliferative
disorder associated with increased expression of CD79b, said method comprising administering 1o & subject in need
of such treatment an effective amount of an antibody of the invention. thereby effectively treating or preventing said
cell proliferative disorder. In one embodiment, said proliferative disorder is cancer. In one embodiment, the
antibody is conjugated to a cytotoxic agent. In one embodiment, the antibody is conjugated 10 a growth inhibitory
agent.

{0381] In one aspect. the invention provides a method for inhibiting the growth of a cell, wherein growth
of said cell is at least in part dependent upon a growth potentiating effect of CD79b, said method comprising
contacting said cell with an effective amount of an antibody of the invention, thereby inhibiting the growth of said
cell. In one embodiment, the antibody is conjugated 1o a cytotoxic agent. In one embodiment, the antibody is
conjugated to a growth inhibitory agent.

[6382] In ope aspect, the invention provides a method of therapeutically weating a tumor in 2 mammal,
wherein the growth of said tumor is at least m part dependent upon a growth potentiating effect of CD79b, said
method comprising contacting said cell with an effective amoum of an antibody of the invention, thereby effectively
ireating said tumor. In one embodiment, the antibody 1§ conjugaled o 2 cyioioxic agent. In one embodiment, the
antibody 15 conjugated to a growth mhibitory agent.

[0383] In one aspect, the invention provides a method of treating cancer comprising administering 10 &
patiem the pharmaceutical formulation comprising an immunoconjugate described herein. acceptable dituent,
carrier or excipient. In onc embodiment, the cancer is selected from the lymphoma, non-Hodgking lvmphoma
(NHL), aggressive NHL, relapsed aggressive NHL., relapsed indolent NHL, refractory NHL, refraciory indolent
NHL., chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma, leukemia, hairy cell lenkemia (HCL),
acute lvmphoeytic Jeukemia (ALL) and mantle ccll lymphoma. In one embodiment, the patient is administered a
cytotoxic agent in combination with the antibody-drug conjugate compound.

[0584] In one aspect, lhe invention provides a method of inhibiung B cell proliferation comprising
exposing 2 cell to an immunoconjugate comprising an antibody of the mvention under conditions permissive for
binding of the immunoconjugate to CD79b. In one embodiment. the B cell proliferation is selected from lvmphoma,
non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL., refractory
NHL, refractory indolent NHL, chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma, leukemia,
hairy cell leukemia (HCL}, acute iymphocytic leukemia (ALL) and mantie ¢cell lvmphoma. In one embodiment, the
B cell is 2 xenograft. In one embodiment, the exposing takes place in vitro. In one embodiment, the exposing taxes
place in vivo.

[0385] In ome aspect, the invention provides a method of determining the presence of CD79b in a sample
suspected of containing CD79b, said method comprising exposing said sample 10 an antibody of the invention, and
determining binding of szid antibody to CD79b in said sample wherein binding of said antibody 1o CD79b in said

sample is indicative of the presence of said protein in said sample. In one embodiment, the sample is a biological
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sample. In 2 further embodiment, the biological sample comprises B cells. In ope embodiment, the biological
sample 18 from a mammal experiencing or suspecied of experiencing & B cell disorder and/or 2 B cell probiferative
disorder including, bwt not limited 1o, lymphoma. non-Hodgkin's lymphoma (NHL), aggressive NHL., relapsed
agoressive NHL, relapsed indolent NHL, refractory NHL, refractory indolemt NHL, chronic iymphocytic leukemia
(CLL), small lymphocytic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL) and
mantle cell iymphoma

[0386] 1In one aspect, a method of diagnosing a cell proliferative disorder associated with an increase in
cells, such as B cells, expressing CD79b is provided, the method comprising comacting a test cells in a biological
sample with any of the above antibodies; determining the level of amibody bound to test cells in the sample by
detecting binding of the antibody to CD79b; and comparing the fevel of antibody bound 1o cells in a control sample.
wherein the level of anibody bound 1s normalized to the number of CD79b-expressing cells in the test and contro}
samples, and wherein a higher level of antibody bound in the test sample as compared w0 the control sample

indicates the presence of a cell proliferative disorder associated with cells expressing CD79b.

{0387} In one aspect, 2 metbod of detecting soluble CD79 m blood or serum, the method comprising
contacting a test sample of blood or serum from a mammal suspected of experiencing a B cell proliferative disorder
with an anti-CD790 amibody of the invention and detecting a increase n soluble CD79b in the test sample relative
1o & control sample of blood or serum from a normal mammal. In an embodiment, the method of detecting is useful
as 2 method of diagmosing & B ccll proliferative disorder associated with an increase in soluble CD79b in blood or

serum of a mammal.

[0388) In one aspect, a method of binding an antibody of the invention to a cell that expresses CD7%b.
said method comprising contacting said cell with an antibody of the invention. In one embodiment, the antibody is
conjugated 1o a cyfotoxic agent. In one embodiment, the antibody is conjugated to a growth inhibitory agent.

{0389] Methods of the invention can be used 1o affect any suitable pathological state, for example, cells
and/or tissues associated with expression of CD79b. In one embodiment, a cell that is targeted i a method of the
invention is a hematopeietic cell. For example, a bematopoietic cell can be one selecied from the group consisting
of a tvmphocyte. leukocyte, platclet, erytirocyte and natural killer cell. In one embodiment, a cell that is targeied in
a method of the invention is a B cell or T cell. In one embodiment, a cell that is targeted in a2 method of the
invention is a cancer cell. For example, a cancer cell can be one selecied from the group consisting of a lymphoma
cell, leukemia cell, or myeloma cell.

{03901 Methods of the invention can further comprise additional ireatment steps. For example, in one
embodiment, a method further comprises a slep wherein a targeted cell and/or tissue (e.g., a cancer cell) is exposed
w radiation treatment or a chemotherapeutic agent.

[0391] As described herein, CD79b is a signaling component of the B cell receptor.  Accordingly, in one
embodiment of methods of the invention, a cell that is targeted (e.g, 2 cancer cell} is one in which CD79b is
expressed as compared 1o a cell that does not express CD79b. In a further embodiment, the targeted cell is a cancer
cell in which CD79b expression is enhanced as compared to a normal non-cancer cell of the same tissue type. In

one embodiment, a method of the invention causes the death of a targeted cell.

108



[0392] In other aspects of the present invention, the invention provides vectors comprising DNA
encoding any of the herein described amiibodies. Host cell comprising any such vector are also provided. By way
of example, the host celis may be CHO cells, E. coli celis. or yeast cells, A process for producing any of the herein
described amibodies is further provided and comprises culturing bost cells under conditions suitable for expression
of the desired antibody and recovering the desired antibody from the cell culture.

[0393] Ina sull further aspect, the invention concerns a composition of matier comprising an anti-CD79b
antibody as described berein, in combination with a carrier. Optionally, the carrier is a pharmaceutically acceptable
carrier.

[0394] Another aspect of the present invention is directed 1o the use of an anti-CD79b polypepiide
antibady as described herein, for the preparation of a medicament useful in the weatment of a condition which is
responsive 1o the anti-CD79b polypepude antibody.

{0395} Another aspect of the 1vention 1s a composition comprising a mixture of antbody-drug
compounds of Formula I where the average drug loading per antibody is about 2 to ahout §, or abot 3 to about 4.

[0396] Another aspect of the invention is & pharmaceutical composition including a Formula I ADC
compound, a mixture of Formula I ADC compounds, or a pharmaceutically acceptable salt or solvate thereof, and a
pbarmaceutically acceptable diluent, carrier, or excipient.

[0397] Another aspect provides 2 pharmaceutical combination comprising a Formulz I ADC compound
and & second compound having anticancer properties o1 other therapeutic effects.

[0398] Another aspect is a methed for killing or inhibiting the proliferation of umor cells or cancer cells
comprising ireating the cells with an amount of an antibody-drug conjugate of Formula I, or a pharmaceutically
acceptable salt or solvate thereof, being effective 1o kill or inhibit the proliferation of the tumor cells or cancer celis.

[0399] Another aspect is a method of trealing cancer comprising administering 1 a patient a
therapeutically effective amount of a pharmaceutical composition including a Formula I ADC.

[0400G]  Another aspect includes articles of manufacure, ie. kits, comprising an antbody-drug conjugate,
a container, and a package insert or label indicating a reatment,

[0401}] An agpect of the invention is 2 method for making a Formula I antibody drug conjugate
compound compnsing the steps of: () reacting an engineered cysteine group of the cysteine engineered antibody
with a linker reagent to form antibody-linker intermediale Ab-L; and (b) reacting Ab-L with an actuvated drug
moiety D; whereby the aniibody-drug conjugate is formed; or comprising the steps oft {¢) reacting a nucleophilic
group of a drug moiety with a linker reagent to form drug-linker intermediate D-L: and (d) reacting D-L with an
engineered cysteine group of the cysicine engineered antibody; whereby the antibody-drug conjugate is formed.

[0402] An aspect of the invention is an assay for deteciing cancer cells comprising: (a) exposing cells to
a cysteine engineered anti-CID79b antibody-drug conjugale; and (b) determining the extent of binding of the

cysteine engineered anti-CD79b antibody-drug conjugate compound to the cells.
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A. Anii-CD79b Antihodies

[0403}  In one embodiment, the present Invention provides ani-CD79b antibodies which may find use

herein as therapeutic agents, Exemplary antibodies include polvelonal. monoclonal, humanized, bispecific, and
heteroconjugale aptibodies.
1. Potvclonal Antibodies

[0404] Poiyclonal antibodies are preferably raised in animals by multiple subcutaneons {sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate the relevant
antigen (especially when synthetic peplides are used) to 2 protein that is immunogenic in the species 10 be
immunized. For example. the antigen can be conjugated 10 kevhole limpet hemocyanin (KLH), serum albumin,
bovine thyroglobulin, or soybean irypsin inhibitor. using a bifunctional or derivatizing agent. e.g.
maleimidobenzoy! sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysucemimide (through
lvsine residues). glutaraldehvde, succinic anhydride, SOCl,, or R'N=C=NR, where R and R are different alkyl
groups.

[0405] Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, €.g., 100 pg or 5 pg of the protein or conjugate ({or rabbits or mice, respectively) with 3 volumes of
Freund'’s complete adjuvam and injecting the solution intradermally at multiple sites. One month later, the animals
are boosted with 175 to 1/10 the original amount of peptide or conjugate in Freund's complete adjuvant by
subcutaneous injection at multiple sites. Seven fo 14 days later, the anjmals are bled and the serum is assayed for
antibody titer. Animals are boosted until the titer plateaus. Conjugates also can be made in recombinant cell
culture as protein fusions. Also, aggregating agents such as alum are suitably used to enhance the immune response.

2 Monoclonal Antibodies

[0406] Monoclonal antibodies may be made using the hybridoma method first descibed by Kohler et al.,
Nanure, 256:495 (1975), or may be made by recombinant DNA metbods (U.S. Patent No. 4.816,567).

[0407) In the hyvbridomz method, a mouse or otber appropriate host animal, such as a hamster, is
immunized as described above 1o ebcit lymphocyies that produce or are capable of producing antibodies that will
specifically bind 10 the protein used for Immunization. Allernatively, lvmphocytes may be immunized in vivo.
Afler immunization, lympbocytes are isolated and then fused with a myeloma cell line using e suitable fusing agent,
such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986}).

[0408) The hybndoma cells thus prepared are seeded and grown in a suirable culnure medium which
medium preferably comains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells (also referred to as fusion partner). For example, if the parental myeloma cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the sclective culture medium for the
hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances
prevent the growth of HGPRT-deficient cells.

[0409] Preferred fusion partner myeloma cells are those that fuse efficiently, support stable high-evel
production of antibody by the selecied amibody-producing cells, and are sensitive w0 a selective medium that selects

against the unfused parental cells. Preferred myeloma cell lines are murine myeloma lines, such as those derived
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from MOPC-21 and MPC-11 mouse wmors available from the Salk Institute Cell Distribution Center, San Diego,
California USA. and SP-2 and derivatives £.g., X63-Agf-653 cells available Fom the American Type Culwre
Collection, Manassas, Virginia, USA. Human myeloms and mouse-human beteromyeloma cell Uines also have
been described for the production of humen monoclonal antibodies (Kozbor, J. Immunol, 133:3001 (1984); and
Brodeur et al, Menoclonal Antibody Production Technigues and Apphications, pp. 51-63 (Marcel Dekker, Inc.,
New York, 1987)).

[04107 Culture medium in which hybridoma cells are growing is assaved for production of monoclonal
antibodies directed against the antigen. Preferably, the binding specificity of monoclomal aniibodies produced by
hybridoma cells is determined by immunoprecipnation or by an i virro binding assay. such as radioimmunoassay
{RIA) or enzyme-linked immunosorbent assay (ELISA).

[0411] The binding affimty of the monoclonal antibody can. for example, be deiermined by the
Scatchard analysis deseribed in Munson et al., Anal. Biochem., 107:220 (1980).

[0412] Once hybridoma cells that produce antibodies of the desired specificity, affinity, and/or activiry
are identified, the clones may be subcloned by limiting dilution procedures and grown by standard methods (Goding,
Monoclonal Antibodies: Principles and Practice. pp.59-103 (Academic Press, 1986)). Suitable culture media for
this purpose include. for example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown
in viva as ascites tumors in ap apimal ¢.g,, by 1.p. injection of the cells mto mice.

{0413] The momnoclonal antibodies secreted by the subclones are suitably separated fGom 1he cultwe
medium, ascites fluid, or serum by convemtional antibody purification procedures such as, for example, affinity
chromatography {e.g., using proiein A or prowein G-Sepharose) or jon-exchange chromatography, bydroxylapatite
chromatography. gel electrophoresis, dialysis. etc.

[0414] DNA encoding the monoclonal antibodies is readily isolated and sequenced using convemtional
procedures (€.g.. by using oligonucleotide probes that are capable of binding specifically to genes encoding the
beavy and light chains of murine antibodies). The hybridoma. cells serve as a preferred source of such DNA. Once
1solated, the DNA may be placed ino cxpression vectors, which are then transfected into host cclls such as E. coli
cells, simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise produce
antibody protein, 1o obtain the synthesis of monoclonal antibodies 1n the recombinant host celis. Review articles on
recommbinant expression in bacteria of DNA encoding the antibody include Skerra et al., Curr, Opinion in Jmmungl.,
5:256-262 (1993} and Plackthun, Immunol Revs. 130:151-188 (1992).

[0415] In a further embodiment, monoclonal antibodies or antibody fragments can be isolated from
antibody phage libraries generated using the techniques described in McCafferty ef al., Nature, 348:352-354 (1990).
Clackson et al., Nature. 352:624-628 (1991) and Marks et al., J. Mol Biol., 222:581-397 (1991) describe the

isolation of murine and human antibodies, respectivety. using phage libraries. Subsequent publications describe the
production of high affinity (nM range) human antibodies by chain shuffling (Marks ef al, Bio/Technology, 10:779-
783 (1992)), as well as combinatorial infection and i vive recombination as & swategy for constructing very large
pbage libranies (Waterbouse et al, Nuc. Acids. Res. 21:2265-2266 (1993)). Thus, these rechnigues are viable

ahernatives to traditional monotional antibody bybridoma techriques for isoltation of monoclonal antibodies.
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{0416] The DNA that encodes the antibody may be modified 1o produce chimeric or fusion amtihody
polypeptides, for example, by substiuting human heavy chain and light chain constani domain (Cy and Cp)
sequences for the homologous murine sequences (U.S. Patent No. 4.816.567; and Morrison, et al., Proc, Natl Acad.
Sci. USA, 81:6851 (1984), or by fusing the immunogiobulin coding sequence with all or part of the coding
sequence for a non-immunoglobulin polypeptide (heterologous polypeptide}. The non-immunoglobulin polypeptide
sequences can substitute for the constant domains of an antibody, or they are substimited for 1be variable domains of
one antigen-combining sile of an antibody fo create 2 chimeric bivalent antibody comprising one antigen-combining
site having specificity for an antigen and another antigen-combining site having specificiry for a different antigen,

3 Human and Humanized Antibodies

[0417] The ant-CD79b antibodies of the invention may further comprise humanized antibodies or
human antibodies. Humanized forms of non-human (e.g.. murine) antibodies are chimeric immumogiobulins,
immunoglobulin chains or fragments thereof {such as Fv, Fab, Fab', F(ab'), or other antigen-binding subsequences
of antibodies) which contain minimal sequence derived from non-buman immunoglobulin. Humanized antibodies
include human immusoglobuling {recipient antibody) in which residues from a complementary determining region
(CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor antibody) such as
mouse, rat or rabbit having the desired specificity. affinity and capacity. In some instances, Fv framework residues
of the buman immunoglobulin are replaced by corresponding non-human residues. Humanized amibodies may also
comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework
sequences. In general, the humanized amibody will comprise substantially all of at least one, and typically 1wo,
variable domains, in which all or substantially all of the CDR regions correspond w0 those of a2 pon-buman
immunoglobulin and all or substantially all of the FR regions are those of a buman immunoglobulin consensus
sequence. The humanized amibody optimally also will comprise at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin [Jones et al., Nature, 321:522-525 (1986); Riechmann et al.,
Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct, Riol., 2:393-396 (1992)].

[0418] Mecthods for humanizing non-human antibodies arc well known in the art.  Generally, a
humanized antibody has one or more amino acid residues mtroduced imo it from a source which is non-human,
These pon-human amino acid residues are often referred 10 as “import” residues, which are typically taken from an
"import" variable domain Humanization can be essentially performed following the method of Winter and co-
workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Natre. 332:323-327 (1988); Verhoeyen et al,,
Science, 239:1334-1536 (1988}], by substituting rodent CDRs or CDR sequences for the corresponding sequences
of a human antbody. Accordingly, such "humanized" amibodies are chimeric amibodies (U.S. Patent No.
4.816,567), wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species.  In practice, humanized antibodies are typically human
amtibodies in which some CDR residues and possibly some FR residues are substituted by residues from analogous
sites in rodent antibodies.

[0419] The choice of human variable domains, both light and heavy, 1o be used in making the humanized
antibodies is very important to reduce antigenicity and HAMA response (buman anti-mouse antibody) when the
amibody 1s intended for human therapeutic use. Reduction or elimination of a HAMA response 1s a significant
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aspect of clinical development of suitable therapeutic agents. See. e.g., Khaxzaeli et al., I. Natl. Cancer Inst. (1988},
80:937, Jaffers et al., Transplantation (1986}, 41:572; Shawler et al.. I. bmmunol {1985}, 135:1530; Sears et al., I.
Biol. Response Mod. (1984}, 3:138: Miller et al.. Blood (1983}, 62:98%; Hakimi &1 al., J. Immunol. (1991},
147:1352; Reichmann et al., Nawure (1988}, 332:323; Junghans ¢t al., Cancer Res. {19907, 50:1495.  As described
herein, the invenion provides antibodies that are humanized such that HAMA response is reduced or eliminated.
Variants of these antibodies can further be obtained using routine methods known in the art, some of which are
further described below. According to the so-called "best-fit" method, the sequence of the vanable domain of a
rodent antibody is screened against the entire library of known human variable domain sequences. The buman V
domain sequence which is closest 1o that of the rodent is identified and the human framework region (FR) within it
accepted for the humanized antibody (Sims et al., [ Immunol. 151:2296 (1993); Chothia et al., J. Mol Biol .
196:901 (1987)). Another method uses a particular framework region derived from (he consensus sequence of all
buman antibodies of a particular subgroup of light or heavy chains. The same framework may be used for several
different humanized antibodies (Carter et al., Proc. Natl. Acad. Sei USA, 89:4285 (1992); Presta et al., J. Immunol
151:2623 (1993)).

[0420] For example, an amino acid sequence from an antibody as described herein can serve as a starting
(parent) sequence for diversification of the framework and/or hypervanable sequence(s). A seiecied framework
sequence to which a starting hypervariable sequence is linked is referred 1o herein as an acceptor buman framework.
While the acceptor human frameworks may be from, or derived from, a humap immunoglobulin (the VL andior VH
regions thereof), preferably the acceptor human {rameworks are from, or derived from, 2 human consensug
framework sequence as such frameworks have been demonstrated to have minimal. or no, immunogenicity in
human patients.

{0421} Where the acceptor is derived from 2 buman immunoglobulin, one may optionally select a human
framework sequence that is selecied based on its hemology 10 the donor framework sequence by aligning the donor
framework sequence with various human framework sequences in a collection of buman framework sequences, and
scleet the most homologous framework sequence as the aceepior,

[0422]  In one embodiment, human consensus frameworks herein are from, or derived from, VH
subgroup iII and/or VL kappa subgroup I consensus {ramework sequences.

[0423] Thus, the VH acceptor human framework may comprise one, two, three or all of the following
framework sequences:

FR1 comprising EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 143),

FR2 comprising WVRQAPGKGLEWY (SEQ 1D NO: 144),

FR3 comprising FR3 comprises RFTISX,DX,SKNTX: YLOMNSLRAEDTAVYYC (SEQ ID NO: 147), wherein
X,isAorR X:isTorN,and Xsis Aor L,

FR4 comprising WGQGTLVTVSS (SEQ ID NO: 146).

[0424] Examples of VH consensus frameworks include:
human VH subgroup I consensus framework minus Kabat CDRs (SEQ ID NO: 108);
human VH subgroup I consensus framework minus extended hypervariable regions (SEQ I NOs: 109-111);
human VH subgroup II consensus framework minus Kabat CDRs (SEQ 1D NQO: 112);
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buman VH subgroup If consensus framework minus extended hypervariable regions (SBQ ID NOs: 113-113);
human VH subgroup [ consensus famework minus Kabat CDRs {(SEQ ID NO: 116},

bumean VH subgroup HI consensus framework minus extended bypervariable regions (SEQ ID NO: 117-119);
human VH acceptor framework minus Kabat CDRs (SEQ ID NG: 120Y;

human VH acceptor framework minus extended hypervariable regions (SEQ ID NQs: 121-122);

human VH acceptor 2 framework minus Kabat CDRs (SEQ ID NQ: 123); or

human VH acceptor 2 framework minus extended hypervariable regions (SEQ ID NOs: 124-126).

{0423] In one embodiment. the VH acceplor buman framework comprises one, twg, three or all of the

following framework sequences:

FRI comprising EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 143),

FR2 comprising WVRQAPGKGLEWYV (SEQ ID NO; 1443,

FR3 comprising RFTISADTSKNTAYLQMNSLRAEDTAVYYC (SEQ ID NO; 145),
RFTISADTSKNTAYLOQMNSLRAEDTAVYYCA (SEQ ID NQO: 148),
RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR (SEQ 1D NO: 149),
RFTISADTSKNTAYLQMNSLRAEDTAVYYCS (SEQ ID NO: 150), or
RFTISADTSKNTAYLQMNSLRAEDTAVYYCSR (SEQ ID NO: 151)

FR4 compnising WGQGTLVTVSS (SEQ ID NQO: 146).

[0426] The VL acceptor human framework may comprise one, two, three or all of the following

framework sequences:

FR1 comprising DIQMTQSPSSLSASVGDRVTITC (SEQ ID NQ: 139),

FR2 comprising WYQQKPGKAPKLLIY (SEQ ID N(O; 140),

FR3 comprising GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ ID NO: 141),
FR4 comprising FGQGTKVEIKR (SEQ ID NO: 142},

[0427] Examples of VL consensus frameworks include:
human VL kappa subgroup I conscnsus framework (SEQ ID NQ: 127):
human VL kappa subgroup II consensus framework (SEQ ID NQO: 128);
buman VL kappa subgroup Il consensus framework (SEQ ID NG: 129); or
buman VL kappa subgroup I'V consensus framework (SEQ ID NO: 130)

[6428] While the acceptor may be identical in sequence to the human framework sequence selected,
whether that be from a human Immunoglobulin or a human consensus {ramework, the present invention
contemplates that the acceptor seghience may comprise pre-existing amino acid substitutions relative to the human
immunogiobulin sequence or human consensus framework sequence. These pre-existing substitutions are
preferably minimal; usually four, three, two or one amino acid differences only relative to the human
immunoglobulin sequence or consensus framework sequence.

[0429] Hypervariable region residues of the non-human antibody are incorporated into the VL and/or VH
acceptor human frameworks. For example, one may incorporate residues corresponding 1o the Kabar CDR residues,

the Chothia hypervariable loop residues, the Abm residues, andior comact residues.  Optionally. the extended
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hypervariable region residues as follows are incorporaied: 24-34 (L1}, 50-56 (L2) and 89-97 (L.3), 26-35B (H1), 50-
65, 47-63 or 49-65 (H2} and 93-102, 94-102, or 95-102 (H3).

{0430} While “incorporation’ of bypervariable region residues is discussed herein. 3t wili be appreciated
that this can be achieved m various ways, for example, nucleic acid encoding the desired amino acid sequence can
be generated by munating nucleic acid encoding the mouse variable domain sequence so that the famework
residues thereof are changed 1o acceptor human framework residues, or by mutating nucleic acid encoding the
human variable domain sequence so that the hypervariable domain residues are changed 10 non-human residues, or
by synthesizing nucleic acid encoding the desired sequence, etc.

{04311 In the examples herein, bypervaniable region-grafied vanants were generaled by Kunkel
mutagenesis of nucleic acid encoding the human acceptor sequences, using 2 separate oligomucleotide for each
bypervariable region. Kunkel er ., Merthods Enzvmol. 154:367-382 (1987).  Appropriale changes can be
introduced within the framework and/or hypervanable region, using rouline techniques, 1o correct and re-establish
proper hypervariable region-antigen interactions,

[0432] Phage(mid) display (also referred 10 heremn as phage display In some contexts} can be used as a
convenien! and fast method for generating and screening many different potential variant antibodies in a Library
generated by sequence randomization. However. other methods for making and screening altered antibodiss are
available 10 the skilled person.

[0433] Phage(mid) display technology has provided & powerful 10l for generating and selecting novel
proteins which bind to a hgand, such as an antigen. Using the twchniques of phage(mid) display allows the
generation of Jarge libraries of protein variants which can be rapidly sorted for those sequences (hat bind 10 a targe!
molecule with hgh affinity. Nucleic acids encoding variant polypeptides are generally fused 1o a nucleic acid
sequence encoding a viral coat protein, such as the gene IIT protein or the gene VIII protein. Monovalent phagemid
display systems where the nncieic acid sequence encoding the protein or polypeptide is fused o a nucleic acid
sequence encoding a portuon of the gene TH proiein have been developed. {Bass, S.. Proleins, 8:309 (1950}
Lowman and Wells, Methods: A Companion 1o Methods in Enzymology. 3:205 (1991)). In a monovalent phagemid
display system, the gene fusion is expressed at low levels and wild type gene II proteins are also expressed so that
infectivity of the particles is retained. Methods of generating peptide libraries and screening those libraries have
been disclosed i many patents (¢.g. U.S. Patent No. 5,723,286, U.S. Patemt No. 5,432, 018, U.S. Paten! No.
5.580,717. U.S. Patent No. 5.427.908 and U.S. Patent No. 5,498,530).

{0434] Libraries of antibodies or antigen binding polypeptides have been prepared in 2 number of ways
including by aliering a single gene by inserting random DNA sequences or by cloning a family of relaled genes.
Methods for displaying amibodies or antigen binding fragments using phage(mid) display have been described in
U.S. Patent Nos. 5.750.373, 5,733,743, 53,837,242, 5,969,108, 6,172,197, 5,580,717, and 5.658.727. The library is
then screened for expression of antibodies or antigen binding proteins with the desired characterisucs.

[0435) Methods of substituting an amino acid of choice into & 1emplate nucleic acid are well established
in the art, some of which are described herein. For example, hypervariable region residues can be substituted using
the Kunkel method. See, e.g., Kunkel ef al.. Methods Enzymol. 154:367-382 (1987).



[0436] The sequence of oligenucleotides includes ane or more of the designed codon sets for the
bypervariable region residues 10 be aliered. A codon set 15 a set of different nucleotide wiplet sequences used w
encode desired varianmt amine acids. Codon seis can be represented using svmbols o designate particular
pucleotides or eguimolar mixrures of nucieotides as shown in below according 1o the IUB code.

IUB CODES

{0437) G Guanine

A Adenine

T Thymine

C Cytosine

R (A or G)

Y{CorT)

M{Aor(C)

K{(GorTy

S{CorG)

Wi{AorT)

H{AorCorT)

B({CorGorT)

V(Ao CorQG)

D{AorGorT)H

NAorCorGorT)

{0438] For example, m the codon set DVK, D can be nucleotides A or Gor T, V can be A or G or C; and
K can be G or T. This codon set can present 18 different codons and can encode amino acids Ala, Tm, Tyr, Lvs,
Thr, Asn, Lys, Ser. Arg. Asp, Gle, Gly, and Cys.

[0439] Oligonucleotide or primer sels can be synthesized using standard methods. A set of
oligenucieotides can be synthesized, for cxample, by solid phasc synthesis, containing sequences that represent all
possible combinations of nucleotide triplets provided by the codon set and that will encode the desired group of
amino acids. Synthesis of oligonucieotides with selecied nucleotide “degeneracy” at certain positions is well known
in that art. Such sets of nucleotides having certain codon sets can be synthesized using commercial nucleic acid
synthesizers (available from, for example, Applied Biosystems, Foster City, CA), or can be obtained commercially
(for example, from Life Technologies, Rockville, MD}. Therefore, a set of oligonucleotides svnthesized having a
particular codon set will typically include a plurality of oligomucleoiides with different sequences, the diflerences
established by the codon set within the overall sequence. Oligonucleotides, as used according 1o the invention, have
sequences that aliow for hybridization 1o a variable domain nucleic acid template and also can include restriction
enzyme sites for cloning purposes.

{0440] Iz ome method, nucleic acid sequences encoding variant aming acids can be created by
oligonucieotide~-mediated mutagenesis. This technique is well known in the art as described by Zoller ef al. Nucleic
Acids Res. 10:6487-6504(1987). Briefly, nucleic acid sequences encoding variant amino acids are created by
hybridizing an oligonucleotide set encoding the desired codon sets 10 a DNA template, where the template is the
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single-siranded form of the plasmid containing & variable region nuclekc acid template sequence. Afier hybridization,
DNA polymerase is used o synthesize an entive second complementary strand of the template that will thus
incotporate the oligonucleotide primer, and will contain the codon sets as provided by the oligonucleotide set.

[0441] Generally, oligonucieotides of at least 25 nucleotides in fength are used. An optimal
oligonucleotide will have 12 1o 15 nucieotides that are completely complementary to the template on either side of
the nucleotide(s} coding for the mutation(s}. This ensures that the oligonucleotide will hybridize properly to the
single-stranded DNA remplate molecule. The oligonucleotides are readily synthesized using techmiques known in

the art such as that described by Crea et al.. Proc. Nat'l. Acad. Sci. USA, 75:3765 {1978},
‘ [0442] The DNA templaie 1s generated by those vectors that are cither derived from bacteriophage M13
vectors {the commercially available M13mp18 and M13mp19 vectors are suitable), or those vectors that comain &
single-stranded phage origin of replication as deseribed by Viera er al.. Meth. Enzymol., 153:3 (1987). Thus, the
DNA that 15 10 be mutated can be inserted into one of these vectors in order to generale single-stranded lemplate.
Production of the single-stranded template is described in sections 4.21-4.41 of Sambrook ez o/, abave.

[0443] To alier the native DNA sequence, the oligonucleotide is hybridized 1o the single siranded
template under suitable hybridization conditions. A DNA polymerizing enzyme, usually T7 DNA polymerase or
the Klenow fragment of DNA polymerase 1, is then added 1o synthesize the complementary strand of the template
using the oligonucieotide as a primer for synthesis. A heteroduplex molecule is thus formed such that one strand of
DNA encodes the mutated form of gene 1, and the other sirand (the original template) encodes the native, unaltered
sequence of gene 1. This heteroduplex molecule is then transformed into a suitable host cell, usually a prokaryote
such as E. coli IM101.  Afier growing the cells, they are plated onto agarose plates and screened using the
oligonucleotide primer radiolabelled with a 32-Phosphate 1o identify the bacierial colonies that comain the mutated
DNA.

[0444] The method described immediately above may be modified such that a homoduplex molecule is
created wherein both sirands of the plasmid contain the mmation(s). The modificatons are as follows: The single
stranded oligonucleotide is anncaled w0 the single-stranded template as described above. A mixture of three
deoxyribonucleotides. deoxyriboadenosine (dATP). deoxyriboguanosine (dGTP), and deoxyribothymidine (dTT), is
combined with a modified thiodeoxyribocytosine called dCTP-(aS) (which can be obtained from Amersham). This
mixture is added to the template-oligonucleotide complex. Upon addition of DNA polymerase to this mixture, a
strand of DNA identical 10 the template except for the mutated bases is generated. In addition, this new strand of
DNA will contain dCTP-(2S} instead of dCTP, which serves 10 protect it from restriction endonuclease digestion.
Afier the template sirand of the double-siranded heteroduplex is nicked with an appropriate resiriction enzyme, the
template strand can be digested with Exolil nuclease or another appropriate nuclease past the region that contains
the site(s) to be mutagenized. The reaction 1§ then stopped 10 leave a molecule that is only partially single-stranded.
A complete double-stranded DNA homoduplex is then formed using DNA polymerase in the presence of all four
deoxyribonucieotide triphosphates, ATP, and IDNA ligase. This homoduplex molecule can then be transformed into
a suitable host cell.

[0445] As indicated previously the sequence of the oligonuclectide set is of sufficient iength to hybridize
to the template nucleic 4cid and may also, but does not necessarily, contain restriction sites. The DNA emplate can
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be generated by those vectors that are either derived from bacteriophage M13 vectors or vectors that contain a
single-stranded phage origin of replication as described by Viera er ol Meth Enzvmol., 153:3 (1987). Thus, the
DNA that is to be mutafed must be inserted into one of these vectors in order 10 generate single-siranded template.
Production of the single-stranded template 15 described in sections 4.21-4.41 of Sambrook er ¢l supra.

{0446] According to another method, antigen binding may be restored during humanization of antibodies
through the selection of repaired hypervariable regions (See Application No. 11/061.841, filed February 18. 2005).
The method includes incorporzling non-human hypervariable regions onle an acceptor framework and further
introducing one or more amino acid substtutions in oue or more hypervariable regions without modifying the
accepior framework sequence. Alwrnatively, the iroduction of one or more amino acid substitations mav be
accompanied by modifications n the acceplor famewotk sequence.

{0447}  According o another method, & library can be generated by providing upstream and downstream
otigonucleotide sets, cach set having 2 plurality of oligonucleotides with different sequences, the different
sequences established by the codon sets provided within the sequence of the oligonucleotides. The upsiream and
downstream oligonucleotide sets, along with a variable domain template nucleic acid sequence. can be used in 2
polymerase chain reaction to generate a “library” of PCR products. The PCR products can be referred w as
“nucleic acid casseties™, as they can be fused with other related or unrelated nucleic acid sequences, for exampie,
viral coat proteins and dimerization domains, using established molecular biology techniques.

[0448] The sequence of the PCR primers includes one or more of the designed codon sets for the solvent
accessible and highly diverse positions in a hypervariable region. As described ahove, a codon set is a set of
differemt nucleotide wiplet sequences used o encode desired variant amino acids.

[0449] Amibody selectants that meet the desired criteria, as seclected through appropriate
screening/selection steps can be isolated and cloned using standard recombinant techniques.

[0450] Xt is further important that antibodies be bumanized with retention of high binding afinity for the
antigen and other favorable biological properties. To achieve this goal, according o a preferred method, humanized
antibodics are prepared by a process of analysis of the parental scquences and various conceptual humanized
products using three-dimensional models of the paremtal and humanized sequences.  Three-dimensional
immunoglobulin models are commeonty available and are familiar to those skilled in the art. Computer programs
are available which illustrate and display probable three-dimensional conformational stricmres of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the residues
in the functioning of the candidale immunoglobulin sequence, i.¢., the analysis of residues that influence the ability
of the candidale immunoglobulin 1o bind its antigen. In this way, FR residues can be selected and combined {rom
the recipient and import sequences so that the desired amtibody characteristic, such as increased affinity for the
targel antigen(s), is achieved. In general, the hypervariable region residues are directly and most substantially
involved in influencing antigen binding.

[0451] Various forms of a humanized anii-CD79b antibody are comtemplated. For example, the
humanized antibody may be an amibody fragment, such as a Fab, which is optionally conjugated with one or more
cyioloxic agent(s) in order to generate an immunocorjugate. Aliernatively, the humanized aniibody may be an

intact antibody, such as an intact 1g(G1 antibody.
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{0452}  As an ahernative 1o bumanization, buman antibodies can be geperated. For example. U is now
possible 10 produce transgenic animals (e.g., mice) that are capsble, upon immunization, of producing a full
repertoire of buman antibodies in the absence of endogenous immunoglobulin production. For example. it has been
described that the bomozygous deletion of the antibody heavy-chain joining region (Jy) gene in chimeric and germ-
line mutant mice results in complete inhibition of endogenous antibody producton. Transfer of the human germ-
line immueoglobulin gene array into such germ-line mutant mice will result in the production of human antibodies

upon antigen challenge. See, e.g., Jakobovits ef al., Proc. Natl. Acad. Sci. USA. 90:2551 (1993); Jakobovits et al.,

Nawre, 362:755-258 (1993). Bruggemann et al, Year in Immuano, 7:33 (1993);, U.S. Paent Nos. 5,545,806,
5,569.825, 5,591,669 (all of GenPharmy; 5,545.807; and W( 97/17852.
{0453] Alwrnatively, phage display iechnology (McCafferty et al, Nature 348:552-553 [1990]) can be

used to produce buman antibodies and amibody fragments in vitro, from mmunoglobulin vanable (V) domain gene
repertoires from unimmunized donors. According 1o this technique, antibody V domain genes are cloned in-frame
into either & major or minor coat prolein gene of 2 filamentous bacteriopbage, such as M13 or {d. and displayed as
functional amibody fragments on the surface of the phage particle. Because the filamentous particle contains a
single-stranded DNA copy of the phage genome. selections based on the funcional properties of the antibody also
Tesult in sclection of the gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of
the properties of the B-cell. Phage display can be performed in a variety of formats. reviewed in, e.g., Johnson,
Kevin S. and Chiswell, David J., Qurreni Opiniop in Structural Bioloov 3:564-571 (1993). Several sources of V-
cene segments can be used for phage display. Clackson et al., Nature, 352:624-628 (1991) isolated a diverse array
of anii-oxazolone antibodies from a small random combinatorial library of V genes derived from the spleens of
fimmunized mice. A repertoire of V genes from unimmunized human donors can be constructed and amibodies 0 2
diverse array of antigens (including sclf-antigens) can be isolated essentially following the techniques described by
Marks et al,, J. Mol. Biol. 222:581-597 (1991}, or Griffith et al.,, EMBQ ], 12:725-734 (1993). See, also. U.S. Patent

Nos. 5,565,532 and 5,573.905.

[0434] As discussed above, human antibodies may also be generaled by in vitro activated B cells (see
U.S. Patents 5,567,610 and 3,229.275).

4, Antibodv fraements

{0455} In certain circumstances there are advanlages of using antibody fragments. rather than whole
antibodies. The smaller size of the fragments allows for rapid clearance, and may lead o Improved access 1o solid
WMOrs.

{0456] Various techniques have been developed for the production of antibody fragments. Traditionally,

these fragments were derived via proteolytic digestion of intact amibodies (see, e.g., Morimolo et al., Journal of

Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et al., Science, 229:81 (1983)). However,

these fragments can now be produced directly by recombinant host cells. Fab, Fv and ScFv antibody fragments can
all be expressed in and secreted from E. coli, thus allowing the facile production of large amounis of these

fragments. Antibody fragments can be isolated from the antibody phage libraries discussed above. Alternatively,

Fab'-SH fragments can be directly recovered from £. coli and chemically coupled 1o form F{ab'yy fragments {Carter
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et al., Bio/Technology 10:163-167 (1992}). According 10 another approach. Flab'y; fragments can be isolated

directly from recombinant host cell culture. Fab and F(ab')y fragment with increased in vivo half-life comprising a
salvage recepior binding epitope residues are described in U.S. Paient No. 5.869.046. Other wechniques for the
production of antibody fragmems will be apparent 10 the skilled praciitioner. 1n other embodiments, the antibody of
choice is a single chain Fv fragment (scFv}). See WO 93/16185; U.S. Patemt No 5,571,894; and U.S. Patent No.
5.587.458. Fv and sFv are the only species with intact combining sites that are devoid of constant regions; thus,
they are suiteble for reduced nonspecific binding during in vivo use. sFv fusion proieins may be construcied 1o

vield fusion of an effector protein at ejther the amino or the carboxy terminus of an sFv. See Antihodv Engineering.

ed. Borrebaeck, supra. The antibody fragment may also be a “lincar antibody”, e.g., as described in U.S. Patent
3,641,870 for example. Such linear antibody fragments may be monospecific or bispecific.
5. Bispecific Antibodies

[0457} Bispecific amtibodies are amibodies thal have binding specificities for at least two different
epitopes.  Exemplary bispecific antibodies may bind 1o two different epitopes of & CD79b proiein as described
herein.  Other such amibodies may combine a CD79 binding sie with a binding site for another protein.
Alternatively, an anti-CD79b arm may be combined with an arm which binds 10 a triggering molecule on a
leukocyte such as @ T-cell receptor molecule (e.g. CD3}, or Fe receprors for 1gG (FeyR), such as FeyRI (CDé64),
FevRIl (CD32) and FeyRIN (CD16), so as o focus and localize cellular defense mechanisms 1o the CD7%b-
expressing cell. Bispecific antibodies may also be used 10 localize cylotoxic agents to cells which express CD79%b.
These antibodies possess a CD79%-binding arm and an arm which binds the cyiotoxic agent {e.g., saporin. anti-
interferon-¢, vinca alkaloid, ricin A chain, methotrexate or radioactive isotope hapten). Bispecific antibodies can be
prepared as full iength antibodies or antibody fragments {¢.g., F(ab")» bispecific antibodies).

[0458] WO 96716673 describes a bispecific ami-ErbB2/ant-FeyRIT antibody and U.S. Patent No.
5.837.234 discloses & bispecific anti-ErbB2/ant-FeyRI antibody. A bispecific amti-ErbB2/Feo amibody is shown in
W(098/02463. U.S. Patent No. 5.821.337 teaches & bispecific anti-ErbB2/anti-CD3 antibody.

{0459] Methods for making bispecific antibodies are known in the art. Tradivional production of full
length bispecific antibodies is based on the co-expression of two immunoglobulin heavy chain-light chain pairs,

where the two chains have different specificities (Millsiein ¢t al.. Nature 305:537-539 (1983)). Because of the

random assortment of immunoglobulin heavy and light chzins, these hybridomas {quadromas} produce a potential
mixture of 10 different antibody molecules, of which only one has the correct bispecific structure. Purification of
the correct molecule. which is usually done by affinity chromatography steps, is rather cumbersome, and the
product yields are low. Similar procedures are disclosed in WO 93/08829, and in Traunecker et al,, EMBQ 1.
10:3635-3659 (1991).

[0460] According t & differen! approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to fmmunoglobulin constant domain sequences.
Preferably, the fusion is with an lg heavy chain constant domain, comprising at lcast part of the hinge, Cy2, and
Cy3 regions. It is preferred to have the first heavy-chain constant region (Cyl) containing the site necessary {or
light chain bonding, present in at least one of the fusions. DNAs encoding the immunoglobulm heavy chain fusions
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and, if desired, the immunoglobulin hight chain, are inserted into separaie expression vectors, and are co-transfected
into a suitable host cell. This provides for greater flexibility in adjusting the muwal proportions of the three
polypeptide fragmems in embodiments when unequal ratios of the three polypeptide chains used in the construction
provide the optimum vield of the desired bispecific antibody. It is, however, possible w0 insert the coding sequences
for two or all three polypeptide chains into a single expression vector when the expression of at least 1wo
polypeptide chains i equal ratios results i high yields or when the ratios have no significant affect on the yield of
the desired chain combination.

[0461] In a preferred embodiment of this approach, the bispecific antibodies are composed of # hybrid
mmmunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy chain-
Heht chain pair {providing a second binding specificity) in the other arm. It was found thai this agymmetric
structure facilitaes the separation of the desired bispecific compound from unwanted immunoglobulin chain
combinations, as the presence of an immunoglobulin light chain in only one half of the bispecific molecule provides
for a facile way of separation. This approach is disclosed in WO 94/04690. For further details of generating

bispecific antibodies see, for example, Suresh et al., Methods i Enzvmoloev 121:210 (1986),

[0462] According 1o another approach described in U.S. Patem No. 3,731,168, the interface between a
pair of antibody molecules can be engineered 1o maximize the percentage of heterodimers which are recovered from
recombinant cell culture. The preferred interface comprises at least 2 part of the Cy3 domamn. In this method, one
or more small amino acid side chains from the interface of the first antibody molecule are replaced with larger side
chains {e.g.. tyrosine o1 iyplophan). Compensatory "cavities” of identical oy similar size 1 the Jarge side chain(s)
are crealed on the interface of the second antibody molecule by replacing large amino acid side chains with smaller
ones {e.g., alanine or threonine). This provides « mechanism for increasing the vield of the heterodimer over other
unwanted end-products such as homodimers.

{0463} Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For example, one of
the antibodies in the heteroconjugate can be coupled to avidin, the other 1o biotin.  Such amibodies have, for
example, been proposed o target immune system cells 10 wnwamed cells {U.S. Patent No. 4.676,980), and for
weatment of HIV mnfection (WO 91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibodies may be
made using any convenient cross-linking methods. Suiwble cross-linking agents are well known in the art, and are
disclosed in U.S. Patent No. 4,676,980, along with a manber of cross-linking techniques.

[0464] Techniques for generating bispecific antibodies from aniihody fragments have alsc been
described in the erature. For example, bispecific antibodies can be prepared using chemical linkage. Brennan et
al., Scienge 229:81 (1985) describe a procedure wherein intact antibodies are proteolytically cleaved to gencrate
F(ab')» fragments. These fragments are reduced in the presence of the dithiol complexing agent, sodium arsenite, 1o
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments generated are then
convened 1o thionitrobenzoate (TNB) derivatives. One of the Fab-TNB derivatives is then reconveried to the Fab'-
thiol by reduction with mercaptoethylamine and is mixed with an equimolar amount of the other Fab-TNB
derivative 1o form the hispecific antibody. The bispecific amibodies produced can be used as agents for the

selcetive immobilization of enzymes.



[0465] Recent progress has facilitated the direct recovery of Fab'-SH fragments from E. coli, which can
be chemically coupled w form bispecific amibodies. Shalaby et al., I Exp. Med. 175: 217-225 (1992} describe the
production of a fully humanized bispecific anibody Flab’), molecule, Fach Fab' fragment was separately secreted
from E. coli and subjected w directed chemical coupling in virro 1 form the bispecific antibody. The bispecific
antibody thus formed was able 1o bind 1o cells overexpressing the ErbB2 receptor and normal human T cells, as
well ag tigger the tytic activity of human cviotoxic lymphocyies against human breast umor targets.

[0466] Various technigues for making and isolating bispecific antibody fragmems directly from
recombinam cell culture have also been described. For example. bispecific antibodies have heen produced using
leucine zippers. Kostelny et al., J._lmmunol. 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos
and Jun proteins were hinked to the Fab' portions of two different antibodies by gene fusion. The antibody
homodimers were reduced at the hinge region to form monomers and then re-oxidized 1o form the antibody
heterodimers.  This method can also be utilized for the production of antibody homodimers. The “diabody"
technology described by Hollinger et al, Prog, Natl. Acad Sei, USA 90:6444-6448 (19933 has provided an

alternative mechanism {or making bispecific antibody fragments. The fragmenis comprise & Vy connecied 1o s V,
by a linker which is oo short 1o allow pairing between the 1wo domains on the same chain, Accordingly, the Vy
and Vi domains of one fragment are forced w pair with the complememary Vi and Vy domains of another
fragment, therchy forming two amigen-binding sites. Another sirategy for making bispecific antibody fragments by
the use of single-chain Fv (sFv} dimers has also been reported. See Gruber et al., I Immunol,, 132:3368 (1994).

[6467] Antibodies with more than two valencies are contemplated. For example. trispecific antibodies
can be prepared. Tutt et al., [ Immunol. 147:60 {1991},

6. Heteroconjugate Antibodies

{0468] Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate
antibodies are composed of two covalently joined antibodies. Such amibodies have, for example, been proposed 1o
targel immuue systemn cells 10 nnwanted cells [U.S. Patent No. 4,676,980], and for treamem of HIV infection [WQ
91/00360; WO 92/200373; EP 03089]. His contemplated that the amibodies may be prepared in virro using knovwn
methods in synthetic protein chemistry, including those involving crosslinking agents. For example, immunotoxins
may be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples of suitable
reagents for this purpose include Imunothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for
example, in U.S. Patent No. 4,676.980.

7. Multivalent Antibodies

[0469] A mulivalent antibody may be internalized (and/or catabolized) faster than a bivalent antibody by
a cell expressing an antigen 1o which the amibodies bind. The amibodies of the present invention can be
multivalent antibodies (which are other than of the {gM class) with three or more antigen binding sites (e.g.
1etravalent antibodies), which can be readily produced by recombinant expression of nucleic acid encoding the
polypeptide chains of the antibody. The multivalent antibody can comprise a dimerization domain and three or
more anligen binding sites. The preferred dimerization domain comprises (or consists of) an Fc region or a hinge

region. In this scenario, the antibody will comprise an Fe region and three or more aniigen binding sites amino-
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terminal 1o the Fc region. The preferred multivalent antibody herein comprises {or consists of) three 10 about eight,
but preferably four, antigen binding sites. The muliivalent antibody comprises at least one polypeptide chain {and
preferably two polypeptide chains), wherein the polypeptide chain(s) comprise Two or more variable domains. For
instance, the polypeptide chain(s} may comprise VD1-(X1},-VD2-(X2}p-Fc, wherein VD1 is a {irst vaniable domain,
VD2 is a second vanable domain, Fc is one polypeptide chain of an Fe region, X1 and X2 represem an amino acid
or polypeptide. and nis 0 or 1. For instance. the polypeptide chain(s) may comprise: VH-CH1-flexible linker-VH-
CH1-Fe region chain; or VH-CHI-VH-CH1-Fe¢ region cham. The multivalent anmibody herein preferably further
comprises at least two (and preferably four) light chain variable domain polypepuides. The muliivalent antibody
herein may, for instance, comprise from about two to about eight light chain varisble domain polypeptides. The
light chain variable domain polypeptides contemplated here comprise a light chain variable domain and, optionally,
further comprise a CL domain.

8. Effecior Function Epeineering

[0470] 1t may be desirable to modify the antibody of the invention with respect to effecior function, e.g.,
so as to enhance antigen-dependent cell-mediated cyotoxicity {ADCC) andior complement dependent cviotoxicity
(CDC) of the antibody. This may be achieved by introducing one or more amino acid substitutions in an Fc region
of the antibody. Alternatively or additionally, cysteine residue(s} may be inroduced in the Fc region, thereby
allowing imerchain disulfide bond formation in this region. The homodimeric amibody thus generated may have

improved intetnalization capability and/or increased complement-mediaied cell killing and antibody-dependent

cellular eytotoxicity (ADCC). See Caron et al.. I Exp Med. 176:1191-1195 (1992) and Shopes, B. 1._Tmmunol.
148:2918-2922 (1992). Homodimeric amibodies with enhanced anti-tumor aclivity may also be prepared using
heterobifunctional cross-linkers as described in Wolff et al., Cancer Research 53:2560-2565 (1993). Aliernatively,
an antibody can be engineered which has dual Fe regions and may thereby have enhanced complement lysis and
ADCC capabilities. See Stevenson et al., Anti-Cancer Drue Degion 3:219-230 (1989). To increase the serum half
life of the antibody, one may incorporate a salvage receptor binding epitope ino the antibody (especially an
antibody fragment) as described 1 U.S. Patent 5,739,277, for example. As used herein, the ierm "salvage receptor
binding epitope” refers 1o an epitope of the Fc region of an IgG molecule (e.g., 12G). IgGa, 1gGs, or 1gGy) that is
respounsible for increasing the in vivo serum half-life of the IgG molecule.

9. Immunoconiugates

[0471} The invention also pertains to immunoconjugaies {imerchangeably referred 10 as “amibody-drog
conjugates,” or “ADCs™) comprising an antibody coniugated o & cylotoxic agent such as a chemotherapeutic agent,
a growth inhibitory agent, a toxin (e.g.. an enzymatically active toxin of bacterial. fungal, plant, or animal origin, or
fragments thereof), or a radicactive isotope (i.e., a radioconjugate).

[0472] In certain embodiments, an immunoconjugale comprises an anubody and a chemotherapeutic
agent or other toxin. Chemotherapeutic agents useful in the generation of such immunocorjugales have heen
described above. Enzymatically active toxins and fragments thereof that can be used include diphtheria A chain,
nonbinding active fragments of diphthenia 1oxin, exowxin A chain (from Pseudomonas aeruginosa), ricin A chain,
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phyiolaca americana

proteins (PAP], PAPIL, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor,
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gelonin, migellin, restrictocin, phenomycin, enomycin, and the ticothecenes. A varety of radionuclides ave
available for the production of radicconjugated antibodies. Examples include *Bi, 'L ", *°Y, and "*Re.
Conjugates of the antibody and cylotoxic agent are made using a variety of bifunctional protein-coupling agents
such as N-succimimidyl-3-(2-pyridyldithiol) propionate (SPDP), mminothiolane (IT), bifunctional derivatives of
imidocsters (such as dimethyl adipimidate HCL). active esters (such as disuccinimidy! suberate), aldehvdes (such as
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl} hexanediamine), bis-diazonium derivatives
(such as bis-(p-diazoniumbenzoyl}-ethylencdiamine), diisocyanates (such as wolyene 2.6-diisocyanate), and bis-
active fluorine compounds (such as 1.3-difluoro-2.4-dinitrobenzene). For example, a ricin immunotoxin can be

prepared as described In Vitetta er af., Scienge, 238: 1098 (1987), Carbon-}4-labeled 1-isothiocyanatobenzyl-3-

methyldicthylene (riaminepentaacetic acid (MX-DTPA} is an exemplary chelating agent for coniugation of
radionucteotide o the antibody. See WO94/11026.

[0473] Conjugates of an antibody and one or more small molecule toxins, such as a calicheamicin,
auristatin peptides, such as monomethylauristatin (MMAE) (synthetic analog of dolasiayn), maytansinoids, such as
DML, a trichothene, and CC1065, and the derivatives of these toxins that have toxin activity, are also contemplated

herein.

Exemplary Immupocomugates ~ Antibodv-Drug Conjugates
{04741  An immunoconjugele (or “antibody-drug conjugae” (“ADC™Y) of the invention may be of

Formula [ below, wherein an antibody is conjugated (ie., covalently attached) to one or more drug moieties (D)

through an optional linker (L). ADCs may include thioMAb drug conjugates (“TDC™).

Ab—(L-D), :

[0475] Accordingly, the antibody may be conjugated 1o the drug either directly or via a linker. In
Formuila 1. p is the average number of drug moicties per antibody, which can range. e.g.. from about 1 to about 20
drug moieties per antibody, and in certain embodiments, from | 1o ahou: 8 drug moieties per antibody. The
invention includes a composition comprising a mixture of anibody-drug compounds of Formula I where the

average drug loading per antibody is about 2 10 about 5, or about 3 10 about 4.

a. Exemplary Linkers

[0476] A linker may comprise one or more linker components. Exemplary linker components include 6-
maleimidocaproyl (“MC™), maieimidopropanoyl (“MP”}, valine-citrulline (“val-cit” or “vc¢”), alanine-phenylalanine
(“ala-phe™). p-aminobenzyloxycarbonyl (a “PAB”), and those resulting from conjugation with linker reagents; N-
Succinimidyl 4-(2-pynidyithio) pentanoate (“SPP”), N-succimimidyl 4-(N-maleimidomethyl) cyclohexane-1
carboxylate (“SMCC™, also referred 1o berein as “MCC™), and N-Succimmidyl (4-jodo-acetyl) aminobenzoale

(“SIAB™). Various linker components are known 1 the art. some of which are described below.

-
o
[R8]



[0477] A linker may be a “cleavabie linker,” facilitating release of 2 drug in the cell. For example, an
acid-labile linker {e.g.. hydrazone). protecase-sensitive (e.g., peptidase-sensitive) linker, photolabile linker. dimethy!
tinker or disulfide-contaimng tmker {Char: e al., Cancer Research 52:127-131 (1992); U.S. Patent No. 5.208.020)

maey be used.

[0478] In certain embodiments. a linker 1s as shown in the following Formula II:
—A,—W,—Y, )

wherein A s a strelcher unit, and a is an integer from 0 10 1; W ig an amino acid unit, and w is an integer from 0 to
120 is a spacer unit. and y 1s 0, 1, or 2; and Ab. D. and p are defined as above for Formula I. Exemplary
embodiments of such linkers are described in US 2005-0238649 Al, which is expressty incomporated hercin by
reference.

{04791 In some embodiments, a hnker component may comprise a “stretcher unit” that links an antibody
o another linker component or 1o a drug moiery. Exemplary sireicher units are shown below (wherein the wavy

iine indicates sites of covalent attachment 10 an antibody):
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{0480] In some embodiments, 2 linker component may comprise an amino acid unit. In one such
embodiment, the amino acid unit allows for cleavage of the linker by a protease. thereby facilitating release of the
drug from the immunoconjugate upon cxposure W mtracellular proteases, such as lysosomal enzymes. See, eg..
Doronina et al. (2003} Nat. Biotechnol 21:778-784. Exemplary amino acid units include. but are not limited 1o, 2
dipeptide, a wripeptide, a letrapeplide. and a pentapeptide. Exemplary dipeptides include: valine-citrulline (ve or
val-cit), alanine-phenylalanine (af or ala-phe); phenylalanine-lvsine (fk or phe-lys); or N-methyl-valine-citrulline
(Me-val-cit). Exemplary tripeptides include: glycine~valine-civulline {(gly-val-cit) and giveine-glveine-glyeine
(gly-gly-gly), An amino acid unit may comprise amino acid residues that occur naturally, as well as minor amino
acids and non-naturally occurring amino acid analogs. such as cirulline.  Amino acid units can be designed and
optimized In their selectivity for enzymatic cleavage by a particular enzyme, for example. a tumor-associated

prolease, cathepsin B, C and . or & plasmin protease.

[0481] In some embodiments, 2 linker component may comprise a “spacer” unit that Iinks the antibody to
a drug moiety, either divectly or by way of g stretcher unit and/or an amino acid unit. A spacer unit may be “self>
immolative” or 2 “non-self-immolative.” A “non-self-immolative”™ spacer unit is one in which part or all of the
spacer unit remains bound to the drug moiety upon enzymatic (e.g., proteolytic) cleavage of the ADC. Examples of
non-self-immolative spacer units include, but are not Itmited to, 2 glycine spacer unit and a glycine-glycine spacer
unit.  Other combinations of peptidic spacers susceptible to sequence-specific enzymatic cleavage are also
comemplated. For example, enzymatic cleavage of an ADC comaining a glycine-giveine spacer unit by a tumor-
cell associated proiecase would result in release of a glycine-glycine~drug moiety from the remainder of the ADC. In
one such embodiment, the glveine-glycine-drug mojcty is then subjected 10 a separate hyvdrolysis siep in the tumor

cell, thus cleaving the glyeine-glycine spacer unit from the drug moiety.

[0482] A “self-immolative” spacer unit allows [or release of the drug moiety without a separate
hydrolysis step. In certain embodiments, a spacer unit of a linker comprises a p-aminobenzyl unit. In one such
embodiment, a p-aminobenzy! alcohol is attached w0 an amino acid unit via an amide bond, and a carbamare,
methylcarbamate, or carbonate is made between the benzyl alcohol and a eytotoxic agent. See, e.g., Hamann ot al.
(2003) Expert QOpin. Ther. Patents {(2003) 13:1087-1103. In onme embodiment, the spacer unmit is p-
antnobenzyloxycarbonyl (PAB). In certain embodiments, the phenylenc portion of a p-amino benzyl unit is
substituted with Qm. wherein Q is -C,-C; alkyl, -O-(C,-Cy alkyl). -balogen,- nitro or -cyano; and m is an integer
ranging from 0-4. Examples of self-immolative spacer units further include, but are not limited to, aromatic
corapounds that are electronically similar to p-aminobenzyl alcohol (see. e.g., US 20054256030 Alj, such as 2-
aminolmidazol-S-methenol derivatives (Hay et al. (1999) Bioorg. Med. Chem. Lett. 9:2237) and ortho- or para-
aminobenzylacetals. Spacers can be used that undergo cyclization upon amide bond hydrolysis, such as substituted
and upsubstituted 4-aminobutyric acid amides (Rodrigues et al., Chemisin: Biology, 1995, 2. 213); appropriately
substituted bicyclo{2.2.1] and bicyclof2.2.2] ring systems {Storm, et al.. J. Amer. Chem. Soc., 1972, 94, 5815); and

2-aminophenylpropionic acid amides (Amsbesry, et al, /. Org. Chem.,, 1990, 55, 5867). Elimination of amine-
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containing drugs that are substituted at the a-position of glycine (Kingsbury, et al., J. Med. Chem., 1984, 27, 1447)

are also examples of self-immolative spacers useful in ADCs.

[0483] 1n onc embodiment. a spacer unit is a branched bis(hydroxymethyljstyrene (BHMS) unit as

depicted below, which can be used 10 incomorate and refease multiple drugs.

O
CHo( OC)n
N TN A~
b«(A ~W,, NHQ—/LCHZ(OC)H——D
p
enzymatic
cleavage
2 drugs

wherein Q is -C-Cy alkyl, -O~(C;-C; alkyl), -halogen, -niro or -cyano; m is an integer ranging from 0-4; n is 0 or 1;

and p ranges raging from 1 to about 20.

{0484} In another embodiment, linker L may be a dendritic type hinker for covalent attachment of more
than one drug moiety through a branching. muliifunciional linker moiety 10 an antibody (Sun et al (2002)
Bioorganic & Medicinal Chemustry Letters 12:2213-2215; Sun et al (2003) Bioorganic & Medicinal Chemistry
11:1761-1768). Dendritic linkers can increase the molar ratio of drug 1o antibody, i.e. loading, which is related 10
the potency of the ADC. Thus, where a cysteine engineered antibody bears only one reactive cysteine thiol group, a
multitude of drug moieties may be attached through a dendritic linker.

[0485] Exemplary linker components and combinations thereof are shown bhelow m the context of ADCs
of Formula [I:

l-;i O
N\/u—vy«-o
Ab AN ;
H ') =

Val-Cit or VC
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[0486] Linkers components, including stretcher, spacer, and amino acid units, may be synthesized by

methods known in the art, such as those described m US 2005-0238649 Al
b. Exemplary Drug Moictics

{1} Maytansine and mayiansineids

[0487] In some embodiments, an immunoconjugate comprises an antibody conjugated 1o one or more
maylansinoid molecules. Maytansinoids are mitototic inhibitors which act by inhibiting wbulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata {U.S. Patent No. 3896111).
Subsequently, it was discovered that certain microbes also produce maytansinoids, such as maytansinol and C-3
maytansinol esters (U.S. Patent No. 4,151,042). Synthetic maytansinol and derivatives and analogues thereof are
disclosed, for example, in U.S. Patent Nos. 4,137.230; 4,248,870, 4,256,746 4,260,608, 4.265,814; 4,294,757:
4307.016; 4,308.268; 4.308.269; 4,309,428, 4.313,946; 4,315,929; 4,317,821, 4,322,348; 4,331.598; 4,361,650,
4.364,866; 4.424,219; 4,450.254; 4,362.663; and 4.371,533.

[0488] Mayiansinoid drug moieties are attractive drug moicties in antibody-drug conjugates because they
are: (i) relatively accessible 1o prepare by fermentation or chemical modification or derivatization of fermentation
products, (i) amenable to derivatization with functional groups suitable for conjugation through disulfide and non-

disulfide linkers to antibodies, (iii) stable in plasma, and (iv) effective against a variety of tumor cell lines.

[0489] Mavtansine compounds suitable for use as maytansinoid drug moieties are well known in the art
and can be isolated from natural sources according to known methods or produced using genetic cngineering and
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fermentation techmques (US 6790932; US 2005/0170475; Yu et al (2002) PNAS 99:7968-7973). Mayvtansinol and

maytansinol analogues may also be prepared synthetically according 1o known methods.

[0490] Exemplary mayiansinoid drug moieties include those having a modified aromatic ring. such as:
C-19-dechioro (US Pat No. 4236746} (prepared by lithtum aluminum hydride reduction of ansamytocin P2}j; (-20-
hydroxy (or C-20-demethyly +/-C-19-dechloro (US Pat. Nos. 4361650 and 4307016} (prepared by demethylation
using Strepromyces or Actinomyees or dechlorination using LAH): and C-20-demethoxy, C-20-acyloxy (-QOCOR),
+/-dechioro (U.S. Pat. No. 4.294.757) (prepared by acylation using acyl chiorides). and those baving modifications

at other positions.

[0491] Exemplary maytansinoid drug moicties alse inchude those having modifications such as: C-9-SH
(US Pat. No. 4424218) (prepared by the reaction of maviansinol with H2S or P2Sqy; C-14-
alkoxymethyl(demethoxy/CH, ORYUS 4331598); C-14-hydroxymethyl or acyloxymethy]l (CH,OH or CH,OAc)
(US Pat. No. 4450254) (prepared from Nocardia}; C-15-hydroxy/acyloxy (US 4364866) (prepared by the
conversion of maytapsinol by Streptomycees); C-15-methoxy (US Pat. Nos, 4313946 and 4315929) (isolated from
Trewia nudiflora); C-18-N-demethyl (US Pat. Nos. 4362663 and 4322348) (prepared by the demethyiation of
maytansinol by Streptomyces); and 4,5-deoxy (US 4371533) (prepared by the titanium trichloride/LAH reduction

of mayvtansinol}.

[0492] Many positions on maylansine compounds are known 10 be useful as the linkage position,
depending upon the rype of link. For example, for forming an ester linkage, the C-3 position having a hydroxy!
group, the C-14 position modified with hydroxymeihyl, the C-13 position modified with a hydroxy! group and the
C-20 position having a hydroxyl group are all suitable (US 5208020; US RE39151; US 6913748; US 7368565; US
2006/0167245; US 2007/0037972).

[0493] Maytansinoid drug moieties include those having the structure:

G (CRolm—S—$

where the wavy line indicates the covalent attachment of the sulfur alom of the maytansinoid drug moiety 10 4
linker of an ADC. R may independently be H or a C;~Cg alkyl The alkylene chain attaching the ammde group to
the sulfur atom may be methanyl, ethanyl. or propyl, ie.. mis 1. 2, or 3 (US 633410 ; US 5208020; US 7276497,
Chan et al (1992) Cancer Res. 52:127-131: Liu et al (1996) Proc. Natl. Acad. Sci USA 93:8618-8623),
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[0494] All stereoisomers of the maytansinoid drug moiety are contemplated for the compounds of the
inventiorn, i.e. any combination of R and S configurations at the chiral carbons of D. Ip one embodiment, the

maytansinoid drug moiety will have the following stereochermistry:

G (CRoln—S—3

[0495] Exemplary embodiments of maytansinoid drag moieities include: DM 1; DM3; and DM4, having

the strucwures:

DM1
CHZO




CHs
CHoCH,C—S—— 8

H

DOM3

CHs
MG CHACHC—S— 8§

o] CH3

DM4

wherein the wavy line indicaies the covalent anachment of the sulfiur atom of the drug 10 a linker (L) of an
antibody-drug conjugate. (WO 2005/037992; US 2005/0276812 Al).

{0496} Other exemplary mayiansinoid antibody-drug conjugaes have the following suructures and

abbreviations, (wherein Ab is antitbody and pis 1 to about 8):
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[0497]) Exemplary amibody-drug conjugates where DM is linked through a BMPEO linker w0 a thiol

group of the antibody have the structure and abbreviation:

&;\,oﬁ/\oi;\?‘ st Ab

HisC  CH,CH.S

CHL0

where Abis antibody; nis €, 1, or 2;and pis 1, 2. 3, 0r 4.

[0498] Immumoconjugales containing maytansinoids, methods of making the same, and their therapeutic
use are disclosed. for example, in Erickson, et al (2006) Cancer Res. 66(8):4426-4433; UJ.S. Paient Nos. 5.208,020,
5,416,064, US 2005/0276812 Al, and European Patent EP 0 4235 235 B, the disclosures of which are hereby

expressly incorporaled by reference.

[0499] Antibody-maytansinoid conjugates are prepared by chemically linking an antibody o a
maytansinoid molecule without significantly diminishing the biological aciivity of either the antibody or the
maylansinoid molecule.  See, e.g, U.S. Patent No. 5.208,020 (the disclosure of which is hereby expressly
mncorporated by reference). Mayviansinoids can be synthesized by known techniques or isolated from natural
sources. Suitable maytansinoids are disclosed. for example, in U.S. Patemt No. 5.208,020 and in the other patents
and nonpatent publications referred to hereinabove, such as maytansinol and maytansinol analogues modified in the

aromalic ting or at other positions of the maytansinol molecule, such as various maytansinol esters,

[0500] There are many Linking groups known n the art for making antibody-maytansinoid conjugates,
including, for exampie, those disclosed in U.S. Patent No. 5208020 or EP Patent 0 425 235 B1; Chari et al. Cancer
Research 532:127-131 (1992); and US 2005/016993 Al, the disclosures of which are hereby expressly incorporated
by reference. Antibody-maytansinoid comjugates comprising the linker component SMCC may be prepared as
disclosed in US 2005/276812 Al, “Antibody-drug conjugates and Methods.” The linkers comprise disulfide
groups, thioether groups, acid labile groups, photolabile groups, peptidase labile groups. or esterase labile groups, as
disclosed in the above-identified patents. Additional linkers are described and exemplified berein,

{0501} Conjugates of the antibody and maytansinoid may be made using a variety of bifunctional protein
coupling agents such as N-succimimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-4-(N-

maleimidomethyl} cyclohexane-i-carboxylate (SMCC), iminothiolane (IT). bifunctional derivatives of imidoesters
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(such as dimethyl adipimidate HC), active esters (such as disuccinimidyl suberate), aldehydes (such as
ghraraidehyde), bis-azido compounds (such as bis (p-azidohenzov!) hexanediamine), bis-diazonium derivatives
{(such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocvanates (such as toluene 2,6-diisocvanate), and bis-
active fluorine compounds (such as 1.5-diftuoro-2 4-dinitrobenzene). In certain embodiments, the coupling agent is
N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP) (Carlsson et al.. Biockem. J. 173:723-737 (1978)) or N-
succimmidyl-4-(2-pyridylthio)pemanoate (SPP) 10 provide for a disulfide linkage.

{0502 The linker may be attached 10 the maylansinoid molecule at various positions, depending on the
type of the Link. For example, an ester linkage may be formed by reaction with a hydroxyl group using
conventional coupling techniques. The reaction may occur a1 the C-3 position having a hydroxyl group, the C-14
position modified with hvdroxymethyl. the C-15 position modified with a hydroxvl group. and the C-20 positien
having a hydroxyl group. In one embodiment, the linkage is formed at the C-3 position of mayiansinol or a

maylansino! analogue.

(2) Auristatins and dolustating

[0503] In some embodiments, an immunoconjugate comprises an antibody conjugated to dolastatin or a
dolastatin peptidic analog or derivative, ¢.g., an auristatin {US Pat. Nos. 5635483; 5780588). Dolastatins and
auristatins have been shown 10 interfere with mucrotubule dynamies, GTP hydrolysis, and nuclear and cellular
division (Woyke et al (2001) Antimicrob. Agents and Chemother. 45(12):3580-3584) and bave anticancer (US Pat.
No0.5663149) and antifungal activity (Pettit et al (1998) dmimicrob. Agents Chemother. 42:2961-2965). The
dolastatin or auristatin drug moiety may be attached 1o the antibody through the N (amino} terminus or the C
(carboxyl) terminus of the peptidic drug moiety (WO 02/088172),

[0504] Exemplary auristatin embodiments include the N-ierminus linked monomethylauristatin drug
moieties DE and DF (US 2005/0238649, disclosed in Senter et al, Proceedings of the American Association for
Cancer Research, Volume 45, Abstract Number 623, presemed Marck 28, 2004, the disclosure of which is expressly

incorporated by reference in its entirety).

{0505] A peptidic drug moiety may be selected from Formuias Dg and Dy below:
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wherein the wavy line of D¢ and Dy indicates the covalent attachment site w0 an amibody or antibody-linker

component, and independently at each location:
R’ is selected from H and C;-Cy alkvl;

R is selected from H, C.-Cy alkyl, Co-Cy carbocvele, arvl, C-Cy alkyi-arvl, C-Cy alkyl<(C=-Cy

carbocycle)., C3-Cs heterocyele and C;-Cg alkyl-(C;-Cy heterocycle;

R* is selecied from H, C;-Cy alkyl, C-Cs carbocyele, arvl. C-Cy alkyvlaryl, C-Cy alkyl(Ca-Cy
carbocyele), Ci-Cq heterocvele and C5-Cy alkyi-{Ci-Cs heterocyele);

R is selected from H and methyl;

or R and R jointly form a carbocyclic ring and have the formula «CR*R"),~ wherein R® and R are

independently selecied from H, C,-Cy alky! and C;-Cy carbocyele and 1 1s selected from 2, 3, 4, 5 and 6;
R® is selected from H and C;-Cy alkyl;

R’ is selecled from H, C;-Cy alkyl, C:-Cy carboevele, arvl, C;-Cy alkyl-aryl, C;-Cg alkyl{(C:-Cy
carbocvele), C:-Cy beterocyele and C-Cy alkyl-(Cs-Cy heterocyele);

each R¥is independently selected from H, OH, C;-C¢ alkyl, C5-Cs carboeycele and O-(C,-Cs alkyl);
R’is selected from H and C,-Cs alkyl;

R is selected from aryl or Cs-Cy heterocycle;

Zis O, 8, NH, or NR*, wherein R*” is C;-Cy alkvi;

RY is selecied from H, C;-Cyp alkyl, arvl, C:-Cy beterocycle, (R¥0)u-R™, or «(RP0),-CHR),:
m is an infeger ranging from 1-1000;

R 35 CouCy alkovi;

R is H or C;-Cg alky),

each occurrence of R¥ is independently H. COOH, ~(CH»),-N(R’), ~(CH»),-SO:H. or ~(CH>),-SO:-C:-
Cg alkyl,

each oceurrence of R’ is independently H, C,-C; alkyl, or —(CH,),-COOH;

R’ s selected from ~CRS)~C(R®)-aryl. ~C(R*).~C(RP)~(C3-C; beterocyele), and ~C(RB)~C(R®),~(C-
Ci carhocycle); and

1 is ap integer rangipg Fom 0 10 6.

[0506] In one embodiment, R}, R* and R’ are independently isopropyl or sec-butyl and R* is -H or

methyl. In an exemplary embodiment, RY and R* are each isopropyl, R is -H, and R is sec-butyl.

[0507] In yvet another embodiment, R? and R® are each methyl, and R” is -H.
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[0308] In sill another embodiment, each occurrence of R® is -OCH..

[0509] In an exemplary embodiment, RY and R” are each isopropyl, R* and R® are each methyl, R is -H,

R is sce-butyl. each oceurrence of R® is -OCH;, and R” is -H.
{05101 In one embodiment, Z is -O- or -NH-.
[0511] Inone embodiment. R is aryl.
[0512] Inan exemplary embodiment. R’ is -phenyl.
[0513] In an exemplary embodiment, when Z is -O-, R!' is ~H, methy! or t-butyl.

[0514] In one embodiment, when Z is -NH, R” is -CH(R'),. wherein R" 15 -(C1),-N(R*),, and R is -
C;-Cy alkyl or (CHa),~-COOH.

[0513] In another embodiment, when Z is -NH. R" is -CH(R"*)., wherein R** is -(CHa),-SO:H.

[0516] An exemplary auristatin embodiment of formula Dy is MMAE, wherein the wavy line indicales

the covalent attachment 1o a linker (L} of an antibody-drug conjugate:

[6517] An exemplary auristatin embodiment of formula Dy is MMAF. wherein the wavy line indicales
the covalent attachment 10 a linker (L) of an antibody-drug conjugate (see US 2005/0238649 and Doronina et al.
{2006 Bioconjugate Chem. 17:114-124}):

o)
s“;\ N, N ¥
5 } o © 0N © P on

{0518] Other exemplary embodiments include monomethylvaline compounds baving phenylalanine

MMAF

carboxy modifications at the C-terminus of the pentapeptide aurisiatin drug molety (WQ 2007/008848) and
monomethylvaline compounds having phenylalanine sidechain modifications at the C-terminus of the pentapeptide
auristatin drug moiety (WO 2007/008603).

[0519] Other drug moieties include the following MMAF derivatives, wherein the wavy line indicates

the covalent atiachment (o a linker (L) of an antibody-drug conjugale:
134
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[0320] 1n one aspect, hydrophilic groups including but not iimited to, triethyiene glyeol esters (TEG). as
shown above. can be attached o the drug moiety at R''. Without being bound by any particular theory, the

hydrophilic groups assist in the inlernalization and non-agglomeration of the drug moiety.

[0521] Exemplary embodiments of ADCs of Formula I comprising an auristatin/dolastatin or derivative
thereof are described in US 2005-0238649 and Doronina et al. (2006) Bioconjugate Chem. 17:114-124, which is

expressly incorporated herein by reference. Exemplary embodimenis of ADCs of Formula I comprising MMAE or

13¢



MMAF and various linker components have the following structures and abbreviations (wherein “Ab” is an
antibody; p is | 1o abour §, “Val-Cit” or™*ve” is a valine-citruliine dipeptide; and “S™ 18 a sulfur atom. It will be
noted that in certamn of the structural descriptions of sulfur linked ADC herein the antibody is represented as “Ab-S”
merely 10 indicate the sulfur link feature and not 1o indicate that a particular sulfir atom bears multiple linker-drug
moicties. The left parentheses of the following structures may also be placed to the lefi of the sulfur alom, between

Ab and S. which would be an equivaient description of the ADC of the invention described throughout herein.

Y O OOA / 5
Ab-MC-vc-PAB-MMAF
Ab~S?<J Oy 0N OH
o o~ «K“,N S %
0] N N N N
}\I\/\/\)\VEI-CH—N/O/\ o) P J,X\(n; O I \‘)\Q >
0] p
Ab-MC-ve-PAB-MMAE
Ab-S
)
o H O H
N\/\/\)\N N".,ﬁLN
o AL oo O
Ao»MC-MMAE
Ab-S o
0 H O
i |
J\OH )
Ab-MC-MMAF

[0522] Exemplary embodiments of ADCs of Formula I comprising MMAF and various linker
components further inctude Ab-MC-PAB-MMAF and Ab-PAB-MMAF. Interestingly, immunoconjugales
comprising MMAF attached 1o an antibody by a linker that ig not proteolytically cleavable have been shown
possess activity comparable to immunoconjugates comprising MMAF attached 10 an antibody by a proteolytically
cleavable linker. See, Doronina et al. (2006) Bioconjugaie Chem. 17:114-124. In such instances, drug release is

believed 16 be effected by antibody degradation in the cell. /d.

[0523] Typically, peptide-based drug moieties can be prepared by forming 2 peptide bond between two

or more amino acids andior peptide fragments. Such peptide bonds can be prepared, {or example. according o the

1
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liquid phase synthesis metbod (see-E. Schroder and K. Liibke, “The Peptides™, volume 1. pp 76-136, 1963,
Academic Press) that is well known in the field of peptide chemistry. Auristatin/dolastatin drug moieties may be
prepared according to the methods of: US 2005-0238649 A1, US Pat. No.56353483; US Pai. No.5780588; Penit &
al (1989)J. Am. Chem. Soc. 111:5463-54635; Pentit et al (1998) Anti-Cancer Drug Design 13:243-277; Penit, G.R.,
et al. Svnrhesis, 1996, 719-725; Penit et al (1996} J. Chem. Soc. Perkin Trans. 1 5:859-863; and Doronina (2003)
Nat. Biotechnol. 11(7):778-784.

[0524] In pariicular, aurisiatin/dolastaun drug moieties of formula Dy, such as MMAF and derivatives
thereof, may be prepared using methods described in US 2005-0238649 Al and Doronina et al (2006)
Biocmg.fugaré Chem. 17:114-124. Auwristaun/dolastatin drug moietes of formula Dg, such as MMAF and
derivatives thercof, may be prepared using methods described in Doronina ¢t al. {2003 ) Nair. Biotech. 21:778-784.
Drug-linker moleties MC-MMAF, MC-MMAE, MC-vc-PAB-MMAF, and MC-ve-PAB-MMAE may be
conveniently synthesized by routine methods, ¢.g.. as described i Doronina et al. {2003} Nat. Biotech. 21:778-784,

and Patent Application Publication No. US 2005/0238649 Al, and then conjugated to an antibody of interest,

(3) Calicheamicin

[0525] In other embodiments, the immunoconjugate comprises an antibody conjugated to one or more
calicheamicin molecules. The calicheamicin family of antibiotics are capable of producing double-stranded DNA
breaks at sub-picomolar concentrations. For the preparation of conjugates of the calicheamicin famity, see U.S.
Pat. Nos. 5,712,374, 5,714,586, 5,739,116, 5,767.285, 5,770,701, 5,770,710, 5,773,001, 5,877.296 {all to
Amencan Cyanamid Company). Structural analogues of calicheamicin which may be used include, but are not
limited 10, 7, 02, @', N-acetyl-y,'. PSAG and 8', (Hinman et al., Cancer Research 53:3336-3342 (1993), Lode et
al., Cancer Research 58:2925-2928 (1998), and the aforementioned U.S. patents 10 American Cyanamid).
Another anti-tumor drug to which the antibody can be conjugated is QFA, which is an antifolate. Both
calicheamicin and QF A have intracellular sites of action and do not readily cross the plasma membrane. Therefore,

cellular uptake of these agents through antibody-mediated inernalization greatly enbances their eviotoxic effects.

¢. Other cytotoxic agents

[0526] Other antitumor agents that can be conjugaied to an antibody include BCNU, sireptozocin,
vineristine and 5-fluorouracil, the family of agents known collectively as the LL-E33288 complex, described in

US Pat. Nos. 5.053.394. 5,770,710, as well as esperamicins (US Pat. No. 3.877,296).

{05271 Enzymatically active oxins and fragments thereof which can be used include diphtheria A chain,
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa). ricin A chain,
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites {ordii proteins, dianthin proteins, Phyiolaca americana
proteins (PAPIL, PAPIL, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria olficinalis inhibitor,
gelonin, mitogellin, resinclocin, phenomycin, enomycin and the wicothecenes. See, for example, WO 93/21232

published October 28, 1993.
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[0528] The present invention further contemplates an immunoconjugate formed between an antibody and
a compound with nucleolytic activity {e.g., a ribonuciease or a DNA endonuciease such as a deoxyribonucieasc;

DNasel.

{0529] 1In certain embodiments, an mmunoconjugate may comprise a highly radicactive atom. A variety
of radioactive isotopes are available for the production of radioconjugated amibodies. Examples include A 1'%
I, 7%, Re'™, Re'™, Sm'™, Bi*", P¥, Pb*'? and radioactive isotopes of L. When the immunoconjugate is used
for detection, it may comprise 2 radioactive atom for scintigraphic smdies. for example ™™ or I'”, or a spin label
for nuclear magnetic resonance (NMR) imaging {also known as magnetic resonance imaging, mri), such as iodine-

123, iodine-131, indum-111, fluorine-19, carbor-13, nitrogen-15, oxygen-17, gadolinium, manganese or iron.

[0530] The radio- or other labels may be incorporated in the immunoconjugate in known ways, For
example, the peptide may be biosynthesized or may be synthesized by chemical amino acid synthesis using
suitable amino acid precursors involving, for example. fluotine-19 in place of hvdregen. Labels such as 1™ or
', Re'™, Re'™ and In'"’ can be attached via a cysteine residue in the peptide. Yrrium-90 can be attached via a
tysine residue. The IODOGEN method (Fraker et al (1978} Biochem. Biophvs. Res. Commun. 80; 49-57 can be
used 1o incorporate lodine-123. "Monoclonal Amtibodies in Immunoscintigraphy” (Chatal, CRC Press 1989)

describes other methods in detrail.

[0531) In certain embodiments, an immunoconjugate may comprise an antibody conjugaied 1o & prodrug-
activating enzyme that converts a prodrug (e.g., a peptidyvl chemotherapeutic agent, see WO 81/01143) 10 an active
drag, such as an anti-cancer drug.  Such immunoconjugates are useful in antibody-dependent enzyme-mediated
prodrug therapy (“ADEPT”). Enzymes that may be conmjugated 1o an antibody include, but are not limited to,
alkaline phosphatases, which are useful for converting phosphate-containing prodrugs into free dmgs;
arylsulfatases, which are useful for converting sulfate-containing prodrugs into free drugs; cylosine deaminase,
which is useful for converting non-toxic 5-fluorocytosine into the anti-cancer drug, S-fluorouracil; proteases. such
as serratia protease, thermolysin, subtilisin, carboxypeptidases and cathepsins (such as cathepsins B and L), which
are useful for converting peptide-containing prodrugs into free drugs; D-alanyicarboxypeptidases, which are useful
for convening prodrugs that comtain D-amino acid substituems; carbohydrate-cleaving enzymes such as B-
galactosidase and neuraminidase, which ave useful for convering glycosylated prodrugs imo free drugs; -
lactamase, which is useful for converting drugs derivatized with B-lactams into free drugs; and penicillin amidases,
such as penicillin V amidase and penicillin G amidase, which are useful for converting drugs derivatized at their
amine nitrogens with phenoxyacetyl or phenylacetyl groups, respectively. imo free drugs. Enzymes may be
covalently bound to antibodies by recombinant DNA techniques well known in the art. See, e g., Neuberger et al,,

Nature 312:604-608 (1984).

d. Drug Leading

[0532] Drug loading is represented by p, the average number of drug moieties per antibody in 2 molecule
of Formuia I. Drug loading may range from 1 to 20 drug moieties (D) per antibody. ADCs of Formula I include

collections of antibodies conjugated with a range of drug moieties, from 1 10 20. The average number of drug
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moieties per antibody in preparations of ADC from conjugation reactions may be characterized by conventional
means such as mass spectroscopy. ELISA assay, and HPLC. The quantiiative distribution of ADC in terms of p
may also be determined. In some instances, separation, purification. and characterization of homogeneous ADC
where p is a certain vahue from ADC with other drug loadings may be achieved by means such as reverse phase
HPLC or electrophoresis. Pharmaceutical formulations of Formula I antibody-drug conjugates may thus be 2

-

heterogeneous mixture of such conjugates with antibodies linked 1o 1. 2, 3, 4, or more drug moieties.

[0533] For some antibody-drug conjugaies, p may be limited by the number of attachment sites on the
antibody. For example, where the attachment is & cysteine thiol, as in the exemplary embodiments above, an
antibady may have only one or several cysteine thiol groups, or may have only one or several sufficiently reactive
thiol groups through which a linker may be attached. In cenain embodiments, higher drug loading, ¢.g. p >5. may
cause aggregation, msolubility, wxicity, or loss of cellular permeability of certain antibody-drug conjugates. In
certain embodiments, the drug loading for an ADC of the invemion ranges from 1 to about 8; from abouwt 2 w0
about 6; or from about 3 to abowt 5. Indeed, i has been shown that {or certain ADCs, the optimal ratic of dmug
moieties per antibody may be less than 8, and may be about 2 10 abowt 3. See US 2005-0238649 Al.

[0534] 1n certain embodiments, fewer than the theoretical maximum of drug moictics are conjugated 10
an antibody during a conjngation reaction. An amtibody may contain, for example, tysine residues that do not react
with the drug-linker intermediate or linker yeagent, as discussed below. Geperally, antibodies do not contain many
free and rTeactive cysieine thiol groups which may be tinked 10 a drug moiety; indeed most cysteine thiol residues
in amibodies exist as disulfide bridges. In certain embodiments, an antibody may be reduced with a reducing
agent such as dithiothreitol (DTT) or wicarbonylethylphosphine (TCEP), under partial or total reducing conditions,
10 generale reactive cysicine thiol groups. In cernain embodiments, an antibody is subjecied 1o depaturing

conditions to reveal reactive nucleophilic groups such as lysine or cysteine.

{0535] The loading (drug/antibody ratio) of an ADC may be controlled in different ways, e.g. by: (i)
limiting the molar excess of drug-linker imermediate or linker reagent relative to amibody, (i1} limitng the
comjugation reaction time or temperature, and (i} partial or limiting reductive condivons for cysteine thiol

modification.

[0536] It is 10 be understood that where more than one nucleophilic group reacts with a drug-linker
intermediate or linker reagent followed by drug moiety reagent, then the resulting product is a mixture of ADC
compounds with a distibution of one or more drug moieties attached to an antibody. The average number of
drugs per amibody may be caleulated from the mixture by a dual ELISA antibedy assay, which is specific for
antibody and specific for the drug. Individual ADC molecules may be identified in the mixture by mass
spectroscopy and separated by HPLC, e.g. hydrophobic miteraction chromatography (see, e.g., McDonagh et al
(2006) Prot. Engr. Design & Selection 19(7):299-307; Hamblett et al (2004) Clin. Cancer Res. 10;7063-7070:
Hamblett, K.J., et al. “Effect of drug loading on the pharmacology, pharmacokinetics, and toxicity of an anti-CD30
antibody-drug conjugate,” Abstract No. 624, American Association for Cancer Research, 2004 Annual Meeting,
March 27-31, 2004, Procecdings of the AACR, Volume 45, March 2004; Alley, S.C., ¢t al, “Conurolling the

location of drug attachment in antibody-drug comjupates,” Abstract No. 627, American Association for Cancer
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Research, 2004 Annual Mecting, March 27-31, 2004, Proceedings of the AACR, Volume 45, March 2004). In
certain embodiments. @ homogenesus ADC with a single Joading value may be isolated from the conjugation

mixnre by electrophoresis or chromatography.

e. Certain Methods of Preparing Immunconjugates

[0537] An ADC of Formula I may be prepared by several routes employing organic chemistry reactions,
conditions, and reagents known 1 those skilled in the art, including: (1) reaction of a nucleophilic group of an
antibody with 2 bivalent bnker reagent 1o form Ab-L via a covalen bond, followed by reaction with a drug mozety
3; and (2) reaction of a nucleophilic group of a drug moiety with a bivalemt linker reagent, 10 form D-L. viz a
covalent bond, {oltowed by reaction with a nucleophilic group of an antibody. Exemplary metbods for preparing
an ADC of Formula ] via the latter route are described in US 2005-0238649 Al, which is expressly incorporated

heremn by reference.

[0338] Nucleophilic groups on antibodies include, but are not limited to: (i) N-terminal amine groups, (i}
side chain amine groups, e.g. lysine, (i) side chain thiol groups. e.g. cysteine, and (iv) sugar hyvdroxyl or amino
groups where the amtibody is glycosylated. Amime. thiol. and hydroxyl groups are nucleophilic and capable of
reacting to form covalent bonds with electrophilic groups on linker moieties and linker reagents including: (i)
active esters such as NHS esters, HOB! esters, haloformates, and acid halides; (i) alkyl and benzyl halides such as
haloacelamides; (i} aldehvdes, ketones, carboxyl, and maleimide groups. Certain antibodies have reducible
interchain disulfides, Le. cysteine bridges. Antibodies may be made reactive for conjugation with linker reagents
by treatment with a reducing agent such as DTT (dithiothreitol) or tricarbonylethviphospbine (TCEP), such that
the antibody is fully or parially reduced. Each cysieine bridge will thus form, theoretically, two reactive thiol
nucleophiles. Additional nucleophilic groups can be introduced inio antibodies through modification of lysine
residues, e.g., by reacting lysine residues with 2-iminothiolane (Traut’s reagent), resulting in conversion of an
amine into a thiol. Reactive thiol groups may be introduced into an antibody by introducing one, two, three, four,
or more cysteine residues {e.g., by preparing variant antibodies comprising one or more non-native cysieine amino

acid residucs).

{0539] Antibody-drug conjugates of the invention may also be produced by reaction between an
electrophilic group on ap antibody, such as an aldehyde or ketone carbony! group. with a nucleophilic group on a
linker reagemt or drug. Useful nucleophilic groups on a linker reagent include, but are not limited 1o, hydrazide,
oxime, amino, hydrazine, thiosemicarbazone. hydrazine carboxylaie, and arylhydrazide. In ove embodiment. an
amibody is modified 1o inmtroduce electrophilic moieties that are capable of reacting with nucleophilic substituents
on the linker reagent or drug. In another embodiment. the sugars of glycosylated antibodies may be.oxidized, e.g.
with periodate oxidizing reagents, 1o form aldehyde or ketone groups which may react with the amine group of
linker reagents or drug moieties. The resulting imine Schiff base groups may form 2 stable linkage, or may he
reduced, e¢.g. by borohvdride reagents to form siable amine linkages. In one embodiment, reaction of the
carbohvdrate portion of a glycosylated antibody with either galactose oxidase or sodium meta-periodate may yield

carbony! {aldebyde and Ketone) groups im the aniibody that can react with appropriate groups on the drug

=8
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(Hermanson, Bioconjugate Technigues). In another embodiment, antibodies containing N-lerminal serine or
threonine residues can react with sodivm meta-periodaie, resuhing in production of an aldehyde in place of the
first amino acid (Geoghegan & Stroh. {1992} Biocomjugare Chem. 3:138-146; US 5362852). Such an aldehyde

can be reacied with a drug meiety or linker nucieophile.

[0540] Nucleophilic groups on a drug moiety include. but are not limited t0: amine. thiol. bvdroxyl,
hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide groups capable of
reacting to form covalent honds with electrophilic groups on linker moieties and lnker reagems including: (i)
active esters such as NHS esters, HOB1 esters, haloformates, and acid halides; (i) alkyl and benzyl balides such as

haloacetamides: (iii) aldebvdes. ketones, carboxyl, and maleimide groups.

[054]1] The compounds of the invention expressly contemplate, but are not lmited 10, ADC prepared
with the following cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH, SBAP, SIA,
SIAB, SMCC. SMPB, SMPH, sulfo-BMCS, sulfo-GMBS, sulfo-KMUS, suifo-MBS. sulfo-SIAB. sulfo-SMCC,
and sulfo-SMPB, and SVSB (succinimidyl-(4-vinylsulfone)benzoate) which are commercially available (e.g., from
Pierce Biotechnology, Inc., Rockford, IL., U.S.A; see pages 467-498, 2003-2004 Applications Handbook and
Catalog.

{0542] Immunoconjugates comprising an antibody and a cyioioxic agent may also be made using 2
variety of bifuncional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP),
succinimidyl-4-(N-maleimidomethyl) cyclobexane-1-carboxylate (SMCC), iminothiolane {(IT), bifunctional
derivatives of imidoesiers (such as dimethy! adipimidate HCI), active esters (such as disuccinimidyl suberaie),
aldehvdes (such as ghutaraldebyde), bis-azido compounds (such as bis {p-azidobenzoyvl) hexanediamine), bis-
diazonium derivatives (such as bis-{p-diazoniumbenzoyl)-cthylenediamine), diisucyanates (such as toluene 2.6-
diisocyanate), and bis-active fluorine corapounds {(such as 1,5-diflnoro-2 4-dinitrobenzene), For example, a ricin
immunotoxin can be prepared as described in Vitetta et al., Science 238:1098 (1987). Carbon-14-labeled 1-
isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agem

for conjugation of radionucleotide w the antibody. See W(94/11026.

[0543] Alwernatively, a fusion protein comprising an amibody and a cytotoxic agemt may be made, ¢.g.,
by recombinant techmques or peplide synthesis. A recombinant DNA molecule may comprise regions encoding
the antibody and cytotoxic portions of the conjugate either adjacent to one another or separated by a region

encoding a linker peptide which does not destroy the desired properties of the conjugate.

{0544] In yet another embodiment, an antibody may be conjugated 1o a "receptor” (such as streptavidin)
for utilization in tumor pre-largeting wherein the antibody-receptor conjugate is administered to the patient,
followed by removal of unbound conjugate from the circulation using a clearing agent and then administration of a

"ligand” (e.g., avidin) which is conjugaied to a cytotoxic agent {e.g., a radionucleotide).

et
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Exemplarv Immunoconjugates ~ Thio-Antibody Drug Conjueates

a. Preparation of Cysteine Engineered Anti-CD79b Antibodies

[0545] DNA encoding an amino acid sequence variant of the ¢cysteine engineered anti-CD79b antibodies
and parent anti-CD79b antibodies of the invention is prepared by a variety of methods which include, but are not
limited to, isolation from a natural source (in the case of paturally occurring amino acid sequence variants),
preparation by site-directed (or oligonucleotide-mediated) mutagenesis (Carter (19857 et al Nucleic Acids Res.
13:4431-4443; Ho et al (1989) Gene (Amst.) 77:51-39; Kunkel et al (1987) Proc. Natl. Acad. Sci. USA 82:488;
Liu et al (1998 J. Biol. Chem. 273:20252-20260). PCR mutagenesis (Higuchi, (1990) in PCR Protocols, pp.177-
183, Academic Press; Ito et al (1991) Gene 102:67-70; Bernhard et al (1994) Bioconjugate Chem. 3:126-132; and
Vallette et af (1989) Nue. Acids Res. 17:723-733), and cassette mutagenesis {(Wells et al (19833 Gene 34:315-323)
of an carlier prepared DNA encoding the polypeptide. Mutagenesis protocols, kits, and reagenis are commercially
available, e.g. QuikChange® Multi Site-Direct Mutagenesis Kit (Stratagene, La Jolla, CA). Single mutations are
also generated by oligonucteotide direcied mutagenesis using double siranded plasmid DNA as template by PCR
based mutagenesis {Sambrook and Russel, (2001) Moelecular Cloning: A Laboratory Manual, 3rd edition; Zoller et
al {1983) Methods Enzymol, 100:468-500; Zoller, M.J. and Smith, M. (1982) Nucl. Acids Res. 10:6487-6500).
Variants of recombinant antibodies may be construcied also by restriction fragment manipulation or by overlap
extension PCR with syntheric oligonucleotides. Mutagenic primers encode the cysteine codon replacement(s).
Standard mutagenesis lechnigues can be employed 10 generate DNA encoding such mutant cysteine engineered
antibodies (Sambrook et al Molecular Cloning, A Laboratary Manual, Cold Spring Harbor Laboratory Press. Cold
Spring Harbor, N.Y., 1989; and Ausubel et al Current Protocols in Molecular Biology, Greene Publishing and
Wiley-Interscience, New York, NY ., 1993).

[0546] Phage display techmology (McCafierty et al {1990) Nature 348:552-553} can be used 10 produce
ant-CD79b humean antibodies and antibody fragments in viro, from immusoglobulin variable (V) domain gene
repertoires from unimmunized donors. According to this technique, antibody V domain genes are cloned in-frame
into either a major or mHnor coat protein gene of a filamemous bacieriophage. such as M13 or fd. and displayed as
functional antibody fragments on the surface of the phage particle. Because the filamentous particle contains a
single-stranded DNA copy of the phage genome, sclections based on the functional properties of the antibody also
result in selection of the gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of
the properties of the B-cell (Johnson et al (1993} Cwrrent Opinion in Structural Biology 3:564-571; Clackson et al
(1991) Nature, 352:624-628; Marks et al {1991} J. Mol. Biol. 222:581-597; Griffith et al (1993) EMBO J. 12:725-
734: US 5565332; US 5573505, US 3367610; US 5229275).

{05477 Anu-CD79% antibodies may be chemically synthesized using known oligopeptide synthesis
methodology or may be prepared and purified using recombinant technology. The appropriaie amino acid sequence,
or portions thereof, may be produced by direct peptide synthesis using solid-phase technigues (Siewart et al.. Solid-
Phase_Peptide Svnthesis, (1969)W.H. Freeman Co.. San Francisco, CA; Merrifield, (1963) J. Am. Chem. Soc..
85:2149-2134).  In vire prowkin synthesis may be performed using menunal technigues or by awmomation

Automated solid phase synthesis may be accomplished, for instance, emploving 1-BOC or Fmoc protected amino
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acids and using an Applied Biosystems Peptide Synthesizer (Foster City, CA} using manufacturer’s instructions.
Various portions of the anti-CD7% anttbody or CD79% polypeptide may be chemically synthesized separately and
combined using chemical or enzymatic methods 10 produce the desired anti-CD79b amtibody or CD79b polypeptide.

[0548] Various echniques have been developed for the production of antibody fragments. Traditionally,
these fragments were derived via proicolytic digestion of intact antihodies (Morimoto et al (1992) Joumal of
Biochemical and Biophysical Methods 24:107-117; and Brennan et al {1985) Science, 229:81), or produced directly
by recombinant host cells. Fab, Fv and ScFv anti-CD79b antibody fragments can all be expressed in and secereted
from £. coli, thus aliowing the facile production of large amounts of these fragmems. Antibody fragments can be
isolated from the antibody phage libraries discussed beretn.  Alernauvely, Fab'-SH fragments can be direcily
recovered from E. coli and chemically coupled 10 form F(ab’), fragments (Carter ot al (1992} Bio/Technology
10:163-167), or isolaled direcly rom recombinant host cell culture. The anti-CD79b antibody may be a (scFvy
single chain Fv fragment (WO 93/16185; US 5571894; US. 5587458). The anti-CD79 antibody fragment may
also be a “linear antibody”™ (US 5641870). Such linear amibody fragments may be monospecific ar bispecific,

[0549] The description below relates primarily to production of anti-CD79b antibodies by culturing cells
wansformed or wansfected with a vector containing anti-CD79b amibodjf-cncodmg nucleic acid. DNA encoding
anti-CD79b antibodies may be obtained from a ¢DNA library prepared from tissuc believed to possess the anu-
CD79b antibody mRNA and 1o express it at 2 detectable level. Accordingly, human anti-CD7%b antibody or
CD79b polypeptide DNA can be conveniently obwzined from a ¢DNA library prepared from buman tissue. The
anti-CD79%9b antibody-encoding gene may also be obtained from a genomic library or by known synthetic
procedures (e.g., automated nucleic acid synthesis).

[0550] The design. selection, and preparation methods of the invention cnable cysleine engineered anti-
CD7%b antibodies which are reactive with electrophilic functionality. These methods further enable antibody
conjugate compounds such as amibody-drug conjugate (ADC) compounds with drug molecules at designated,
designed, selective siies. Reactive cysteine residugs on an aniibody surface allow specifically conjugating a drug
moiety throtugh a thiol reactive group such as malcimide or baloacetyl. The nucleophilic reactivity of the thiol
fimctionality of a Cys residue o a maleimide group is about 1000 times higher compared to any other amino acid
funcrionality in & profein, such as amino group of lysine residues or the N-terminal amino group. Thiol specific
functionality in iodoacetyl and maleimide reagents may react with amine groups. but higher pH (>9.0) and longer
reaction times are required (Garman, 1997, Non-Radioactive Labelling: A Practical Approach, Academic Press,
London). The amount of {ree thiol in a prolein may be estimated by the standard Eliman’s assay. Immunoglobulin
M is an example of a disulfide-linked pentamer, while immunoglobulin G is an example of 2 proein with inmernal
disulfide bridges bonding the subunits together. In proteins such as this, reduction of the disulfide bonds with 2
reagent such as dithiothreitol (DTT) or sclenol (Singh et al (2002) Aral. Biochem. 304:147-156) is required to
generate the reactive free thiol. This approach may result in loss of anmtibody teriary stuctre and antigen binding

specificity.

[6551] The PHESELECTOR (Phage ELISA for Selection of Reactive Thiols) Assay allows for detection
of reactive cysieine groups in antibodies in an ELISA phage format thereby assisting in the design of cysieine

engineered antibodies (Junutula, JLR. et al. (2008) J Immunol Methods 332:41-52; WO 2006/034488; US
: 144



2007/0092940). The cysieine engineered antibody is coated on well surfaces. followed by incubation with phage
partictes, addition of HRP labeled secondary amtibody, and absorbance detection. Mutam proteins displaved on
phage may be sereened in a rapid. robust, and high-throughput manner. Libraries of cysweine engineered antibodies
can be produced and subjecied 1o binding selection using the same approach to ideniify appropriately reactive sites
of free Cys incorporation {rom random protein-phage libraries of antibodies or other proteins. This lechnigue
mcludes reacting cysteine mutant proteins displaved on phage with an affinity reagent or reporter group which is

also thiol-reaciive.

[0552] The PHESELECTOR assay allows screening of reactive thiol groups in antibodies. Identification
of the A121C variant by this method is exemplary. The entire Fab molecule may be effectively searched to idenufy
move ThioFab variams with reactive thiol groups. A parameter, fractional surface accessibility, was cmployed w0
idemify and quantitate the accessibility of solvent to the amino acid residues in a polypeptide. The surface
accessibility can be expressed as the surface area (A%} that can be comacied by a solvent molecule, e.g waler. The
occupied space of water is approximated as & 1.4 A radius sphere. Software is freely available or licensable
(Secretary 0 CCP4, Daresbury Laboratory. Warrington, WA4 4AD, United Kingdom, Fax: (+44) 1925 603825, or
by internet: www.cepé.ac.uk/dist/himl/INDEX html) as the CCP4 Suite of crystallography programs which employ
algorithms 10 calculate the surface accessibility of each amino acid of a protein with known x-ray crysiallography
derived coordinates (“The CCP4 Suite: Programs for Protein Crystallography” (1994) Acta. Cryst. D30;760-763).
Two exemplary software modules that perform surface accessibility calculations are “AREAIMOL” and
“SURFACE?”, based on the algorithms of B.Lee and F.M.Richards (1971) J.Mol.Biol. 55:379-400. AREAIMOL
defines the soivent accessible surface of a protein as the locus of the centre of a probe sphere (representing a solvent
molecule) as 11 rolls over the Van der Waals surface of the protein. AREAIMOL calculates the solvent accessible
surface area by generating surface polnts on an extended sphere about each atom {at a distance {rom the atom centre
equal 10 the sum of the atom and probe radii), and eliminating those that lie within equivalent spheres associated
with neighboring atoms. AREAIMOL finds the solvent accessible area of atoms in 2 PDB coordinate file. and
summarizes the accessible area by residue, by chain and for the whole molecule.  Accessible areas (or area
differences) for individual atoms can be writien to a pseudo-PDB output file. AREAIMOL assumes a single radius

for each element, and only recognizes a himiled number of different elements.

{0553] AREAIMOL and SURFACE report absolute accessibilities. i.¢. the number of square Angsiroms
(A). Fractional surface accessibility is calculated by reference to a standard state relevant for an amino acid within
a polypepude. The reference state is wipeptide Gly-X-Gly, where X is the amino acid of interest, and the reference
state should be an ‘extended’ conformation. i.e. like those in beta-strands. The extended conformation maximizes
the accessibility of XK. A caleulated accessible area is divided by the accessible ares ip a Gly-X-Gly wripeptide
reference state and reports the quotient, which is the fractional accessibility. Percent accessibility is fractional
accessibility muhiplied by 100. Another exemplary algorithm for calculating surface accessibility is based on the
SOLV module of the program xsae (Broger, C., F. Hoffman-LaRoche, Basel) which calculates fractional

accessibility of an amino acid residue to a water sphere based on the X-ray coordinates of the polypeptide. The
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fractional surface accessibility for every amino acid in an antibody may be calculaled using available crystal
structure information (Eigenbrot et al. (1993} ] Mol Biol. 229:969-995).

[0354] DNA encoding the cysieine engineered antibodies is readily isolated and sequenced using
conventional procedures (e.g., by using oligonmucleotide probes that are capable of binding specifically 1o genes
encoding the heavy and light chains of murine antibodies). The hybridoma cells serve as a source of such DNA.
Once isolaied, the DNA may be placed into expression vectors, which are then transfected into host cells such as E.
coli cells, sirnian COS eells, Chinese Hamster Ovary (CHO) cells, or other mammalian host cells, such as myeloma
cells (US 5807715; US 2005/0048572; US 2004/0229310) that do not otherwise produce the antibody protein, to

obtain the synthesis of monoclonal antibodies in the recombinant host celis.

[0535] Afier design and selection. cysteine engineered antibodies. e.g. ThioFabs, with the engineered,
highly reactive unpawred Cys residues, “fiee cysieine amino acids™, may be produced by: (i) expression in a
bacterial, e.g E. coli, system (Skerra et al (1993) Curr. Opinion in Immunol. 5:256-262; Pliickthun (1992) Immunol.
Revs. 130:151-188) or a mammalian cell culture system (WO 01/00245). e.g. Chinese Hamster Ovary celis (CHOY;
and (i) purification using common protein purification technigues (Lowman et al (1991) J. Biol. Chem.

266(17):10982-10988).

[0556] The engineered Cys thiol groups react with electrophilic linker reagemts and drug-linker
imiermediates w0 form cysieine engineered antibody drug conjugaies and other labelled cysieine engineered
anmtibodies. Cys residues of cysteine engineered antibodies, and present in the parent antibodies, which are paired
and form interchain and imtrachain disulfide bonds do not have any reactive thiol groups (unless treated with a
reducing agent) and do pot react with electrophilic linker reagents or drug-linker imtermediates. The newly
engineered Cys residue, can remain wnpaired, and able 1o react with, 1e. conjugate 1o, an elecirophilic Hnker reagem
or drug-linker intermediate, such as a drug-maleimide. Exemplary drug-linker intermediates include: MC-MMAE.
MC-MMAF, MC-ve-PAB-MMAE, and MC-ve-PAB-MMAF. The structure positions of the engineered Cys
residues of the heavy and hght chains are numbered according 1o a sequential numbering system.  This sequential
numbering system is correlated 10 the Kabat numbening system (Kabat et al., (1991) Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda. MD) starting at the
N-terminus, differs from the Kabal numbering scheme (bottom row) by insertions noted by a,b.c. Using the Kabat
numbering system, the acmal linear amino acid sequence may contain fewer or additional amino acids
corresponding to a shoriening of. or insertion into, a FR or CDR of the variable domain. The cysieine engineered

heavy chain variant sites are identified by the sequential numbering and Kabal numhering schemes.

[0357] In onpe embodiment. the cysicine engineered anti-CD7% amtibody is prepared by a process

comprising:
{a) replacing one or more amino acid residues of 2 parent anii-CD79b antibody by cysieine; and
(b} determining the thiol reactivity of the cysteine engineered ant-CD79b antibody by reactng the cysieine

engineered antibody with a thiol-reactive reagent.
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[0558] The cysteine engincered antibody may be more reactive than the parent antibody with the thiol-

reactive reagent.

[0559) The free cysteine amino acid residues may be located in the heavy or light chains, or in the
constant or vanable domains. Antibody fragments, e.g Fab, may also be engineered with one or more cysieine

amino acids replacing amino acids of the antibody {fragment, o form cysleine engineered antibody fragments.

[0560] Another embodiment of the invention provides a method of preparing (making) a cysteine
engineered anti-CN79b antibody, comprising:

{a) introducing one o more cysteine amino acids into a parent anii~-CD79b amibody in order 1o

generate the cysteine engineered anti-CD79% antibody: and
{b} determining the thiol reactivity of the cysteine engineered amibody with a thiol-reactive reagent;
wherein the cysteine engineered antibody is more reactive than the parent antibody with the thiol-reactive reagent.

Siep {a) of the method of preparing a cysieine engineered antibody may comprise:

(1) mutagenizing a nucleic acid sequence encoding the cysieine engineered antibody;
(11) expressing the cysieine engineered antibody; and
(1) isolating and purifying the cysteine engineered antibody.

[0561] Step (b) of the method of preparing a cysteine engineered antibody may comprise expressing the

cysteine engineered antibody on a viral particle selected from a phage or a phagemid particle.
[0562] Step (b) of the method of preparing a cysteine engineered antibody may also comprise:

() reacting the cysteine engineered antibody with a thiol-reactive affinity reagent to generate an
affinity labelled, cysteine engineered antibody; and

(1) measuring the binding of the affinity labelled, cysteine engineered antibody to a capture media.

[0563] Another embodiment of the invention is a method of screening cysteine engineered antibodies
with highly reactive, unpaired cysteine amino acids for thiol reactivity comprising:

(a} inwoducing oBe or mOre cyskine amino acids ino a pareat antibody in order to generaic 2
cysieine engineered antibody;

(b} reacting the cysteine engincered antibody with a thiol-reactive affinity reagent to generale an

affinity lahelled, cysteine engineered antibody; and

(¢} measuring the binding of the affinity labelled, cysieine engineered antibody to a capiure media;
and
(d) determining the thiol reactivity of the cysieine enginecred antibody with the thiol-reactive reagent.

[0564] Step (a) of the method of screening cysteine engineered antibodies may comprise:
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(1 mutagerizing a auclelc acid sequence encoding the cysieine engineered antibody;

(1) expressing the cysieine engineered anubody; and
(i1} isolating and purifving the cysteine engineered antibody.

[0565] Step (b) of the method of screening cysteine engineered antibodies may comprise expressing the

cysteine engineered antibody on 2 viral particle selecied from & phage or a phagemid particle.
{0566) Step (b} of the method of screening cysteine engineered antibodies may also comprise:

(i) reacting the cysleine engineered antibody with a thiol-reactive aflinity reagent 10 generate an

affinity labelled, cysteine engineered antibody; and
(i) measuring the binding of the affinity lahelled, cysteine engineered antibody 0 a capture media.
b. Cysteine Enginecring of Anti-CD79b IgG Variants

[0567] Cysteine was introduced at the heavy chain 118 (EU numbering) (equivalent 1o heavy chain
position 118, sequential numbering) site into the full-length, chimeric parent monoclonal anti-CD79b amibodies or
at the Hght chain 205 (Kabat numbering) (equivalent 1o light chain position 209. sequential pumbering) site mto the
full-length, chimeric parental monoclonal anti-CD79b antibodies by the cysteine engineering methods described

herein,

[0568] Cysteine engineered antibodies with cysteine at heavy chain 118 (FU numbering) generated were:
{2} to-MA79b.v1 7-HC{A118C) with heavy chain sequence (SEQ ID NO: 228} and light chain sequence (SEQ 1D
NO: 229), Figure 24; (b) thio-MA79b.v18-HC(A118C) with heavy chain sequence (SEQ ID NO: 230) and light
chain sequence (SEQ ID NO: 231), Figure 25; (c) thio-MA790.v28-HC(A118C), with heavy chain sequence {SEQ
ID NO:; 232) and light chain sequence (SEQ 1D NO: 233), Figure 26; (d) thio-MA75b-HC(AT18C) with heavy
chain sequence (SEQ ID NQ: 236) and light chain sequence (SEQ ID NQO: 237}, Figure 28; and (e) thio-anti-
cynoCD79b-HC(A118C) with beavy chain sequence (SEQ ID NO: 244} and light chain sequence (SEQ [D NO:

245}, Figure 48.

[0569] Cysteine engineered antibodies with cysieine at light chain 205 (Kabat numbering) generated
were: (a) thio-MA79b-LC(V205C) with heavy chain sequence (SEQ ID NQO: 234) and light chain sequence (SEQ
1D NO: 235), Figure 27 and (b} thio-anti-cynoCD79b(ch10D10)-LC(V205C) with heavy chbain sequence (SEQ ID
NQO: 299) and light chein sequence (SEQ 1D NO: 300), Figure 49,

[0570] These cysteine engineered monoclopal antibodies were expressed in CHO (Chinese Hamster

Ovary) cells by transient fermentation in media conlaining 1 raM cysteine.

[0571] According to one embodiment, humanized MA79b cysicine engineered anti-CD79b antibodies
comprise one or more of the following heavy chain sequences with a free cysteine amino acid (SEQ ID NQs: 251-

259, Table 2).



Table 2: Comparison of beavv chain Sequential. Kabat and EU numbering for humanized MA79b

cvsieine enaineered anti-CD79h amibody varianis

SEQUENCE SEQUENTIAL KABATY EU NUMBERING | SEQ ID NO:
NUMBERING NUMBERING
EVQLCESGGG V5C VEC 251
LRLSCCASGYT 223C AZ3C 252
MNSLRCEDTAV 188C B84C 253
TLVTVCSASTE §116C siizc 254
VTVSSCSTKGE B118C 2114C 2118C 255
VSSESCKGPSV T120C T116C T120C 256
WYVDGCEVHNA v2gec v278C v282C 257
KGFYPCDIAVE $375C 8371C $375C 258
PPVLDCDGSEF $400C $396C $400C 258

[0572] According 10 one embodiment, chimeric MA79b cysteine engineered anti-CD79b antibodies
comprise one or more of the following heavy chain sequences with 2 free cysteine amino acid (SEQ ID NOs: 260-

268, Table 3).
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Table 3: Comparison of heavy cham Sequential, Kabat and EU numbering for chMA79 cysteine

engineered anti-CD79b antibody variams:

SEQUENCE SEQUENTIAL KABAT EU NUMBERING | SEQ ID NO:
NUMBERING NUMBERING
EVOLCQSGAE Q5C 05C 260
VKISCCATGYT KZ3C K23C 261
LSSLICEDSAV 588C s84C 262
TSVIVCSASTK S116C §1izC 263
VTVSSCSTRGP R118C A114C &118C 264
VSSASCKGPSV T120C . T120C 265
WYVDGCEVENA v282cC V278C v282C 266
KGFYPCDIRVE $375¢C $371C $375C 267
PPVLDCDGSFF $400C | s396C $400C 268

[0573] According to onc cmbodiment, anti-cynoCD79b(ch10D10)} cysieine engineered anti-CD79%
antibodies comprise one or more of the following heavy chain sequences with a free cysteine amino acid (SEQ 1D

NOs: 269-277, Table 4).



Table 4: Comparison of heavy chain Sequential, Kabat and EU numbering for anti-cynoCD79b(ch10D10)

cysteine engineered anti-CD7% antibody varianis:

SEQUENCE SEQUENTIAL KABAT EU NUMBERING | SEQ ID'NO:
NUMBERING NUMBERING
EVQLCESGPG g5¢C Q5C 26%
LSLTCCVTEYS T23C T23C 276
LNSVTCEDTATY Sg8C 5841 271
TTLTVCSASTE 5111C i1z2¢ 27z
LTVSSCSTKG? Al113C All4C Al18C 273
VSSASCKGPSVY Ti15C TL16C T120C 274
WYVDGCEVHENA vzgac VZ78C v282C 275
KGEYPCDIAVE $370C $371C 5375C 276
PPVLDCDGSFEF S385¢C $396C SA00C 277

[0574] According 10 one embodiment, bumanized MA79h cysieine-enginecred anti-CD79b antibodies

comprise one or more of the following light chain sequences with 2 free cysteine amino acid (SEQ ID NOg 278-

284, Table 5).
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Table 5: Comparison of light chain Sequential and Kabat numbering for humanized MA79b cysieine

engineered anti-CD79b antibody vanants

SEQUENCE SEQUENTIAL KABAT SEQ ID NO:
NUMBERING NUMBERING
SLSASCGDRVT visC VIsC 278
EIKRTCAAPSY V114C VI110C 279
TVAAPCVFIFP S118C S114C 280
FIFPPCDEQLK 312s5C 3121C 281
}
DEQLKCGTASV S131C S5127C 282
VTEQDCKDSTY S172C S168C 283
GLSSPCTKSEN V209C V205C 284

[0573) Accerding to one embodiment, chimeric MA79b cysieine-engineered anti-CD79b antibodies
comprise one or more of the following light chain sequences with a free cysteine amino acid (SEQ ID NOs: 285-

291, Tabie 6).



Table 6. Comparison of light chain Sequential and Kabst n{lmbering for chimeric MA79b cysicine

engineered anti-CD79b antibody variants

SEQUENCE SEQUENTIAL KABAT SEQ ID NO:
NUMBERING NUMBERING
SLAVSCGQRAT | L15C L15C 285
ELKRTCAAPSV | V114C V110C 286
TVAAPCVFIFP S118C $114C 287
FIFPPCDEQLK S125C S121C 288
DEQLKCGTASV | S131C $127C 289
VTEQDCKDSTY | $172C S168C 290
GLSSPCTKSFN V209C V205C 291

[0576] According to onme embodiment, anti-cynoCD79b(ch10D10} cysteine-engineered ami-CD79b
antibodies comprise one or more of the following light chain sequences with a free cysteine amino acid (SEQ ID

NOs: 292-298, Table 7).



Table 7: Comparison of light chain Sequential and Kabat numbering for anti-cynoCD79b({chiUD10)

cysweine engineered anti~CD79b antibody variants

SEQUENCE SEQUENTIAL KABAT SEQ ID NO:
NUMBERING NUMBERING
SLAVSCGQRAT L15C L15C 292
EIKRTCAAPSY V1i4C Vi 293
TVAAPCVFIFP S11%C S114C 294
FIFPPCDEQLK . S123C S121C 295
DEQLKCGTASV S131C S127C 2596
VTEQDCKDSTY S172C S168C 297
GLSSPCTRSFN V209C V205C 298

¢. Labelled Cysteine Engineered Anti-CD79b Antibodies

{0577} Cysieine engineered anti-CD79b antibodies may be site-specifically and efficiently coupled with
a thiol-reactive reagent. The thiol-reactive reagent may be a multifunctional linker reagent, a capture, i.e. affinity,
label rcagent (c.g. a biotin-hinker rcagent), a delection label (eg a fluotopbore rcagent), a solid phase
immobilization reagent {e.g. SEPHARQOSE™, polystyrene, or glass), or a drug-linker intermediate. One example of
a thiol-reactive reagent is N-¢thyl maleimide (NEM). In an exemplary embediment, reaction of a ThioFab with a
biotin-linker reagent provides a biotnylated ThioFab by whick the presence and reactivity of the engineered
cysteine residue may be detected and measured. Reaction of @ ThioFab with & muhtifunctional linker reagent
provides a ThioFab with a functionalized linker which may be further reacted with a drug moiety reagent or other

label. Reaction of a ThioFab with a drug-linker intermediate provides a ThioFab drug conjugate.

{0578] The exemplary methods described here may be applied generally 1o the identification and
production of antibodies, and more generally, 10 other proteins through application of the design and screening steps
described herein.

[0579} Such an approach may be applied 10 the conjugation of other thiol-reactive reagents in which the
reactive group is. for example, a maleimide, an iodoacelamide, a pyridyl disulfide, or other thiol-reactive
conjugation partner (Haugland, 2003, Molecular Probes Handbook of Fluorescent Probes and Research Chemicals,

Motlecular Probes, Inc.; Brinkley, 1992, Bioconjugate Chem. 3:2; Garman, 1997, Non-Radioactive Labelling: A
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Praclical Approach, Academic Press, Londonm; Means (1990) Bioconjugate Chem. 1:2; Hermanson, G. in
Bioconjugate Techmiques (1996) Academic Press, San Diego, pp. 40-55, 643-671). The thiol-reactive reagent may
be a dmg moiety, 2 fiucrophore such as 2 fluorescent dve like fluorescein or rhodamine, » cheiating agent for an
imagipg or radiotherapeutic metal, a peptidy! or non-pepuidy! label or detection tag, or a clearance-modifying agent
such as various isomers of polyethylene glycol, 2 peptide that binds 1o a third component, or another carbohydrate

or lipophilic agent.
d. Uses of Cysteine Engineered Anti-CD'79b Antibodies

[0580] Cysteine enginecred anti-CD79b antibodies, and conjugates thereof may find use as therapeutic
and/or diagnostic agents. The present invention further provides metbods of preventing, managing, Ireating or
ameliorating one or more symptoms associated with a B-cell related disorder. In particular, the present mvention
provides methods of preventing, managing, treating, or ameliorating one or more symploms associated with a cell
proliferative disorder, such as cancer, e.g., lymphoma. non-Hodgkins tymphoma (NHL), aggressive NHL., relapsed
aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolent NHL, chronic lvmphocytic leukemia
(CLL), small lymphocylic lvmphoma, leukemia, hairy cell leukemia (HCL), acutie tymphocytic leukemia (ALL),
and mantle cell lymphoma. The present invention still further provides methods for disgnosing @ CD79b related
disorder or predisposition 10 developing such a disorder. as well as methods for identifying antibodies, and antigen-

binding {fragments of antibodies, that preferentially bind B cell-associated CD79b polypeptides.

Another embodiment of the present invention is directed 1o the use of a cysteine engineered anmi-CD79b antibody
for the preparation of 2 medicament useful in the reatment of a condition which is responsive 10 2 B cell related
disorder.
e. Cysteine Engineered Antibody Drug Conjugates (Thio-antibody Drug
Conjugates (TDCs))

{0581] Amnother aspect of the invention is an antibody-trug conjugate compound comprising 2 cysieine
engineered anti-CD79 antibody (Ab), and an auristatin drug moiety (D) wherein the cysteine engineered amibody
is attached through one or more free cysteine amino acids by a linker moiety (L) 1o I; the compound having

Formula I:
Ab—(1L-D}, i

where p is 1, 2, 3. or 4; and wherein the cysieine engineered antibody is prepared by a process comprising replacing

one of more amino acid residues of a parent anti-CD79b antibody by one or more free cysteine amino acids.

05821 Another aspect of the invention is a composition comprising a2 mixture of antibody-drug
pU o £ 3 &

compounds of Formula I where the average drug loading per amibody is about 2 1o about 5, or abowt 3 1 abow 4,
[0583) Figures 24-28 and 48-49 show embodiments of cysleine engineered anti-CD7%b antibody drug
conjugates (ADC) where ap auristatin drug moiety is attached 10 an engineered cysteine group in: the light chain

(LC-ADC) or the heavy chain (HC-ADC).



[0584] Potential advantages of cysteine engineered amti-CD79b amiibody drug conjugates include
improved safety (larger therapentic index), improved PK parameters, the antibody inter-chain disulfide bonds are
retained which may stabilize the conjugate and retain its active binding conformation, the sites of drug conjugation
are defined, and the preparation of cysteine engimeered amibody drug conjugates from conjugation of cysteine

engineered antibodies 1o drug-linker reagents results in a more homogeneous product,
Linkers

[05385) “Linker”, “Linker Unit". or “link” means a chemical moiety comprising a covalent bond or a
chain of atoms that covalently attaches an antibody 1o 2 drug moiety. In various embodiments. a linker is specified
as L. A “Linker” (L} is a bifunctional or multifunctional moiety which can be used o tink one or more Drug
moieties (D) and an antibody unit (Ab} to form antibody-drug conjugates (ADC) of Formula 1. Antibody-drug
conjugates (ADC) can be conveniently prepared using a Linker having reactive funciionality for binding 1o the
Drug and to the Amibody. A cysteme thiol of a cysieine engineered amibody (Ab) can form a bond with an

electrophilic functional group of a linker reagent, a dreg moiety or drug-linker intermediate.

{0586] 1In one aspect, » Linker has a reactive sile which has an elecirophilic group that is reactive 10 a
nucleophilic cysteine present on an antibody. The cysteine thiol of the antibody is reactive with an electrophilic
group on a Linker and forms a covalent bond 10 a Linker. Useful electophilic groups include, but are not limited 10,

maleimide and haloacetamide groups.

[0587] Linkers include a divalent radical such as an alkyldivl, an arvlene, s heteroarylene, moieties such
as: —(CRo);O(CR,),—, repeating units of alkyloxy (e.g. polvethylenoxy, PEG, polymethyleneoxy) and alkylamino
(e.g. polyethyleneamino, Jeffamine™); and diacid ester and amides including succinate, succinamide, diglycolate,

malonaie. and caproamide.

f0588) Cysweinc cngincered amibodics react with linker reagents or drg-linker imtermediates, with
electrophilic functional groups such as maleimide or «-halo carbonyl, according to the conjugation method at page

766 of Klussman, et al (2004), Bioconjugate Chemistry 15(4):765-773, and according 1o the protocol of Example 6.

[0589] The linker may be composed of one or more linker components. Exemplary linker components
include 6-maleimidocaproy!l ("MC™), maleimidopropanoyl ("MP"), valine-citrulline ("val-cit" or “v¢”), alanine-
phenylalanine ("ala-phe” or “af”). p-aminobenzyloxycarbonyl ("PAB"), N-succinimidvl 4-(2-pyvridylthio)
pentanoate ("SPP"}, N-succinimidyl 4-(N-maleimidomethyl} cyclohexane-1 carboxylate ("SMCC"), N-Succinimidyl
(4-iodo-aceiyl) aminobenzoate ("SIAB"), ethylencoxy -CH,CH,O- as one or more repeating units (“EO™ or “PEO™).

Additonal Linker components are known in the art and some are described herein.

{03901 1In one embodiment, linker L of an ADC has the formula:

— A=W, —Y,—~

wherein:
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-A- is a Streicher unit covalently attached 10 a cysteine thiol of the antibody (Ab);
aisQor 1;

gach -W- is independently an Armine Acid unit,

w is independently an integer ranging from 0 1o 12;

-Y- is a Spacer unit covalently attached to the drug moicty; and

vis0, lor2.

Sueteher unif

(0561} The Stretcher unit {-A-), when present, is capable of linking an antibody unit 1o an ammo acid
unit (-W-). In this regard an antibody (Ab) has & functional group that can form a bond with a functional group ofa
Swetcher.  Useful fumctional groups that can be present on an antibody, either naturally or via chemical
manipulation include, but are not himited to, sulfbydryl (-SH). amino, bydroxyl, carboxy, the apomeric hydroxy!
group of a carbohydrate, and carboxyl. In one aspect, the antibody functional groups are sulfbydryl or amino.
Sulfhydry! groups can be generated by reduction of an intramolecular disulfide bond of an antibody. Alternatively,
sutfbydry! groups can be generated by reaction of an amino group of a lysine moiety of an antbody using 2-
iminothiolane (Traut’s reagent) or another sulfhydryl gencrating reagent. In one embodiment, an antibody (Ab) has
a free cysteine thiol group ihal can form a bond with an electrophilic funciional group of a Stretcher Unit,
Exemplary stretcher units in Formula I conjugates are depicted by Formulas [ and IlI, wherein Ab-, -W-, -Y-, -D,
w and v are as defined above, and R'" is a divalent radical selected from (CH,), Ci-Cs carbocyelyl, O~(CHa)y,
arylene, (CHy)~arylene, —arylene~(CH,)~, (CH)~(C5-Cq catbocyelyl), (C3-Cy carboeyelyl)~(CH,),, C5-Ce
heterocyelyl,  (CH}~(C3-Cs  heterocyelyl),  ~(Ci-Cy  heterocyelyl~(CHa ), ~(CH3)rC(O}NRh(CHg),—,
~(CH,CH10),—, —~(CH,CH,O),~CHa—,  —(CHCOINRY(CH.CH.O)-, ~(CH,)LC(ONRYCHLCHA0),~CHo-,
~(CHCHOLC(OYNRY(C HyCHAOY~, ~(CHACHOLCOMNRY(CH-CHLO3~CHa, and
~(CH,CHA0),C(OYNRP(CH,).~ ; where R® is H, C;-C alkyl, phenyl. or benzyl; and r is independently an integer

ranging from 1-10.

0592} Aryiene includes divalem aromatc hydrocarbon radicals of 6-20 carbon atoms derived by the
removal of two hydrogen atoms from the aromatic ring system. Typical aryiene groups include, but are not limited

ta, radicals derived from benzene, substituled benzene, naphthalene, anthracene, biphenyl, and the like.

[0593] Heterocyclyl groups include a ring system in which one or more ring atoms 1s a heteroatom, e.g.
nirogen. oxygen, and sulfur. The heterocycle radical comprises 1 w0 20 carbon atoms and | 10 3 heteroatoms
selected from N, O, P. and S. A hewrocycle fnay be a monocycle having 3 to 7 ring members (2 to 6 carbon atoms
and | to 3 hetercatoms selected from N, Q, P, and S) or a bicyele baving 7 w 10 ring members (4 10 9 carbon atoms
and 1 1o 3 beteroatoms selected from N. O, P, and S), for example: a bicyclo [4.5], [5.5]. {3,6]. or [6.6] system.
Heterocycles are described in Paquetie, Leo A.; “Principles of Modern Heterocyelic Chemistry™ (W.A. Benjamin,
New York, 1968). particularly Chapters 1, 3., 4, 6, 7. and 9; “The Chemistry of Heterocyclic Compounds, A series
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of Monographs” (John Wiley & Sons, New York. 1950 to present), in particular Volumes 13, 14, 16, 19, and 2§;
and J. Am. Chem. Soc. (1960) 82:5366,

[0594} Exampies of heterocycles include by way of example and not limitavion pyridyl. dibhydroypyridyl,
tetrahydropyridy! (piperidyl). thiazolyl, tetrabydrothiophenyl, sulfur oxidized tetrahydrothiophenyl. pyrimidinyl,
furanvl, thienyl, pyrolyl. pyrazolyl. imidazolyl. ‘etrazolyl, benzofuranyl, thizpaphthatenyl, indoivl. indolenyl,
quinolinyl, isoquinolinyl, benzinmdazolyl, piperidinyl, 4-piperidonyl, pyrrotidinyl, 2-pyrrolidonyl, pymolinyl,
tewrahydrofuranyl,  bis-terahydrofuranyl,  ietrahydropyranyl,  bis-tetrahvdropyrapyl,  tetrabydroquinolinyl,
tetrahvdroisoquinolinyl, decahydroquinolinyl. octabydroisoquinolinyl, azocinyl, triazinyl, 6H-1.2,5-thiadiazinyl,
2H.61-1.5.2-dithiazinyl, thienyl, thianthrenyl. pyranyl, isobenzofuranyl, chromenyl, xanthenyl. phenoxathiny!, 2H-
pyrrolyl, isothiazolyl, isoxezolyl pyrazinyl, pyndazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-indazolyl, purinyl,
4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl. cinnolinyl, pteridiny!, 4Ab-carbazolyl,
carbazolyl, P-carbolinyl, phenanthridinyl. acridinyl, pyrimidinyl. phenanthrolinyl, phenazinyl, phenothiazinyl,
furazanyl, phenoxazinyl, isochromanyl, chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl,
piperazinyl, indolinyl, isoindolinyl, quinuclidinyl, morpholinyl. oxazolidinyl. benzotriazolyl. benzisoxazelyl,

oxindotyl, benzoxazolinyl, and isatinoyl.

[0595) Carbocyelyl groups include a saturated or unsafiwated rié}g baving 3 to 7 carbon atoms as a
monocyele or 7 to 12 carbon atoms as a bicycle. Monocyclic carbocveles have 3 to 6 ring atoms, still more
typically 5 or 6 ring atoms. Bicyclic carbocycles bave 7 10 12 ning atoms, e.g. arranged as a bicyclo [4,5], [3,5],
[5.6] or [6.6] system, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6] system. Examples of monocyclic
carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-

enyl, cyvclobexyl 1-cyclohex-1-enyl, T-cyclohex-2-enyl, I-cyclohex-3-envl, cvelobeptyl, and cyclooctyl.

[0596] 1tis w be undersiood from all the exemplary embodiments of Formula T ADC such ag T1-VI. that
even where not denoted expressly, from [ 1o 4 drug moieties are linked 10 an antibody ( p = 1-4), depending on the

number of engineered cysteine residues.

o]
ATS T N-R -0 —Wy—Y,D
o)
P 11
Ab~—8—~CH,—~CONH—R""=C(O)—W,,~Y,~D
P m

[0597] Anillustrative Formula II Stretcher unit is derived from maleimido-caproyl (MC) wherein R7is-
{CHy)s~



eyt

[0598] An illustrative Strercher ynit of Formula I, and is derived from maleimido-propanoy! (MP)

MC

wherein R’ ig (CHajp:

;ﬁv& y

[0599] Another illustrative Siretcher unit of Formula IT wherein R s ~(CH-CH.0)-CH- - and ris 2:

MP

O
g N/\/O\/\O LLL%
0 T

[0600] Another illustrative Stretcher unit of Formula II wherein R” is
-~ CH;},C(O)NR"{CH3CH;O)T-C-H3~— where R®is H and eachris 2;

E‘d”“iw/\“o\/\o%“

[0601] An illustrative Stretcher unit of Formula IH wherein R' is (CH,)s:

{0602] In another embodimeny, the Stretcher umit is linked to the cysieine engineered anti-CD79b

MPEG

antibody via a disulfide bond between the engineered cysteine sulfur atom of the antibody and a sulfur atom of the
Stretcher unit. A representative Stretcher unit of this embodiment is depicted by Formula IV, wherein RY7, Ab-, -W-,

-Y-, -D, w and y are as defined above.
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Ab=—8——S—R"—C(0)——W,——Y,—D
p A%

(06031 In ve! another embodiment, the reactive group of the Stretcher comtains a thiol-reactive functional
group that can form a bond with a free cysieine thiol of an aniibody. FExampies of thiol-reaction functional groups
include, but are not limited 10, maleimide. o-haloacetyl, activated esters such as succinimide esters, 4-nitrophenyl
esters, pentafluorophenyl esters, ietrafluorophenyl esters, anhydrides. acid chlonides, sulfonyl chlorides, isocyanates
and isothiocyanates. Representative Streicher units of this embodiment are depicted by Formulas Va and Vb,

wherein -R’"-, Ab-, -W-_ Y-, -D, w and y are as defined above:

Ab—— S~ C(ONH—R " —C(O)—W,,~ Y~ D
p Va

Ab—S—C(SINH—R " —C(O)—W,,—Y,— D
P Vb

[0604] In another embodiment, the linker may be a dendritic type linker for covalent attachment of more
than one drug molety through a branching, multifunctional linker molety 10 an antibody {Sun et al (2002)
Bioorganic & Medicinal Chemustry Letiers 12:2213-2215; Sun et al (2003) Bioorganic & Medicinal Chemistry
11:1761-1768; King (2002) Tewahedron Letters 43:1987-1990). Dendritic linkers can increase the molar ratio of
drug to antibody, i.e. loading, which is related 10 the potency of the ADC. Thus, where 2 cysleine engineered
amibody bears only ome reactive cysieine thiol group, a multitude of drug moieties may be attached through a

dendritic linker.
Amine acid unit

[0605] The Linker may comprise amino acid residues. The Amino Acid unit (-W,.-), when present, links
the antibody (Ab) to the drug moiety (D) of the cysicine engineered amibody-drug conjugaie (ADC) of the

invention.

[06606] -W,- is a dipeptide, tripeptide, tetrapeptide, pentapeptide, hexapeptide, hepapeptide, octapeptide,
nonapeptide, decapeptide, undecapeptide or dodecapeptide unit, Amino acid residues which comprise the Amine
Acid unit include those occurring naturally, as well 2s minor ammno acids and pop-naturally occurring amino acid
analogs, such as citrulline. Each -W- unit independently has the formula denoted below in the square brackets, and

w 1§ an integer ranging from 0 to 12
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H O
§ {Nﬁ)%
R19 .

wherein R'? is hydrogen, methyl, isopropyl, isobutyl, sec-butyl, benzyl, p-hydroxybenzyl, -CH.OH, -
CH(QH)CH;, -CH.CH,SCH:. -CH.CONWH,;, -CH.COOH, -CH.CH.CONH,  -CH,CH.COOH. -
(CHy):NHC(=NH)NH,. -(CH;):NH,, -(CH,)-NHCOCH;, -(CHy};NHCHO. -{CH,),;NHC(=NHJNH,, (CH};NH;, -
(CH2NHCOCH;, (CH.NHCHO, «(CH3jNHCONH,, — «(CHalLNHCONH,, -CH:CH.CH(OH)CH,NH,;, 2-
pyridyimethyl-, 3-pyridytmethyi-, 4-pyridyimethyl-. phenvi, cyclobexyl,

%’\D ,“{\)@Of w%
CC
4 | %_’ Ie)

2--C:H ) or é'CHZ
g’ 7 @0

N
H

[0607] When R is other than hydrogen, the carbon alom to which R'® is attached is chiral. Bach carbon
atom 1o which R* is attached is independemtly in the (S) or (R) configuration. or 2 racemic mixture. Amino acid

units may thus be enantiomerically pure, racemic, or diasiereomeric.

[0608] Exemplary —-W,- Amino Acid units include a dipeptide, a tripeptide, a tetrapeptide or a
pemapeptide. Exemplary dipeptides include: valine-citrulline (ve or val-cit), alanine-phenylalanine (af or ala-phe).
Exemplary wipeptides include: glycine-valine-citrulline (gly-val-cit) and glycine-glycine-glycine (gly-gly-gly).
Amino acid residues which comprise an amino acid linker component include those occurring naturally, as well as

minor armino acids and non-paturally occtrring amino acid analogs. such as citrulline.

[0609]) The Amino Acid unit can be enzymatically cleaved by one or more enzymes, including a umor-
associated protease. to liberate the Drug moitety (-D), which in one embodiment is protonated in vivo upon release

10 provide a Drug (D). Amino acid linker components can be designed and optimired in their selectivity for
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enzymatic cleavage by a particular enzymes, for example, a2 wmor-associated protease, cathepsin B, C and D, or a

plasmin protease.

Spacer unit

{0610} The Specer umit (~Y ), when present {y = | or 2), links an Amino Acid unit (~Wy-)} to the drog
moiety (D} when an Amino Acid unit is present (w = 1-12). Alternately, the Spacer unit links the Stretcher unit w0
the Drug moiety when the Amino Acid unit is absent. The Spacer unit also links the drug moiety 1o the amibody
unit when both the Amino Acid unit and Stretcher unit are absent (w, y = 0). Spacer units are of two general types:
self-immolative and non seif-immolative. A non self-immolative Spacer unit is one in which part or all of the
Spacer umt remains bound to the Drug moiety after cleavage, particularly enzymatic, of an Amino Acid unit from
the antibody-drug confugate or the Drug moiery-linker. When an ADC comaining & glycine-glycine Spacer unit or
a glyeine Spacer unit undergoes enzymatic cleavage via a mumor-cell associated-protease, a cancer-cell-associated
protease or a fymphocyle-associated protease, a glycine-glycine-Drag moiety or & glycine-Drug moiety is cleaved
from Ab-A,-Ww-. In one embodiment, an independent hydrotysis reaction takes place within the targef cell,
cleaving the glycine-Drug moiety bond and liberating the Drug.

[0611] In another embodiment, -Y,- is a p-aminobenzylcarbamoyl (PAB) unit whose phenylene portion
is substituted with Q,, wherein Q is ~C;-Cy alkyl, -O~C;-Cy alkyl), -balogen,- nitro or -cyanc; and m is an integer
ranging from 0-4,

[0612) Exemplary embodiments of a non self-immolative Spacer unit (-Y-) are: -Gly-Giy- ; -Gly- ; -Ala-
Phe- ; -Val-Cit- .

f0613] 1in one embodimert, a Drug molety-linker or an ADC s provided in which the Spacer unit is

absem (y=0). or a2 pharmaceutically acceptable salt or sotvate thereof.

{0614} Aliernatively, an ADC contsining a self-immolative Spacer unit can release -D.  In ome
embodiment. -Y- is 2 PAB group that is linked to -W,~ via the amino nitrogen atom of the PAB group, and

connecied directly 1o -D) via a carbonate. carbamate or ether group, where the ADC has the exemplary structure:

G

Ao~ AW, ~NH-
0-c—D

p

wherein Q is -Cy-Cy alkyl, -O-(C,-Cy alkyl), -halogen, -nitro or -cyano; m is an integer ranging from 0-4;
and p ranges from 1 to 4.

{0613} Other examples of self-immolative spacers include, but are not limited to. aromatic compounds
that are electromcally similar to the PAB group such as 2-aminoimidazol-S-methanol derivatives (Hay et al. (1999)
Bioorg. Med. Chem. Letr. 9:2237), heterocyclic PAB analogs (US 2003/0236030), beta-glucuronide (WO

2007/011968), and ortho or para-aminobenzylacetals. Spacers can be used that undergo cyclization upon amide
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bond hydrolysis, such as substituted and unsubstituied 4-aminobutyric acid amides (Rodrigues et al (1995)
Chemisury Biology 2:223), appropriately substinted bicyelo[2.2.1] and bicveln[2.2.2] ring systems (Storm et al
{19721 1. Amer. Chem. Soc. 94:3815) and 2-aminophenylpropionic acid amides (Amsberry, et al (1990) J. Org,
Chem. 55:5867). Elimination of amine-containing drugs that are substiuied a1 glveine (Kingsbury et al (19845 J.

Med Chem. 27:1447) are also examples of self-immolative spacer useful in ADCs.

[0616] Exemplary Spacer units (-Y,-} are represented by Formulas X-XII:

EMN\Q/OWO(E

X
§ —HN—CH,—CO— § -
%—-—NHCHzc(O)-NHCH;;C(O)— %

X1

Dendrivie linkers

{0617} In another embodiment, linker L may be a dendritic type linker for covalent attachment of more
than one drug moiety through a branching, multifunctional Hnker moiety 1o ap antibody (Sun et al (2002)
Bioorganic & Medicinal Chemistry Letters 12:2213-2215; Sun et al (2003) Bioorganic & Medicinal Chemistry
11:1761-1768). Dendritic linkers can increase the molar ratio of drug to antibody, i.e. loading, which is retaied 10
the polency of the ADC. Thus. where 2 cysicine engineered antibody bears only one reactive cysieine thiol group. 2
multitude of drug moseties may be attached through 2 dendritic linker. Exemplary embodiments of branched,
dendritic linkers include 2.6-bisthvdroxymethyl)-p-cresol and 2.4 6-tristhvdroxymethyl)-phenol dendrimer units
(WO 2004/01993; Szalai et al (2003} J. Amer. Chem. Soc. 125:15688-15689; Shamis et al (2004} J. Amer. Chem.
Soc. 126:1726-1731; Amir et al (2003) Angew. Chem. I, Ed. 42:4494-4499),

[0618] In one embodiment, the Spacer unit is a branched bis(hvdroxymethyljstyrene (BHMS), which can

be used to incorporate and release multiple drugs, having the structure:

CHz(OC)n«—D

4
b‘{Aa W,, NH‘(}—‘/kCHZ(OC) —D



comprising a 2-(4-aminobenzylidenejpropane-1,3-diol dendrimer unit (WO 2004/043493; de Groot et al
{2003y Angew. Chem. Int. Ed. 42:4490-4494), whereim Q 35 -C,Cy atkyl. -O-(C,-C; alkyl), -balogen, -mitro or -

cyano; m is an integer ranging from 0-4; n1s O or I; and p ranges ranging from 1 1o 4.

[0619] Exemplary embodiments of the Formula I antbody-drug conjugate compounds include XIMa
{MC}, XIIb (val-cit), XHlc (MC-val-cit), and XIId (MC-val-cit-PAR}:

il-i O
PR S N\E/lL-Yy‘D
H O r‘ p

O
NM -
sy : "
O p NH;
XIHa XIlib
0
o H O
A N\/\/\)’\N N\E)Lvy-a
o} H o 2
I

XIHe

Ab—S

X1iId

[0620] Other exemplary embodimenms of the Formula la antibody-drug conjugate compounds include
XIVa-¢:

O

1|
N—X—C—D

o P XIVa



) O
I I

Ab——S§~—t~CH,C— Y —C~—D

P XIVb
[l
Ab—SH—CH,C—D
P XIve
O
0
N~CH2-O-C-D
Ab~—
O
3 XIVd
O
% H Hy
Ab—S8—CH,C— C+D
P XIVe
where X is:

MC%O‘Q o T(CHg)y= | T (CHCHR0 ™
0O
i -
~—CH CrN=(CH )=
2‘@" I (CH2) ’ \ / ,

R

===, (O p )}
/{ 2in . e e
\ / , or (CHp)—C ff (CHa)n

R

Y is:

R S
ar'd t
NN\ /o N (CHa

and R 1s independently H or C,-Cg alkyl; and nis 110 12

[0621] In another embodiment. a Linker has a reactive functional group which has a nucleophilic group

that is reactive to an electrophilic group present on an antibody. Useful electrophilic groups on an antibody include,
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but are not limited to, aldehyde and ketone carbonyl groups. The heteroatom of a mucleophilic group of a Linker can
react with an electrophilic group on an antibody and form a covalent bond to an antibody unit. Useful nucleophilic
groups on & Linker include, bul are not immned o, hydrazide, oxime, amino, hydrazine, thiosemicarbazone,
hydrazine carboxylate, and arylhydrazide. The elecwrophilic group on an amibody provides a convenient site for

attachment 10 a Linker.

[0622] Typically, peptide-type Linkers can be prepared by forming a peptide bond between two or more
amino acids and/or peptide fragments. Such peptide bonds can be prepared, for example, according 1o the liguid
phase synthesis method (E. Schrdder and K. Liibke (1965} “The Peptides™, volume 1, pp 76-136, Academic Press)
which is well known in the field of peptide chemistry. Linker imermediates may be assembled with any
combination or sequence of rcacuons including Spacer, Stretcher, and Amino Acid units. The Spacer, Stretcher,
and Amino Acid unils may employ reactive funciional groups which are eiectrophilic, nucleophilic, or free radical
in matre.  Reactive functiomal groups include, but are not limited to carboxyls, hydroxyls, para-

nitrophenylcarbonate, 1sothiocyanate. and leaving groups, such as G-mesyl, O-tosyl, -Cl, -Br, -I; or maleimide.

[0623] For example, a charged substituent such as sulfonate (-80;7) or ammonium, may increase water
solubility of the reagent and facilitale the coupling rcaction of the linker reagent with the antibody or the drug
moiety, or facilitate the coupling reaction of Ab-L (antibody-linker intermediate) with D. or D-L (drug-linker

intermediate) with Ab, depending on the synthetic youte employed to prepare the ADC.
Linker reagents

[0624] Conjugates of the antibody and auristatin may be made using a variety of bifunctional linker
reagemts such as N-succinimidyl-3-(2-pyridyldithio} propionate (SPDP). succinimidyl-4-(N-maleimidometbyl)
cyclohexane-1-carboxylate (SMCC). iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl
adipimidate HCl), active esiers (such as disuccinimidyl suberate). aldebydes (such as ghitaraldehvde), bis-azido
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-
diazonmiumbenzoylj-cthylenediamine), dilsocyanates (such as toluene 2,6-diisocyanate), and bis-active fluorine

compounds (such as 1.5-difluoro-2,4-dimitrobenzene).

{0625] The antibody drug conjugates may alse be prepared with linker reagents: BMPEQO, BMPS, EMCS,
GMBS. HBVS, LC-SMCC, MBS, MPBH, SBAP. S1A, SIAB, SMPB, SMPH. sulfo-EMCS. sulfo-GMBS, sulfo-
KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and SVSB  (succinimidyl-(4-
vinylsulfone)benzoate), and including bis-maleimide reagenmis: DTME, BMB, BMDB, BMH, BMOE, |,8-his-
maleimidodiethyleneglycol (BM(PEQ).), and 1,11-bis-maleimidotriethvieneglycol (BM(PEO);), which are
commercially available from Pierce Biotechnology, Inc., ThermoSciemific, Rockford, L, and other reagent
supplicrs. Bis-maicimide reagents allow the attachment of the thiol group of a cysieine engincered antibody to a
thiol-containing drug moiety, label, or linker intermediate, in a sequential or concurrent fashion, Other functional
groups besides maleimide, which are reactive with a thiol group of a cysteine engineered antibody, drug moiety,
label, or linker intermediate include jodoacetamide, bromoacetamide, viny! pyridine, disulfide, pyridy!l disulfide,

isocvanate, and 1sothiocyanate,

ol
o
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BM(PEO), BM(PEO)3

[0626] Useful linker reagents can also be obwained via other commercial sources, such as Molecular
Biosciences Inc.{Boulder, COY, or synthesized in accordance with procedures described in Toki et al (2002} ). Org.
Chem. 67:1866-1872; Walker, MLA. (1995} 1, Org. Chem. 6(3:5332-5355; Frisch ¢t al (1996} Bicconjugate Chem.
7:1R0-186; US 6214345, WO 02/088172; US 2003130189; US2003096743; W( 03/026577, WO 03/043583; and
WO 04/032828.

[0627] Strewhers of formula (12} can be miroduced into 2 Linker by reacting the following linker

reagents with the N-terminus of an Amino Acid unit:

O Q
| N=(CH2)r-C(O)~O~N

O O

where 1 1s an integer ranging from 1-10 and T is -H or -5S0:Ng;

) 0
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where 1 is an integer ranging from 0-3;
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[0628] Stwretcher units of can be mtroduced into a Linker by reacting the following bifunctional reagents

with the N-terminus of an Amine Acid unit;

A

o Q ) o Q o Q
A0 e MOl e
O O O

0 o Q N o Q
Br\)LNFi\/U\O-N:D {/\Orr /\/\)LO'N)S
O O

where X is Bror L.
[0629] Strewher units of formula can also be imroduced into a Limker by reacting the following

bifunctional reagents with the N-terminus of an Amino Acid unit
= | O 0
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N™ ~g— O—N
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~
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[0630] An exemplary valine-citrulline (val-cit or vc) dipeptide linker reagent having a maleimide

Streicher and a para-aminobenzylcarbamoyl (PAB) self-immolative Spacer has the structure:

[0G631] An exempiary phe-lys(Mtr, mono-4-methoxytrityl) dipeptide linker reagent having a maleimide
Strelcher unit and a PAB sell<immolative Spacer unit can be prepared according to Dubowchik, et al. (1997)
Tewrahedron Letters, 38:5257-60, and has the structre:

CH

HN—Mir

Prenaration of cvsteine engineered anti-CD7% antibodyv-drug conjugaies

[0632] The ADC of Formula I may be prepared by several routes, employing organic chemistry reactions,
conditions. and reagents known to those skilled in the art, including: (1) reaction of 2 cysieine group of a cysicine
engineered antibody with a linker reagent, to form antibody-linker intermediate Ab-L, via a covalent bond, followed
hy reaction with an activated drag moiety D; and (2) reaction of a nucleophilic group of a drug moiery with a linker
Teagent, to form drug-linker intermediate D-L., via a covalent bond, followed by reaction with a cysteine group of a
cysteine engineered antibody. Conjugation methods (1) and (2) may be employed with a variery of cysteine

enginecred antibodies, drug moieties. and linkers 1o prepare the antibody-drug conjugates of Formula 1.

[0633] Antibody cysteine thiol groups are nucleophilic and capable of reacting to form covalent honds
with electrophilic groups on linker reagents and drug-linker intermediates including: (1) active esters such as NHS
esters, HORY zsters, haloformates, and acid halides: (11} alkyl and benzyl bhalides, such as haloacetamides; (i)
aldehydes. ketones, carboxyl, and maleimide groups; and (iv) disulfides, including pyridy!l disulfides, via sulifide
exchange. Nucleophilic groups on & drug moiety include, but are not limited to: amine, thiol, hydroxyl, hydrazide,
oxime, hydrazine, thiosemicarbazone, hydrazine carboxyiate, and arylhydrazide groups capable of reacting 1o form

covalent bonds with electrophilic groups on linker moieties and linker reagents.
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[0634] Cysteine engineered antibodies may be made reactive {or conjugation with linker reagents by
treatment with a reducing agemt such as DTT ({(Cleland's reagem. dithiothreitol) or TCEP (ris(2-
carboxyethyt)phosphine hydrochloride; Getz et al (1999} Anal. Biochem. Vot 273:73-80; Soliec Ventures, Beverly,
MA), followed by reoxidation 1o reform interchain and intrachain disulfide bonds (Example 5). For exampie. full
length, cysteine engineered monoclonal antibodies (ThioMabs) expressed in CHO cells are reduced with abow 2 56
fold molar excess of TCEP for 3 hrs at 37 °C 10 reduce disulfide bonds in cysteine adducts which may form between
the newly introduced cysteine residues and the cysieine presemt in the culture media. The reduced ThioMab is
diluted and loaded onto HiTrap S column in 10 mM sodium acetate, pH 5, and eluted with PBS comaining 0.3M
sodium chloride. Disulfide bonds were reestablished between cysteine residues present in the parent Mab with
dilute (200 M) aqueous copper sulfate (CuSO.4) at room temperawure, overnight.  Ahernatively, dehydroascorbic
acid {DHAA) 1s an effective oxidant 10 reestablish the intrachain disulfide groups of the cysicine engincered
antibody after reductive cleavage of the cysteine adducts. Other oxidants, ie. oxidizing agents. and oxidizing
conditions, which are known in the art may be used. Ambient air oxidation 1s also effective. This mild, parial
reoxidation step forms intrachain disulfides efficiently with high fidelity and preserves the thiol groups of the newly
introduced cysieine residues. An approximate 10 fold excess of drug-linker imtermediate, e.g. MC-ve-PAB-MMAE,
was added, mixed, and let stand for about an hour at room temperature 10 effect conjugation and form the anti-
CD79b antibody-drug conjugate. The conjugation mixture was gel filtered and loaded and cluted through a HiTrap

S column to remove excess drug-linker intermediate and other impurities.

{0635] Figure 23 shows the general process to prepare a cysieine engineered antibody expressed from
cell culture for conjugation. When the cell culture media comains cysieine, disulfide adducts can form between the
newly introduced cysicine amino acid and cysteine from media. These cysteine adducts, depicted as a circle in the
exemplary ThioMab (left) in Figure 23, must be reduced to generate cysteine engineered antibodies reactive for
conjugation. Cysteine adducts, presumably along with various interchain disulfide bonds. are reduciively cleaved to
give a reduced form of the antibody with reducing agents such as TCEP. The interchain disutfide bonds between
paired cysleine residues are reformed under partial oxidation conditions with copper sulfate. DHAA, or exposure 10
ambient oxygen. The newly introduced, engineered, and unpaired cysieine residues remain available for reaction
with linker reagents or drug-linker intermediates to form the antibody conjugates of the invention. The ThioMabs
expressed in mammalian celf lines result in exiernally conjugated Cys adduct to an engineered Cys through - §-S-
hond formation. Hence the purified ThioMabs are treated with the reduction and reoxidation procedures as
described in Example 5 1o produce reactive ThioMabs. These ThioMabs are used to conjugate with maleimide

containing cytotoxic drugs, fluorophores, and other labels.

10. Immunoliposomes
[0636] The anti-CD75b amtibodies disclosed herein may also be formulated as immunoliposomes. A

“liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which is useful
for delivery of a drug 10 2 mammal. The components of the liposome are commonty arranged in 2 bilayer formation,
similar 1o the lipid arrangement of biological membranes. Liposomes containing the antibody are prepared by

methods known in the art, such as described in Epstein et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang
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et al, Proc. Natl Acad. Sci USA 77:4030 (1980}, U.S. Pat Nos. 4485045 and 4,544,545 and WO97/38731

published October 23, 1997. Liposomes with enhanced circulation time are disclosed in U.S. Patent No, 3,013,556.

[0637] Panicularly useful liposomes can be generated by the reverse phase evaporation method with a
lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine
(PEG-PE}. Liposomes are extruded through filters of defined pore size to vield liposomes with the desired diameter.
Fab' fragments of the antibody of the present invention can be conjugated 1o the Liposomes as described in Martin et
al.. J. Biol. Chem. 257:286-288 (1982) via a disulfide interchange reaction. A chemotherapeutic agent is optiopally
comained within the liposome. See Gabizon et al., J. National Cancer Inst. 81¢19):1484 (1989).

B. Centain Methods of Making Antibodies

1. Screening for Anti-CD79b Antibodies With the Desired Properties

[0638] Techniques {or generating antibodies that bind 10 CD79b polypeptides have been described above.
One may further select amibodies with certain biological characteristics. as desired.

[0639] The growth inhibitory effects of an anti-CD79b anuibody of the invention may be assessed by
methods known in the art, e.g., using cells which express a CD79b polypepiide either endogenously or {ollowing
transfection with the CD79b gene. For example, appropriate wmor cell lines and CD79b-transfected cells may be
treated with an anti-CD79% monocional antibody of the invention at various concentrations for a few days (e.g., 2-
7) days and stained with ¢rystal violet or MTT or gnalyzed by some other colorimetric assay. Another method of
measuring proliferation would be by comparing 3H-thymidine uptake by the cells treated in the presence or absence
an anti-CD79%b antibody of the invention. Afer treatment, the cells are harvesied and the amount of radiocactivity
incorporated into the DNA quantitated in a scintillation counter. Appropriate positive controls include treatment of
a selected cell line with a growth inhibitory antibody known 1o inhibit growth of that cell line. Growth inhibition of
mmor cells 7 vive can be determined in various ways known in the art. The mmor cell may be one that
overexpresses a CD79b polypeptide. The anti-CD79b antibody will inhibit cell proliferation of a CD79b-expressing
wmor cell in virre or in vivo by about 25-100% compared 1o the unwreated tumor cell, more preferably, by about 30-
100%, and even more preferably by about 30-100% or 70-100%, in one embodiment, at an antibody concentration
of about 0.5 10 30 pg/ml. Growth inhibivion can be measured at an antibody concentration of about 0.5 10 30 pg/ml
or about 0.5 nM 10 200 nM in cell culture, where the growth inhibition is determined 1-10 days after exposure of the
mumor cells to the antibody. The amibody is growth inhibitory in vive i administration of the ami-CD79b amibody
at about 1 pg/kg to about 100 mg/kg body weight results in reduction in tumor size or reduction of tumor cell
proliferation within about 3 days to 3 months from the first administration of the antibody, preferably within about 5
10 30 days.

[0640] To select for an anti-CD79b antibody which induces cell death, loss of membrane integrity as
indicated by, e.g., propidium odide (PI). rypan blue or TAAD uptake may be assessed relative 10 control. A Pl
uptake asgay can be performed in the absence of complement and immune effector cells. CD79 polypeptide-
expressing tumor cells are incubaled with medium alone or medium comaining the appropriale anti-CD7%
antibody (e.g, at about 10pg/ml). The cells are incubated for a 3 day time pertod. Following each weatment, cells
are washed and aliquoted inte 35 mun strainer-capped 12 x 75 wibes (1ml per tube. 3 wbes per treatment. groupy for
removal of cell clumps. Tubes then receive PI (10pug/ml). Sanples may be analyzed using a FACSCAN® flow

o
17



cytometer and FACSCONVERT® CeliQuest software (Becton Dickinson). Those anti-CD7% antibodies that
induce statstcally significant levels of cell death as determined by P1 uptake may be selected as cell deatb-inducing
ami-CD79b antibodies.

{06411 To screen for antibodies which bind 10 an epitope on a CD79b polypeptide bound by an anubody
of imterest, a rouline cross-blocking assay such as that described in Antibodies. A Lahoratorv Mapnual, Cold Spring
Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. This assay can be used 10 determine if a
test antibody binds the same site or epitope as a known anti-CD79b antibody. Alternatively, or additionally, epitope
mapping can be performed by methods known in the art . For example, the anibody sequence can be mutagenized
such as by alanine scanning, 10 identify contact residues. The mutant antibody is imitally tested for binding with
potyelonal antibody {0 ensure proper folding. In a different method, peptides corresponding to different regions of a
CD79 polypeptide can be used in competition assays with the test antibodies or with a (est antibody and an
antibody with a characterized or known epitope.

2. Certain Library Screening Methods
[0642] Ami-CD79b antibodies of the invention can be made by using combinatorial libraries 10 screen
for antibodies with the desired activity or activities. For example, a variety of methods are known in the art for
generating phage display libraries and screening such libraries for antibodies possessing the desired binding
characteristics. Such methods are described generaliy in Hoogenboom et al. (2001) in Methods in Molecular
Biology 178:1-37 (O°Brien et al., ed., Human Press, Tolowa, NJ), and in certain embodiments, in Lee et al. (2004) J.
Mol. Biol. 340:1073-1093.

[0643] In principle, synthetic antibody clones are selected by screening phage libraries containing phage
that display various fragments of antibody variable region (Fv) fused to phage coat protein. Such pbage libraries
are panned by affinity chromatography against the desired antigen. Clones expressing Fv fragments capable of
binding to the desired antigen are adsorbed 1o the amigen and thus separaled from the non-binding clones in the
library. The binding clones are then eluted from the antigen, and can be further enriched by additional cvcles of
antigen adsorption/elution.  Any of the anti-CD79 antibodies of the invention can be obtained by designing a
suitable antigen screening procedure 1o select for the phage clone of interest followed by construction of a full
length anti-CD79b antibody clone using the Fv sequences from the phage clone of interest and suitable constant
region (F¢) sequences described in Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition,
NIH Publication 91-3242, Bethesda MD (1991), vols. 1-3.

{0644] In cortain embodiments, the antigen-binding domain of an antibody is formed from two variable
(V} regions of about 110 amino acids, one each from the light (VL) and heavy (VH) chains, that both present fhree
hypervarizble loops (HVRs) or complementarity-determining regions (CDRs). Variable domains can be displaved
funciionally on phage, either as single-chain Fv (scFv) fragmems. in which VH and VL are covalently linked
through a short, flexibie peptide, or as Fab fragments, in which they are each fused 1o a constant domain and
imieract non-covalently. as described in Winter e1 al, Am. Rev. Immunol., 12: 433-455 (1994). As used herein,
scFv encoding phage clones and Fab encoding phage clones are coliectively referred 1o as "Fv phage clones® or "Fv

clones.”
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[0643] Repertoires of VH and VL genes can be separately cloned by polymerase chain reaction (PCR)
and recombined randomly in phage libraries, which can then be searched for antigen-binding clones as described in
Winter et al.. Ann. Rev. Immunol.. 12: 433-435 (1994). Libraries from immunized sources provide high-affinity
amtibodies w the immunogen withow the requitement of construcung hvbridomas, Alternatively, the naive
repertoire can be cloned w provide a single source of human antbodies to 2 wide range of non-self and also self
antigens without any immunization as described by Griffiths et al., EMBO J, 12: 725-734 (1993). Finally, naive
libraries can also be made synthetically by cloning the unrearranged V-gene segments from stem cells, and using
PCR primers containing random sequence 0 encode the highty varmable CDR3 regions and to accomplish

rearrangement in vitro as described by Hoogenboom and Winter, J. Mol. Biol., 227: 381-388 (1992).

[0646] o certain embodiments, flamentous phage i used 1o display amibody fragmems by fusion 1o the
minor coat protein plIl. The antibody fragments can be displayed as single chain Fv fragments, in which VH and
VL domains are connected on the same polypeptide chain by a flexible polypeptide spacer. e.g. as described by
Marks et al., J. Mol. Biol., 222: 581-597 (1991}, or as Fab fragments, in which one chain is fused to pIlI and the
other is secreted into the bacierial host cell periplasm where assembly of a Fab-coat protein structure which
becomes displayed on the phage surface by displacing some of the wild type coat proleins, e.g. as described in
Hoogenboom et al.. Nucl. Acids Res., 19: 4133-4137 (1991).

[0647] 1In geperal, nucleic acids encoding antibody gene fragments are obtained from immune cells
harvested from humans or animals. If 2 library biased in favor of anti-CD79b clones is desired, the subject is
immumized with CD79b to generate an anmibody response, and spleen cells andior circulating B cells other
peripheral blood lymphocytes (PBLs) are recovered for library construction. In a preferred embodiment, @ human
antibody gene fragment library biased in favor of anti-CD79b clopes is obtained by generating an anti-CD79b
antibody response In transgenic mice carrying a functional human immunoglobulin gene array (and lacking a
functional endogenous amibody production system) such that CD79b immunization gives rise to B cells producing

human antibodies against CD7%. The generation of human antibody-producing transgenic mice is described below.

[0648] Additonal enrichment for anti-CD79b reactive cell populations can be obtained by using a
suitable screening procedure 1o isolate B cells expressing CD79b-specific membrane bound antibody, e.g., by cell
separation using CD79b affinity chromatography or adsorption of cells to fluorochrome-labeled CD79b followed by

flow-activated cell sorting (FACS}.

{0649} Alternatively, the use of spleen cells and/or B cells or other PBLs from an unimmunized donor
provides a better representation of the possible antibody reperioire, and also permits the construction of an antibody
library using any animal (human or von-human) species in which CD79b is not antigenic. For lbraries
ncorporaing in vitro amibody gene construction, stem cells are harvested from the subject 1o provide nucleic acids
encoding unrearranged antibody gene segments. The immune cells of interest can be oblained rom a variety of
animal species, such as human, mouse, rat, lagomorpha, luprine, canine, feline. porcine. bovine, equine, and avian

species, gic.



[0630] Nucleic acid encoding antibody variable gene segments (including VH and V0 segments) are
recovered from the cells of interest and amplified. In the case of rearranged VH and VL gene libraries, the desired
DNA can be obtaived by isolating genomic DNA or mRNA from lymphocytes followed by polymerase cham
reaction (PCR) with primers matching the 5" and 3° ends of rearranged VH and VL genes as described in Orlandi et
al.. Proc. Natl. Acad. Sci. (USA). 86: 3833-3837 (1989), thereby making diverse V gene repertoires for expression.
The V genes can be amplified from ¢DNA and genomic DNA, with back primers at the 5* end of the exon encoding
the mature V-domain and forward primers based within the J-scgment as described in Orlandi ef al. (1989) and in
Ward et al., Nature, 341: 544-546 (1989). However, for amplifying from ¢DNA, back primers can also be based in
the leader exon as deseribed in Jones et al., Biowchnol., 9: 88-89 (1991). and forward primers within the constant
region as described 1 Sastry et al, Proc. Natl. Acad. Sci (USA), 86: 5728-3732 (1989). To maximize
complementarity, degeneracy can be incorporaled in the primers as described in Orlandi et 1. (1989) or Sastry et al.
(1989). In certain embodiments, library diversity is maximized by using PCR primers targeted 10 each V-gene
family in order to amplify all available VH and VL arrangemems present in the immune cell nucleic acid sample,
e.g. a8 described in the method of Marks et al., J. Mol. Biol., 222: 581-597 (1991} or as described in the method of
Orum et al., Nucleic Acids Res., 21: 4491-4498 (1993). For cloning of the amplified DNA into expression veciors.
rare restriction sites can be introduced within the PCR primer as 2 tag a1 one end as described in Orlandi et al.
(1989}, or by further PCR amplification with a tagged primer as described in Clackson et al. Nature, 352; 624-628
(1991}

[0651] Repertoires of synthetically rearranged V genes can be derived in vitro from V gene segments.
Most of the human VH-gene segments have been cloned and sequenced {reporied in Tomlinson et al., . Mol Bioi.,
227: 776-798 (1992)), and mapped (reporied in Matsuda et al, Nawre Genet., 3: 88-94 (1993); these cloned
segments (including all the major conformations of the H] and H2 loop) can be used 10 generate diverse VH gene
repertoires with PCR primers encoding H3 loops of diverse sequence and length as described m Hoogenboom and
Winter, J. Mol. Biol., 227: 381-388 (1992). VH repertoires can also be made with all the sequence diversity
focused in & long H3 loop of a single length as described in Barbas et al., Proc. Natl. Acad. Sci. USA., 89: 4457
4461 (1992). Human Vi and Vi segments have been cloned and sequenced (reported in Williams and Winter, Eur.
J. Immunol.. 23: 1456-1461 (1993)) and can be used to make synthetic light chain repertoires. Synthetic V gene
repertoires, based on a range of VH and VL folds. and L3 and H3 lengths, will encode antibodies of considerable
structural diversity.  Following amplification of V-gene encoding DNAs, germline V-gene segments can be

rearranged in vitro according to the methods of Hoogenboom and Winter, J. Mol. Biol.. 227: 381-388 (1992).

[0652] Repertoires of antibody fragmenis can be construeted by combining VH and VL gene repertoires
wgether in several ways. Each repertoire can be created o different veciors. and the vectors recombined in vitro,
e.g., as described in Hogrefe et al., Gene, 128: 119-126 (1993}, or in vivo by combinatorial infection, e.g.. the loxP
sysiem described in Waterhouse et al., Nucl Acids Res., 21: 2265-2266 (1993). The in vivo recombination
approach exploits the two-chain nature of Fab fragments 1 overcome the limit on library size imposed by E. coli
transformation efficiency. Naive VH and VL repertoires are cloned separately, one into a phagemid and the other

into a phage vector. The two libraries are then combined by phage infection of pbagemid-containing bacteria so
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that each cell contains a different combination and the library size is limited only by the number of cells present
(about 10 clones). Both vectors comain in vivo recombination signals so that the VH and VL genes are
recombined omio a single replicon and are co-packaged into phage virions. These huge librares provide large

numbers of diverse antibodies of good affinity (K¢ of about 107 M),

[0653] Alternatively, the repertoires may be cloned sequentially into the same vector, e.g. as described in
Barbas et al,, Proc. Natl. Acad. Sci. USA, 88: 7978-7982 (1991}, or assembied together by PCR and then cloned,
e.g. as described in Clackson et al., Nature, 352: 624-628 (1991). PCR assembly can also be used to join VH and
VL DNAs with DNA encoding a flexible peptide spacer 1o form single chain Fv {scFv) repertoires. In vel another
technique, "m celt PCR assembly” is used to combine VH and VL genes within lymphocyies by PCR and then

clone repertoires of tinked genes as described in Embleton ct al., Nucl. Acids Res., 20: 3831-3837 (1992),

[0654) The antibodies produced by naive libraries (either natural or synthetic) can be of moderaie affinity
(K" of abow 10% 10 107 M), but affinity maturation can also be mimicked in vitro by constructing and reselecting
from secondary libraries as described 1 Winter et al. (1994), supra. For example, mutation can be introduced at
random in vitre by using error-prone polymerase (reported in Leung et al, Technique, 1: 11-15 (1989)) in the
method of Hawkins ¢t al., J. Mol. Biol., 226: 889-896 (1992) or in the method of Gram et al., Proc. Natl. Acad. Sci
USA, 89: 3576-3580 (1992). Additionally, affinity maturation can be performed by randomly mutating one or more
CDRs, e.g. using PCR with primers carrying random sequence spanning the CDR of interest, in selected individual
Fv clones and screening for bigher affinity clobes. WO 9607754 (published 14 March 1996} described a method
for inducing mutagenesis in a complementarity determining region of an immunoglobulin light chain 1o create a
library of light chain genes. Another effective approach is to recombine the VH or VL domaius selecied by phage
display with reperioires of naturally occurring V domain variants obtained from unimmunized donors and screen for
higher affinity in several rounds of chain reshuffling as described in Marks 1 al.. Biotechnol., 10: 779-783 (1992).

This technique. allows the production of antibodies and antibody fragments with affinities of about 10° M or less.

[0655] Screening of the libraries can be accomplished by various techniques known in the art. For
example, CD7% can be used to coat the wells of adsorption plates, expressed on host cells affixed to adsorption
plates or used in cell sorting, or conjugated to biotin for capture with streptavidin-coated beads, or used in any oiher

method for panning phage display libraries.

[0656] The phage library samples are comtacted with immobitized CD79b under conditions suitable for
binding at least a portion of the phage particles with the adsorbent. Normally, the conditions. including pH. ionic
strength, lemperature and the like are selected w0 mimic physiological conditions. The phages bound to the solid
phase are washed and then ¢cluted by acid, e.g. as described in Barbas et al., Proc. Natl. Acad. Sci USA, 88: 7978-
7982 (1991). or by alkali. e.g. as described in Marks et al., J. Mol. Biol., 222: 581-597 {1991}, or by CD79b antigen
competition, e.g. in a procedure similar to the antigen competition method of Clackson ¢t al, Nature, 352 §24-628
(1991). Phages can be enriched 20-1,000-fold in a single round of selection. Moreover, the enriched phages can be

grown in bacterial colture and subjecied 1o furiher rounds of selection.
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[0657] The efficiency of selection depends on many faciors, including the kinetics of dissociation during
washing, and whether multiple antibody fragmenis on a single phage can simulianeously engage with antigen.
Antibodies with fast dissociation kinetics (and weak binding affinities) can be rewained by use of short washes,
multivalent phage display and high coating density of antigen in solid phase. The high density not only swabilizes
the phage through multivalent inferactions, but favors rebinding of phage that has dissociated. The selection of
antibodies with slow digsociation kinetics (and good binding affinities} can be promoted by use of long washes and
monovatent phage display as described in Bass et al.. Proteins, 8: 309-314 (199Q) and In WO 92/09690, and a iow

coating density of antigen as described in Marks et al., Biotechnol., 10: 779-783 (1992).

[0658] It is possible W select between phage antibodies of different affinities. even with affiniues that
differ siightly, for CD79b. However, random mutation of a sclected antibody (e.g. as performed in some affinity
maturation techniques) is likely 10 give rise to many mutants, most binding o antigen, and a few with higher
affinity. With limitung CD79b. rare high affinmity phage could be competed out. To retain all higher affimity mutants,
phages can be incubated with excess biotmylated CD79h, but with the biotinylated CD79b at a concentration of
lower molarity than the target molar affiniry constant for CD79b. The high affinity-binding phages can then be
captured by strepavidin-coated paramagnetic beads. Such "equilibrium capture" allows the antibodies to be
selecied according to their affinities of binding, with sensitivity that permits isolation of muiant clones with as little
as two-fold higher affinity from a great excess of phages with lower affinity. Conditions used in washing phages

bound to a solid phase can also be manipulated to discriminate on the basis of dissociation kinetics.

[0659] Ant-CD7%b clones may be selected based on activity. In certain embodiments, the ipvention
provides anti-CD79b antibodies that bind to living cells that paturally express CD79b. In one embodiment, the
invention provides anti-CD79b antibodies that block the binding between a CD79b ligand and CD79b, but do not
block the binding between a CD7% ligand and & second protein.  Fv clones corresponding 1o such anti-CD7%
antibodies can be selected hy (1) isolating amti-CD79b clones from a phage library as described above, and
optionally amplifying the isolated population of phage clones by growing up the population in a suitable bacierdal
host; (2) selecting CD79b and a second protein against which blocking and non-blocking activity, respectively, is
desired; (3) adsorbing the amti-CD79b phage clones w0 immobilized CD79b; (4) using an excess of the second
protein 1o elute any undesired clones that recognize CD79%-binding determinants which overlap or are shared with
the binding determinants of the second protqc\in; and (5) eluting the clones which remain adsorbed following step (4).
Optionally, clones with the desired blocking/mon-blocking properties can be further enriched by repeating tbe

selection procedures described berein one or more times.

[0660] DNA encoding hybridoma-derived monoclonal antibodics or phage display Fv clones of the
inveniion s readily isolaied and sequenced using conventional procedures {e.g. by using oligonucieotide primers
designed to specifically amplify the heavy and light chain coding regions of interest from hybridoma or phage DNA
template). Once isolated, the DNA can be placed into expression vectors, which are then transfected info host cells
such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise

produce immunoglobulin protein, 10 obtain the synthesis of the desired monoclonal antibodies in the recombinant
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host cells, Review arnicles on recombinant expression in bacteria of antibody-encoding DNA include Skerra et al..

Curr. Opinion in Immunol.. 5: 256 (1993) and Pluckihun, Immunol. Revs. 130: 151 (1992},

[0661) DNA encoding the Fv clones of the mvention can be combined with kmown DNA sequences
encoding heavy chain andfor hght chain constant regions {e.g. the appropriate DNA sequences can be obtained from
Kabat et al., supra) o form clones encoding {ull or partial length heavy anddor light chains. 1t will be appreciated
that constant regions of any isotype can be used for this purpose, including loG, TgM, IgA, lgD, and IgE coustant
regions, and that such constant regions can be obtained from any human or animal species. An Fv clone derived
from the variable domain DNA of one animal (such as human) species and then fused 1o constant region DNA of
another animal species to form coding sequencets) for “bybrid." full length heavy chain and/or light chain is
included in the defimtion of "chimeric™ and "hybrid" antibody as used herein. In ceriain embodiments, an Fv clone
derived from human variable DNA is fiused to human constant region DNA to form coding sequence(s) for full- or

partial-length human heavy and/or light chains.

[0662] DNA encoding anti-CD79b antibody derived from a hybridema can also be modified, for
example, by substimting the coding sequence for human heavy- and Hght-chain constant domains in place of
homologous murine sequences derived from the hybridoma clone (e.g. as in the method of Morrison et al., Proc.
Nafl. Acad. Sci. USA, 81: 6851-6855 (1984)). DNA encoding a hyvbridoma- or Fv clone-derived antibody or
fragment can be further modified by covalently joining to the immunoglobulin coding sequence all or part of the
coding sequence for a non-immunoglobulin polypeptide. In this manner, “"chimeric® or "hybrid" antibodies are

prepared that have the binding specificity of the Fv clone or hybridoma clone-derived antibodies of the invention.

C. Antibodv Dependent Enzvme Mediated Prodmg Therapy (ADEPT)

{0663} The antibodies of the present invention may also be used in ADEPT by conjugating the antibody
to & prodrug-activating enzyme which converts a prodrug {e.g.. a pepudyl chemotherapeutic agent, see
WO81/01143) to an active amti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278,

[0664) The enzyme component of the immunoconjugate useful for ADEPT includes any enzyme capable
of acting on a prodrug in such a way so as fo covert if info its more aclive, cytotoxic form.

[0665] Enzymes that are useful in the method of this invention include, but are not himited 1o, alkaline
phosphatase useful for converting phosphate-containing prodrugs into free drugs; arylsulfatase useful for converting
sulfate-containing prodrugs inte free dmgs; cylosine deaminase useful for converting pon-toxic S-fluorocylosine
info the anti-cancer drug, S5-fluorouracil; proteases, such as serraiia protease, thermolysin, subtilisin,
carboxypeplidases and cathepsins (such as cathepsins B and L), thar are useful for convering peptide-containing
prodrugs inte free drugs; D-alanylcarboxypeptidases, useful for converting prodrugs that contain D-amino acid
substituents; carbohydrate-cleaving enzymes such as f-galactosidase and neuraminidase useful for convening
glycosylated prodrugs into free drugs; P-lactamase useful for converiing drugs derivatized with f-lactams into free
drugs; and penicillin amidases, such as penicillin V amidase or penicillin G amidase, useful for converting drugs
derivatized at their amine nitrogens with phenoxvacetyl or phenylacetyl @moups, respectively, inio free drugs.

Alternatively, amibodies with enzymatic activity. also known in the art as "abzymes”. can be used to convert the
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prodrugs of the invention into free active drugs (see, ¢.g., Massey, Nare 328:437-458 (1987)). Antibody-abzyme
conjugates can be prepared as described herein for delivery of the abzyme to a tumor cell population.

[0666] The enzymes of this invention can be covalently bound w0 the ami-CD79b antibodies by
techniques well known in the ant such as the use of the heterobifunctional crossiinking reagents discussed above.
Aliernatively, fusion proteins comprising at least the antigen binding region of an antibody of the invention linked
10 a1 least a functionally active portion of an enzyme of the invention can be construcied using recombinant DNA
techniques well known in the art (see, €.2., Neuberger et al.. Nature 312:604-608 (1984).

D. Ant-CD79h Antibody

[0667] In addition w0 the anti-CD79b antibodies described herein. it is contemptated that ang-CD79b

antibody variants can be prepared. Anti-CD7%b antibody variants can be prepared by introducing appropriate
nucleotide changes into the encoding DNA, and/or by synthesis of the desired antibody or polypeptide. Those
skilled in the art will appreciate that amino acid changes may alter post-translational processes of the ani-CD79b
antibody, such as changing the number or position of glycosylation sites or altering the membrane anchoring
characteristics.

[0668] Variations in the anti-CD79b antibodies described herein, can be made, for example, using any of
the echniques and guidelines for conservative and non-conservative mutations set forth, for instance, in U.S. Patent
No. 5,364,934, Variations may be a substitution, deletion or insertion of one or more codons encoding the antibody
or polypeptide that results in a change in the amino acid sequence as compared with the native sequence antibody or
polypeptide. Optionally the variation is by substitution of at least one amino acid with any other amino acid in one
or more of the domains of the anti-CD79b antibody. Guidance in determining which amino acid residue may be
insenied, substituted or deleted without adversely affecting the desired activity may be found by comparing the
sequence of the ani-CD79b antibody with that of homologous known protein molecules and minimizing the
number of amino acid sequence changes made in regions of high homology. Amino acid substitutions cap be the
result of replacing one amino acid with another amino acid having similar structural and/or chemical properties,
such as the replacement of a leucine with a scrine, ie., conscrvative amino acid replacements. Insertions or
deletions may optionally be in the range of about ! t6 5 amino acids. The variation allowed may be determined by
systematically making insertions, deletions or subsiifutions of amino acids in the sequence and testing the resulting
variants for activity exhibited by the full-length or mature native sequence,

[0669] Ani-CD79%b antibody fragments are provided herein.  Such fragments may be wuncated at the N-
terminus or C-terminus. Or may lack internal residues, for example, when compared with a full length native
antibody or protein. Certain fragments lack amino acid residues that are not essential for a desired biological
activity of the anti-CD79b antibody.

[0670] Ami-CD79b antibody fragments may be prepared by any of a number of conventional techniques.
Desired peptide fragments may be chemically synthesized. An alternative approach involves generating antibody or
polypeptide fragments by enzymatic digestion, €.g., by ireating the protwcin with an enzyme known to cleave
proteins at sites defined by particular amino acid residues, or by digesting the DNA with suitable restriction
enzymes and isolating the desired fragment. Yet another suitable 1echnique involves isolating and amplifying a
DNA fragment encoding a2 desired anmibody or polypeptide fragment, by polymerase chain reaction (PCR).
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Oligonucleotides that define the desired termini of the DNA fragment are employed at the 5’ and 3' primers in the
PCR. Preferably. anti-CD79h antibody fragments share at least one biological and/or immunological acivity with
the native anti-CD79b antibody disclosed herein.

{06711 In particular embodiments, conservative substitations of inlerest are shown in Table & under the
heading of preferred substitutions. If such substitutions result in a change in biological activiry, then more
substantial changes, denominated exemplary substitutions in Table 8, or as further described below in reference 1o

armino acid classes, are introduced and the products screened.

Table 8
Orniginal Exemplary Preferred
Residue Substitutions Substitittions
Ala{A} val; ley; ile val
Arg (R} lys; gln; asn iys
Asn (N) gin; his; lys; arg aln
Asp (D} alu glu
Cys (C) ser ser
Gln (Q) asn asn
Glu (E) asp asp
Gly (G) pro; ala ala
His (H) asn; gin; lys; arg arg
Hie () ley; val; met; ala; phe;

norieucine len
Len (L} norleucine; ile; val;

met; ala; phe ile
Lys (X) arg; gin; asn arg
Met (M) lew; phe; ile leu
Phe (F) leu; val ile; ala; tyr len
Pro (P} ala ala
Ser (S) thr thr
Thr (T} ser ser
Trp (W) tys; phe tyr
Tyr (Y) trp; phe; thr: ser phe
Val (V) ile; lew; met; phe;

ala; norleucine leu

[0672] Substantial modifications in function or immunological identity of the anti-CD79b antibody are
accomplished by selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge
or hydrophobicity of the molecule at the rarget site, or (¢) the bulk of the side chain. Nawrally occurring residues
are divided into groups based on common side-chain properties:

(1) hydrophobic: norieucine, met, ala, val, ley, ile;

(2) neutral bydrophilic: cys, ser, thr;

(3) acidic: asp, ghy;

(4) basic: asn, gln, his, lys, arg;

(5] residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, (y1, phe.

o
~3
W



[0673] Non-copservative substitutions will entail exchanging a member of one of these classes for
another class. Such substituied residues also may he introduced into the conservaiive substitution sites or, more
preferably, into the remaining (non-conserved) sites.

[0674] The variations can be made using methods known in the art such as oligonucieotide-mediated
(site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. Site-direcied mutagenesis [Carter et al., Nucl,

Acids Res.. 13:4331 (1986); Zoller et al,, Nucl. Acids Reg,. 10:6487 (1987)], cassefte mutagenesis [Wells et al.,

Gene. 34:315 (1985)], resuiction sefeciion mutagenesis [Wells et al.. Philos. Trans. R Soc. London SerA. 317:415
(1986)] or other known lechmiques can be performed on the cloned DNA 10 produce the anu-CD79b antibody
variapt DNA,

f0675] Scanning amino acid analysis can also be emploved w identify one or more amino acids along z
contignous sequence. Among the preferred scanning aming acids are relavively small, neatral amino acids. Such
amino acids include alanine, glycine, serine, and cysieine. Alanine is typically & preferred scanning amino acid
among this group because it eliminates the side-chain beyond the beta-carbon and is less likely 10 alter the main-
chain conformation of the variant [Cunningham and Wells, Science, 244:1081-1085 (1989)]. Alanine is also
typically preferred because it is the most common amino acid. Further, it is frequently found in both buried and
exposed positions [Creighton, The Proteins, (W.H. Freeman & Co., N.Y.}; Chothia, J. Mol Biol., 150:1 (1976}]. If

alanine substitution does not vield adequate amounts of variant, an isoteric amino acid can be used.

[0676] Any cysteine residue not involved in maintaining the proper conformation of the anti-CD79b
antibody also may be substituted, generally with serine, 1o improve the oxidative stability of the molecule and
prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the anti-CD79%b antibody to improve
its stability (particularly where the antibody is an antibody {ragment such as an Fv {ragment).

[0677] A paricularly preferred type of substitutional variam involves substinling ome or more
hypervariable region residues of a parent antibody (e.g., a humanized or buman antibody). Generally, the resulting
variani(s} selected for further development will have improved biological properties relative to the parent antibody
from which they are generated. A convenient way for generating such substinutional variants involves affinity
maturation using phage display. Briefly, several hypervanabie region sites {e.g., 6-7 siles) are mutated to generale
all possible amino substitutions at each site. The antibody variants thus generated are displayed in 8 monovalent
fashion from filamentous phage particles as fiusions to the gene HI product of M13 packaged within each particle.
The phage-displayed variants are then screened for their biological activity {eg.. binding affinityj as herein
disclosed. In order to idemify candidate hypervariable region sites for modificatiorn, alanine scanning mutagenesis
can be performed to identify hypervariable region residues contributing sigmificantly 10 amigen binding.
Alterpatively, or additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody complex 1o
idemtify contact points between the antibody and CD79b polypepude. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elzboraied herein. Once such variants are
generated, the panel of variants is subjected 1o screening as described herein and antibodies with superior properties
in one or more relevant assays may be selected for further development.

[0678] Nucleic acid molecules encoding amino acid sequence varianis of the anti-CD78b antibody are
prepared by a variety of methods known in the arl. These methods include, but are not limited to, isolation from a
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natural source {in the case of naturally occurring amino acid sequence variants} or preparation by oligonucieotide-
mediated (or stie-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant
or a non-variant version of the anti-CD79h antibody.

E. Modificatons of An1i-CD79h Antibodies

[0679] Covalent modifications of anti-CD79b antibodies are included within the scope of this fnvention.
One type of covalent modification includes reacting targeted amino acid residues of an anti-CD79b antibody with
an organic derivatizing agent that is capable of reacting with selected side chains or the N- or C- erminal residues
of the ant-CD79 antibody. Derivatization with bifuncional agents is useful, for instance, for crosshinking ant-
€D79b antibody 10 a waler-insoluble support matrix or surface for use in the method for purifying anti-CD7%
aniibodies, and vice-versa. Commonly used crosslinking agents include, e.g., 1.1-bis(diazoacetyl)-2-phenylethane,
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azidesalicylic acid, homobifunciional
imidoesters, including disuccimmidyl esters such as  3.3'-dithiobis{succimmidyipropionate), bifunctional
maleimides such as bis-N-majeimido-1,8-octane and agems such as methyl-3-[(p-azidophenyhdithio)propioimidate.

{0680} Other modifications include deamidation of glutaminy! and asparaginyl residues 10 the
corresponding glutamyl and aspartyl residues, respectively, hvdroxyiation of proline and lysine, phosphorylation of
hvdroxyl groups of seryl or threonyl residues. methylation of the e-amine groups of lysine, arginine, and histidine
side chains [T.E. Creighton, Proteins: Structure and Molecular Properties. W.H. Freeman & Co.. San Francisco. pp.
79-86 (1983)], acetylation of the N-terminal amine, and amidation of any C-lerminal carboxyl group.

[0681] Another type of covalent modification of the anti-CD79b antibody included within the scope of
this invention commprises altering the native glycosylation pattern of the amibody or polypeptide. “Aliering the
native glycosylation pattern” is intended for purposes herein to mean deleting one or more carbohvdrate moieties
found in native sequence anti-CD79b antibody (efther by removing the underlying glycosylation site or by deleting
the glycosylation by chemical and/or enzymatic means). and/or adding one or more glvcosylation sites that are not
present in the native sequence ani-CD79b antibody. In addition, the phrase includes qualitative changes in the
glycosylation of the netive proteins, involving a change in the nature and proportions of the various carbohydrate
moieties present.

[0682] Glycosylation of antibodies and other polypeptides is typically either N-linked or O-linked, N-
linked refers 10 the attachmem of the carbobydrate moiety 10 the side chain of an asparagine residue. The tripeptide
sequences asparagine-X-serine and asparagine-X-threonine, where X s any amino acid except proline, are the
Tecognilion sequences for enzymatic attachment of the carbohydrate moiety 1o the asparagine side chain, Thus, the
presence of either of these tripeptide sequences im a polypeptide creates a potental glvcosylation site.  O-linked
glycosylation refers 1o the attachment of one of the sugars N-aceylgalactosamine, galactose, or xvlose to a
bydroxyamino acid, most commonly serine or threonine, although S-hydroxyproline or 5-hvdroxylysine may also
be used.

[0683] Addition of glycosylation sites to the anti-CD79b antibody is conveniently accomplished by
altering the amino acid sequence such that it contains one or more of the above-described tripeptide sequences (for
N-linked glycosylation siies). The alieration may also be made by the addition of, or substitution by, one or more
serine or threonine residues to the sequence of the original anti-CD79b antibody (for O-linked glycosylation sites).
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The anti-CD79 antibody amino acid sequence may oplionally be aliered through changes at the DNA level,
particularly by mutating the DNA encoding the anu-CD79b antibody a1 preselected bases such that codons are
generated that will transtate into the desired amino acids.

[0684] Another means of increasing the number of carbohydrate moieties on the ami-CD79b antibody is
by chemical or enzymatic coupling of glycosides to the polypeptide, Such methods are described in the art. e.g.. in
WQ 87/05330 published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem, pp. 259.306
{1981).

[0683) Removal of carbohydrate moleties present on the anti-CD79b antibody may be accomplished
chemicallv or enzymatically or by mutational substitution of codons encoding for amino acid residues that serve as
targets for glycosvlation. Chemical degiycosylation techniques are known 1o the art and described, for instance, by
Hakimuddin, et al., Arch, Biochem. Biophvs., 239:52 (1987) and by Edge et al., Apal. Biochem., 118:131 (1981}
Enzymatic cleavage of carbohvdrate moieties on polypeptides can be achieved by the use of a variety of endo- and
exo-glycosidases as deseribed by Thotakura et al., Meth Enzvmol., 138:350 (1987).

[0686] Another type of covalent modification of anti-CD79b antibody comprises linking the antibody 10
one of a variety of nonproleinaceous polymers, e.g., polyethylene glycol (PEG), polypropylene glycol, or
polyoxyalkylenes, in the manper set forth in U.S. Patent Nos. 4.640,833; 4,496,689, 4,301,144; 4,670,417,
4,791,192 or 4.179.337. The antibody also may be entrapped in microcapsules prepared, for example, by
coacervation lechmigues or by interfacial polymerizaton (for example, hvdroxymethylcellulose or gelatin-
microcapsules and poly-(methylmethacylate) microcapsules, respectively), in colloidal drug delivery sysiems (for
examwple, liposomes, albumin microspheres., microemulsions, peno-particles and npanocapsules), or in
macroemulsions.  Such techniques are disclosed in Reminglon's Pharmaceutical Sciences, 16th edition, Oslo, A.,
Ed., (1980).

[0687] The anu-CD79b anmtibody of the present invemion may also be modified in 2 way to form
chimeric molecules comprising an anti~-CD79 antibody fused to another, heterologous polypeptide or amino acid
sequence.

[0688] In one embodiment, such a chimenic molecule comprises a fusion of the anti-CD79b antibody
with 2 tag polypeptide which provides an epitope to which an anti-tag amibody can selectively bind. The epitope
1ag is generally placed at the amino- or carboxyl- terminus of the anti-CD79b antibody. The presence of such
epitope-tagged forms of the anti-CD79 antibody can be detected using an antibody against the tag polypeptide.
Also. provision of the epitope tag enables the anti-CD79b antibody to be readily purified by affinity purification
using an anti-tag antibody or another type of affinity matrix that binds o the epitope tag. Various tag polypeptides
and their respective antibodies are well known 1n the art. Examples mclude poly-histidine (poly-his) or poly-
histidine-ghycine {poty-his-gly) 1ags; the flu HA tag polypepiide and #ts aniibody 12CAS [Field et al., Mal. Cell.
Biol., 8:2159-2165 (1988)]; the c-mye tag and the 8F9, 3C7, 6E10, G4, B7 and 9E 10 antibodies thereto [Evan et al.,
Moleeutar and Cellular Biology, 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and
1ts antibody [Paborsky et al., Protein Engineering, 3(6):547-553 (1990)]. Otber tag polypeptides include the Flag-
peptide [Hopp et al, BioTechnologv, 6:1204-1210 (1988)]; the KT3 epiwpe peptide [Martin et al, Science,
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255:192-194 (1992)]; an o-tubulin epitope peptide [Skinner et al., J. Biol, Chem,, 266:15163-15166 (1991)]; and
the T7 gene 10 protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA. §87:6393-6397 (1990)].

[0689] In an alternative embodiment, the chimeric molecule may comprise & fusion of the anti-CD79%b
antibody with an immunegiobulin or 2 particular region of an immuneglobulin. For a bivaient form of the chimeric
molecule {also referred 1o as an “immunoadhesin”™), such a fusion could be 1o the Fe region of an IgG molecule.
The Ig fusions preferably include the substitution of a soluble (transmembrane domain deleted or inactivaled) form
of an anti-CD79b antibody in place of at least one variable region within an Ig molecule. In a particularly preferred
embodiment, the immunoglobulin fusion includes the hinge, CH, and CH;, or the hinge, CH;, CH, and CH: regions
of an 1gG! molecule. For the production of immunoglobulin fusious see also US Patent No, 5.428.130G issued June
27,1995,

F. Preparation of Anti-CD79b Antibodies

[0690] The description below relates primarily 1o production of anti-CD79b antibodies by culturing cells
transformed or transfected with a vectlor containing anti-CD79b antibody-encoding nucleic acid. 1t is, of course,
comemplated that alternative methods, which are well known in the art, may be employed 10 prepare anti-CD79b
antibodies. For instance, the appropriate amino acid sequence, or portions thereof, may be produced by direct
peptide synthesis using solid-phase techniques {see, e.g., Stewarl et al, Solid-Phase Peptide Svnthesis, W .H.
Freeman Co., San Francisco, CA (1969); Merrifield, 1. Am. Chem. Soc., 85:2149-2154 (1963)]. In vigre protein
synthesis may be performed using manual techniques or by automation. Automaied synthesis may be accomplished,
for instance, using an Applied Biosystems Peptide Synthesizer (Foster City, CA) using manufacturer's instructions.
Various portions of the anti-CD7%b antibody may be chemically syntbesized separately and combined using
chemical or enzymatic methods to produce the desired anti-CD79b antibody.

1. Isolation of DNA Encoding Anti-CD79b Antibody

[0691] DNA encoding anti-CD79b antibody may be obtained from a cDNA library prepared from lissue
believed 10 possess the ami-CD79b antibody mRNA and to express it at a detecuable level. Accordingly, human
anti-CD79b antibody DNA can be conveniently obtained from a ¢DNA library prepared from human tigsue. The
anti-CD79b antibody-cncoding gene may also be obtained from a genomic library or by known synthetic
procedures (e.g., automated nucleic acid symthesisy,

[0692] Librarics can be screened with probes (such as oligonucleotides of at least about 20-80 bages)
designed 1o identify the gene of interest or the protein encoded by it. Screening the ¢cDNA or genomic library with
the selecied probe may be conducted using standard procedures, such as described in Sambrook et al., Molecular
Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboralory Press, 1989). An allernative means w0
isolate the gene encoding anti-CD79b antibody is to use PCR methodology [Sambrook et al.. supra; Dieffenbach et
al., PCR Primer; A Lahoratory Manual (Cold Spring Harbor Laboratory Press, 1995)].

[0693] Technmiques for screeming a ¢DNA library are well known in the art. The oligonucleoﬁde
sequences selected as probes should be of sufficient length and sufficiently unambiguous that false positives are
minimized. The oligonucieotide is preferably labeled such that it can be detected upon hybridization to DNA in the
tibrary being screened. Methods of labeling are well known in the art, and include the use of radiolabels like **P-
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labeled ATP, biotinylation or enzyme labeling. Hybridization conditions, including moderate swringency and high
stringency, are provided in Sambrook et al., supra.

[0694] Sequences identified 1o such library screening methods can be compared and aligned io other
known sequences deposited and available in public databases such as GenBank or other private seguence databases.
Sequence identity (at either the amino acid or nucleotide level) within defined regions of the molecule or across the
fisll-length sequence can be determined using methods known in the art and as deseribed berein.

[0695] Nucleic acid having protein coding sequence may be obtained by screening selected ¢DNA or
genomic libraries using the deduced amino acid sequence disclosed herein for the first ume, and, if necessary, using
conventional primer exiension procedures as described in Sambrook et al, supra, o detect precursors and
processing intermediates of mRNA that may not have been reverse-transeribed into cDNA.

2. Selection and Transformation of Host Cells

[0696] Host cells are ransfected or transformed with expression or cloning veciors described herein for
anti-CD79b antibody production and cultured in conventional nutrient media modified as appropriate for inducing
promoters, selecting ransformants, or amplifying the genes encoding the desired sequences. The culture conditions,
such as media, temperature, pH and the like, can be selected by the skilled artsan without undue experimentation.
In general, principles, protocols, and practical techniques for maximizing the productivity of cell culuwres can be
found in Manmalian Cell Biotechnology: a Practical Approach, M. Butler, ed. (IRL Press, 1991) and Sambrook et
al., supra.

[0697] Methods of eukaryotic cell transfection and prokaryotic cell wansformation, which means
introduction of DNA mito the host so that the DNA is replicable, either as an extrachromoesomal or by chromosormal
integrant, are known to the ordinarily skilled artisan, for example, CaCly, CaPO,, liposome-mediated. polyethylene-
gycol/DMSO and eleciroporation.  Depending on the host cell used. wansformation is performed using standard
techniques appropriate 10 such cells. The caleium treatment employing calcium chloride, as described in Sambrook
et al., supra, or electroporation is generally used for prokaryotes. Infection with Agrobacterium mumefaciens is used
for transformation of certain plant cells, as described by Shaw et al., Gene, 23:315 (1983) and WO 89/05859
published 29 June 1989. For mammalian cells without such cell walls, the calcium phospheate precipitation method
of Graham and van der Eb, Virclogy, 32:456-457 (1978) can be employved. General aspects of mammalian cell host
systemn transfections have been described m U.S. Patent No. 4,399,216, Transformations into yeast are typically

carried owt according 1o the method of Van Solingen et al., ). Bact,, 130:946 (1977) and Hsizo et al., Proc. Natl.

Acad. Sci. (USA). 76:3829 (1979). However. other methods for introducing DNA into cells, such as by nuclear
microinjection, electroporation. bacierial protoplast {usion with intact cells, or polycations, e.g. polvbrene,
polvornithine, may also be used. For various techniques for transforming mammalian cells, see Keown el al,,

Methods in Enzvmalogy, 185:527-537 (1990) and Mansour et al., Nature, 336:348-352 (1988},

[0698] Suitable host cells for cloning or expressing the DNA in the vectors herein include prokaryote,

veast, or higher eukaryoie cells.



2. Prokaryotic Host Cells

[0699] Suitable prokaryotes include but are not limited 10 archaebacteria and eubacleria, such as Gram-
pegative or (ram-positive organisms, for example. Emerobacteriaceae such as £ coli. Various E. coli strains are
publicty available, such as £. eoli K12 strain MM294 (ATCC 31.446): E. coli X1776 (ATCC 31,537); E. coli strain

3110 (ATCC 27.323) and K5 772 (ATCC 53,635).  Other suimble prokaryolic host cells include
Entergbacteriaceae such as Escherichia, ¢.g., E. coli, Enterobacter, Erwinia, Klebstella, Proteus, Salmonella, e.g.,
Saimonella tvphimurium, Serratia, ¢.g., Serratia marcescans, and Shigella. as well as Bacilli such as B. subtilis and
B. licheniformis {e.g., B. licheniformis 41P disclosed in DD 266,710 published 12 April 1989}, Pseudomonas such
as P. aeruginosa, Rhizobia. Vizreoscilla, Paracoccus and Strepromyvees. These examples are iliustrative rather than
limiting, Strain W3110 is one particularly preferred host or parent host because it is a common host strain for
recombinant DNA product {ermentations.  Preferably. the bhost cell secreies minimal amounis of proteolytic
enzymes. For example, sirain W3110  (Bachmann, Celiular and Molecular Biology, vel. 2 {Washingion, D.C.:
American Society for Microbiology, 1987}, pp. 1196-1219; ATCC Deposit No. 27,325) may be modified 1o effect a
genelic mutation in the genes cncoding proteins endogenous 10 the host, with examples of such hosts including £
coli W3110 strain 1A2, which has the complete genotype 1ond ; E. coli W3110 strain 9E4, which has the complete
genotype tond pir3; E. coti W3110 swain 27C7 (ATCC 55.244), which has the complete génotype 1onA pir3 phod
E15 (argF-lac)169 degP ompT kan', E. coli W3110 strain 37D6, which has the complete genotype iond ptr3 phoA
EI5 (argF-lac)]69 degP ompT rbs7 ilbvG kan'; E. coli W3110 strain 40B4, which is strain 37D6 with a non-
kanamycin resistant degP deletion mutation; £. coli W3/10 srain 33D3 having genotype W3110 Afhut (Atond)
pir3 lac Ig lacl8 dompTA(mmpe-fepE) deg P47 kar® (U.S. Pat. No. 5,639.635) and an E. coli strain having mutant
periplasmic protease disclosed in U.S. Patent No. 4,946,783 issued 7 August 1990.  Otber strains and derivatives
thereaf, such as F. coli 294 (ATCC 31.446), E. coli B, E. coli, 1776 (ATCC 31.537) and E. coli RVIQR(ATCC
31,608) are also suitable. These examples are illustrative rather than limiting. Methods for constructing derivatives
of any of the above-mentioned bacteria having defined genotypes are known in the art and described in, for example,
Bass ef al., Proteins, 8:309-314 (1990). It is generally necessary 10 select the appropriate bacieria taking imto
consideration replicability of the replicon m the cells of a bacierium. For example, E. coli, Serratia, or Salmonella
species can be suitably used as the bost when well known plasmids such as pBR322, pBR325, pACYC177, or
pKN410 are used to supply the replicon. Typically the host cell should secrete minimal amounts of proteolytic
enzymes, and additional protease inhibilors may desirably be incorporated in the cell culture. Alternatively, in vitro
mecthods of cloning, ¢.g., PCR or other nucleic acid polymerase reactions, are suitable.

[0700] Full jength antibody, antibody fragments, and amibody fusion proteins can be produced in
bacieria, In particular when glycosylation and Fe effector function are not needed, such as when the therapemic
antibody is conjugated 10 a cyioloxic agemt {(€.g., a 1oxin) and the immunoconjugate by itself shows effeciiveness in
wumor cell destruction. Full length antibodies have greater half life in circulation. Production in E. coli is faster
and more cost efficient.  For expression of aptibody fragments and polypeptides in bacteria, see, e.g, U.S.
5.648.237 (Carter et. al.), U.S. 5,789,199 (Joly et al.), and U.S. 5.840,523 (Simmons et al.) which describes
transiation initiation regio (TIR) and signal sequences for opumizing expression and secredon, these palents
incorparated herein by reference. After expression. the antibody is isolated from the E. coli cell pasie in a soluble
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fracuion and can be purified through, e.g., a protein A or G column depending on the isotype. Final purification can
be carried out similar 1o the process for purifving antibody expresseé' e.g.. in CHO cells.
b. Eukaryotic Host Cellsg

[0701] In addition to prokaryotes. eukaryotc microbes such as filamemous fungi or veast are suitable
cloning or expression hosts for ant-CD79% antibody-encoding vectors. Saccharomyces cerevisice 1s a commonly
used lower eukarvotic host microorganism. Otbers include Schizosaccharomvees pombe (Beach and Nurse, Nature,
200 140 {1981], EP 139383 published 2 May 1985); Khnwveronvees hosts (U.S. Patent No. 4.943.529; Fleer et al,,
Bio/Technology, 9:968-975 (1991)) such as, e.g., K. lacis (MWI8-8C, CBS683, CBS4574; Louvencourt et al., 1.
Bacieriol.. 154(2):737-742 [1983)), K fregiiis (ATCC 12,424), K buigaricus (ATCC 16,045), K. wickeramii
(ATCC 24,178). K. waltii (ATCC 56,500). K. drosophilarum (ATCC 36.906: Van den Berg et al., Bio/Technology.
8:135 (1990)), K. thermoiolerans, and K. marxianus; varrowia (EP 402,226}, Pichia pasitoris (EP 183.070;
Sreekrishna ¢t al, J. Basic Microbiol,, 28:265-278 [1988)); Candida; Trichoderma reesia (EP 244.234);

Neurosporu crassa (Case et al, Proc. Natl, Acad Sci USA, 76:5259-5263 [1979]); Schwanniomyces such as

Schwanniomyvees occidentalis (EP 394,538 published 31 October 1990); and filamentous fungi such as, eg.,
Neurospora, Penicillium, Tolvpociadium (WO 91/00357 published 10 January 1991}, and Aspergilius hosts such as
A. nidulans {(Ballance et al., Biochem. Biopbvs. Res. Commun., 112:284-289 [1983); Tilburn et al., Gene, 26:205-
221 [1983}; Yelton et al., Proc. Natl. Acad, Sci. USA, 81: 1470-1474 [1984]) and A. niger (Kelly and Hynes,

EMBO 1., 4:475-479 [1985]). Methylowopic yeasts are sufiable berein and include, but are not limited 1o, yeast
capable of growth on methano! selected from the genera consisting of Hansenuwla, Candida, Kloeckera, Pichia,
Saccharomyces, Torulopsis, and Rhodotorula. A ist of specific species that are exemplary of this class of veasts
may be found in C. Anthony, The Biochemisiry of Methvlotrophs. 269 (1982),

{0702} Sunable host cells for the expression of glycosylated anti-CD79b antbody are derived from
multicellular organisms. Examples of invertebraie cells include insect cells such as Drosophila S2 and Spodoptera
S, as well as plant cells, such as cell culmures of cotion, corn. potato, soybean, petunia, Womaw, and tobacco.
Numerous baculoviral strains and variants and comresponding permissive inscct host cells from bosts such as
Spodoptera frugiperda (calerpillar). Aedes aegypti {mosquito), Aedes albopictus (mosquite), Drosophila
melanogaster {fruitlly), and Bombyx mori have been idemtified. A variery of viral swains for transfection are
publicly available, e.g., the L-1 variant of Awtographa californico NPV and the Bm-5 strain of Bombyx mori NPV,
angd such viruses may be used as the virs herein according 10 the present invention, particutarly for wansfection of
Spodoptera frugiperda cells,

[0703] However, interest bas been grealest in vertebrate cells, and propagation of veriebrate cells in
culture {tissue culture) bas become a routine procedure. Exanmlés of usefil mammalian host cell lines are monkey
kidney CV1 line wansformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells
subcloned for growth in suspension culture, Graham et al., J, Gen Virol, 36:59 (1977)); baby hamster kidney cells
(BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHOQ, Urlaub ¢t al., Proc. Natl. Acad. Sci. USA
77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod, 23:243-251 (1980)); monkey kidney cells (CV1
ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma
cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 34, ATCC
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CRL 1442); human lung cells (W138. ATCC CCL 75); human liver celis (Hep G2, HB 8065); mouse mammary
tumor (MMT 060362, ATCC CCLS51); TR celis (Mather et al.. Annajs N.Y. Acad. Sci. 383:44-68 (1982)); MRC 3
cells; FS4 cells; and a human bepatoma line (Hep G2).

{U704] Host cells are transformed with the above-described expression or cloning vectors for anii-CD7%
aniibody production and cultured in conventional nutrient media modified as appropriaie for inducing promoters,
selecting transformants. or amplifving the genes encoding the desired sequences.

3. Selection and Use of a Replicable Vector

[0705] For recombinamt production of an antibody of the invention. the nucleic acid (e.g., cDNA or
genomic DNA) encoding 1t is 1solated and inserted into a replicable vector for further cloning (amplification of the
DNA) or for expression. DNA encoding the apiibody is readily isolated and sequenced using conventional
procedures {(e.g., by using oligonucieotide probes that are capable of binding specifically w0 genes encoding the
beavy and light chains of the antibody). Many vectors are available. The choice of vector depends in part on the
host cell 10 be used. Generally, preferred host celis are of either prokaryotic or eukaryotie (generally mammalian}
oTIgIn.

[0706] The veclor may, for example, be in the {orm of 2 plasmid, cosmid, viral particle, or phage. The
appropriate nucleic acid sequence may be Inserted into the vector by a varety of procedwres. In general, DNA is
nserted into an appropriate restriction endonuclease site(s) using technigues known in the art. Veclor components
generally include, but are not limited to, one or more of a signal sequence, an origin of replicalion, one or more
marker genes, an enhancer element. a promoter. and a transcripuon termination sequence. Construction of suitable
vectors containing one or more of these components employs standard ligation techniques which are known 10 the
skilled artisan.

{07071 The CD79b may be produced recombinantly not only directly, but also as a fusion polypeptide
with 3 beterologous polypeptide, which may be a signal sequence or other polypeptide baving a specific cleavage
site at the N-terminus of the mature protein or polypeptide. In general, the signal sequence may be a component of
the vector, or it may be a part of the anti-CD79 antibody-encoding DNA that is inserted into the vector. The signal
sequence may be a prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase,
penicillinase, Ipp. or heat-stable enterotoxin II leaders. For yeast secretion the signal sequence may be, c.g.. the
veast invertase leader, alpba factor leader (including Saccharomyees and Khnwveromyees o-factor leaders, the latter
described in U.S. Patent No. 5,010,182}, or acid phosphatase lcader. the C. albicans glucoamylase leader (EP
362,179 published 4 April 1990), or the signal described in WO 90/13646 published 15 November 1990. In
mammalian cell expression, mammalian signal seguences may be used w direct secretion of the protein, such as
signal sequences from secreted polypepiides of the same or related species. as well as viral secretory leaders.

a. Prokarvotic Host Cells

{0708] Polynucleotide sequences encoding polypeptide components of the antibody of the invention can
be obtained using standard recombinant technigues. Desired polynucleotide sequences may be isolated and
sequenced from antibody producing cells such as bybridoma cells. Alternatively, polynucieotides can be
synthesized using nucleotide synthesizer or PCR techniques. Once obtained, sequences encoding the polypeptides
are inseried into a recombinant vector capable of replicating and expressing heterologous polynucleotides in
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prokarvotic bosts. Many vectors that are available and known in the art can be used for the purpose of the present
mvention. Selection of an appropriate vector will depend mainly on the size of the nucleic acids to be inseried ino
the vector and the particular host cell to be transformed with the vecior. Each vector comtains various components,
depending on its funcrion (amplification or expression of heterologous polynucieotide, or both) and its compatibility
with {he particular host cell in which it resides.

[0709] In general, plasmid vectors containing replicon and control sequences which are derived from
species compatible with the host cell are used in connection with these hosts. Both expression and cloning vectors
contaip a nucleic acid sequence that enables the vector to replicate in one or more selected host cells, as well as
marking sequences which are capable of providing phenotypic selection in transformed cells. Suck sequences are
well known for a variety of bacteria, yeast, and viruses. The origin of replication from the plasmid pBR322. which
contains genes encoding ampicilin (Amp) and tetracyeline (Tet) resistance and thus provides casy means for
identifying transformed eells, is suitable for most Gram-negative bacteria, the 2p plasmid origin is suitable for yeast,
and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in mammalian
cells. pBR322, 1s derjvatives, or other microbial plasmids or bacteriophage may also contain, or be modified 10
contain, promoters which can be used by the microbial organism for expression of endogenous proteins. Examples
of pBR322 derivatives used for expression of particular antibodies are described in detail in Caner et al, U.S.
Patent No. 5,648,237,

[07101 In addition. phage veclors containing replicon and control sequences that are compatible with the
host microorganism can be used as wansforming veciors in connection with these bosts. For example, bacleriophage
such as AGEM.TM.-11 may be utilized in making a recombinant vector which can be used w ransform suscepible
host ¢clls such as E. coli LE392.

[0711] The expression vector of the invention may comprise two or wore promoier-cistron pairs.
encoding each of the polypeplide components. A promoter is an untranslated regulatory sequence located upstream
(5') to 8 cistron that modulates its expression. Prokaryotic promoters typically fall into two classes, inducible and
consututive. Inducible promoter is a promoter that indtiates increased levels of wanseription of the cistron under its
control in response to changes in the culture condition, e.g. the presence or absence of a nuirient or a change i
lemperature,

[0712] A large number of promoters recognized by 2 variety of potential host cells are well known, The
selected promoter can be operably linked 10 cistron DNA encoding the light or heavy chain by removing the
promoter from the source DNA via resuiction enzyme digestion and inserting the isolated promoter scquence into
the vecior of the invention. Both the native promoter sequence and many heterologous promoters may be used 10
dircet amplification andf/or expression of 1he target genes. In some embodiments, heterologous promoters are
wiilized, as they generally permit greater transcription and higher yields of expressed target gene as compared 1o the
native target polypeptide promoter.

{0713) Promoters recognized by a vanely of potential host cells are well known. Promoters suitable for
use with prokaryotic hosts include the PhoA promoter, the B-galactarnase and lactose promater systems {Chang ef
al.. Nawre, 275:615 (1978); Goeddel et al, Nature, 281:544 (1979)], alkaline phosphatase, a tryptophan (ip)

promoter system [Goeddel, Nucleic Acids Res., 8:4037 (1980); EP 36,776] and hybrid promoters such as the fac
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[deBoer et al,, Proc. Natl. Acad. Sci. USA, 80:21-25 (1983)] or the re promoter. Promoters for use in bacterial

sysiems aiso will contain & Shine-Dalgarno {S.ID.) sequence operably linked 10 the DNA encoding ani-CD7%
antibody. However, other promoters that are functional in bacteria (such as other known bacterial or phage
promoters) are sujlable as well. Their nucleotide sequences have been published, thereby enabling a skilled worker
operably to ligate them to cistrons encoding the target light and heavy chains (Sicbenlist et al. (1980) Cell 20: 269)
using linkers or adaptors to supply any required restriction sites,

{07141 In one aspect of the invention, each cistron within the recombinant vector comprises a secretion
signal sequence component that directs translocation of the expressed pofypeptides across & membrane. In general,
the signal sequence may be a component of the vector. or it may be a part of the target polypeptide DNA that is
inserted inmto the vector. The signal sequence selecied for the purpose of this invention should be one that is
recognized and processed (L.e. cleaved by a signal peptidase} by the host cell. For prokarvotic host cells that do not
recognize and process the signal sequences mafive 1o the heterologous polypeptides, the signal sequence is
substitmed by a prokaryotic signal sequence selecied, for example, from the group consisting of the alkaline
phosphatase, penicillinase, Ipp, or heat-stable enterotoxin 11 (STII) leaders, LamB, PhoE, PelB, OmpA and MBP.
In one embodiment of the invention, the signal sequences used in both cistrons of the expression system are STII
signal sequences or variants thereof,

[0715] 1In another aspect, the production of the immunoglobulins according 1o the invention can occur in
the cytoplasmm of the host cell, and therefore does not require the presence of seeretion signal seguences within each
cistron. In that regard, immunoglobulin light and heavy chains are expressed, folded and assembled to form
functional immunoglobuling within the cywoptasm.  Cenain host strains {e.o., the E. coli oxB strains) provide
cvtoplasm condions thal are favorable for disulfide bond formation. thereby permitiing proper folding and
assembly of expressed protein subunits. Proba and Pluckthun Gene, 159;203 (1995).

[0716] The present invention provides an expression system in which the quantitative ratio of expressed
polypeptide components can be modulated in order to maximize the vield of secreted and properly assembled
antibodies of the invention.  Such modulation is accomplished at least in part by simultancously modulating
transtational strengths for the polypeptide components.

{07171 One technique for modulating translational strength is disclosed in Simmons ¢t al., U.S. Pat. No.
5.840,523. It utilizes variants of the transiational initiation region {TIR) within a cistron. For a given TIR, a series
of amino acid or macleic acid sequence varianis can be created with a range of translational strengths, thereby
providing a convenient means by which 10 adjust this facior for the desired expression level of the specific chain.
TIR variauts can be gencrated by conventional mutagenesis techmiques that result in codon changes which can alter
the amino acid sequence, although silent changes in the nucleotide sequence are preferred. Alterations in the TIR
can include, for example, alterations in the number or spacing of Shine-Dalgamno sequences, along with alterations
in the signal sequence. Omne method for generating mutant signal sequences Is the generation of a “"codon bank® at
the beginning of a coding sequence that does not change the amino acid sequence of the signal sequence (ie., the
changes are silent). This can be accomplished by changing the third nucleotide position of each codon; additionally,

some anune acids, such as leucine, serine, and arginine, have multiple first and second positions that can add
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complexity in making the bank. This method of mutagenesis is described in detail in Yansura et al. (1992)
METHODS: 4 Companion io Methods in Enzymol. 4:151-158.

[G718] Preferably, a set of vectors is generated with a range of TIR strengths for each cistron therein.
This limited set provides a comparison of expression levels of each chain as well as the vield of the desired
antibody products under various TIR strength combinations. TIR strengths can be determined by quantifying the
expression level of a reporter gene as described in detail in Simmons et al. U.S. Pat. No. 5, 840.523, Based on the
wranslational strength comparison, the desired individual TIRs are selected to be combined in the expression vector
constructs of the invention.

b. Eukaryotic Host Cells

{0719} The vector components generally include, but are not limited 10, one or more of the following: a
signal sequence. an origin of replication, one or more marker genes, an enhancer element, a promoter, and &
franscription ermination sequence.

(1} Signal sequence component

[0720] A vector for use in a eukaryotic host cell may also contain a signal sequence or other polypepiide
having a specific cleavage site at the N-tenminus of the mature protein or polypeptide of interest. The heterologous
signal seguence selected preferably is one that is recognized and processed (i.e., cleaved by a signal peptidase) by
the host cell. In mammalian cell expression, mammalian signal sequences as well as viral secretory leaders, for
example, the herpes simplex gD signal, are available.

{0721} The DNA for such precursor region is ligated in reading frame 10 DNA encoding the antibody.

(2} Origin of replication
[0722] Generally, an origin of replication component is not needed for mammalian expression vectors.

For example, the SV40 origin may typically be used only because it contains the early promoter.

(3] Selection gene component

[0723] Expression and cloning vectors will typically contain 2 selection gene, also fermed a selectable
marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g.,
ampicillin, neomycin, methotrexate, or teracycline, (b complement auxotrophic deficiencies, or {¢) supply critical
nutrienis not avaiiable from complex media, e.g., the gene encoding D-alanine racemase for Bacilli.

[0724] One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells that
are successtully transformed with 2 heterologous gene produce a protein conferring drug resistance and thus survive
the sclection regimen. Examples of such dominant sclection use the drugs neomycin, mycophenolic acid and
hygrdmycin.

{07251 An example of suitable selectable markers for mammalian cells are those that enzble the
identification of cells competent to 1ake up the anti-CD79b antibody-encoding nucleic acid, such as DHFR or
thymidine kinase, metallothionein-l and -II, preferably primate metaliothionein genes, adenosine deaniinase,
ornithine decartboxylase, efc.  An appropriate host cell when wild-type DHFR s emploved is the CHO cell line
deficient in DHFR activity (e.g., ATCC CRL-9096), prepared and propagated as described by Urlaub et al., Prog.
Natl. Acad Sei. USA, 77:4216 (1980)., For example, cells transformed with the DHFR selection gene are first

idemified by culmring all of the transformanis in 2 culire medium that contains methotrexate (Mx), a competitive
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amagonist of DHFR. Aliematively, host cells {partcutarly wild<type hosts that comain endogenous DHFR)
wansformed or co-transformed with DNA sequences encading an antibody, wild-type DHER prowein, and another
selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selecied by cell growth in medium
containing a selection agert for the selectable marker such as an aminoglvcosidic amibiotic, e.g., kanamycin,
neomyein, or G418, See U.S. Patent No. 4,965,199,

[0726] A suitable selection gene for use m yeast is the rpl gene present in the yeast plasmid YRp7

[Stinchcomb et al., Nature, 282:39 (1979); Kingsman et al.. Gene, 7:141 {1979); Tschemper et al., Gene, 10:157

(1980)]. The npl gene provides a selection marker for a mutant strain of yeast Jacking the ability to wow in
wyptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics. 85:12 (197731
(4} Promater Component

[0727] Expression and cloning vectors usually contain a promoter operably linked io the anti-CD7%
antibody- encoding nucleic acid sequence 1o direct mRNA synthesis. Promoters recognized by a variety of
potential host cells are well known.

{0728} Virmally allevkaryotic genes have an AT-rich region located approximately 25 10 30 bases
upsiream from the site where transcription i¢ mitiated. Another sequence found 70 o 80 bases upsiream from the
start of transcription of many genes is a CNCAAT region where N may be any nucleotide. At the 3' end of most
eukaryotic genes is an AATAAA sequence that may be the signal for addition of the poly A tail to the 3" end of the
coding sequence. All of these sequences are suitably inserted into eukaryotic expression vectors.

[0729] Examples of suitable promoting sequences {or use with yeast hosts include the promoters for 3-
phosphoglycerate kinase [Hitzeman et al.. 1 _Blol. Chem, 255:2073 {1980)] or other glycolyic enzymes [Hess et al.,
J. Adv._Enzvme Reg., 7:149 (1968}, Holland. Biochemistry, 17:4900 (1978)], such as enolase, glyceraldehyde-3-
phosphate dehydrogenase, hexokinase, pyruvate decarboxviase, phosphofructokinase, glucose-6-phosphate
isomerase. 3-phosphoglycerate mutase, pyruvate kinase. tripsephosphate isomerase. phosphoglucose isomerase. and
glucokinase,

[0730) Other yveast promoters, which arc inducible promoters having the additional advantage of
transcription controlled by growth conditions, are the promoter regions for alcohol debydrogenase 2, isocylochrome
C, acid phosphatase, degradative enzvmes associated with nitrogen metabolism, metallothionein, glveeraldehvde-3-
phosphate dehydrogenase, and enzymes responsible for maliose and galactose utilization. Suitable vectors and
promoters for use in yeast expression are further described in EP 73.657.

[0731] Ant-CD79 antibody transcription from vectors in mammalian host cells is controlled. for
example, by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504
published 5 July 19%9), adenovirus {such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus,
cyiomegalovirus, a refrovinus, heparius-B vimis and Simian Virus 40 (SV490), from heterologous marmmalien
promoters, e.g., the actin promoter or an immunoglobulin promoter, and from heat-shock promoters. provided such
promoters are compatible with the host cell systems.

[0732] The early and late promoters of the SV40 virus are convensently obtained as an $V40 restriction
fragment that also contains the SV40 viral origin of replication. The immediate early promoter of the human
cytomegalovirus is conveniently obtained as a Hindlll E restriction fragment. A system for expressing DNA in
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mammalian hosts using the bovine papilioma virus as a veclor is disclosed in U.S. Patent No. 4.419.446. A

modification of this system is described I U.S. Patent No. 4.601.978. See also Reyes er al., Namre 297:598-601

(1982) on expression of human B-interferon ¢cDNA in mouse cells under the control of a thymidine kinase promoter

froma herpes simplex virus. Alernatively, the Rous Sarcoma Virus long erminal repeat can be used as the promoter.
(5) Enhancer Element Component

{0733} Transcription of a DNA encoding the ami-CD79b antibody by bigher eukaryotes may be
increased by inserting an enhancer sequence into the vector. Emhancers are cis-acting elements of DNA, usually
about from 10 to 300 bp, that act on 2 promoter 10 increase its transcription.  Many enhancer sequences are Tow
known from mammalian genes (globin, elastase, albumin, o-feroprotein, and insulin). Typically, however, one will
use ap cnhancer from a eukarvouc cell virus. Exarnples include the SV40 enhancer on the late side of the
replication origin {bp 100-270), the cylomegalovirus early promoler enhancer, the polyoma enhancer on the late
side of the replication origin, and ademovirus enbancers. See also Yaniv. Nature 297:17-18 (1982) on enbancing
elements for activation of eukaryotic promoters. The enhancer may be spliced into the vector at a position 3' or 3'
10 the anti-CD79 antibody coding sequence, but is preferably located at a site 5" {rom the promoter.

{6) Transcription Termination Component

[0734] Expression veclors used i eukarvotic host cells (veast, fungi, insect, plant, animal, buman, or
nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination of
transcriplion and for stabilizing the mRNA. Such sequences are commoniy available from the 5' and, occasionally
3', untransiated regions of eukaryotic or viral DNAs or ¢cDNAs. These regions contain nucleotide segments
transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding anti-CD79% antibody.
One uscful trapscription termination component is the bovine growth hormonce polvadenylation region. Sec
W(94/1 1026 and the expression vector disclosed therein,

[0735] Stll other methods, vectors. and host cells suitable for adaptation 1o the synthesis of an1i-CD79b
antibody in recombinant vertebrate cell culture are described in Gething et al., Nature, 293:620-625 (1981 }; Mantei
et al., Nature, 281:40-46 (1979); EP 112.060; and EP 117.058.

4, Culuring the Host Cells

[06736] The host cells used 1o produce the ani-CD79b antibody of this invention may be cultured in a
variety of media.

a. Prokaryotic Host Cells

{0737] Prokaryotic cells used to produce the polypeptides of the invention are grown in media known in
the art and suitable for culture of the selected bost cells. Examples of suitable media include luria broth (LB) pius
necessary nutrient supplements. In some embodiments, the media also contains a selection agent, chosen based on
the construction of the expression vector, 1 selectively permit growth of prokaryotic cells containing the expression
vector. For example, ampicillin is added 1o media for growth of cells expressing ampicillin resistant gene.

[0738] Any necessary supplements besides carbon, nitrogen, and inorganic phosphate sources may also
be included at appropriate concentrations introduced alone or as 2 mixture with another supplement or medium such
as a complex nitrogen source. Optionally the culture medium may contain one or more reducing agents selected
from the group consisting of glutathione, cysteine, cystamine, thioglycotlate, dithioerythrito] and dithiothreitol.
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[0739] The prokaryotic host cells are cultured at suitable temperatures. For E. coli growth. for example,
the preferred emperature ranges from about 20°C to abowt 39°C, more preferably from about 25°C to about 37°C,
even more preferably at about 30°C. The pH of the medium may be any pH ranging fom about 5 w0 about 9,
depending mainly on the host organism. For E. col, the pH is preferably from about 6.8 1o about 7.4, and more
preferably about 7.0.

[0740] If an inducible promoter 15 used in the expression veetor of the invention, proiein expression is
induced under conditions suitable for the activation of the promoter. In one aspect of the invention, PhoA
promoters are used for controlling transcription of the polypeptides. Accordingly, the transformed host cells are
cultured in @ phosphate-limiting medium for induction. Preferably. the phosphate-limiting medium is the CRAP
medium (see, e.g.. Simmons et al...J. Immunol Methods (2002), 263:133-147). A variety of other inducers may be
used, according 1o the vector construct employed. as 1s known in the art.

[06741] In one embodiment, the expressed polypeptides of the present invention are secreted inw and
recovered from the periplasm of the host cells. Protein recovery typically involves disrupting the microorganism,
generally by such means as asmotic shock, sonication or lysis. Quce cells are disrupled, cell debris or whole cells
may be removed by centrifugation or filtration. The proteins may be further purified, for example, by affinity resin
chromatography. Alterpatively, proteins can be transported into the culture media and isolated therein. Cells may
be removed from the culture and the culture supernatant being filiered and concentrated for further purification of
the proteins produced. The expressed polypepuides can be further isolated and identified using commonly known
methods such as polvacrylamide gel electrophoresis (PAGE) and Western blot assay.

[0742] In one aspect of the invention, antibody production is conducted in iarge quantity by a
fermentation process. Various large-scale fed-batch fermentation procedures are available for production of
recombinant proteins. large-scale fermentations have at least 1000 liters of capacity, preferably about 1,000 to
100,000 liters of capacity. These fermentors use agitator impellers to distribute oxygen and nutrients, especially
glucose (the preferred carbon/encrgy source). Small scale fermentation refers generally 10 fermentation in a
fermentor that is no more than approximately 100 liters in volumetric capacity, and can range from about 1 titer to
about 100 liters.

[6743} 1In a fermemation process, induction of protein expression is typically initiated afier the cells have
been grown under suitable conditions 10 a desired density, e.g., an ODssq of about 180-220, at which stage the cells
are in the early slationary phase. A variety of inducers may be used. according to the vecior construct employed, as
is known in the art and described above. Cells may be grown for shorter periods prior to induction. Cells are
usually induced for about 12-50 hours. although longer or shorter induction time may be used.

[0744) To improve the production yield and quality of the polypeptides of the imvemion, various
fermentation conditions can be modified. For example, 10 improve the proper assembly and folding of the secreted
antibody polypeptides, additional veclors averexpressing chaperone proteins, such as Dsb proteins (DsbA, DsbB,
DsbC, DsbD and or DsbG) or FkpA (a peptidylprolyl cis.trans-isomerase with chaperone activity) can be used 10
co-transform the host prokaryouc cells. The chaperone proieins have been demonstrated to facilitale the proper
folding and solubility of heterologous proteins produced in bacterial bost cells. Chen et al. (1999) J Bio Chem
274:19601-19605; Georgiou et al, U.S. Patemt No. 6,083,715, Georgiou et al, U.S. Patent No. 6.027.888;
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Bothmann and Pluckthun (2000} J. Biol Chem. 275:17100-17105; Ramm and Pluckthun (2000) J. Biol Chem.
275:17106-17113; Arie et al. (2001) Mol Microbiol 39:199-210.

{0745] To minimize proteolysis of expressed heterologous proteins (especially those that are
proteotyucally sensitive), certain host strains deficient for proteolytic enzymes can be used for the present invention.
For example, host cell strains may be modified 10 ellect genetic mutation(s) in the genes encoding known bacterial
proteases such as Prowcase III, OmpT, DegP, Tsp, Protease 1, Protease Mi, Protease V, Protease VI.and
combinations thereof. Some E. coli protease-deficient strains are available and described in, for exampie, Joly et al.
(1998), supra; Georgion et al.. U.S. Patent No. 5.264,365; Georgiou et al.. U.S. Patent No. 5,508,192; Hara et al.,
Microbial Drug Resistance, 2:63-72 (1996).

[0746] In one cmbodiment, E. colf strains deficient for proteolvlic enzymes and iransformed with
plasmids overexpressing one or more chaperone proteins are used as host cells in the expression system of the
invention.

b. Eukarvotic Host Cells

{0747] Commercially available media such as Ham's 10 {Sigma), Minimal Essential Medium ((MEM]},
(Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma)} are suitable for
culturing the host cells. In addition, any of the media described i Ham et al., Meth, Bnz. 58:44 (1979}, Barnes et
al., Anal. Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866, 4,927,762; 4,560,655; or 5,122.469; WO
90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture media for the host cells. Any of these
media may be supplemented as necessary with hormones and/or other growth factors (such as insulin, transferrin, or
epidermal growth facior), salts (such as sodium chioride, caicium, magnesium, and phosphate), buffers (such as
HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™ drug), trace
elements (defined as inorganic compounds usually presem at final concentrations in the micromolar range), and
glucose or an equivalent energy source. Any other necessary supplements may also be included at appropriaie
concentrations that would be known to those skilled in the art. The culture conditions, such as temperature, pH, and
the like. are those previously used with the host cell selected for expression. and will be apparent to the ordinariiy
skilled artisan.

5. Deteciing Gene Amplification/Expression

[0748] Gene amplification and/or expression may be measured in a sample directly, for example, by
conventional Southern blotting, Northern blotting to quantiiate the transcription of mRNA [Thomas, Proc. Natl.
Acad. Sci. USA, 77:5201-5205 (1980)], dot blotting (DNA analysis), or in sit hybridization, using an appropriately
labeled probe, based on the sequences provided herein. Aliernatively, antibodies may be employed that can
recognize specific duplexes, including DNA dupiexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-
protein duplexes. The antibodies in turn may be labeled and the assay may be carried out where the duplex is
bound to a surface, so that upon the formation of duplex on the surface, the presence of antibedy bound to the
duplex can be detected.

{0749] Gene expression, allernatively, may be measured by immunological methods, such as
tmmunohistochemical staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate

directly the expression of gene product Amtibodies useful for immunohistochemical saining and/or assay of
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sample fluids may be either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the
antibodies may be prepared against a mative sequence CD79b polypeptide or against a synthetic peptide based on
the DNA sequences provided herein or against excgenous sequence fused 1o CD79b DNA and encoding a specific
antibody epitope.

6. Purification of Anti-CD79b Antibody

[0750] Forms of ami-CD79b antibody may be recovered from culture medium or from host cell lysates.

1f membranc-bound. it can be released from the membrane using a éuitable detergent solution {e.g. Triton-X 100} or
by enzymatic cleavage. Cells employed in expression of anti-CD79b antibody can be disrupted by various physical
or chemical means, such as freeze-thaw cycling, sonication, mechanical disraption. or cell lysing agents.

[0751] 1t may be desired to punify anti-CD79b antibody from recombinant cell proteins or polypeptides.
The following procedures are exemplary of suitable purification procedures: by fractionation on an ion-exchange
column; ethanol precipitation; reverse phase HPLC; chromatography on silica o1 on 2 cation-exchange resin such 2s
DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate precipitauon; get filration using, for example,
Sephadex G-75; protein A Sepharose columns 1o remove contaminams such as kgG; and metal chelating columms o
bind epitope-tagged forms of the anti-CD79b antibody. Various methods of protein purification may be employed

and such methods are known in the art and described for example in Deutscher, Methods in Enzvmology, 182

(1990}; Scopes, Protein Purification: Principles and Practice, Springer-Verfag, New York (1982). The purification
step(s) sclected will depend, for example, on the nature of the production process used and the particular anti-
CD79b antibody produced.

[0752] When using recombimant techniques, the antibody can be produced imracellularly, m the
periplasmic space, or directly secreted into the medium. If the antibody is produced intracellularly, as a first step,
the particulale debris. cither host cells or lysed fragments. are removed, for example, by centrifugation or
wltrafiltration. Carter et al., Bip/Technology 10:163-167 (1992) describe a procedure for isolating antibodies which
are secreted 10 the periplasmic space of E. coli. Briefly, cell pasie is thawed in the presence of sodium acewte {(pH
3.5), EDTA, and phenyimethyisulfonylfluoride (PMSF) over about 30 min. Cell debris can be removed by
centrifugation. Where the antibody is secreted into the medium, supernatants from such expression sysiems are
generally first concentrated using a commercially available protein concenmration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease inhibitor such as PMSF may be included in any of the foregoing
steps 10 intibit proteolysis and antibiotics may be included to prevent the growth of adventitious contaminants.

[0753] The antibody composition prepared from the celis can be purified using, for example,
hvdroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with aflfinity
chromatography being the preferred purification technique. The suitability of protein A as an affiniry ligand
depends on the species and isotype of any immunoglobulin Fc domain that is present in the antibody. Protein A can

be used to purify antibodies that are based on human v1. v2 or ¥4 heavy chains (Lindmark et al., J_ Immunol. Meth.

62:1-13 (1983)). Prowein G is recommended for all mouse isotypes and for human v3 (Guss et al., EMBQ I

5:15671575 (1986)). The matrix to which the affinity ligand is atiached is most often agarese, but other matrices
are available. Mechanically stable mairices such as controlled pore glass or poly(styrenedivinylybenzene allow for
faster flow rates and shorter processing times than can be achicved with agarose. Where the amibody comprises a
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Cy3 domain, the Bakerbond ABX™resin (J. T. Baker, Phillipsburg, NJj is useful for purification. Other techmiques
for prowin purificaion such as fractionation on an jon-exchange columm, ethanol precipitation, Reverse Phase
HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™ chromatography on an apion of
cation exchange resin {(such as a polyaspartic acid column), chromalofocusing, SDS-PAGE, and ammomnium sulfate
precipitation are also available depending on the anubody 1o be recovered.

{0754] Following any preliminary purification step(s), the mixture comprising the amibody of interest
and contaminanis may be subjected 1o low pH hydrophobic interaction chromatography using an elmion buffer at a
pH between about 2.5-4.5, preferably performed ai low salt concentrations {e.g.. from about 0-0.25M salt).

G Pharmaceutice! Formulations

[0753] The antibody-drug conjugates (ADC) of the invention may be administered by any route
approprate 1 (e condition to be treated. The ADC will typically be adminisiered parenicrally. ie infusion,

subcutaneous, intramuscular, imtravenous, ntradermal, intrathecal and epidural.

{6756} For treating these cancers, in one embodiment, the antibody-drug conjugate is administered via
intravenous infusion. The dosage administered via infusion is in the range of about ! pg/m’ w about 10.000 wg/m’
per dose, generally one dose per week for 2 total of one, two, three or four doses. Alternatively, the dosage range is
of about 1 pg/m’ 10 about 1000 pg/m’, about 1 pe/m’ 10 about 800 pg/m’, about 1 pg/m” 10 about 600 pg/m”, about
1 pg/m” 10 about 400 pg/m’, about 10 pg/m® to about 500 pg/m’, about 10 pg/m” to about 300 ug/m*, about 10
pg/m* 1o sbout 200 pg/m?, and about 1 pg/m” to abowt 200 pg/m®. The dose may be administered once per day,
once per week, multiple times per week, but less than once per day, multiple imes per month but less than once per
day, muluple times per month but less than once per week. once per month or intermittently to relieve or alleviae
symptoms of the discase. Administration may continue at any of the disclosed intervals until remission of the
tumor or symploms of the lympboma, leukemia being treated. Administration may continue afier remigsion or

relief of sympioms is achieved where such rermission or relief is prolonged by such continued administration.

[0757] The invention also provides a method of alleviating an auoimmune disease, comprising
administering to a patient suffering from the autoimmune disease, a therapeutically effective amount of a
humanized MA79b antibody-drug conjugate of any one of the preceding embodiments. In preferred embodiments
the antibody is administered intravenously or subcuianeously. The antibody-drug conjugate is administered
intravenously at a dosage in the range of about 1 pg/m” to about 100 me/ m” per dose and in 2 specific embodiment,
the dosage is 1 pg/m” 10 about 500 pg/m”. The dose may be administered once per day, once per week, multiple
times per week, but less than once per day, multiple times per month but less than once per day. multiple times per
month but less than once per week, once per month or intermittently to relieve or alleviate symptoms of the disease.
Administration may continue at any of the disclosed imtervals until relief [rom or alleviation of symptoms of the
auloimmune disease being weated. Administration may continue after relief from or alleviation of symptoms is

achieved where such alleviation or relief is prolong by such continued administration.

{0758] The invention also provides a method of treating a B cell disorder comprising administering to a
patient suffering from a B cell disorder, such as a B cell proliferative disorder (including without limitation
lymphboma and leukemia) or an autoimmune diszase, a therapeutically effective amount of 2 humanized MA79b
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antibody of any one of the preceding embodiments, which antibody is not conjugated 1o 2 cylotoxic molecule or 2
detectable molecule. The anatibody will typically be administered in a dosage range of abowt 1 pg/m” 10 about

1000 mgrm”,

[0759] In one aspect, the invention further provides pharmaceutical formulations comprising at least one
anu~CD79% antibody of the mventon and/or at least one immunoconjugate thereof and/ior at least one anti-CD79%b
amibody-drug ocnjugate of the invention. In some embodiments, a pharmaceutical formulation comprises (1) an
antibody of the invention and/or an immunoconjugate thereof, and (2} & pharmaceutically acceptable carvier. In
some embodiments, a pbarmaceutical formulation comprises (1) an antibody of the invention andior an
immunoconjugate thereof, and optionally, (2} 2t least onc additional therapeutic agent.  Additional therapeutic
agents include, but arc not limited 10, those described below. The ADC will typically be administered parcnicrally,
e, mfusion, subcutancous, intramuscular, miravenous, intradermal, intrathecal and epidural.

[0760) Therapeutic formulations comprising an anti-CD79b antibody or CD79b immunoconjugate used
in accordence with the present ipvention are prepared for storage by mixing the amibody or immunoconjugate,
having the desired degree of purity with optional pharmaceutically acceptable carriers, excipients or stabilizers

(Reminoton's Pharmacemtical Sciences 161h editton, Osol, A. Ed. (1980)). in the form of lyophilized formulations or

aqueous solutions. Acceptable carriers, excipients, or stabilizers are nonloxic 10 recipients at the dosages and
concentrations employed, and mciude buffers such as acetate, Tris, phosphate, citrale, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium
chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chioride; phenol. butyl or benzy! alcohol;
alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pemanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobuiins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextring; chelating agents such as EDTA; tonicifiers such as wrebalose and sodium chlonide;
sugars such as sucrose, manmitol, trehalose or sorbitol; surfactant such as polysorbate; salt-forming counter-ions
such as sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN®,
PLURONICS® or polyethylene glycol (PEG). Pharmaceutical formulations 1o be used for ir vivo admunisiration
are generally sterile. This is readily accomplished by filtration through sterile filration membranes.

[6761] The formulations heren may also comtain more than one active compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not adversely affeet cach
other. For example, in addition to an anti-CD79b antibody, it may be desirable 1o include in the one formulation. an
additional antibody, e.g.. a second anti-CD79b antibody which binds a different epitope on the CD79b polypeptide,
or an antibody 1o some other target such as & growth factor that affects the growth of the particular cancer.
Alernatively, or additionally, the composition may further comprise a chemotherapeutic agent, cyioloxic agent,
cytokine, growth inhibitory agent, anti-hormonal agent. and/or cardioprotectant. Such molecules are suitably
present in combination in amounts that are effective for the purpose intended. ’

[0762] The active ingredients may also be entrapped in microcapsules prepared, for example, by

coacervation techniques or by imterfacial polymerization, for example, hydroxymethylceliulose or gelatip-
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microcapsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery sysiems (for
example, liposomes, albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed m Remington's Pharmaceutical Sciences. 16th edition, Osol, A. Ed.
(1980).

{0763] Sustamed-release preparations may be prepared. Suitable examples of sustained-release

preparations include semi-permeable matrices of solid hydrophobic polymers containing the aniibody, which
matrices are in the form of shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices
include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol}}). polylactides
(U.S. Pat. No. 3,773.919), copolymers of L-giutamic acid and v ethyl-L-glutamate, non-degradable ethylene-vinyl
aceate, degradable lactic acid-glycolic acid copolymers such as the LUPRON TDEPOT®R. (injeciable microspheres
composed of lactic acid-glycolic acid copolymer and leuprolide acetaie). and poty-D-(-)-3-hydroxybutyric acid.
While polyrmers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over
104 days, certain hvdrogels release protems for shorier 1ime periods. When encapsulated immunoglobuling remain
in the hody for a long time, they may denature or aggregate as z result of exposure 1o moisture at 37°C, resulling in
a loss of biological activity and possible changes in immunogenicity. Rational strategies can be devised for
stabilization depending on the mechanism involved. For example. if the aggregation mechanism is discovered o be
intermolecular S-S bond formation through thio-disulfide interchange, swbilization may be achieved by modifying
sutfhydry! residues, lyophilizing from acidic sotutions, controlling moisture content, using appropriate additives,
and developing specific polymer matrix compositions.

[0764] An antibody may be formulated in any suitable form for delivery 10 a target celltissue. For
example, antibodics may be formulated as immunoliposomes. A "Liposome” is a small vesicle composed of various
1ypes of lipids, phospholipids and/or surfactant which is useful for delivery of a drug 10 a mammal. The
components of the liposome are commonly arranged in & bilayer formation, similar to tbe lipid arrangement of
biological membranes. Liposomes contaimng the antibody are prepared by methods known in the arL such as
described i Epstein e1 al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang et al.. Proc. Natl Acad. Sei. USA
774030 (1980); U.S. Pat. Nos. 4.445,045 and 4,544,545; and WOS$7/38731 published October 23, 1997.

Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 3.013,556,

[0765] Partcularly useful liposomes can be generated by the reverse phase evaporation method with a
lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidyletbanolamine
(PEG-PE). Liposomes are exiruded through filters of defined pore size to vield liposomes with the desired diameter.
Fab' fragments of the antibody of the present invention can be conjugated 1o the liposomes as described in Martin et
al..J. Biol. Chem. 257.286-28%8 (1982) via a disulfide interchange reaction. A chemotherapeutic agent is opiionally
contained within the liposome. See Gabizon et al., J. Navional Cancer Inst. 81(19):1484 (1989),

[6766] The formulations 10 be used for in vivo administration must be sterile. This is readily
accomplished by filtration through sterile fltration membranes.

H. Ireatment with Apt-CD79b Antibodies

[0767) To determine CD79% expression in the cancer, various detection assays are available. In one

embodiment. CD79 polypeptide overexpression may be analyzed by immunohistochemistry (IHC). Parrafin
198



embedded issue sections from a tumor biopsy may be subjected 10 the THC assay and accorded a CD79b protein
staining iniensity criteria as follows:

[0768] Score 0 - no staining s observed or membrane §laining is observed in less than 10% of mwmor
celis.

[0769] Score 1+ - a faintbarely perceptible membrane staining is detected in more than 10% of the
tumor cells. The cells are only stained in part of their membrane.

[0770] Score 2+ - a weak 1o moderate completle membrane staining is observed in more than 10% of the
wimor cells.

[0771] Score 3+ - 2 moderate 10 strong complete membrane staining is observed in more than 10% of the
tumor cells,

[07721 Those wmors with 0 or 1+ scores for CD79b polvpeptide expression may be characierized as not
overexpressing CD79b, wheress those tumors with 2+ or 3+ scores may be characterized as overexpressing CD79b.

[0773] Alternatively, or additionally, FISH assays such as the INFORM® (sold hy Ventana, Arizona) ot
PATHVISION® (Vysis, Illinois) may be camed oul on formalin-fixed, paraffin-embedded wmor lssue 1o
determine the extent (if any) of CD79b overexpression in the tumor,

[0774] CD79%b overexpression or amplification may be evaluated using an in vive deiection assay, ¢.g..
by administering a molecule (such as an antibody) which binds the molecule 10 be detected and is tagged with 2
detectable label {e.g.. a radioactive isotope or a fluorescent label) and externally scanning the patient for localization
of the label.

[0775] As described above, the anti-CD79b antibodies of the invention have various non-therapeutic
applications. The anti-CD79b antibodies of the present invention can be useful for staging of CD79b polypeptide-
expressing camncers (¢.g., in radioimaging). The antibodies are also useful for purification or immunoprecipitation of
CD79b polypeptide from cells, for detection and quamitation of CD79b potypeptide in vitro, e.g., m an ELISA or a
Western blot, 1 kill and eliminate CD79b-expressing celis from a population of mixed cells as a step in the
purification of other cells.

[0776] Currently, depending on the stage of the cancer, cancer treaiment involves one or a combination
of the following therapies: surgery to remove the cancerous tissue. radiation therapy, and chemotherapy. Anti-
CD79b antibody therapy may be especially desirable in elderiy patients who do not 1olerate the toxicity and side
effects of chemotherapy well and in metastanic disecase where radiation therapy has limited usefulness. The tumor
targeting anti-CD79b antibodies of the invention are useful 1o alleviate CD79b-expressing cancers upon initial
diagnosis of the disease or during relapse. For therapeutic applications, the anti-CD79b antibody can be used alone,
or in combination therapy with, e.g., bormones, antiangiogens, or radiolabelled compounds, or with surgery,
cryotherapy, and/or radiotherapy.  Anti-CD7%b antibody treatment can be administered in conjunction with other
forms of conveniional therapy, either consecutively with, pre- or post-conventional therapy. Chemotherapeutic
drugs such as TAXOTERE® (docetaxel), TAXOL® (palictaxel), estramustine and mitoxantrone are used in
ireating cancer, in particular, in good risk patients. In the present method of the invention for treating or alleviating
cancer, the cancer patient can be adminisiered anti-CD79b antibody in conjunction with treatment with the one or
more of the preceding chemotberapeutic agents. In parucular, combination therapy with palictaxel and modified
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dertvatives (see. e.g.. EP0600517) is contemplated. The ani-CD7%b antibody will be administered with a
therapeutically effective dose of the chemotherapeutic agent. In apother embodiment, the anti-CD79h antibody is
administered in cogjunction with chemotherapy 1o ephance the activity and efficacy of the chemotherapeutic agent,
e.g., paclitaxel. The Physicians’ Desk Reference (PDR) discloses dosages of these agents that have been used in
treatment of various cancers. The dosing regimen and dosages of these aforementioned chemotherapeutic drugs
that are therapeutically effective will depend on the particular cancer being treated, the extent of the disease and
other factors familiar to the physician of skill in the art and can be determined by the physician.

[0777] In one particular embodiment, a conjugate comprising an anti-CD79b antibody conjugated with a
cytotoxic agent is administered 1o the patient. Preferably, the immunoconjugate bound 1o the CD79b prowein is
imernalized by the cell, resulting in increased therapeutic efficacy of the immunoconjugate in killing the cancer cell
to which it binds. In a preferred embodiment, the cyloloxic agent targels or interleres with the nucleic acid in the
cancer cell. Examples of such cytotoxic agents are described above and imclude maytansinoids, calicheamicins,
ribonucleases and DNA endonucleases.

[0778] The ant-CD79b amibodies or toxin conjugates thereof are adminisiered to & human patient. in
accord with known methods, such as intravenous administration, e.g.., as a bolus or by continuous infusion over a
period of ume, by intramuscular, inraperiioneal, mtracerobrospinal, subcutaneous, intra-articutar, imrasyunovial,
intrathecal, oral, topical, or inhalation routes. Intravenous or subcutaneous administration of the amtibody is
preferred.

[0779] Other therapeutic regimens may be combined with the administration of the anti-CD79b antibody.
The combined administration includes co-administration, using separate formulations or & single pharmaceutical
formulation, and consecutive administration in erther order, wherein preferably there 1s a time period while both (or
all) active agents simultaneousty exert their biological activities. Preferably such combined therapy resulis in a
synergistic therapeutic effect.

[0780] It may also be desirable to combine administration of the anti-CD79b antibody or amibodies, with
administration of an antibody directed against another tumor antigen associated with the particular cancer.

[0781] In another embodiment, 1he therapeutic reatment methods of the present invention involves the
combined administration of an anti-CD79%b antibody (or antibodies), and one or more chemotherapewtic agents or
growik inbibilory agents, including co-adminisiration of cocktails of different chemotherapentic agents, or other
cylotoxic agent(s) or other therapeutic ageni(s) which also inhibits tumor growth. Chemotherapeutic agents include
estramustine phosphate, prednimustine, cisplatin, 5-fluorouracil, melphalan, cyclophosphamide, hydroxyurea and
bydroxyureatexanes (such as paclitaxel and doxetaxel) and/or anthracycline antibiotics. Preparation and dosing
schedules for such chemotherapentic agents may be used according 10 manufacturers' instructions or as determined
empirically by the skilled practitioner. Preparation and dosing schedules for such chemotherapy are also described
in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD (1992). The antibody may be
combined with an anti-hormonal compound; e.g, an ami-estrogen compound such as tamoxifen; an anti-
progesterone such as onapristone (see, EP 616 812); or an anti-androgen such as flutamide. in dosages known for

such molecules. Where the cancer to be treated is androgen independent cancer, the patient may previously have
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been subjected to anmti-androgen therapy and, afier the cancer becomes androgen independemt, the anii-CD79b
antibody (and optienally other agents as deseribed herein) may be administered 0 the patient.

[0782] Sometimes. it may be beneficial 10 also co-administer a cardioprotectant {10 prevent or reduce
myvocardial dysfunction associated with the therapy) or one or more cytokines 1 the patient. In addition to the
above therapeutic regimes, the patient may be subjected to surgical removal of cancer cells and/or radiation therapy
{e.g. external beam irradiation or therapy with & radioactive labeled agent, such as an antibody), before,
simultaneously with. or post antibody therapy. Suitable dosages for any of the above co-administered agents are
those presefitly used and may be lowered due to the combined action (synergy) of the agent and ami-CD7%
antibody.

[0783} The antibody composition of the invention will be formulated, dosed, and administered in a
fashion consisten! with good medical practice. Factors {or consideration in this context include the particular
disorder being treated, the particular mammal being treated, the climical condition of the individual patient, the
cause of the disorder, the site of delivery of the agent, the method of administration, the scheduling of
administration, and other factors known 1o medical practitioners. The antibody need not be, but is optionally
formulated with one or more agents currently used 10 prevent or treat the disorder in question. The effective
amotmt of such other agents depends on the amount of antibodies of the invention present in the formulation, the
type of disorder or reatment, and other factors discussed above. These are generally used in the same dosages and

with administration routes as used hereinbefore or about from 1 10 99% of the heretofore employed dosages.

[0784] For the prevention or reatment of disease, the dosage and mode of administration will be chosen
by the physician according to known criteria. The appropriate dosage of antibody will depend on the type of
disease to be wreated, as defined above, the severity and course of the disease, whether the antibody is administered
for preventive oy therapeutic purposes, previous therapy, the patient's clinical history and response 1o the antibody.,
and the discretion of the attending physician. The antibody is suitably administered 1o the patient at one time or
over a series of treatments. Preferably, the antibody 1s administered by intravenous infusion or by subcutaneous
injections. Depending on the type and severity of the disease, about | pg/kg w0 about 50 mg/kg body weight (e.g.
about 0.1-15mg/kg/dose) of antibody can be an initial candidate dosage for administration to the patient, whether,
for example, by one or more separale administrations, or by contnuous infusion. A dosing regimen can comprise
administering an initial loading dose of about 4 mg/ke. followed by a weekly maintenance dose of about 2 mg/ke of
the ant-CD79b antibody. However, other dosage regimens may be uscful. A typical daily dosage might range
from about 1 ug/kg to 100 mg/kg or more, depending on the factors mentioned above. For repeated administrations
over several days or longer, depending on the condition, the treatment is sustained until a desired suppression of
discase symptoms occurs, The progress of this therapy can be readily monitored by conventional methods and
assays and based on criteria known 10 the physician or other persons of skill in the an.

[0785] Aside from administration of the antibody protein 10 the patient, the present application
contemplates administration of the amiibody by gene therapy. Such administration of nucleic acid encoding the
antibody is encompassed by the expression “administering a therapeutically effective amount of an antibody™. See,
for example, W(Q96/07321 published March 14, 1996 concerning the use of gene therapy to generate intracelular

antibodies.
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[0786] There are two major approaches 1o getting the nucleic acid (optionally contained in a vector} into
the patient's cells; i vivo and ex vive. For in vivo delivery the nucleic acid is injected directly into the patient,
usually at the site where the antibody is required. For ex vivo weatment, the patient's cells are removed. the nucleic
acid is introduced into these isolated cells and the modified cells are administered 10 the patient either directly or,
for example, encapsulated within porous membranes which are implamed into the patient {see, e.g., U.S. Patent Nos.
4,892,538 and 5.283,187). There are a variety of techniques available for introducing nucleic acids into viable cells.
The techniques vary depending upon whether the nucleic acid is transferred into cultured cells in virre, or in vivo in
the cells of the intended host. Techniques suitable for the transfer of nucleic acid into mammalian cells in vitro
include the use of lipasomes, electroporation. microinjection, cell fusion, DEAE-dextran, the calcium phosphate
precipitation method. cte. A commonly used vector for ex vivo delivery of the gene is a retroviral vector.

[0787) The cwrrenty preferred in vivo nucleic acid transfer wechnigues include wansfection with viral
vectors (such as adenovirus, Herpes sumplex I virus, or adeno-associated virus) and lipid-based systems {(useful
lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and DC-Chol, for example). For review of the

currently known gene marking and gene therapy protocols see Anderson et al., Science 256:808-813 (1992). See

also WO 93/25673 and the references cited therein,

[0788] The ami-CD79b antibodies of the invention can be in the different forms encompassed by the
definition of “anmibody” herein. Thus, the antibodies include full length or intact anmtibody, amibody fragments,
native sequence antibody or amine acid variants, humanized, chimeric or fusion antibodies, immunoconjugates, and
functional fragments thereof. In fusion antibodies an antibody sequence is fused to a heterologous polypeptide
sequence. The antibodies can be modified in the Fc region 1o provide desired effector functions. As discussed in
more detail in the sections berein, with the appropnate Fc regions, the naked antibody bound on the cell surface can
induce cylotoxicity, e.g., via antibody-dependent cellular cyviotoxicity (ADCC) or by recruiting complement in
complement dependent cytoloxicity, or some other mechanism. Alternatively, where it is desirable to eliminate or
reduce effector function, so as to minimize side effecis or therapeutic complications, certain other Fc regions may
be used.

[0789] In one embodiment, the antibody competes for binding or bind substantially 1o, the same epitope
as the antibodies of the invention Amibodies having the biological characieristics of the presemt amii-CD79%
antibodies of the invention are also contemplated, specifically including the in vivo tumor targeting and any cell
proliferation inhibition or cytotoxic characteristics.

{0790] Methods of producing the above antibodies are described in detail herein.

[0791] The present any-CD7% antibodies are useful for treating a CD79b-expressing cancer or
alleviating one or more symploms of the cancer in @ mammal. Such a cancer includes, but is not limited 1o,
hematopoietic cancers or blood-related cancers, such as lvmphoma, leukemia, myeloma or lymphoid malignancies,
but also cancers of the spleen and cancers of the lymph nodes. More particular examples of such B-cell associated
cancers, including for example, high, intermediate and low grade lymphomas (including B cell lymphomas such as,
for example, mucosa-associaied-lymphoid tissue B cell lymphoma and non-Hodgkin's lymphoma, mantle cell
lymphoma, Bwkitt's lymphoma, small [ymphocyiic lymphoma, marginal zone Iymphoma, diffuse large cell
tymphoma, follicular lymphoma, and Hodgkin's lymphoma and T cell lymphomas) and leukemias (including
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secondary leukemia, chronic lymphocytic leukemia, such as B cell leukemia (CD3+ B lymphocytes), myeloid
leukemia, such as acuie myeloid leukemia, chromic myeloid leukemia, lvmphoid leukemis, such as acuie
Iymphobiastic leukemia and myelodysplasia). and other hematological and/or B cell- or T-cell-associated cancers.
The cancers encompass metastatic cancers of any of the preceding. The antibody is able 1o bind 10 at least a portion
of the cancer cells that express CD79 polypeptide in the mammal In a preferred embodiment, the antibody is
effective 0 destroy or kill CD79b-expressing tumor cells or inhibit the growth of such tumor cells, in virro or in
vivo, upon binding o CD79b polypeptide on the cell. Such an antibody includes a naked anti-CD79b antibody (not
conjugated 10 any agent), Naked antibodies that have cytotoxic or cell growth inhibition properties can be further
harnessed with a cytotoxic agent W repder them even more potent in tumor cell destruction. Cylotoxic properties
can be conferred to an amsi-CD7%b amibody by, e.g., conjugating the antibody with a cywotoxic agent, 1o form an
immunoconjugate as described herein. The cytotoxic agent or 2 growth inhibitory agemt is preferably a small
molecule. Toxins such as calicheamicin or a maylansinoid and analogs or derivatives thereof, are preferable.

[0792] The invention provides a composition comprising an anti-CID79b antibody of the invention, and a
carrier.  For the purposes of treating cancer, compositions can be administered to the patent in need of such
weatment, wherein the composition can comprise one or more ant-CD7% antibodies present as an
immunoconjugate or as the naked antibody. In a further embodiment, the compositions can comprise these
antibodies in combination with other therapeutic agents such as cyiotoxic or growth inhibitory agents, including
chemotherapeutic agents. The mvention also provides formulations comprising an anti-CD7%b antibody of the
invention, and a carrier. In one embodiment, the formulation is a therapeutic formulation comprising 2
pharmaceutically acceptable carmier.

[0793] Another aspect of the invention is isolated nuclcic acids encoding the anti-CD79b antibodies.
Nucleic acids encoding both the H and L chains and especially the hypervariable region residues, chains which
encode the native scquence antibody as well as variants, modifications and humanized versions of the antibody, are
encompassed.

[0794] The invention also provides methods useful for treating a CD79b polypeptide-expressing cancer
or alleviating one or more sympioms of the cancer in 2 mammal, comprising administering 2 therapeuticaily
effective amount of an anti-CD79 antibody 1o the mammal. The antibody therapeutic compositions can be
admimstered short term (acute} or chromic, or infermittent as direcied by physician. Also provided are methods of
inhibiting the growth of, and killing a CD79b polypeptide-expressing cell.

[0795] The invention also provides kits and articles of manufacture comprising a1 lcast one anti-CD79%
antibody. Kits containing anti-CD79b antibodies find use. e.g., for CD79b cell killing assays, for purification or
immunoprecipitation of CD79b polypeptide from cells. For example, for isolation and purification of CD79b, the
kit can coptain an anti-CD79b antbody coupled to beads (e.g., sepharose beads). Kits can be provided which
contain the antibedies for detection and quantitation of CD79b ix virro, €.g., in an ELISA or a Weslern blot. Such
antibody useful for deiection may be provided with a label such as a finorescent or radiolabel.

L Antibodv-Drug Confugate Treatments

[0796] It is contemplated that the antibody-drug conjugates {ADC) of the present invention may be used
io treat various diseases or disorders. e.g. characlerized by the overexpression of a tumor antigen. Exemplary
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conditions or hyperproliferative disorders include benign or malignant wmors; leukemia and lymphoid
malignancies. Otbers include neuronal. glial, astrocytal, hypothalamic, glandular, macrophagal, epithelial. stromal,

blastocoelic, inflammatory. angiogenic and immunologic. including autoimmune, disorders.

{0797} The ADC compounds which are identified in the animal models and cell-based assays can be
further tested in tumor-bearing higher primates and human clinical trials. Human clinical tials can be designed w0
est the efficacy of the anti-CD79 monoclonal antibody or immunoconjugate of the invetion in patients
experiencing & B cell proliferative disorder including withow limitation lymphoma, non-Hodgkins lymphoma
(NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolent
NHL. chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma, leukemia, hairy cell leukemia (HCL),
acuie lymphocytic lcukemia (ALL), and mantic cell fymphoma. The clinical trial may be designed to cvaluate the
efficacy of an ADC in combinations with known therapeutic regimens. such as tadiation and/or chemotherapy

involving known chemotherapeutic and/or cylotoxic agents.

{0798] Generally, the disease or disorder 1o be weated is a hyperprolifermiive disease such as a B cell
proliferative disorder and/or a B cell cancer. Examples of cancer 10 be treated herein include, but are not Limited to,
B cell prolifcrative disorder i selected from tymphoma, non-Hodgkins lymphoma (NHL), aggrcssive NHL,
relapsed aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolemt NHL, chronic lymphoceytic
lenkemia (CLL), small lymphocytic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocytic leukemia

(ALL), and mantle cell lymphoma.

[0799] The cancer may comprise CD79%-expressing cells, such that the ADC of the present invention are
able 10 bind to the cancer cells. To determine CD7%b expression in the cancer, various diagnostic/prognostic assays
are available. In one embodiment, CD7%b overexpression may be analyzed by IHC. Parrafin-embedded tissue
sections from a tumor biopsy may be subjecied fo the THC assay and accorded a CD79b protein staining intensity

criteria with respect to the degree of staining and in what proportion of tumor cells examined.

{08007 For the prevention or treatment of disease, the appropriate dosage of an ADC will depend on the
1ype of disease to be weated, as defined above, the severity and course of the disease, whether the molecule is
administered for preventive or therapeutic purposes. previous therapy, the paient's clinical history and response 1o
the antibody, and the discretion of the aticnding physician. The molecule is suitably administered 1o the patient at
one time or aver 2 series of treatments. Depending on the type and severity of the disease, about 1 pg/kg to 15
mg'kg (e.g. 0.1-20 mg/kg) of molecule is an initial candidate dosage for administration 1o the patient, whether, for
example, by one or more separate administrations, or by continuous infusion. A typical daily dosage might range
from about ! ug/kg to 100 mg/kg or more, depending on the factors mentioned above. An exemplary dosage of

ADC 1o be adminisiered 10 2 patient is in the range of abowut 0.1 1o about 10 mg/kg of patent weight.

{0B01] For repeated administrations over several days or longer, depending on the condition, the
treatment is sustained until a desired suppression of disease symptoms occurs. An exemplary dosing regimen

comprises administering an initial loading dose of about 4 mg/kg, followed by a weekly maintenance dose of about



2 mgfkg of an anti-ErbB2 antibody. Other dosage regimens may be useful. The progress of this therapy is easily

monitored by conventional techniques and assays.

1 Combination Therapy

[0802] Ap antibody-drug comjugate (ADC) of the invention may be combined in a pharmaceutical
combination formulation, or dosing regimen as combinaton therapy, with a second compound having anti-cancer
properties. The second compound of the pharmaceutical combination formulation or dosing regimen preferably has

complementary activities to the ADC of the combination such that they do not adversely affect cach other.

[0803] The second compound may be a chemotherapeutic agent, cvioloxic ageni, cylokine, growth
inhibitory agent, anti-hormonal agent, and/or cardioprotectant. Such molecules are suitably present in combipation
in amounts that are effective for the purpose intended. A pharmaceutical composition containing an ADC of the
invention may also bave a therapeutically effective amount of a chemotherapewic agent such as a tibulin-forming

inhibitor, a topoisomerase inhibitor, or a DNA binder.

[0804] In one aspect the first compound is an anti-CD79b ADC of the invention and the second
compound is an anti-CD20 antibody (either a naked antibody or an ADC). In ome embodiment the second
compound is an anti-CD20 antibody rinxximab (Rituxan®) or 2H7 (Genentech, Inc., South San Francisco, CA).
Another antibodies useful for combined immurotherapy with anii-CD79b ADCs of the invention mcludes without

limitation, anti-VEGF (e.g, Avastin®).

{08051 Other therapeutic regimens may be combined with the administration of an anticancer agemt
identified in accordance with this mvention, including without limitation radiation therapy and/or bone marrow and
peripheral blood transplants, andsor a cyiotoxic agenl, a chemotherapeutic agent, or a growth inhibitory agent. In
one of such cmbodiments, & chemotherapeutic agent is an agent or a combination of agents such as, for example,
cyclophosphamide, hydroxydaunorubicin, adriamycin, doxorubincin, vincristine (Oncovin™), prednisolone, CHOP,

CVP, or COP, or immunotherapeutics such as anti-CD20 (e.g., Rituxan®) or anti-VEGF (e.g., Avastin®).

[0806] The combination therapy may be administered as a simultancous or sequential regimen. When
administered sequemntialiy, the combination may be administered in two or more administrations. The combined
administration includes coadminisiration, using separate formulations or a single pharmaceutical formulation, and
consecutive administration in either order, wherein preferably there is 2 time period while both (or all) active agents

simultaneously exert their biclogcal activities.

(0807] In one embodiment, weatment with an ADC involves the combined administration of an
anticancer agent identified herein, and one or more chemotherapeutic agents or growth inhibitory agents, including
coadministration of cocktails of different chemotherapeutic agents. Chemotherapeutic agents include taxanes (such
as paclitaxel and docetaxel) and/or anthracycline antibiotics. Preparation and dosing schedules for such
chemotherapeutic agents may be used according to manufacturer’s instructions or as determined empirically by the
skilled practitioner. Preparation and dosing schedules for such chemotherapy are also described in “Chemotherapy
Service™, (1992) Ed., M.C. Perry, Willlams & Wilkins, Baltimore. Md.
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[0808] Suitable dosages for any of the above coadminisiered agents are those presently used and may be
lowered due to the combined action (synergy) of the newly identified agent and other chemotherapeutic agents or

reatments.

[0809] The combination therapy may provide “synergy” and prove “synergistic™, i.e. the effect achieved
when the acuve ingredients used logether is greater than the sum of the effects that results from using the
compounds separately. A synergsiic effect may be attained when the active ingredients are: (1) co-formulated and
administered or delivered simultaneously in a combined. unit dosage formulation; (2) delivered by alternation or in
paraliel as separate formulations; or (3) by some other regimen. When delivered in alternation therapy, a
synergistic effect may be attained when the compounds are adminisiered or delivered sequentially. e.g. by different
injections in separatc syringes. In gencral, during alicrnation therapy, an cffective dosage of cach active ingrediem
is administered sequentially. i.e. serially, whereas in combination therapy. effective dosages of fwo or more active

ingredients are administered together.

K. Articles of Manufacture and Kits

[0810] Another embodiment of the invention is an article of manufacture containing materials useful for
the wreatment, prevention and/or diagnesis of CD79b-expressing cancer. The article of manufacture comprises a
container and a label or package insert on or associated with the container. Suitable containers include, for exampie,
bottles, vials, syringes, etc. The containers may be formed from a variety of materials such as glass or plastic, The
comainer holds a composition which is effective for trealing, preventing and/or diagnosing the cancer condition and
may have a sterile access port (for example the container may be an intravenous solution bag or 2 vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the composilion is an anti-CD79b
antibody of the imvemion. The label or package insert indicates that the composition is used for treating cancer.
The label or package insert will further comprise instructions for administering the antibody composition fo the
cancer patient. Addiionally, the article of manufacture may further comprise a second conainer comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered saline,
Ringer's solution and dextrose solution. It may further include other materials desirable from a commercial and
user standpoint, including other buffers, diluents, filters, needles, and syringes.

[0811] Kits are also provided that are useful for various purposes , e.g., for CD79b-expressing cell killing
assays, for purification or immunoprecipitation of CI79b polypeptide from cells. For isolation and purification of
CD79b polypeptide, the kit can contain an anti-CD79b antibody coupled to beads (e.g., sepharose beads). Kits can
be provided which contain the antibodies for detection and quantitation of CD79b polypeptide in vitro, e.g., in an
ELISA or a Western blot. As with the article of manufacture, the kit comprises a container and a label or package
Insert on or associated with the container. The container holds a composition comprising at least one anui-CD7%b
antibody of the invention. Additional containers may be included that contain, e.g., diluents and buffers, control
antibodies. The label or package insert may provide a description of the composition as well as instructions for the

intended in vitro or detection use,



L. Uses for CD79b Polvpeptides
[0812] This invention encompasses methods of screening compounds o identifv those that mimic the

CD79b polypeptide (agonists) or prevent the effect of the CD79b polypeptide (antagomists), Screening assays for
antagonist drug candidates are designed 1o idently compounds that bind or complex with the CI79b polypeptides
encoded by the genes identificd herein, or otherwise interfere with the imieraction of the encoded polypeptides with
other cellular proteins, including e.g., inhibiting the expression of CD79b polypepiide from cells. Such screening
assays will include assays amenable to high-throughput screening of chemical libraries, making them particularly
suitable for identifying small molecule drug candidates.

(08131 The assays can be performed in a variety of formats, including proteiv-protein binding assays,
biochemical screening assays. immunoassays. and cell-based assays, which are well characierized in the art.

{08147 All assays for antagomists are common In that they call for contacting the drug candidate with a
CD79b polypeptide encoded by a nucleic acid identified herein under conditions and for a time sufficient o aliow
these two components 1o interact.

{0815] In binding assays, the interaction is binding and the complex formed can be isolated or detscted in
the reaction mixture. In 2 particular embodiment, the CD79b polypeptide encoded by the gene identified herein or
the drug candidate is immobilized on a solid phase. ¢.g. on a microtiter plate, by covalent or non-covalent
atlachments. Non-covalent attachment generally is accomplished by coating the solid surface with a solution of the
CD79b polypeptide and drying. Alternatively, an immobilized antibody, e.g., @ monoclonal antibody, specific for
the CD79b polypeptide to be immobilized can be used to anchor it 10 a solid surface. The assay is performed by
adding the non-immobilized component, which may be labeled by 2 deteciable label, to the immobilized component,
e.g., the coated surface containing the anchored component. When the reaction is complete, the mon-reacted
components are removed, e.g., by washing, and complexes anchored on the solid surface are delected. When the
originally non-immobilized component carries a detectable label, the devection of label immobilized on the surface
indicates that complexing occurred. Where the originally non-immobilized component does not carry a label,
complexing can be detected, for example, by using a labeled antibody specifically binding the immobilized complex.

[0816] If the candidate compound inieracts with but does not bind 1o 2 particular CD79b polypeptide
encoded by a gene identified herein, its interaction with that polypeptide can be assayed by methods well known for
detecting protem-protein inleractions. Such assays include traditional approaches, such as, e.g., cross-linking, co-
immunoprecipitation, and co-purification through gradients or chromatographic columps. In addition. protein-
protein interactions can be monitored by using a yeasi-based genetic svsiem described by Fields and co-workers
(Fields and Song. Nature (London}, 340:245-246 (1989); Chien et al, Proc. Natl. Acad. Sci USA, 88:9578-9582
(1991)) as disclosed by Chevray and Nathans, Proc, Natl Acad Sci. USA, 89:; 5789-5793 (1991). Many

transcriptional activators, such as yeast GAL4, consist of two physically discrete modular domains, one acting as

the DNA-binding domain, the other one functioning as the transcription-activation domain. The yeast expression

system described in the foregoing publications (generally referred 10 as the “two-hybrid system”) 1akes advantage of

this property. and employs two hybrid proteins, one in which the target protein is fused o the DNA-binding domain

of GAL4, and another, in which candidate activating proteins are fused to the activation domain. The expression of

a4 GALl-lacZ reporier gene under conwral of a GAL4-actvated promoter depesds on reconstitation of GAL4
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aciivity via proiem-proiein Imteraction. Colomes contaming interacting polypeptides are detected with a
chromogenic substrate for fi-galactosidase. A complete kit (MATCHMAKER™) for idemifying protein-protein
interactions between two specific proteins using the two-hybrid technique is commercialiy available from Clontech.
This system can alse be extended 1o map protem domains invoived in sﬁeciﬁc protein interactions as well as o
pinpoint amino acid residues that are crucial for these interactions.

[0817] Compounds that interfere with the imeraction of a gene encoding a CD79b polypeptide identified
herein and other intra- or extracellular components can be tested as follows: usually 2 reaction mixture is prepared
containing the product of the gene and the intra- or extracetlular component under conditions and for a vime
allowing for the imeraction and binding of the two products. To test the ability of 2 candidate compound 1o inhibit
binding, the reaction is run in the absence and in the presence of the fest compound. In addition. a placebo may be
added to a third reaction mixture, to serve as positive control. The binding (complex formation) betwecen the test
compound and the intra- or extracelluiar component present in the mixture is monitored as described hereinabove.
The formation of a complex in the control reaction(s) but not in the rcaction mixture containing the test compound
indicates that the test compound mnterferes with the interaction of the test compound and its reaction partner.

{0818] To assay for antagonists, the CD79b polypeptide may be added 1o a cell along with the compound
10 be screened for a particular activity and the ability of the compound o inhibit the activity of interest in the
presence of the CD79b polypeptide indicates that the compound is an antagonist 10 the CD79b polypeptide.
Alternatively, antagomnists may be detected by combining the CD79b polypeptide and a potential antagonist with
membrane-bound CD7%9b polypeplide receptors or recombinant receptors under appropriate conditions for a
competitive inhibition assay. The CD79b polypeptide can be labeled, such as by radioaciivity, such that the number
of CD79b polypeptide molecules bound 1o the receplor can be used to determine the effectiveness of the potemial
antagonist. The gene encoding the receptor can be identified by numerous methods known w0 those of skill in the

art, for example, ligand panning and FACS sortng. Coligan et al.. Cuzrent Protocols v bmypun,, 1(2): Chapter 5

(1991). Preferably, expression cloming s employed wherein polyadenylated RNA is prepared from a cell
responsive to the CD79b polypeptide and a ¢cDNA library created from this RNA is divided into pools and uscd to
transfect COS cells or other cells that are not responsive to the CD79b polypeplide. Transfected cells that are
grown on glass slides are exposed 1o labeled CD79b polypeptide. The CD7%9b polypeptide can be labeled by a
variety of means including iodination or inclusion of a recognition site for 2 site-specific protein kinase. Following
fixation and incubation, the slides are subjected to autoradiographic analysis. Positive pools are identified and sub-
pools are prepared and re-transfecied using an interactive sub-pooling and re-screening process, eventually vielding
a single clope that encodes the putative receplor.

{0819] As an allernative approach for receptor identification. labeled CD79b polypeptide can be
photoaffiniy-linked with cell membrane or extract preparations that express the receptor molecule. Cross-linked
matenial 1s resolved by PAGE and exposed 10 X-ray {itm. The labeled complex comaining the receptor can be
excised, resolved inio peptide fragments, and subjected 1o protein micro-sequencing. The amino acid sequence
obtained from micro- sequencing would be used to design a set of degenerate oligonucleotide probes 10 screen a

¢DNA library to identify the gene encoding the putative receptor.
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[0820) In another assay for anmtagonisis. mammalian cells or a membrane preparation expressing ihe
receplor would be meubated with labeled CD79b polypeptide in the presence of the candidate compound. The
ability of the compound te enhance or block this ineraction could then be measured.

[0821] More specific examples of poiential antagonists include ap oligonucleotide that binds 1o the
fusions of immunoeglobulin with CD79b polypeptide, and, in panicular, antibodies including, without limitation,
poly- and monoclonal antibodies and antibody fragments, single-chain antibodies, anti-idiotypic antibodies, and
chimenic or bumenized versions of such antibodies or fragments, as well as human antibodies and antibody
fragments. Alternatively. a potential antagonist may be a closely related protein, for example. a mutated form of the
CD79b polypepiide that recognizes the receptor but imparts no effect, thereby competitively inhibiting the action of
the CD79b polypeptide.

[0822] Antibodies specifically binding a CD79b polypeptide identified berein, as well as other molecules
idenified by the screening assays disclosed hereimbefore, car be administered for the treatment of various disorders,
including cancer, n the form of pharmaceutical compositions.

{0823] Ifthe CD79b polypeptide 1s intracellular and whole antibodies are used as inhibitors, internalizing
antibodies are preferred. However, lipofections or liposomes can also be used 1o deliver the antibody, or an
antibody fragment, into cells, Where antibody fragments are used, the smallest inhibitory fragment that specifically
binds to the binding domain of the target protein is preferred. For example, based upon the variable-region
sequences of an antibody. peptide molecules can be designed that retain the ability to bind the targetl protein
sequence. Such peptides can be synthesized chemically andior produced by recombinant DNA technology. See,
e.c.. Marasco ef al., Proc, Natl. Acad. Sci USA, 90: 7889-7893 (1993).

[0824] The formulation herein may also comtain more than one active compound as necessary for the

particular indication being treated, preferably those with complementary aciivities that do not adversely affect each
other. Alternatively, or in addition, the composition may comprise an agent that enhances its function, such as, for
example, & cywioxic agent, cytokine, chemotherapeutic agent, or growth-inhibitory agent. Such molecules are
suitably pregent in combination in amounts that are cffective for the purpese intended.

M. Antibody Derivatives

[0825] The antibodies of the present invention can be further modified to contain additional
nonproicinaceous moieties that are known in the art and readily available. Preferably, the moietics suitable for
derivatization of the antibody are water soluble polvmers, Non-limiting examples of water soluble polvmers
include, but are not limited to, polyvethylenc glycol (PEG), copolvmers of ethylene glycolpropylene glycol,
carboxymethyleeliulose. dextran, polyvinyl alcohol, polyvinyl pymolidone, poly-1. 3-dioxolane, poly-1.3,6-trioxane.,
ethylene/maleic anhydride copolymer, polyaminoacids {(either homopolymers or random copolymers), and dextran
or poly(n-vinyl pyrrolidone)polvethylene glycol. propropylene glycol homopolymers, prolvpropylene
oxide/ethylene oxide co-polymers. polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures
thereof. Polyethylene glycol propionaldehyde may have advantages in manufacturing due 10 its stability in water.
The polymer may be of any molecular weight, and may be branched or wnbranched. The number of polymers
attached 1o the antibody may vary, and if more than one polvmers are atiached, they can be the same or different
molecules. In general, the number and/or type of polymers used for derivatization can be determined based on
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considerations including, but not Hmited to, the particular properties or functions of the antibody 1o be improved,
whether the antibody derivaiive will be used in a therapy under defined condinons, eic.

N. Method of Screening

[0826] Yet another embodiment of the present invention is directed to a method of determining the
presence of a CD79b polypeptide in a sample suspected of containing the CD79b polypepiide, wherein the methed
comprises exposing the sample 1o an antibody drug conjugate thereof, that binds to the CD79b polypeptide and
determining binding of the antibody drug comjugate thereof, 10 the CD79b polypeptide in the sample, wherein the
presence of such binding is indicative of the presence of the CD7% polypeptide in the sample. Optionally, the
sample may contain cells (which may be cancer cells) suspecied of expressing the CD79b polypeptide. The
antibody dmg conjugaie thereof, employed in the method may optionally be detectably labeled. atiached to a solid

support, or the like.

[0827] Another embodiment of the present invention is directed w0 a metbod of diagnosing the presence
of 2 tumor in a mammel, wherein the method comprises (a) contacting 2 test sample comprising issue cells
obtained from the mammal with an antibody drug conjugate thereof, that binds 1 a CD79b polypeptide and (b)
detecting the formaston of a complex between the antibody drug conjugate thereofl and the CD79% polypeptide in
the test sample, wherein the formation of a complex is indicative of the presence of a wmor in the mammal.
Optionally, the antibody drug conjugate thereof. is detectably labeled, attached to a solid support, or the like, and/or

the 1est sample of tissue cells is obtained from an individual suspected of having a cancerous tumor.

V.

A. Diagnostic Methods and Methods of Detection

[0828] In one aspect, anti-CD79b antibodies and immunoconjugates of the invention are useful for
detecting the presence of CD790 in 2 biological sample. The term “detecting” as used herein encompasses
quantitative or qualitative detection. In certain embodiments, a biological sample comprises a cell or tissue. In
cenain embodiments, such tissues include normal and/or cancerous lissues that express CD7% at higher Jevels

relative to other tissues, for example, B cells and/or B cell associated tissues.

[0829] In ome aspect, the invention provides a method of detecting the presence of CD79b in a biotogical
sample. In cerain embodimenss, the method comprises contacting the biological sample with an and-CD79%b
antibody under conditions permissive for binding of the anti-CD79b amibody 10 CD79b, and detecting whether a
complex is formed between the anti-CD79b antibody and CD7%b.

[0830] In one aspect, the invention provides a method of diagnosing a disorder associated with increased
expression of CD79b. In certain embodiments, the method comprises contacting 2 test cell with an anti-CD79b
antibody; determining the level of expression (either quantitatively or qualitatively) of CD79b by the st cell by
detecting binding of the anti-CD79b anibody to CD79b; and comparing the level of expression of CD79b by the
test cell with the level of expression of CD79b by a control cell {e.g., a normal cell of the same tissue origin as the
test cell or a cell that expresses CD79b at levels comparable to such a normal cell), wherein a higher level of
expression of CD79b by the test cell as compared 10 the control cell indicates the presence of a disorder associated
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with increased expression of CD7%b. In certain embodiments, the test cell is obained from an individual suspected
of having a disorder associated with increased expression of CD79b. 1n certain embodiments. the disarder is 2 cell

proliferative disorder, such as a cancer or & tumor.

[0831] Exemplary cell proliferative disorders that may be diagnosed using an antibody of the invention
include a B cell disorder andior a B cell proliferative disorder including, bt not Limited 1w, lvmphoma, non-
Hodgkins lymphoma (NHL). aggressive NHL, relapsed aggressive NHL. relapsed indolent NHL. refractory NHL,
refractory indolent NHL. chronic Iymphocytic lenkemia (CLL), small lymphocytic lymphoma, leukemia, hairy cell

leukemia (FICL), acute Ivmphocytic leukemia {ALL), and mantle cell lymphoma.

[0832] In certain embodiments, a method of diagnosis or detecuon. such as those described above,
comprises detecting binding of an anti-CD79% antibody to CD79b expressed on the surface of a cell or in a
membrane preparmion obtained from 2 cell expressing CD79b on 1s surface. In ceriain embodiments, the method
comprises contacting 2 cell with an anti-CD79b antibody under conditions permissive for binding of the ami-CD7%
antibody to CD79h, and detecting whether a complex is formed between the ant-CD7%b antibody and CD79b on
the cell surface. An exemplary assay for detecting binding of an anti-CD79b sntibody to CD79b expressed on the

surface of a cell is 2 “FACS™ assay.

[0833] Certain other methods can be used 10 detect binding of anti-CD79b antibodies to CD79b. Such
metbods include, but are not limited to, antigen-binding assays that are well known in the ar., such as western blots,
radicimmunoassays, ELISA  (enzyme linked immunosorbent assay), “sandwich” immunoassays,
immunoprecipitation assays, fluorescent immunoassays, protein A immunoassays, and immunohistochemistry
(IHC).

[06834] In certain embodiments, anti-CD79b antibodies are labeled. Labels include, but are not {imited to,
lahels or moielies that are detected directly {such as fluorescent, chromophoric, electron-dense, chemiluminescent,
and radioactive labels), as well as moieties, such as enzymes or ligands, that are detected indirectly, e.g.. through an
enzymatic reaction or molecular interaction. Exemplary labels include, but are not limited 10, the radioisotopes 52p,
¥, 151 *H, and P, fluorophores such as rare earth chelates or fluorescein and its derivatives. thodamine and its
derivatives, dansyl, umbelliferone. luceriferases, e.g., firefly luciferase and bacterial luciferase (U.S. Pat. No.
4,737,456, luciferin, 2.3-dibydrophibalazinediones, borseradish peroxidase (HRP), alkaline phosphatase, f-
galactosidase, glucoamylase, tysozyme, saccharide oxidases, e.g.. giucose oxidase, galactose oxidase, and glucose-
6-phosphate dehydrogenase, heterocyelic oxidases such as uricase and xanthine oxidese, coupled with an enzyme
that employs hydrogen peroxide to oxidize 2 dye precursor such as HRP, lactoperoxidase, or microperoxidase,

biotin/avidin, spin labels, bacteriophage labels, stable free radicals, and the like.

[0835] In certain embodiments, apti-CD79% antibodies arc immobilized on apn insoluble matrix.
Immobilization entails separating the anti-CD79% antibody from apy CD79b that remains free in solution. This
conventionally is accomplished by either insolubilizing the anti-CD79b antibody before the assay procedure, as by

adsorption to a water-insoluble matrix or surface (Benmich et al.., U.S. 3,720,760, or by covalent coupling (for
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example, using ghnaraldehyde cross-linking), or by insolubilizing the anti-CD79b antibody afier formation of a

complex between the anti-CD79b antibody and CD7%b. e.g., by immunoprecipitation.

{0836} Any of the above embodiments of diagnosis or deiection may be carried out uwsing #m

immunoconjugate of the invention in place of or in addition to an ani-CD79b antibody.

B. Therapeutic Methods

[0837] An amibody or immunoconjugate of the invention may be used in, for example, in vitro, ex vivae,
and in vivo therapeulic methods. In one aspect, the invention provides methods for inhibiting cell growth or
proliferation, either in vivo or in vitre, the method comprising exposing a cell 10 an anti-CD79h amtibody or
immunoconjugate thereof under conditions permissive for binding of the immunoconjugate to CD79b. “Inhibiting
cell growth or proliferation” means decreasing a cell’s growth or proliferation by at least 10%. 20%. 30%, 40%,
50%, 60%, 70%. 80%, 90%. 93%, or 100%, and inctudes inducing cell death. In certain embodiments, the cell is a
wmor cell. In certain embodiments, the cell is 2 B cell. In cerain embodiments, the cell is & xenografl, e.o.. as

exemplified herein.

[0838] 1o one aspect, an antibody or immunoconjugate of the invention is used to treal or prevent a B cell
proliferative disorder. In certain embodiments, the cell proliferative disorder is associated with incressed
expression and/or activity of CD79b. For example, in certain embodiments, the B cell proliferative disorder is
associated with increased expression of CD79b on the surface of a B cell. In certein embodiments, the B cell
proliferative disorder is a wmor or a cancer. Examples of B cell proliferative disorders to be treated by the
antibodies or immunoconjugates of the invention include, but are not limited to, lvmphoma, non-Hodgkins
lymphoma (NHL), aggressive NHL. relapsed aggressive NHL, relapsed indolent NHL. refractory NHL., refractory
indolent NHL, chronic lymphocytic leukemia (CLL), small lymphocytic tymphoma, ieukemia, hairy cell lenkemia
(HCL), acute Iymphocyiic leukemia (ALL), and mantle cell Ivmphoma.

108397 In ome aspect, the invention provides methods for treating a B cell proliferative disorder
comprising administering to an individual an effective amount of an anti-CD79% antibody or immunoconjugate
thereof. In certain embodiments, 2 method for wreating a B cell proliferative disorder comprises administering t an
individual an effective amount of a pharmaceutical formulation comprising an ant-CD79 antibody or ami-CD79b
immunoconjugate and, optionally, at least one additional therapeutic agent, such as those provided below. In
certain embodiments, 2 method for treating a cell proliferative disorder comprises administering 10 an individual an
effective amount of a pharmaceutical formulation comprising 1) an immunoconjugate comprising an anti-CD79b
antibody and a cytotoxic agent: and optionally. 2) at least one additional therapeutic agent, such as those provided

below.

{08401 In one aspect. at least some of the antibodies or immunoconjugates of the invention can bind
CD79b from species other than human. Accordingly, antibodies or immunoconjugates of the invention ¢an be nsed
10 bind CD79b, e.g., in a cell culture containing CD79h, in humans, or in other mammals having a CD79b with
which an antbody or immunoconjugate of the invention cross-reacts (e.g. chimpanzee, baboon, marmoset,
cynomolgus and thesus monkeys, pig or mouse). In one embodiment, an anti-CD79 amibody or immunoconjugate
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can be used for targeting CD79b on B cells by contacting the amibody or immunoconjugate with CD79b 1o form an
antibody or immunoconjugate-antigen complex such thal 2 conjugated cytotoxin of the immunoconjugate accesses

the imerior of the cell. In one embodiment. the CD79b is human CD79b.

[0841] In one embodiment, an anti-CD79b antibody or immunoconjugate can be used in a method for
binding CD79 in an individual suffering from 2 disorder associated with increased CD79b expression and/or
activity, the method comprising administering to the individual the antibody or immunoconjugate such that CD79b
in the individual is bound. In one embodiment, the bound amibody or immunoconjugate s internalized ino the B
cell expressing CD79b. In one embodiment, the CD79b 1s human CD79b, and the individual is a human individual.
Alwrnavely, the individual can be & mammal expressing CD79b to which an anti-CD79b antibody binds. Sl
further the individual can be 2 mammal into which CD79b has been introduced (¢.g., by administration of CD79b or

by expression of a transgene encoding CD79b).

[0842] An anti-CD79% antibody or immunoconjugate can be administered to a human for therapeutic
purposes. Moreover, an anti-CD7%b antibody or immunoconjugate can be administered to a non-human mammal
expressing CD79b with which the antibody cross-reacts (e g., a primate, pig, rat, or mouse) for veterinary purposes
or as an animal mode! of buman disease. Regarding the latier, such animal models may be useful for evaluating the
therapeutic efficacy of amibodies or immunoconjugates of the invention (e.g., lesting of dosages and time courses

of administration).

{0843}  Antibodies or immunoconjugates of the invention can be used either alone or in combination with
other compositions in a therapy. For instance, an antibody or immmumoconjugate of the invention may be co-
administered with at least one additional therapeutic agent andior adjuvant. In certain embodiments, an additional
therapeutic agent is a cywloxic agent. a chemotherapeutic agent, or a growth inhibitory agent. In one of such
embodiments, a chemotherapeutic agent is an agent or a combination of agents such as. for exampie,
cyclophosphamide, hydroxydaunorubicin, adnamycin, doxorubinein, vineristive (Oncovin™), prednisolone. CHOP,
CVP, or COP, or immunotherapeutics such as anti-CD20 (e.g., Rinuxan®) or anti-VEGF (e.g., Avastin®), wherein
the combination therapy is useful in the treatment of cancers and/or B cell disorders such as B cell profiferative
disorders including lympboma, non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggressive NHL,
relapsed indolem NHL, refractory NHL, refraclory indolent NHL, chronic iymphocytic leukemia (CLL), small
lymphocytic tymphoma, leukemia, hairy cell leukemia (HCL). acute lymphocytic leukemia (ALL), and mentle cell

lymphoma,

[0844] Such combination therapies noted above encompass combined administration (where two or more
therapeutic agents are included in the same or separate formulations), and separate admindsiration, in which case.
administration of the antibody or immunoconjugate of the invention can occur prior to, simultancously, and/or
following, adminisiration of the additional therapewic agent and/or adjuvant. Antibodies or immunoconjugates of

the invention can alse be used in combination with radiation therapy.

[0845] An antibody or immunoconjugate of the invention (and any additional therapeutic agent or

adjuvant) can be administered by any suitable means, including parenteral, subcutaneous, inwaperiioneal,
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intrapulmonary, and intranasal, and. if desired for local reatment, intralesional administration. Parenteral infusions
mclude intramuoscular, wiravenous, intraarterial, ntraperitoneal. or subcuianeous administration.  In addition, the
antibody or immunoconjugate is suitably admimstered by pulse infusion, paricularly with declining doses of the
antibody or immunoconjugaie. Dosing can be by any suitable route, e.g. by injections. such as intravenous or

subcutaneous injections. depending in part on whether the administration is brief or chronic.

[0846] Antibodies or immunocomnjugates of the invention would be formulated, dosed, and administered
in a faghion consistent with good medical practice. Factors for consideration in this context include the particular
disorder being weated, the particular mammal being weated. the clinical condition of the individual patient, the
cause of the disorder, the site of delivery of the agenm:, the method of adminisiration, the scheduling of
administration, and other factors known to medical pracitioners. The antibody or immunoconjugate need not be,
but is optionally formulated with one or more agents currently used 10 prevent or treat the disorder in question. The
effective amount of such other agenis depends on the amoum of amibody or immunoconjugate present in the
formulation, the type of disorder or treatment. and other factors discussed above. These are generally used in the
same dosages and with administration rouies as described herein, or about from 1 to 99% of the dosages described

herein, or in any dosage and by any route that is empirically/clinically determined 1o be appropriate.

[0847] For the prevention or weatment of disecase, the appropriate dosage of an antibody or
mmmunoconjugate of the imvention (when used alone or in combination with one or more other additional
therapeutic agents, suci: as chemotherapemic agenis) will depend on the type of disease 10 be treated, the type of
antibody or immunoconjugate, the severity and course of the disease, whether the antibody or immunoconjugate is
administered for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to
the antibody or immunoconjugate, and the discrelion of the atiending physician. The antibedy or immunoconjugale
is suitably administered 1o the patient at one time or over a series of treatments. Depending on the type and severity
of the disease, abowt 1 pugkg to 100 mg’ke (e.g. 0.1mg/ke-20mg/kg) of antibody or immunoconjugale can be an
initial candidate dosage for admimistration 1o the patient, whether, for exanmple, by one or more separate
administrations, or by continuous infusion. One typical daily dosage might range from about 1 pg/keg to 100 mg/kg
or more, depending on the factors mentioned above. For repeated administrations over several days or longer,
depending on the condition, the treatment would generally be sustained until a desired suppression of disease
symptoms occurs. One exemplary dosage of the antibody or immunoconjugate would be in the range from about
0.05 mg/kg 1o sbout 10 mg/kg. Thus, one or more doses of about 0.5 mg/kg, 2.0 mg/kg. 4.0 mg/kg or 10 mg/kg (or
any combination thereof) of antibody or immunoconjugate may be adiministered to the patient. Such doses may be
administered intermitiently, e.g. every week or every three weeks (e.g. such that the patient receives {rom about two
1o about twenty, or e.g. aboul six doses of the antibody or immunoconjugase). An initial higher loading dose,
followed by one or more lower doses may be administered. An exemplary dosing regimen comprises administering
an initial loading dose of abowt 4 mg/ke, followed by a weekly mainienance dose of about 2 me/kg of the amibody.
However. other dosage regimens may be useful. The progress of this therapy is easily monitored by conventional

techniques and assays.



C. Activitv Assavs

[0848] Anu-CD7%b amibodies and immunoconjugates of the invention may be characterized for their

physical/chemical properties and/or biological activities by various assays known in the art.
I Activity assavs

[0849] 1In one aspect, assays are provided for idemtifying anti-CD79b antibodies or immunoconjugates
thereof having biological activity. Biological acuvity may include, e.g., the ability to inhibit cell growth or
proliferation (e.g., “cell killing” activity}, or the ability to induce cell death, including programmed cell death
(apoptosis). Amibodies or immunoconjugates having such biological activity in vivo and/or in vitro are also

provided.

[0850] In certain embodiments, an anti-CD79b antibody or immunoconjugaie thereof is tested for its
ability 10 inhibit cell growth or proliferation 1n vitre.  Assays for inhibition of cell growth or proliferation arc well
known in the art. Certain assays for cell proliferation, exenplified by the “celi killing” assays described herein,
measure cell viability. One such assay is the CellTiter-Glo™ Luminescent Cell Viability Assay, which is
commercially available from Promega (Madison, WI). That assay determines the number of viable cells in culture
based on quantitation of ATP present, which is an indication of metabolically active cells. See Crouch et al {1993)
J. Immuznol. Meth. 160:81-88, US Pat. No. 6662677. The assay may be conducted in 96- or 384-well format,
making it amenable 10 awtomated high-throughput screening (HTS). See Cree et al (1995) AntiCancer Drugs 6:398-
404, The assay procedure involves adding a single reagent (CellTier-Glo® Reagent) directly 1o cultured cells. This
results in cell lysis and generation of 2 luminescent signal produced by a luciferase reaction. The luminescent
signal is proportional 1o the amount of ATP present, which is directly proportional to the number of viable celis
present in culture. Data can be recorded by luminometer or CCD camera imaging device. The luminescence output

is expressed as relative light units (RLU).

[0851] Amnother assay for cell proliferation is the “MTT” assay, a colorimetric assay that measures the
oxidation of 3-(4,5-dimethylthiazol-2-y1}-2,5-diphenylictrazolium bromide 1o formazan by mitochondrial reductase.
Like the CellTier-Glo™ assay, this assay indicates the number of metabolically active cells present in 2 cell culture.
See, e.g.. Mosmann (1983) J. Immunol. Meth. 65:55-63, and Zhang et al. (2005) Cancer Res. 65:3877-3882.

[0852] In ome aspect, an anti-CDD79b antibody is tested for its ability to induce cell death in vitro. Assays
for induction of cell death are well known in the art. In some embodiments. such assays measure, e.g., loss of
membrane integrity as indicated by umake of propidium iodide (PI), trypan blue (see Moore et al. (1995)
Cytotechnology. 17:1-11), or TAAD. In an exemplary PI uptake assay, cells are cultured in Dulbecco's Modified
Eagle Medium (D-MEM):Ham's F-12 (50:50) supplemented with 10% heat-inactivated FBS (Hyclone) and 2 mM
L-glutamine. Thus, the assay is performed in the absence of complement and immune effector cells. Cells are
seeded at a demsity of 3 x 10° per dish in 100 % 20 mm dishes and aliowed 10 atiach overnight. The medium is
removed and replaced with fresh medium alone or medium comaining various concentrations of the amibody or
immunoconjngate. The cells are incubated for a 3-day time period. Following treatment, monolavers are washed

with PBS and detached by trypsinization. Cells are then centrifuged at 1200 mpm for 3 minntes at 4 °C, the peliet
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resuspended in 3 ml cold Ca”” binding buffer (10 mM Hepes, pH 7.4, 140 mM NaCl 2.5 mM CaCl,} and aliquoted
imo 35 mim strainer-capped 12 x 75 mm tubes (1 ml per tube, 3 wbes per reatment group) for removal of cell
clumps.  Tubes then receive P {10 pg/ml). Samples are amalyzed using 2 FACSCAN™ flow cviometer and
FACSCONVERT™ CeltQuest software (Becton Dickinson). Amntibodies or immupoconjugates which induce

staristically significant levels of cell death as determined by PI uptake are thus idemified.

{0853] In one aspect, an ani-CD79b aniibody or immunoconjugate is tested for its ability to induce
apoptosis (programmed cell death) in vitro. An exemplary assay for antibodies or immunconjugates that induce
apoptosis is an annexin binding assay. In an exemplary annexin binding assay, cells are culmred and seeded in
dishes as discussed 1n the preceding paragraph. The medium is removed and replaced with fresh medium alone or
medium containing 0.001 o 10 pg/md of the amibody or immunoconjugate. Following 2 three-day incubation
period, monolayers are washed with PBS and detached by trypsinization. Cells are then cemrifuged, resuspended in
Ca"" binding buffer, and aliguoted into fubes as discussed in the preceding paragraph. Tubes then receive labeled
ammexin (e.g. annexin V-FITC) (1 pg/ml). Samples are analyzed using a FACSCAN™ flow cviometer and
FACSCONVERT™ CellQuest soltware (BD Biosciences). Antibodies or immupoconjugales thal induce
staustically significant levels of annexin binding relative 1o control are thus identified. Anocther exemplary assay for
antibodies or immunconjugates that induce apopiosis is a histone DNA ELISA colorimetric assay for detecting
nternucieosomal degradatiog of genomic DNA. . Such an assay can be performed using, e.g., the Cell Death

Detection ELISA kit (Roche, Palo Alto, CA).

[0854] Celis for vse i any of the above in viiro assays include cells or cell lines that naturally express
CD79b or that have been engineered 10 express CD79b. Such cells include mor cells that overexpress CD79b
relative to normal cells of the same tissue origin. Such cells also include cell tines (including mmor cell lines) that

express CD79b and cell lines that do not normally express CD79b but have been wansfected with nﬁclcic acid

encoding CD79b.

[0855] In ome aspect, an anti-CD79b antibody or immunoconjugate thereof is tested for its ability to
inhibit cell growth or proliferation in vive. In certain embodiments, an anti-CD79b antibody or immunoconjugate
thereof is 1ested for its ability to inhibit tumor growth in vive. In vive model systems, such as xenografl models,
can be used for such testing. In an exemplary xenograft system, buman tumor cells are introduced ino & suitably
immunocompromised non-human animal, e.g., 2 SCID mouse. An antibody or immunoconjugate of the invention
is admimstered 1o the animal. The ability of the amibody or immunoconingate 10 inhibit or decrease tumor growth
is measured. In certain embodiments of the above xenograft system. the human tumor cells are tumor cells from a
human patient. Such cells useful for preparing xenograft models include human leukemia and lymphoma cell lines,
which include without limitation the BJAB-luc cells (an EBV-negative Burkitt’s tymphoma cell line transfected
with the luciferase reporter gene), Ramos cells (ATCC, Manassas, VA, CRL-1923), SuDHL-4 cells (DSMZ,
Braunschweig, Germany, AAC 495), DoHH2 cells (see Kinin-Neilemans, H.C. et al., Leukemia 5:221-224 (1961},
and Kluin-Neilemans, H.C. et al, Leukemia 8:1385-1391 (1994)), Granta-319 cells (see Jadavel, D.M. et al,

Leukermia 11(1):64-72 (1997)). In certain embodiments, the human tumor cells are introduced into a suitably
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immunocompromised non-human animal by subcutanecous injection or by transplantation into a suitable site, such

as a mammary fat pad.

2. Binding agsavs and other assavs

[0856] In one aspect, an anti-CD79b antibody is tested for its antigen binding activity. For example, in
certain embodiments, an anti-CD79b antibody is 1ested for its ability 10 bind 1o CD79b expressed on the surface of a

cell. A FACS assay may be used for such testing.

[0857] In one aspect, competition assays may be used 1o identify a monoclonal antibody that competes
with murine MA79b antibody. bumanized MA79b.v17 amibody and/or humanized MA79b.v18 and/or humanized
MA79b.v28 and/or humanized MA79b.v32 anubody for binding 1o CD79b. In certain embodiments. such a
competing antibody binds to the same epitope (e.g., a linear or a conformational epitope) that is bound by murine
MA79b antibody, humamzed MA79bv.17 amibody and/or humanized MA79b.v1§ antibody and/or humanized
MAT79b.v28 andior humanized MA79b.v32. Exemplary competition assays include, but are not limited to, routine
assays such as those provided in Harlow and Lane (1988) Amibodies: A Laboratory Menual ch. 14 (Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY). Detailed exemplary methods for mapping an epitope 10 which an
antibody binds are provided in Morris (1996} “Epitope Mapping Protocols,™ in Methods in Molecular Biology vol.
66 {(Humana Press, Totowa, NJ). Two antibodies are said 10 bind to the same epitope if each blocks binding of the

other by 50% or more.

[0858] In an exemplary competition assay, immobilized CD79b is incubated in a solution comprising a
{irst labeled antibody that binds to CD79b (e.g.. murine MA79b antibody, humanized MA79b.v17 antibody and/or
bumanized MA79b.vI& antibody andior bumanized MA79b.v28 and/or humanized MA795.v32) and a second
uniabeled antibody that is being tested for its ability to compete with the first antibody for binding 10 CD79b. The
second antibody may be present in a bybridoma supernatant. As a conirol, immobilized CID79b is incubated in a
solution comprising the first labeled antibody but not the second unlabeled amibody. Afier incubation under
conditions permissive for binding of the firs! antibody to CD79b, excess unbound antibody is removed, and the
amount of label associzled with immobilized CD79b is measured. If the amount of label associated with
immobilized CD79b is substantially reduced in the test sample relative 1o the control sample, then that indicates that
the second aotibody is competing with the first antibodvy for binding to CD7%. In certain cmbodiments,
immobilized CD79b is present on the surface of a cell or in a membrane preparation obtained from a cell expressing

CD79b on its surface.

[0859] In one aspect, purified anti-CD79b antibodies can be further characterized by a series of assays
including, but not himited 1o, N-terminal sequencing, amino acid analysis, non-denaturing size exclusion high

pressurc liquid chromatography (HPLC), mass spectrometry, jon cxchange chromatography and papain digestion.

[0860] In one embodiment, the invention comemplates an allered antibody that possesses some but not
all effector functions, which make it a desirable candidale for many applications in which the half Life of the
antibody in vivo is important yet centain effector functions (such as complement and ADCC) are unnecessary or
deleterious. In cerain embodiments. the Fe activities of the antibody are measured 1o ensure that only the desired
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properties are maintained.  In vitro and/or in vivo cytotoxicity assays can be conducted to confum the
reduction/depletion of CDC and/or ADCC activities.  For example, Fc receptor (FeR) binding assays can be
conducted to ensure that the antibody lacks FeyR binding (hence Likely lacking ADCC acivity), but retains FeRn
binding ability. The primary cells for mediating ADCC, NK cells, express FcyRII oniy, whereas monocyies
express FeyRI, FeyRIJ and FoyRIIL FcR expression on hematopoietic cells is summarized in Table 3 on page 464
of Ravetch and Kinet, Anou. Rev. Immunol. 9:457-92 (1991). An example of an in vitro assay to assess ADCC
activity of a molecule of interest is described m U.S. Patent No. 5500362 or 5.821.337. Useful effector celis for
such assays include peripheral blood mononuciear cells (PBMC} and Natural Kifler (NKJ cells. Alternatively, or
additionally, ADCC activity of the molecule of interest may be assessed in vive, e.g.. in 2 animal model such ag that
disclosed in Clynes et al. PNAS (USA}) 95:652-656 (1998). Clq binding assays may also be carried out 10 confirm
that the antibody is unable 10 bind Clq and hence lacks CDC activity. To assess complement activation, a CDC
assay. e.g. as described in Gazzano-Santoro et al., J. Immunol. Methods 202:163 (1996), may be performed. FcRn

binding and in vivo clearance/half life determinations can also be performed using methods known in the art.

[0861] The {ollowing examples are offered for illustrative purposes only. and are not intended to Hmit
the scope of the present invention in any way.

[0862] All patent and literature references cited in the present specification are hereby incorporated by
reference in their entirety.

EXAMPLES

[0863] Commercially available reagents referred 1o in the examples were used according 1o
manufacturer's instructions uniess otherwise indicated. Amibodies used in the examples include commercially
available antibodies and include, but are not limited o, anti-CD79b (antibody purchased from Biomeda (Foster City.
CA) or BDbioscience (San Diego. CA) or Ancell (Bayport, MN)). anti-CD79b (generated from hvbridomas
deposited with the ATCC as HB11413 on July 20, 1993), and chimeric anti-CD79b amibodies (comprising variable
domains from antibodies generated from hybridomas deposited with the ATCC as HB11413 on July 20, 1993). The
source of those cells identified in the following examples, and throughout the specification, by ATCC accession

numbers, is the American Type Culture Collection, Manassas, VA,

EXAMPLE 1. Generation of Humanized anti-CD79b Antibody

[0864] Residue numbers are according o Kabat (Kabal er al, Sequences of proteins of immunological
interest, 5th Ed., Public Health Service, National Instivuies of Health, Bethesdz, MD (1991)). Single letter amino
acid abbreviations are used. DNA. degeneracies are represented using the TUB code (N = A/C/G/T, D = A/G/T, V=
AICIG. B=C/GT . H=A/CT. K=G/T,M=A/C. R=A/G, § = G/C, W= A/T, Y = C'T).

A, Humanized anti-CD79b Antibody Graft

[0865] Various humanized anti-CD79b antibodies were generated. The VL and VH domains from
murine MA79b antibody (MA79b) (Roswell Park Cancer Institute; Okazaki et al., Blood, 81:84-94 (1993)) were

aligned with the human consensus VL kappa I (huKI) and human subgroup IIJ consensus VH (hulll) domains. To
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make the HVR graft, the acceptor VH famework, which differs from the human subgroup I consensus VH
domain at 3 positions: R71A, N73T. and L78A (Carter er al., Proc. Nail, Acad. Sci. USA 89:4285 (1992)) was used.
Hypervariable regions from murine MAT% (MA79b) were enginecred mito the acceptor human consensus
framework to generate a direct HVR-graft of MAT79b (herein referred 0 as “MA79b oraf(” or “MA79b-grafl” or
“MA79b-grafled ‘humanized’ amibody” or “huMA79b-grafi”). In the VL domain the foliowing regions were
grafied to the human consensus acceptor: positions 24-34 (L1), 50-56 (L2) and 89-97 (L3} (Figures 7A-B). In the
VH domain, positions 26-35 (H1}, 49-65 (H2) and 93-102 (H3) were grafied (Figures 8A-B). MacCallum et al.
(MacCallum et al.. J. Mol Biol., 262: 732-745 (1996}} analyzed antibody and antigen complex crysial siructures
and found positions 49, 93 and 94 of the heavy chain are part of the contact region and are thus included i the
defipition of HYR-H2 and HVR-H3 when humanizing amibodies.

{0866] The direct-grall varant (huMAT9b-grafl) was generated by Kunkel mutagenesis, as botb the Fab
displayed on phage and as an I1gG, using a separate oligonucleotide for each hypervanable region. Correct clones

were assessed by DNA sequencing.

B. Humanized anti-CD79b Antibody Graft Varianis

[0867] Anu-CD79b antibody grafl variants which included mutational diversity in the hypervariable
regions of the MA79b-grafted “humanized” antibody were gencrated using phage libraries. The anti-CD79b
antibody graft variants included either 2 single position varfation in the HVRs (Figure 9) or multiple position
variations in the HVRs (Figure 10).

C. Phage Selection

[0868] For phage seiection, the extracellular domain of CID79b (huCD 794} (2 pg/ml) was immobilized
in PBS on MaxiSorp micsotiter plates (Nunc) overnight at 4°C. Plates were blocked for at least 1 b using Casein
Blocker (Pierce). Phage were harvesied from the culture supemnatant and suspended in PBS containing 0.5 % BSA
and .05 % Tween 20 (PBSBT). Following addition of the phage library and phage selection for 2 h, microtiter
wells were washed extensively with PBS containing 0.05 % Tween 20 (PBST) to remove unhound phage and
bound phage were eluted by incubating the wells with 100 mM HCI for 30 min. Selection stringency may be
increased during successive rounds of selection by increasing the number of washes with PBST or by incubating
with soluble huCD79b,.4 [or increasing time penods prior (o elution.

{6869] Eluted phage were neutratized with 1| M Tris, pH 8§ and amplified using XL1-Blue cells and
M13/KO7 helper phage and grown overnight at 37 °C in 2YT, 50 pg/ml carbenacillin. The titers of phage eluted
from a target containing well were compared to titers of phage recovered from a non-target containing well to
assess enrichment.

D, Fab Production and IgG Production

[0870] To express Fab protein for affinity measurements. a stop codon was introduced between the heavy
chain and g3 in the phage display vector. Clones were transformed inw E. coli 34B8 celis and grown in Complete
CR.AP. media st 30°C (Presta et al. Concer Res. 57 45934599 (1997)). Cells were harvested by centrifugation,
suspended in PBS, 100 uM PMSF, 1001M benzamidine, 2.4 mM EDTA and broken open using a microfludizer.
Fab was purified with Protein G affinity chromatography.

[
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[0871] For screening purposes, IgG variants were initially produced in 293 cells. Vectors coding for VL
and VH (25 pg) were ransfected into 293 cells using the FuGene system. 500 pf of FuGene was mixed with 4.5 ml
of DMEM media containing no FBS and incubated at room temperature for $ min. Each chain (25 pg) was added
10 this mixture and incybated at room temperature for 20 min and then transferred to a flask for wansfection
overnight at 37 °C in 5% COs. The following day the media containing the transfection mixture was removed and
replaced with 23 ml PS04 media with 0.1 ml/L trace elements (A0934) and 10 mg/L insulin (A0940). Cells were
incubated for an additional 5 days afier which the media was harvested at 1000 rpm for 5 min and sterile filtered
using a (.22 um low protein-binding filter. Samples could be stored a1 4°C after addition of 2.5 ml 0.1% PMSF for
every 125 mi of media.

E. Affinity Determination (Biacore Analysis)

[0872) For affinity determination of the MA79b-grafied “humanized” antibody variants, the extracellular
domain of human CD79b (huCD79%b) was expressed in CHO cells alone or as & Fe fusion (huCD79b,..-Fc) and
purified by conventional means. In addition, 2 16 amino acid pepide (ARSEDRYRNPRGSACK) (SEQ 1D NQ:
16} comaining the epitope for MA 79b was synthesized by conventional means.

[0873] Characterization of the epitope for MA79b antibody (labeled as “test peptide” in Figure 19) was
previously disclosed in US Application No. 11/462,336. filed August 3, 2006, The epitope for MA79b was located
in the extracellular peptide region distal 10 the transmembrane domain and was present in the full-length and
truncated forms of human CD79b (Cragg, Blood, 100(9): 3068-76 (2002)), which have been described in normal
and malignant B cells (Hashimoto, S. et al., Mol Immunol., 32(9): 651-9 (1995); Alfarano et al., Blood, 93(7):
2327-35 (1999)). The truncated form of CD79b lacks the entire extracellular Ig-like domain (the extraceliular Ig-
like domain that 15 not present in the spliced truncated form of CD79b 15 boxed in Figure 19).

{0874]  Binding of Fab and 1gG variants of MA79b, the MA7%b-grafied “humanized” anibody or
MA79b-grafied “humanized” antibody variants to immobilized buCD79b,.¢ or huCD79b-F¢ or the 16 amino acid
peptide containing the epilope for MA79b was measured by surface plasma resonance. Affinity determinations
were performed by surface plasmon resonance using a BlAcore™-2000. The antigen, huCD79b..¢ or huCD79b-Fc
was immobilized (approximately 50 ~ 200 RU)j in 10 mM sodium acetate pH 4.8 on a CMS sensor chip. Due to a
large avidity effect, affinity measurements were sensitive to the amount of huCD79b.4 immobilized. For this
reason, affinities, determined for samples run on different days, were normalized 1o MA79b that was run ajong side
as a standard. In experiments that measured binding to the 16 amino acid peptide containing the epilope for MA79b
(ARSEDRYRNPKGSACK) (SEQ 1D NO: 16), the biotinylated peptide was caparred {approximately 20 RU) on a
streptavidin coated sensor chip. Purified MA79b-grafted “humanized” antibody variant (as Fab or IgG) (a 2-fold
serial dilution of 0.5 to 1000 nM in PBST) was injected at a flow rate of 30 uL/min. Each sample was anatyzed with
4-minute association and 10-minute disassociation. After each injection the chip was regenerated using 10 mM
Glyeine pH 1.7.

[0875] Binding response was correcied by subtracting a control flow cell from MA79b-grafied
“humanized” antibody variant (as Fab or IgG) flow cells. A 1:1 Languir model of simultaneous fitting of k., and

ko was used for kinetics apalysis.



F. Binding Analysis (FACS Analysis)

[0876] To further delermine binding of the Fab variants of MA79-grafied “humanized”™ antibody or
antibody variants. binding of Fab and/or 1gG variants to DoHH-2 cells were analyzed using FACS analvsis. Further,
pinding of MA79-grafied “humamzed” aniibody vanants to BIAB-luciferase cells was analyzed using FACS
analysis,

[0877] For FACS analysis of Fab varianis of MA79b-grafied “humanized™ antibody variants
(MA79b-grafied “humanized” antibody (1gG version used as a control)), DoBH-2 cells (1 x 10% in 100 pl volume)
were first incubated with or without 1 pg of original mouse anti-CD79b monoclonal antibody (MA79b) for 30
minutes, before adding 1 pg of individual Fab variant (or control antibadyl. PE conjugated mouse anti-human Ig,
kappa light chain (clone G20-193, BD Biosciences, San Diego, CA} was used as the secondary detecting antibody,
since all the Fab variants bear kappa Light chain and DoHH-2 cells do not express kappa light chain on the cell
surface.

[0878] For additional FACS analysis of IgG variams of MA79b-grafied “bumanized™ antibody
variants (1gG version of chMA79b used as a control}, 1.0 .pg, 0.1 ug or 0.0 pg of antibody was titrated per million
cells of BJAB-huciferase cells. PE conjugated mouse anti-human Ig was used as the secondary detecting antibody.

G Affinity Determination (Scaichard Analysis)

[0879] To further determine binding of the IgG variants having changes in HVR-L2 and HVR-H3
(huMA79b L2/H3). binding of iodinated IgG variants to BJIAB cells expressing human CD79b and cynomologous
CD79b was analyzed and Scatchard analysis was performed.

[0880] For Scatchard analysis, 0.5 nM I'™ labeled MA79b or huMA79b L2/H3 was compeled against
unlabelcd MA79b or huMA79b L2/H3, respectively. ranging from 50 10 0.02 nM (12 step 1.2 serial ditution) ip the
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presence of a wansfecied BIAB line stably expressing cynomologous-CD79b and endogenous human-CD7%b.
Afier a four hour incubation at 4°C, cells were washed and cell pellet couns were read by a gamma counter (1470
WIZARD Automatic Gamma Counter; Perkin Elmer, Walthem, MA). All points were done in triplicate and
counted for 10 minutes. The average CPM was used for Kd calculation using the New Ligand (Genentech, South

San Francisco, CA) program.

Resuits and Discussion

A. Results of Generation of Humanized anti-CD 79 Antibody

[0881] The human acceptor framework used for the genmeneration of humanized anti-CD79b antibody
comprises the consensus human kappa I VL domain and a variant of the buman subgroup I consensus VH domain.
The variani VH domain has 3 changes from the human consensus: R71A, N73T and L78A. The VL and VH
domains of MA79b were aligned with the human kappa I and subgroup III domaing; each HVR was identified and
then grafied info the human acceptor framework to generate a HVR graft that could be displayed as a Fab on phage
{Figures 7 and §).

[0882] Phage displaving the MA79b-grafl as 2 Fab bound to immobilized huCD79b..¢ {(data not shown).
However, when the huMA79b-graft sequence was expressed as an IgG, FACS analysis of its affinity for
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huCD7%b..y indicated that binding affinity had been reduced by over 100-fold (data not shown) and Biacore
analysis indicaed & Joss of over 50-fold (Figure 111,
{. CDR Repair

[0883] MAT79b-grafied “humanized” antibody variants that were able 10 bind to immobilized buCD79% ..«
with the {ollowing sequence changes were identified.

[0884] Only sequence changes targeting HVRs in VL were observed in the libraries containing single
position changes and are shown in Figure 9 (for L1 mutations: Q27K (SEQ 1D NO: 17; SPL-2 mutation), {for L2
mutations: L34R (SEQ ID NO: 18), E55K (SEQ ID NO: 19)), and (for. L3 mutations: E93S (SEQ ID NO: 20
SPL-5 mutation). E93K (SEQ ID NO: 21)).

[0885] Only sequence changes targening HVRs i L2, L3, H] and H3 were observed in the libraries

containing muiuple positon changes and are shown in Figure 10 (for L2 mulations; SS2R, N33K. E53G and S56R
(SEQ ID NO: 22; L2-2 mutation); N5S3R (SEQ [ NO: 23); S52R, N53K, ES5G and S56N (SEQ ID NO: 24); S52R,
NS53K, ES5K and S36R (SEQ ID NG: 25); S52R, N33, E35K and S36R (SEQ ID NO: 26 1.2-29 mutation); S52R,
NS53K and ES5K (SEQ ID NO: 27); S52R, N33K and E55A (SEQ ID NO: 28); S52G, N531, ESSA and S56R (SEQ
ID NO: 29); S52R, NS3K, E35R (SEQ ID NO: 30}, S532R, N53K and E55G (SEQ ID NO: 31; L2-38 muation);
S52R, N533H, E55K and S56R (SEQ ID NO: 32); AS1S, S52R, W33Y, E55S and §36R (SEQ ID NO: 33); A51G,
N33K, ESSL and S56R (SEQ ID NO: 34); L54R and ES5K (SEQ ID NO: 35); NS3K and E55G (SEQ 1D NO: 36);
S52R, N53Y, E55R and S56R (SEQ ID NO: 37); SS2R, NS3R, E55R and 536T (SEQ ID NO: 38); S52R, N33R,
E35G and S56R {SEQ 1D NO: 39); SS2R, N53Q, L34R, E53K and S56R (SEQ 1D NO: 40); S52R, N53K, ES5L
and S56R (SEQ ID NO: 41); S52R. N33K, ES3K and S56N (SEQ ID NO: 42); S52R, N33K, ES5G and $56T (SEQ
ID NQO: 43); $52R, N33K, ES5G and S56G (SEQ ID NO: 44); and S52R, N53K, E55A and S56R (SEQ ID NO:
43Y), (for L3 mutations: E93A (SEQ ID NO: 46); E93Q (SEQ ID NQO: 47): no mutation (SEQ ID NO: 48); E93D
(SEQ ID NO: 49); E93L (SEQ ID NO: 50); QBIN, Q90N, E93G and T7N (SEQ ID NO: 51); Q90P, SO1D, DY4A
and L96R (SEQ ID NO: 52); Q89D, S91R and E93A (SEQ ID NO: 53)), (for HI mutatons; T28P, S30T, S31R
and E35S (SEQ D NO: 54); T28P, S30R and E35Q (SEQ ID NO: 53}, T28P, S30T and E35N (SEQ ID NOQ: 56);
T28P, S30T, S31R and E36N (SEQ ID NO: 57; HI-6 mutation)); S30N, S31R and E35N (SEQ ID NO: 58); T28S
and S30K (SEQ ID NO: 59y, G26P, T288, F29L, 830C, §31T, W33F and E35D (SEQ ID NO: 60); T28Y and S30T
(SEQ ID NO: 61}; T28P, S30G, S3IR, 134V and E35N (SEQ ID NO: 62); S30K and S31K (SEQ ID NO: 63); T28P,
S30T and E35Q (SEQ ID NO: 64); T28P, S30R and S31R (SEQ ID NO: 65);, T28P, F29V, §30G, S31R and E358
(SEQ ID NO: 66); T28P, S30N, S31R and E35N (SEQ ID NO: 67; H1-1 mutation); T28G, S30T and E35S (SEQ
1D NO: 68); S30T. 1341 and E358 (SEQ ID NO: 69} S307T (SEQ ID NO: 70). S31G and E35N (SEQ ID NO: 71):;
S30R. S31R and E35N (SEQ ID NO: 72); T28S, S30R and E35N (SEQ ID NO: 73); T28S, S30R, S31R and E35N
(SEQ ID NO: 74); T288S, S30R and S31R (SEQ ID NO: 75); T28S, S30P, 134L and E35Q (SEQ ID NO: 76); T28P,
S30T and $31R (SEQ 1D NO: 77); T28P and S31G (SEQ 1D NO: 78); T28P, S30R and E338 (SEQ ID NO; 79);
T28P, S30R and E35N (SEQ ID NO: 80); T28P, S30R and S31G (SEQ ID NO: 81); T28P, 830N and S31R (SEQ
ID NO: 823; T28P, S30N, S31G and E35N (SEQ ID NO: 83); T28N, F20V, 134L and E35S (SEQ ID NO: 84);
Y27F, T28P, S307T and E35S (SEQ ID NO: §5); and Y27F, T28P, S30N, S31R and E35N (SEQ ID NQ: §6)) and
(for H3 mmations: V981 and F100L (SEQ ID NO: 87; H3-12 mutation); no mwation (SEQ ID NO: 88); YI9K and
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F100L (SEQ ID NO: 89); FIOOL (SEQ ID NO: 90); V98I (SEQ ID NO: 91); VI8F, Y99C and FI00L (SEQ ID NO:
92}: FI100L (SEQ ID NO: 93); V981, YO9R and F100L (SEQ ID NO: 94; H3-10 mutation); V98I, Y99K and F100L
(SEQ ID NQO: 95y, V981 and YOIR (SEQ ID NO: 96); V98I (SEQ ID NO: 97);: DI0LS (SEQ ID NO:; 98): Y99V and
FLOOL (SEQ ID NO: 99); Y99R and F100L (SEQ ID NO: 100); Y99R (SEQ ID NQ: 1013; YO9F and F100L (SEQ
1D NO: 102); V98I and FI100L (SEQ ID NO: 103): VO8I (SEQ ID NQO: 104); V96R, Y99C and FIOOL (SEQ ID
NO: 105); and V961 (SEQ ID NO: 106)).

{0886] Select clones were reformatied as Fab {or analysis by FACS and as IgG for further analysis by
Biacore and Scawchard.

a. Affinity Determination {Biacore Analvsis)

[0887] As shown m Figure 11. showing Biacore analysis, this CDR-repair approach identified many
individual sequence changes thal improve the aflinity of the MA79b-grafied “bumanized” antibody. The surface
plasmon resonance assays showed that atthough none of the tesied variants with single HVR changes had an affinity
similar 10 MA79b, the combination of changes idemified in HVR-L2 and HVR-H3 (MA79b-grafted “humanized”
amtibody variant L2/H3; also referred 1o herein as huMA79b L2/H3) led to a variant with similar affinity (Figure
11y as MA79b when binding 10 immobilized huCD79b.c¢ or bBuCI}79b,q.-Fc or the 16 amino acid peptide containing
the epitope for MA79b as determined by Biacore analysis.

[0888] Amnalysis of monomeric binding (Fab) versus dimeric binding (IgG) of MA79b to entigen
(buCD79b,-Fc} (Figure 11, row 1, compare Fab 10 IgG columms) suggesied that a 100-fold avidity component
presemt in MA79b may be lacking in the affinity improved variants. Specifically, in the MA79b-grafied
“humaenized” antibody variant L2-2 {also referred herein to as huMA79b 12-2) which demonstrates a 3-fold
improvement in monomeric binding compared to MA79 (Figure 11, rows | and 3, compare Fab columms), no
apparent affinity is gained upon reformatiing huMA79b L.2-2 as an 1gG) (Figure 11, row 4, compare Fab 10 1gG
colummns). In addition, the initial MA79b HVR grafted- “humanized” antibody (hbuMA79b graft) demonstraies the
loss of this avidity component in binding (Figure 11, row 2, compare Fab 1 IgG columns). The ability 1o enhance
binding through avidity may be desirable in binding cell surface antigens.

b. Affinity Determination {(Scaichard Analysis)

[0889] As assessed by Scatchard analysis, this CDR-repair approach identified many individual sequence
changes thal improved the affimity of the MA79%-grafied “bumanized” antibody. Specifically, the cell binding
assays showed that the affinity of MA7%b and MA79b-grafied “bumanized” antibody variamt L2/H3 (huMA79%b
12/H3) (reformatied as IgG) for binding BJAB cells stably expressing cynomologous CD79b and endogenous
human CD79b was with Kd values 0£ 0.63 nM (MA79b: Kd = 0.63 = 0.14 nM) and 0.52 oM (huMA79b L2/H3; Kd
= (.52 £ 0.1 nM). respectively {data not shown), 2¢ determined by Scatchard analysis.

c. Binding Delermination (FACS Analysis)

[0890] As assessed by FACS amalysis, this CDR-repair approach identified many individual sequence
changes that improved the binding of the MA79b-grafied “bumanized” antibody (huMA79b erafi) 10 DoHH-2 cells
(data not shown}. Specifically, FACS analysis of Fab variants (L2-2, H3-10 and H1-1 mutations) identified from
the SP and 6 SR libraries to DoHH-2 cells showed binding of the Fab variants and huMA79b graft {formatted as an
IgG) to DoHII-2 cells (data not shown). Furtber, FACS analysis of the Fab variants showed that binding of the Fab
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variants 1o DoHH-2 cells was blocked by pre-incubation with murine 2nt-CD79b monoclonal antibody (MA79b}
(daw not shown).
2. Framework Repatr

[0891] HVR sequence changes introduced into HVR-L2 of the buMA79b L2/H3 variamt were radically
different from those observed in any human germline. The haMA79b L2/H3 variant, when conjugaied to DM,
was observed 10 be effective at inhibiting tumor growth in an iz vivo mouse xenograft model (Table 9). Since
analysis of monomeric binding (Fab) versus dimenc binding (IgG) of huMA79b L2/H3 variant to antigen showed 2
loss of avidity (Figure 11), framework repalr was performed as described below.

[0892] To explore the role of framework positions in dimeric antigen binding, an “all framework™
positions variant was constructed in which potentially Important murine framework positions were incorporated into
the MA79h HVR-grafied “humanized” aptibody (huMA79b grafl). This variant (referred 1o in Figure 12 as “all
framework™), lacking any HVR changes, possessed similar dimeric binding affinity to chimeric MA79b antibody
(chMA79b) (Figure 12) as assessed by Biacore Analysis and Scatchard analysis.

[0893] g variants, including murine framework residues a1 positions 4 and/or 47 (VL) and/or positions
47, 48. 67,69, 71, 73, 74, 78 and/or 80 (VH} were generated 10 determine the minimum set of framework posilions
needed to maintain high affinity, dimeric binding (Figure 12). Murine framework residues are shown in Figures
7A-B (SEQ ID NO: 10) and Figures 8A-B (SEQ ID NO: 14). Framework positions 47 in VL, and 75 and 80 in VH
were found dispensable as evidenced by MAT9b-grafled “humanized” antibody varant 17 (huMA79 v17) (Figuwre
12, row labeled as 17).

[0894] MA79b-grafied “humanized” antibody variant 18 (MA79b.v18; Figure 12, row labeled as 18},
which includes murine framework residues at positions 4 in VL., and 48, 67, 69, 71, 73 and 78 i VH and further
includes changes in HVR-H3 (referred 1 in Figure 12 as *H3-10™ and described above as H3-10 mutation),
including V981, YOUR and F100L., showed an additional 2-fold improvement {(Figure 12, row labeled as 28) in
dimneric binding when compared to variant 17 (Figure 12, row labeled as 17).

[0895] To avoid polential manufacturing issues, a potential iso-aspartic acid forming site (Asp-Gly) in
HVR-L! of the MA79b-grafied “humanized” antibody varianis was eliminated by converting D28 to Glu (glwamic
acid) (D28E; see variant 28; also referred to herein as “huMA79b v28”; Figure 12, row labeled as 28). Other
substitutions for stability in VL of the MA79b-grafted “humanized” antibody variants were also wlerated including
D28 to Ser (serine) {D28E; see variant 32; also referred 10 herein as “huMA79b.v32”; Figure 12, row labeled as 323,

[0896] WMA79b-grafied “humanwzed” antibody variant 28 (buMA79b.v28; Figure 12, row labeled as 28),
which includes: (1) murine {ramework residues a! positions 4 in VL, and 48, 67, 69, 71, 73 and 78 in VH. (2)
further includes changes in HVR-H3 (referred to in Figure 12 as “H3-10" and described above as H3-10 mutation),
including V98I Y99R and F100L, and (3) even further includes changes in HVR-L1 (ID28E, described above) were
characterized via Biacore analysis.

{0897] MA79b-grafied “humanized” antibody variam 32 (MA79b.v32; Figare 12, row labeled as 32),
which includes: (1) murine framework residues at positions 4 in VL, and 48, 67, 69, 71, 73 and 78 in VH. (2}
further includes changes tn HVR-H3 (referred 10 in Figure 12 as “H3-10" and described above as H3-10 mutation),



including V98I, Y99R and F100L, and (3) even further includes changes in HVR-L1 (D28S, described above) were
characterized via Biacore analysis.
8. Affinity Determunation (Biacore Analysis)

[0898] As shown in Figure 12, showing Biacore analysis, this framework-repair approach identified
many individual sequence changes that improve affinity of the MA79b-grafted “humenized” antibody 1w
huCD79b.4. The surface plasmon resonance assays showed that 2 MA79b-grafied “humanized™ antibody variant
28 (huMA79b,v28; with murine framework positions 4 in VL, 48, 67, 69, 71, 73 and 78 ig VH, as well as the H3-10
mutation in HVR-H3 {V98L, YO9R and FI100L (also described above) and a D2I8E mutation in HVR-L1 (for
stability. see description above); Figure 12, row labeled as 28) and 2 MA79b-grafied “humanized” amibody variant
(buMAT79b.v32; with murine {ramework positions 4 in VL, 47, 48, 67, 69, 71, 73 and 78 in VH, as well ag the H3-
10 mutation in HVR-H3 (VI98I, Y99R and FI100L (also described above) and a D28S mutation in HVR-L1 (for
stability, see description below); Figure 12, row labeled as 32) had affinity equivalent 1o chimeric MA79b antibody
{chMA79b) when binding to immobilized huCD79b,.4 as determined by Biacore analysis.

b. Affinity Determination (Scaichard Analvsis)

[0899] As assessed by Scatchard analysis, similar to the Biacore snalysis, this framework-repair
approach identified many individual sequence changes that improve the affinity of the MA 79b-grafied “humanized”
antibody (huMA79b grafi). The cell binding assays showed that the affinity of MA79b, MA79b-grafied
“burnanized” antbody variant 28 (huMA79b.v28; see Figure 12, tow labeled as 28) (reformatied as IgG), and
MA79b-grafted “humanized” antibody variant 32 (huMA79b.v32; see Figure 12, row labeled as 32) for binding
BIAB celis stably expressing cynomologous CD79% and endogenous human CD79b was with K@ values of 0.63
oM (MA79b; Kd = 0.63 = 0.14 nM), 0.44 oM (huMA79b.v28; Kd = 0.44 + (.04 nM), and 0.24 nM (huMA 79b.v32;
Kd =0.24 + 0.02 nM), respectively (data not shown), as determined by Scatchard analysis.

¢. Binding Determination (FACS Analysis)

[0900) As assessed by FACS analysis, this framework-repair approach idemified many individual
scquence changes that improve the binding of the MA79b-graficd “humanized” antibody (huMA79b graft) 1o
BJAB-luciferase cells (data not shown). Specifically, FACS analysis of IgG variams of MA79b-grafied
“humanized™ antibody variants (variants huMA79b.v28 and huMA79b.v32) to BJAB-luciferase cells showed
binding 10 BIAB-luciferase cells (data not shown).

B. Discussion of generation of humanized anti-CD79b antibodies

[0901] Starting from a grafi of the 6 murine MA79b HVRs {defined as positions 24-34 (L1). 50-56 (L2},
89-97 (1.3}, 26-35 (H1), 49-65 (H2} and 93-102 (H3)) inlo the buman consensus Kappa I VL and subgroup Il VH
(containing A71, T73 and A78), CDR repair was used to identify changes in HVRs 1.6 that improve binding
affinity. HVR sequence changes idemtified in Figure 10 and 11 or combinations of these changes led 1o humanized
variants of MA79b with affinsties similar to MA79b.

[0902]  Ahernatively, framework repalr was used 10 recapture dimeric binding avidity by the addition of
framework positions 4 in VL, and 48, 67, and 69 in VH 10 the huMA79b graft (which includes murine framework
residues at 71, 73 and 78 of VH) (Figure 12; MA79b-grafied “humanized” antibody variant 17 (hbuMA79%.v1 7)),
The affinity of these framework mutation variants for huCD79, antigen was further enhanced by the addition of 3
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changes in HVR-H3: V98I, Y99R and FI00L (Figure 12; MA79b-grafied “humanized” antibody varant 18
(BuMAT79b viR)). A potential iso-agparic acid forming site I HVR-L] was elininated with & D28E muation

{Figure 12; MA79b-graficd “humanized” antibody variant 28 (huMA79b.v28)).

EXAMPLE 2: Generation of Anti-CD79h Antibodv Drue Coniueates (ADCs
[0903] To fest the efficacy of Ig(G variamts of MA79b-grafied “humanized” antibody variants, the

MA79b-grafied “humanized” antibody variants were conjugated to drugs, such as DM1. The variants conjugated 10
DM! included the variants having changes in HVR-L2 and HVR-H3 (buMA79 L2/H3). huMAT9b.v17,
huMA79.v18, huMA7%.v28 and huMA79b.v32,

[0904] The drugs used for gencration of antibody drug conjugates (ADCs) for anti-CD79b antibodies
included maytansinoid DMI  and dolastatinl0  derivatives monmethylauristatin B (MMAE)  and
monomethylanristaun ¥ (MMAY). (US 2005/0276812; US 20054238649, Doromna et al, Hiocconjug. Chem.,
17:114-123 (2006); Doronina et al., Nai. Biotechnol. 21: T78-784 (2003); Erickson et al.,, Cancer Res., 66; 4426-
4433 (2006), all of which are herem mcorporated by reference in their entirety). Linkers useful for generation of
the ADCs are BMPEQO, SPP or SMCC (also referred to herein as “MCC™) for DM1 and MC or MC-ve-PAB for
MMAE and MMAF, For DM, the antibodies were linked to the thio group of DM! and through the g-amine
group of lysine using the linker reagent SMCC, Aliematively, for DML, the antibodies were linked 10 DM through
the e-amino group of lvsine using the SPP linker. SPP (N-succinimidyl 4-(2-pyridldithio) pentanoate) reacts with
the epsilon amino group of lysines 1o leave a reactive 2-pyridy!l disulfide linker on the protein. With SPP linkers,
upon reaction with a ree sulfhydral (e.g. DMI), the pyridyl group is displaced, leaving the DML attached via 2
reducible disulfide bond. DM atached via a SPP linker is released under reducing conditions (ie., for example,
within cells) while PMI attached via the SMCC linker is resistant 10 cleavage in reducing conditions. Further,

SMCC-DM1 ADCs induce cell toxicity if the ADC is internalized and targeted to the lysosome causing the release
of Eysix}@Ns»DMi. which is an effective anti-mitotic agent inside the cell, and when seleased from the cell, tysine-

N°-DM1 is non-toxic {Erickson et al., Cancer Res.. 66: 4426-4433 (2006)} For MMAE and MMAE, the antibodies
were linked o MMAE or MMAF through the cysteine by maleeimidocaproyl-valine-citruline (vc)-p-
aminobenzyloxycarbonyl (MC-ve-PAB). For MMAF. the anubodies were alternatively linked 1o MMAF through
the cysteine by maleeimidocaproyl (MC) lmker. The MC-ve-PAB linker is cleavable by intercellular protcases
such as cathepsin B and when cleaved, releases free drug (Doronina et al., Nat. Biotechnol, 21. 778-784 (2003})

while the MC linker is resistant to cleavage by intracellular proleases.

[0905] Amibody drug conjugates (ADCs) for anti-CD79b, using SMCC and DMI, were generated
similar to the procedure described in US 2005/0276812. Anu-CD79b purified antibodies were buffer-exchanged
mlo a solution comaiming 50 mM potassiurn phosphate and 2mM EDTA, pH 7.0. SMCC (Pierce Biotechnology,
Rockford, IL) was dissolved in dimcthylacetamide (DMA) and added to the antibody solution 1o make a {inal
SMCC/Ab molar ratio of 10:1. The reaction was allowed 1o proceed for three hours at room lemperature with
mixing. The SMCC-modified amibody was subsequently purified on a GE Healthcare HiTrap desalting column (G-
25) equilibrated in 35 mM sodium cirate with 150 mM NaCl and 2 mM EDTA, pH 6.0. DM, dissolved in DMA,
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was added w the SMCC antibody preparation to give a molar ratio of DM 10 antibody of 10:1. The reaction was
allowed 1o proceed for 4-20 hrs at room lemperature with mixing. The DMI-modified antibody solution was
diafiltered with 20 volumes of PBS 10 remove unreacted DM 1, sterile filtered. and stored at 4 degrees C. Typically.
a 40-60% yield of antibody was achieved through this process. The preparation was usually >95% monomeric as
assessed by gel filtration and laser light scatiering. Since DM1I has an absorption maximum at 252 nm, the amount
of drug bound to the antibody could be determined by differential absorption measurements at 252 and 280 nm.

Typically, the drug 1o antibody ratio was 3 0 4.

[0906] Antibody drug conjugates (ADCs) for anti-CD79b antibodies described berein using SPP-DM1
linkers may be generated similar to the procedure described in US 2005/0276812. Anti-CD79b purified antibodics
are buffer-exchanged into a solution containing 50 mM porassium phosphate and 2 mM EDTA, pH 7.0 SPP
(Immunogen) was disselved in DMA and added (o the antibody solution to make a final SPP/Ab molar ratio of
approximately 10:1, the exact ratio depending upon the desired drug loading of the antibody. A 10:} ratio wili
usually result in a drug to amibody ratio of approximately 3~4. The SPP is aliowed 1o react for 3-4 hours at room
temperature with mixing. The SPP-modified antibody is subsequently purified on a GE Healthcare HiTrap desalting
column (G-25) equilibrated in 35 mM sodium citrate with 150 mM NaCl and 2 mM EDTA, pH 6.0 or phosphate
buffered saline, pH 7.4. DM is dissolved in DMA and added 10 the SPP antibody preparation 1o give a molar ratio
of DMI 1o antibody of 10:1, which results in a 3-4 fold molar excess over the available SPP linkers ou the antibody.
The reaction with DM is allowed 1o proceed for 4-20 hs at room temperature with mixing. The DM 1-modified
antibody solution 1s diafiltered with 20 volumes of PBS 1o remove unreacted DM, sterile filtered, and stored at 4
degrees C. Typically, yields of antibody of 40-60% or greater are achieved with this process. The antibody-drug
conjugate is usually >95% monomeric as assessed by gel filtration and laser light scattering. The amount of bound
drug is derermined by differential absorption measurements at 252 and 280 nm as described for the preparation of

SMCC-DM1 conjugates (described above).

[0907] Antibody drug conjugates (ADC) for anti-CD79b antibodies described herein using MC-MMAFE,
MC-MMAE, MC-val-cit (ve)-PAB-MMAE or MC-val-cit (vc)-PAB-MMAF drug tinkers may also be gencrated
similar 10 the procedure described in US 2005/0238649. Purified anti-CD79b antibody is dissolved in 500 mM
sodium borate and 500 mM sodium chloride at pH 8.0 and further treated with an excess of 100 MM dithiothreitol
(DTT). After incubation at 37 degrees C for about 30 minutes, the buffer is exchanged by elution over Sephadex
G25 resin and elwed with PBS with 1 mM DTPA. The thioVAb value is checked by determining the reduced
antibody concentration from the absorbance at 280 nm of the solution and the thiol concentration by reaction with
DTNB (Aldrich, Milwaukee, WI} and determipation of the absorbance at 412 mm  The reduced amibody is
dissolved in PBS wag chilled on ice. The dmg linker, for example, MC-val-cit {(v¢}-PAB-MMAE. in DMSO, is
dissolved in acetoniirile and water, and added w0 the chilled reduced amibody in PBS. Afier an hour incubation, an
excess of maleimide is added 10 quench the reaction and cap any unreacted antibody thiol groups. The reaction
mixture is concentraled by centrifugal ulirafiliration and the antibody drug conjugate, is purified and desalied by

elution through G235 resin in PBS, filiered through 0.2 um filters under sterile conditions, and {rozen for storage.



[0908] Antibody drug conjugates {(using anii-CD79b antibodies described herein) were diluted at 2 x 10
ug/ml in assay medium. Comnjugates were linked with crossiinkers SMCC (alternative disulfide linker may be used
for SPP 10 maytansinoid DM toxin) {See US 2005/0276812 and US 2003/0238649). Further, conjugates may be
linked with MC-valine-citrulline (v¢)-PAB or MC 1o dolastatini0 derivatives, monomethylaunstatin £ (MMAE)
1oxin or monomethylauristatin F (MMAF) toxin (See US Application Nos. 11/141,344, filed May 31, 2005 and US
Apphication No. 10/983,340, filed November 5, 2004}, Negative controls included HERCEPTIN® (irastuzumab)
(anti-HER2) based conjugates (SMCC-DM1 or SPP-DM1 or MC-ve-MMAE or MC-ve-MMAF). Positive controls
may inciude free L-DM1 equivalent 1o the conjugate loading dose. Samples were voriexed 1o ensure homogenous
mixture prior to dilution.

{09097 Anu-CD79 antibodics for drug conjugation included chimeric MA7%b antibodies {chMA79b)
and huMA79b L2/H3 antibody variant and huMA79b.v17, huMA79bv18, buMA79b.v28 and buMA79b.v32
described herein (see Example 1). Further antibodies for conjugation may include any antibodies described herein

{see Example I).

EXAMPLE 3: In Five Tumor Cell Killing Assay

A. Xenografts

[0910] To test the efficacy of IgG variants of MA79b-grafted “humanized” antibody variams having
changes in HVR-L2 and HVR-H3 (huMA79b L2/H3), the huMA79b L2/H3 variant was conjugatzd 1o DM and the

effect of the conjugated variant on wmors in mice were analyzed,

{0911} Specifically, the ability of the amtibodies 10 fegress wmors in mulupte xenograft models,
inciuding RAMOS cells, BJAB cells (Burkitt’s tymphoma cell lime that contain the t(2;8)pl12:924) IGK-MYC)
translocation, a mutated pS3 gene and are Epsiein-Barr virus (EBV) negative) (Drexler, H.G., The Leukemia-
Lymphoma Cell Line Facts Book, San Diego: Academic Press. 2001)), Granta 519 cells {mantle cell lymphoma cell
bine that contains the 1(11;14)}g13:432) (BCL1-IGH) wanslocation that results in the over-expression of cyclin D}
(BCL1), contains P16INK4B and P16INK4A deletions and are EBV positive) (Drexler, H.G., The Leukemia-
Lymphoma Cell Line Facts Book, San Diego:  Academic Pregs, 2001)), U698M cells (lymphoblasic
lymphosarcoma B cell line; (Drexler. H.G.. The Lewkemia-Lymphoma Cell Line Facis Book, San Diego: Academic
Pregs, 2001} and DoHHZ cells (follicular lympboma cell line that conains the transiocation chearacteristic of
follicular tymphoma 1(14;18)(q32:q21) thal results in the over-expression of Bel-2 driven by the Ig heavy chain,
contains the PISINK4A deletion. comains the 1(8;14X(q24:932) (AGH-MYC) translocation and are EBV negative)
(Drexier, H.G., The Leukemia-Lymphoma Cell Line Facts Book. San Diego: Academic Press. 2001)), may be
examined.

{0912] For analysis of efficacy of MA79b-grafted “humanized” amibody variants, female CB17 ICR
SCID mice {6-8 weeks of age from Charles Rivers Laboratories; Hollister, CA} were inoculated subcutancously
with 2 X 107 BIAB-luciferase cells or Granta-519 cells via injection into the flanks of CB17 ICR SCID mice and the
xenograft umors were allowed 10 grow fo an average of 200 e Day 0 refers to the day the tumors were an
average of 200 mm” and when the first/or only dose of treatment was administered, unless indicated specifically
below. Tumor volume was calculated based on two dimensions, measured using calipers, and was expressed in
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mm® according to the formuia: V= 0.5a X b’, where a and b are the long and the short diameters of the mmor,
respectively. Data collected from each experimental group were expressed as mean *+ SE. Groups of 10 mice were
treated with a single intravenous (iv.) dose of between 50 g and 210 pg of antibody-linked drug/m” mouse
(corresponding to ~1-4 mg/kg of mouse) with MA790b-grafied “humanized™ antibody variants or control antibody-
drug conjugates. Tumors were measured either once or twice a week throughout the experiment. Body weighss of
mice were measured either once or twice a week throughout the experiment. Mice were euthanized before tumor
volumes reached 3000 mm® or when tumors showed signs of impending uiceraton. All animal prowocols were
apprdved by an Institutional Animal Care and Use Committee {IACUC).

[0913] Linkers between the antibody and the toxin that were used were thiogther crosslinker SMCC for
DM1. Additional linkers may include disulfide linker SPP or thioether crosslinker SMCC for DM1 or MC or MC-
valine-citrulline(ve}-PAB or (a valine-citruliine {vc}) dipeptide linker reagent} having a maleimide component and
a para-aminobenzylcarbamoy! (PAB) self-immolative component for monomethylauristatin E (MMAE) or
monomethylauristan F (MMAF). Toxins used were DM1. Additional 1oxins may include MMAE or MMAF.

[0914] CD79 antibodies for this experiment included chimeric MA79b (chMA79b) antibodies as
described in US Application No. 11/462.336, filed August 3, 2006 as well as MA79b-grafied “humanized” antibody
variants described berein {sez Example 1A). Additional antibodies may include commercially available antibodies,
mcluding ani-CD79b antibody, and MA79b monoclonal antibodies generated {rom hybridomas deposited with the
ATCC as HB11413 on July 20, 1993,

[0915] Negauve contrals included anti-HER2 (HERCEPTIN®: (trastuzumab)) based conjugates {SMCC-
DM1}.

B. Results

1. BJAB-Luciferase Xenografts

[0916] In a 35 day time course with drug conjugates and doses as shown in Table 9, MA7%b-grafied
“humanized” antibody varant L2/H3 (huMA79b L2/H3 variant) (reformated as 1gG) and chimeric anti-CD79b
antibody (chMAT79b) compugated 1o DML (mbMA79% L2/H3-SMCC-DM1 and chMA79b-SMCC-DML,
respectively), showed inhibition of tumor growth in SCID mice with BIAB-luciferase tumors compared to negative
control, HERCEPTIN® (trasmizumab)-SMCC-DM! (ami-HERZ2-SMCC-DM1). ADCs were administered n a
single dose (as indicated in Table 9) at day U for all ADCs and controls. Specifically, the huMA79b L2/H3-SMCC-
DM]1 antibodies (reformatied as 1gG) and chMA79b-SMCC-DM1 significantly inhibited wmor growth (Figure 20).
Further, in Table 9, the number of mice out of the total number of mice tested showing PR = Partial Regression
{where the tumor volume at any time after administration dropped below 50% of the tumor volume measured at day
0) or CR = Complete Remission (where the tumor volume at any time after administration dropped to 0 mnt’) are

indicated.
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Table 9

Antibedy administered (Treatment) PR | CR | Dose Dose Ab Drug
; Drag - | (mg/kg} ratio
DM1 (Drug
(ng/m’) JAb)
Control anti-HER2-SMCC-DM1 0/10 | 0710 | 100 2 3.3
chMA79b-SMCC-DM1 3/10 | 3/10 | 100 2.4 2.9
¢hMA79b-SMCC-DM1 110 10710 {50 12 2.9
huMA79b L2/H3-SMCC-DM 1 2710 0/10 | 100 29 2.4
huMA79b L2/H3-SMCC-DM 1 0,10 i /10 | 50 1.4 2.4

2. Grane-319 Xenografis

[0817] Ina 14 day ume course with drug conjugates and doses as shown in Table 10, MA79b-grafied
“humanized” antibody varlant 17, vanaal 18, variant 28 and variant 32 (huMA79b.v!7, huMA79hvig,
huMA79b.v28 and huMA79b.v32, respectively) (reformatied as IgG) and chimeric anti-CD79b antibody
{cntMA79b) confugated 1o DMI (huMA79b.v17-SMCC-DM1, huMA79b,v18-SMCC-DM1, huMA79b v28-SMCC-
DM, huMA79b.v32-SMCC-DM1 and chMA79b-SMCC-DM 1. respectively), showed inhibition of tumor growth
in SCID mice with Granta-319 tumors compared 10 negative control, HERCEPTIN® (trastuzumab)-SMCC-DM ]
(anti-HER2-SMCC-DM1). ADCs were admimstered in a single dose (as indicated in Table 10) at day 0 for all
ADCs and controls. Specifically, the huMA79b.v28-SMCC-DM1, huMA7%b.v32-SMCC-DM1, huMA79b.v17-
SMCC-DM1? and buMA79b.v18-SMCC-DM1 antibodies (reformatied as 1gG) and chMA79b-SMCC-DM}
significantly inhibited tumor growth (Figure 21A).

Further, treatment with huMA795.v28-SMCC-DM1, huMA79b v32-SMCC-DM1, huMA7%b v17-SMCC-
DM1, huMA79b.v18-SMCC-DM1 and ¢chMA79b-SMCC-DM1 and control HERCEPTIN® (trastuzumab }-SMCC-
DM (and-HER2-SMCC-DM 1} did not result in a decrease in percent body weight of the mice {Figure 21B). Even
further, in Table 10, the number of mice out of the total number of ten mice tested showing PR = Partial Regression
{where the tumor volume at any time after administration dropped below 50% of the tumor volume measured at day
0) or CR = Complete Remission (where the tumor volume at any time afler administration dropped to 0 mm®) are

mdicated.



Table 10

Antibody administered (Treatment) PR | CR Deose Dose Ab Drug
Drug - (mg/kg) ratio
bM1 (Drug
(ug/m’) /Ab)
Control anti-ITER2-SMCC-DM 1 O/10 | 6/10 208 4 34
chMA79b-SMCC-DM1 0/10 | 0710 107 2 3.6
chMA79b-SMCC-DM1 /10§ 0/10 213 4 3.6
huMA79b.v17-5MCC-DM1 0/10 | 0/10 202 4 34
huMA79b.v18-SMCC-DM 1 4/10 1§ 0/10 196 4 33
mMA79b.v28-SMCC-DM1 G710 1 0410 101 2 34
MA79b.v28-SMCC-DM1 2710 1 2/10 202 4 34
huMA79b.v32-SMCC-DM1 0/10 | /10 172 4 29

[0918] 1In light of the ability of MA7%-grafied “humanized” amibody ADCs 1o significantly inhibit
tumor progression in xenografls, CD79b molecules may be excellent targets for therapy of tumors in mammals,
including B-cell associated cancers, such as lymphomas (1.¢. Non-Hodgkin’s Lymphoma), leukemias (i.¢. chronic
lymphocytic leukemia), and other cancers of hematopoietic cells. Further, MA79b-grafied “humanized” ADCs are
useful for reducing in vive tumor growth of tumors, including B-cell associated cancers, such as lymphomas (ie.
Non-Hodgkin’s Lymphoma), leukemias (i.e. chronic lympbocytic leukemia), and other cancers of hematopoietic

cells.

EXAMPLE 4: CD79b Antibody Colocalization

[0919]  To determine where MA79b-grafied “humanized™ amibodies and antibody variants are delivered
upon internalization mto the cell, colocalization studies of the anti-CD79b antbodies internalized into B-cell lines
may be assessed in Ramos cell lines. LAMP-1 is a marker for late endosomes and lysosomes (Kleijmeer et al.,
Journal of Cell Biology, 139(3): 639-649 (1997); Hunviker et al., Bioessavs, 18:379-389 (1996); Mellman et al,
Annu. Rev. Dev. Biology, 12:575-625 (1996)). including MHC class I compartments {MIICs). which is a late

endosome/tysome-like compartiment. HLA-DM is a marker for MIICs.

[0920] Ramos cells are incubated for 3 hours at 37°C with | pg/ml MA79b-grafied “humanized™
antibodies and antibody variants, FcR block (Miltenyvi) and 25pg/ml Alexa647-Transferrin (Molecular Probes) in
complete carbonate-free medium (Gibeo) with the presence of 10pg/ml leupeptin (Roche} and 3uM pepsiatin
{Roche} 1o inhibit lysosmal degradation. Cells are then waghed twice, fixed with 3% paralormaldehyde (Eleciron
Microscopy Sciences) for 20 minuies at room lemperature, quenched with 50 mM NHAC! (Sigma), permeabilized
with 0.4% Saponin/2% FRBS/1% BSA for 20 minutes and then incubated with 1 pg/ml Cy3 anti-mouse (Jackson
Immunoresearch) for 20 minutes. The reaction is then blocked for 20 minutes with mouse IgG (Molecular Probes),

followed by a 30 minute incubation with Image-iT FX Signal Enhancer (Molecular Probes). Celis are finally
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incubated with Zenon Alexa488-labeled mouse anti-LAMP] (BD Pharmingen). @ marker {or both lysosomes and
MIIC (2 tysosome-like compartment that is part of the MHC class 1 pathway). for 20 mimues, and post-fixed with
3% PFA. Cells are resuspended in 20ul saponin buffer and allowed 10 adbere 10 poly-lysine (Sigma) coated slides
prior to mounting a coverglass with DAPI-containing VeciaShield (Vector Laboratories). For immunofluorescence
of the MIIC or lysosomes. cells are fixed, permeabilized and enhanced as above, then co-stained with Zenon labeled
Alexa355-HLA-DM (BD Pharmingen) and Alexa488-Lampl in the presence of excess mouse IgG as per the
manufacturer’s instructions (Molecular Probes).

{0921}  Accordingly. colocalization of MA79b-grafied “humanized” antibodics or antibody variamts with
MIIC or lysosomes of B-cell lmes as assessed by imrmmofluorescence may indicate the molecules as excellent
agents for therapy of tumors in mammals, including B-cell associated cancers, such as lymphomas (l.e. Noo-

Hodgkin's Lymphoma), leukemias (i.e. chronic lympbocytic leukemia), and other cancers of hematopoietic celis.

[0922} Preparation of cysteme engineered ami-CD79b antibodies was performed as disclosed herein.

[0923] DNA encoding the MA79b antibody (light chain, SEQ ID NO: 4, Figure 4; and heavy chain. SEQ
ID NO: 5, Figure 5), was mutagenized by methods disclosed herein to modify the light chain and beavy chain.
DNA encoding the MA79b antibody (heavy chain, SEQ ID NO: 5; Figure 5) may also be mutagenized by methods

disclosed herein 1o modify the Fo region of the heavy chain.

{0924] DNA encoding the huMA79% . v17 antibody (heavy chain, SEQ ID NO: 304, Figure 15) was
mutagenized by methods disclosed herein 10 modify the heavy chain. DNA encoding the huMA79b.v17 antibody
(light chain, SEQ ID NO: 303; Figure 15: and heavy chain, SEQ ID NO: 304; Figure 15), may also be mutagenized
by methods disclosed herein to modify the light chain or the Fe region of the heavy chain.

[0925] DNA encoding the hbuMA79b.v1i8 antibody (beavy chain, SEQ ID NQO: 306, Figure 16) was
mutagenized by methods disclosed herem 10 modify the heavy chain. DNA encoding the huMA79b.v18 antibody
(light chain, SEQ ID NO: 305; Figure 16; and beavy chain, SEQ ID NO: 306; Figure 16), may also be mutagenized

by methods disclosed herein to modify the light chain or the Fe region of the heavy chain,

[0926] DNA encoding the huMA79b.v28 antibedy (heavy chain, SEQ ID NQO: 308, Figure 17), was
mutagenized by methods disclosed herein to modify the heavy chain, DNA encoding the huMA79b.v28 antibody
(light chain, SEQ ID NO: 307, Figure 17; and heavy chain, SEQ ID NO: 308, Figure 17), may also be mutagenized

by metbods disclosed herein to modify the light chain or the Fc region of the heavy chain.

{0927] DNA encoding the huMA79b.v32 antibody (light chain, SEQ ID NQO: 310, Figure 18: and heavy
chain, SEQ ID NO: 309, Figure 18) may be mutagenized by methods disclosed herein 10 modify the light chain and
heavy chain.

[0928] DNA encoding the anti-cyno CD79b antibody (light chain, SEQ ID NO: 241; Figure 45 and

heavy chain, SEQ ID NO: 243, Figure 47), was mutagenized by methods disclosed herein to modify the light chain

232



heavy chain. DNA encoding the anti-cyno CD79b antibody (heavy chain. SEQ ID NO: 243, Figure 47), may also

be mutagenized by methods disclosed herein to modify the Fe region of the heavy chain.

[0929] In the preparation of the cysteine engineered ani-CD7% antibodies. DNA encoding the heln
chain was mutagenized 10 substitute cysteine for valine at Kabat position 205 in the light chain (sequential position
209) as shown in Figure 27 (light chain SEQ ID NO: 235 of MA79b thioMAb) and Figure 49 (light chain SEQ ID
NO: 300 of thioMADb anti-cyno CD79h (ch10D10)). DNA encoding the beavy chain was mutagenized to substitute
cysteine for alanine at EU position 118 in the heavy chain (sequential position 118; Kabat number 114) as shown in
Figure 48 (heavy chain SEQ ID NO: 244 of thioMAb amti-cyno CD79b (ck10D10) antibody). Figure 28 (heavy
chain SEQ ID NO: 236 of MA79b thioMAD), Figure 24 (heavy chain SEQ ID NO: 228 of thioMAb huMA79b.v1 7},
Figure 25 (heavy chain SEQ ID NO: 230 of thioMAb luMA79b.v18) and in Figure 26 (heavy chain SEQ ID NO:
232 of thioMAb huMA79b.v28). The Fc region of anti-CD79b antibodies may be mutagenized to subsiituie
cysteine for serine at EU position 400 in the heavy chain Fe region {sequential position 400; Kabat number 396} as

shown 1 Table 2-4,

A, Preparation of cysieine engineered anti-CD79b amibodies for conjugation by reduction and

reoxidation

{09301 Full length. cysteine engineered anti-CD7% monoclonal antibodies (ThioMabs) expressed in
CHO cells and purified on a protcin A affinfty chromatography followed by a size exclusion chromalography. The
purified antibodies are reconstituted in 500mM sodium borate and 500 mM sodium chioride at abow! pH 8.0 and
reduced with about a 50-100 fold molar excess of 1 mM TCEP (1ris(2-carboxyethyl)phosphine hvdrochioride; Gety,
et al (1999) Anal. Biochem. Vol 273:73-80; Soltec Ventures, Beverly, MA) for about 1-2 hrs at 37 °C. The reduced
ThioMab is diluted and loaded ono a HiTrap S column 1w 10 mM sodium acetate. pH %, and elted with PRS
containing 0.3M sodium chloride. The ehned reduced ThioMab is treated with 2 mM dehydroascorbic acid (dhAA)
at pH 7 for 3 bowrs, or 2 mM aqueous copper sulfate (CuSQy4) at room lemperature overnight, Ammbien air
oxidation may also be effective, The buffer is exchanged by elution over Sephadex G25 resin and eluted with PBS
with lmM DTPA. The thiol/Ab value is estimated by determining the reduced antibody concentration from the
absorbance at 280 nm of the soltution and the thiol concentration by reaction with DTNRB (Aldrich. Milwaukee, WT)

and determination of the absorbance at 412 nm.

Linker Imermediaies

Cysieine Enaineered Anti-CID79h Antibodies And Drug-

{0931] After the reduction and reoxidation procedures of Example 3, the cysteine engineered amti-CD79b
antibody is reconstituted in PBS (phosphate buffered saline) buffer and chilled on ice. About 1.5 molar cquivalents
relative to engineered cysteines per amibody of an awrnsiain drug linker intermediate, such as MC-MMAE
(maleimidocaproyvi-monomethy! auristatin B}, MC-MMAF, MC-val-cit-PAB-MMAE, or MC-val-cit-PAB-MMAF,
with a thiol-reactive functional group such as maleimido, s dissolved in DMSO, diluted in acetonitrile and water,

and added to the chilled reduced, reoxidized antibody in PBS. Afier about one hour. ap excess of maleimide is
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added to quench the reaction and cap any unreacled antibody thiol groups. The reaction mixture is concentrated by
centrifugal ultrafiltration and the cysieine engineered anti-CD79b amibody drug conjugate is purified and desalted

by elution through G235 resin in PBS, filtered through 0.2 pym filters under sterile conditions. and frozen for storage.

[0932] Preparation of huMA?%.vIR-HC(ANRC) thioMAb-BMPEO-DM1 was performed as follows.
The {ree cysteine on huMA79b.vI8-HC(ATI8C) thioMAb was modified by he bis-maleimido reagent BM(PEO)3
(Pierce Chemical), leaving an unreacted maleimido group on the surface of the antibody. This was accomplished
by dissolving BM{PEO)3 in a 50% ethanol/water mixture 1o 2 conceniration of 10 mM and adding a tenfold molar
excess of BM(PEO)3 10 a solution containing huMA79b v18-HC(A118C) thioMAb in phosphate buifered saline at
a concenvation of approximately 1.6 me/mi (10 micromolar) and allowing #t 1o react for 1 hour. Excess BM(PEOY3
was removed by gel fltration (HiTrap column, Pharmacia) in 30 mM citrate, pH 6 with 1530 mM NaCl buffer. An
approximate 10 fold molar excess DM dissolved in dimethyl acetamide (DMA) was added w0 the huMA7T9b.vig-
HC(A118C) thioMAb-BMPEQ intermediate. Dimethylformamide (DMF) may also be employed 1o dissolve the
drug molety reagent. The reaciion mixture was allowed 1o react overmght before gel filtration or dialysis into PBS
to remove unreacted drug. Gel filtration on 3200 columns in PBS was used o remove high molecular weight
agoregaies and furnish purified huMA79b.v18-HC{AT138C) thioMAD-BMPEO-DMI.

[0933] By the same protocols, thio control hu-anti-HER2-HC(A118C)-BMPEO-DM1, thic control hu-
anti-HER2-HC(AL18CHMC-MMAF, thio comol hu-anti-HERZ-HC(A118C)-MCvePAB-MMAE and thio control
anti-CD22-HC(A118C)-MC-MMAF were generated,

[0934] By the procedures above, the foliowing cysteine engineered anti-CID79h antibody drug conjugates
(TDCs) were prepared and tested:

1. thio buMA79b vIR-HC(ALISC)H-MC-MMAF by conjugation of A118C thioc huMA7%.vi18-
HC({A118C) and MC-MMAF,

2, thio huMA79b.v1B-HC(A118C)-BMPEO-DM! by conjugation of Al18C thio huMA79b.vig-
HC(A118C) and BMPEO-DMI;

3. thio huMA79b.v18-HC(AT18C)-MCNcPAB-MMAE by conjugation of A11RC thio huMA79b.v18-
HBC(A118C) and MC-val-cit-PAB-MMAE;

4. thioc huMA79b.v28-HC(ALIBC)-MC-MMAF by conjugation of A118C thio huMA79b.v28-
HC(A118C) and MC-MMAF;

5. thio huMA79b.v28-1C(A118C}-BMPEO-DM1 by conjugaton of thic huMA79b.v28-HC(A118C) and
BMPEQ-DM1,

6. thio huMA79b.v28-HC(A118C)-MC-val-cit-PAB-MMAE by conjugation of thio huMA79%h.v28~
HC(A118C) and MC-val-cit-PAB-MMAE;

7. thio anti-cynoCD79b (chlODI0)}-HC(ALISC)-MC-MMAF by copjugation of A1IRC thio anti-
cynoCD79b (ch10D10)-HC{AT18C) and MC-MMAF;



8. 1thio anti-cynoCD79b {chiODIO)-HC(A1IRC)-BMPEC-DMI by conjugation of A118C thio anti-
cynoCD78b (ch10D10Y-HC(A118C) and BMPEQ-DM1;

9. thio anti-cynoCD79b (ch10D103-HC(AT18C)H-MCvePAB-MMAE by conjugation of A118C thio ani-
eynoCD79b {(ch10D10)-HC(A118C) and MC-val-cit-PAB-MMAE;

10, thio MA79b-HC(A118C-MC-MMAF by conjugation of thic MA79b-HC(A118C) and MC-MMAF;

and

11. thio MA79b-LC(V205C1-MC-MMAF by conjugation of thio MA79b-LC(V2035C) and MC-MMAF.

EXAMPLE 7: Characterization of Binding Affinitv of Cvsieine Engineered ThioMADb Drue Coniueates 10 Cell

Surface Anticen

[0935] The binding affinity of thio huMA79b.v18, thio huMA79b.v28 drug conjugaies and thio MA79b
drug compugates 1o CD79b expressed on BIAB-luciferase cells was determined by FACS analysis, Further, the
binding affinity of thio anti-cynoCD79b(ch10D10) drug conjugates to CD79b expressed on BIAB cells expressing
cynoCD79b was determuned by FACS analysis.

[0936] Briefly, approximately 1x10° cells in 100 p) were comacted with varying amounts (1.0 pg 01, pg
or 0.01 pg of Ab per million celis of BIAB-luciferase cells or BIAB cells expressing cynoCD79b (for anti-
cynoCD79b thioMAbs}) of one of the following anti-CD79b thioMAb drug conjugates or naked (unconjugated Ab
as a control): (1} thioc MA79-LO(V205CH-MC-MMAF or (2) thio MA79b-HC(A118C)-MC-MMAF (Figures
29A-B. respectively); (3) thio huMA7%.vI8-HC(A118C)-MC-MMAF, (4) thio huMA79b.v18-HC(A118C)-MC-
vePAB-MMAE or (3) thio huMA7%b.v18-HC(ALI8C)-BMPEQ-DM! (Figures 30B-D, respectively); (6} thio
huMAT79b.v28-HC(A118C)-MCvcPAB-MMAE, (7) thio huMA79b.v28-HC(A118C)-BMPEC-DMI, or (8) thio
huMA79b v28-HC(ALIS8C)-MC-MMAF  (see  Figures 31B-31D, respectively); or (9 thic anfi-
cynoCDb79(ch1ODI0HCATISC)-MCvePAB-MMAE,  (10)  thio  anti-cynoCD79b(ch10D10)-HC(AL18C)-
BMPEO-DM1 or (i1} thio anti-cynoCD790(ch10D10Y-HC(AII8C)MC-MMAF (sec Figures 32B-32D,

respectively). PE conjugated mouse anti-hursan Ig was used as the secondary detecting antibody (BD Cat#555787).

[6937] Anti-CD79b aantibody bound 10 the cell surface was detected using PE conjugated mouse anti-
buman lg. The plots of Figures 29-32 indicate that antigen binding was approximately the same for all of the

thioMAb drug conjugates 1ested.

EXAMPLE & Assav for In Vitro Cell Proliferation Reduction by Anti-CD79h ThioMah Drug Conjueates

[0938] The in virro potency of anti-CD7%b ThioMAb-drug conjugates (including thio huMA79b.v18-
HCALIBCH-MCMMAF,  thio mmMA79b.v28-HC(ALLEC)-MCvePAB-MMAE  and  thio  huMA79.vi8-
HC(A118C)-BMPEO-DMI}, was measured by a cell proliferation assay (Figure 41A, BJAB-luciferase; Figure 41B,
Granta-519; Figure 41C, WSU-DLCL2). The CellTiter-Glo® Luminescent Cell Viability Assay is 2 commercially

avzilable (Promega Corp., Madison, WI), homogeneous assay method based on the recombinant expression of
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Coleopiera luciferase (US 5583024, US 5674713, US 5700670). This cell proliferation assay determines the
number of viable cells in culture based on guantitation of the ATP present, an indicator of metabolically active cells
{Crouch et ai., J. Immunol Metho., 1607 81-88 (1993); US 6602677y, The CeliTiter-Glo® Assay was conducied in
96 well format, making it amenable 10 automated high-throughput screening (HTS) (Cree et al., AntiCancer Drugs,
6:398-404 (1995)). The homogeneous assay procedure involves adding the single reagent (The CeliTiter-Glo®

Reagent) directly to cells enltured in serum-supplemented medium.

[0939] The homogeneous “add-mix-measure™ format results in cell lysis and generation of a luminescent
signal proportional 1o the amount of ATP present. The substrate, Beetle Luciferin, is oxidatively decarboxylated by
recombinant firefly luciferase with concimatant conversion of ATP to AMP and generation of photons. Viable cells
are seflected in relative luminescence units (RLU), Data can be recorded by luminometer or CCD camera imaging
device. The luminescence cutput is presented as RLU, measured over time. %RLU is normalized RLU percentage
compared 10 2 “non-drog-conjugate” control.  Alernaively, photons from luminescence can be countked in a
scintillation counter in the presence of a scintillant. The light units can be represented then as CPS (counts per

second}.

[0940] Efficacy of thioMAb-drug conjugates were measured by a cell proliferation assay employing the
following protocol, adapted from CeliTiter Glo Luminescent Cell Viability Assay, Promega Corp. Technical
bulletin TB288; Mendoza et al., Cancer Res.. 62: 5485-5488 (2002)):

L. An aliquot of 40 ul of cell culture containing about 3000 BJAB, Granta-519 or WSU-DLCL2
cells in medium was deposited in each well of a 384-well, opaque-walled plate.
2 TDC (ThioMab Drug Conjugate) (10 ul) was added 10 guadruplicate experimemal wells to final

concentration of 10000, 3333, 1111, 370, 123, 41, 13.7, 4.6 or 1.5 ng/mL, with "non-drug conjugate” control wells

receiving medium alone, and incubated for 3 days.

3 The plates were equilibrated to room temperature for approximately 30 minutes.

4. CeliTiter-Glo Reagent (50 pi) was added.

5. The contents were mixed for 2 minules on an orbital shaker to induce cell lysis,

6. The plate was incubated at room temperature for 10 minutes 1o stabilize the laminescence signal,

Luminescence was recorded and reported in graphs as %RLU (relative luminescence units).

1

Data from cells incubated with drug-conjugate-free medium were plotted at 0.51 ng/ml.
Media: BJAB, Granta-319 and WSU-DLCL2 cells grow in RPMT1640/10%FBS/2mM glutamine.

EXAMPLE 9. Assav for Inhibition of In Vivo Tumor Growth bv Anti-CT¥79h ThioMab Drue Conjugates
A, Granta-319 (Human Mantle Cell Lymphoma)

[0941] In a similar study, using the same xenografl study protocol as disclosed in the Example 3 {see
above}, varying the drug comjugates and doses adminisiered, the efficacy of thioMAb drug conjugates in Granta-519
xenografis (Human Meantie Cell Lymphoma) mm CB17 SCID mice was swdied. The drug conjugates and doses

{(administered at day 0 for all ADCs and controls) are shown in Table 11, below.
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[0942} The conmrol Ab was hu-anti-HER2-MC-MMAF or MA79b-MC-MMAF.  The control
HC(AL18C) thioMAD was thio hu-anti-HERZ-HC{A11R8C)-MMAF thioMAb. The results are shown i Table 1}
and Figure 33.

{0943] Figure 33A 1s a graph ploliing changeé in mean wmor volume over time m the Grama-319
xenografl in CB17 SCID mice treated with the heavy chain A118C or light chain V205C ami-CD79b TDCs, at
doses as shown in Table 11, Specifically, administration of thio chMA79b-HC(A118C)-MC-MMAF and thio
chMA 79b-LC(V205C)-MC-MMAF showed inhibition of tumor growth when compared 1o the negative comtrols
{ant-bu-HER2-MC-MMAF and thie-hu-anti-HERZ-HC(A18CH-MC-MMAF. Other comirols inchuded MA79b-
MC-MMAF.

{09441 Further, in the same study, the pereent body weight change in the {ivst 14 days was determined
cach dosage group. The results (Figure 33B) indicated administration of these thioMAb drug conjugates did not

result in a significant decrease in percent body weight or weight loss during this time.

[0945] Even further, in Table 11, the number of mice out of the toial number tested showing PR = Partial
Regression {(where the tumor volume at any time afier administration dropped below 50% of the umor volume
measured at day 0) or CR = Complete Remission (where the tumor volume at any time afler administration dropped

to 0 mm”) are indicated and NA = not applicable. (DAR = Drug to Antibody Ratio)

Table 11
In Vive Tumor Volume Reduction,
Thio chMA79b-HC(A118C) or thio chAMA795-1.C(V205C) MMAF Conjugale Administration
In Granta-519 Xenografis in CB17 SCID Mice

Auntibody administered PR | CR Dese Dose Ab DAR
MMAF {mg/kg) {Drug
(pg/m*) /AbY
Control hu-anti-HER2-MC-MMAF R | 0/8 413 6.8 4.0
Thio Control hu-anti-HERZ-HC(A118C)-MC-MMAF 0% g 0/9 191 6.8 1.85
Control chMA 79b-MC-MMAF 8 [0/ | 100 33 30
Control chMA795-MC-MMAF 89 Z 1/9 300 6.8 3.0
Thio chMA79b-HC(A118C)-MC-MMAF /8 | 0/8 63 23 1.9
Thio chMA79b-HC(A118C)-MC-MMAF 4/9 | 0/9 190 6.8 1.9
Thio chMA79b-LC(V203C)-MC-MMAF 0/8 | 0/8 60 23 1.8 [
Thio ¢hMA79b-LC(V205C)-MC-MMAF 39 é 4/9 180 6.8 1.8 f
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B. BJAB-Luciferase (Burkin’s Lymphoma) Xenografts

[0946] In a similar study, using the same xenografi study protocol as disclosed in Exampie 3 (above),
varying the drug conjugates and doses administered, efficacy of additional drug conjugates were tested in BJAB-
luciferase xenografis (Burkitt's Lymphomaj in CB17 SCID mice. The drug conjugates and doses (adminisiered at
day 0 for all ADCs and controls) are shown in Table 12, below.

[0947] The control antibody was huMA79b.v28 (conjugated to SMCC-DM1). The control HC (A118C)
thioMAb was thio hu-anti-HERZ-HC(A118C) antibody thioMAb (comjugated 1o BMPEO-DM1, MC-MMAF or
MCycPAB-MMAE), thio huMA79b.vI8-HC(AL18C) thioMAb or thio hu-anti-CD22(10F4v3)-HC(A118C)
thioMAD (conjugated 10 MC-MMAF). The resuits are shown in Table 12 and Figure 34, below.

{09481 Figure 34A is a graph plotung changes in mean wmor volume over time in the BIAB-luciferase
xenografls i CB17 SCID mice treated with the huMA79b.v28-HC(A118C) thioMAb drug conjugales as shown in
Table 12. Specifically, admimsiration of the thio haMA79b.v28-HC(A118C)-BMPEO-DM1, thio-huMA79b.v28-
HC(A118C)-MC-MMAF and thio huMA79b.v28-HC(AT18C)-MCvcPAB-MMAE thioMAb drug conjugate
showed an inhibition in tumor growth when compared 1o the negative control aptibody drug conjugates (thio-hu-
anti-HER2-HC(A118C)-BMPEO-DM1,  thio-hu-anti-HER2-HC(A118C-MC-MMAF  and  thio-hu-anti-HER2-
HC(A118C)-MCvcPAB-MMAE). Other controls were thio-huMA79b.v28-1IC(A118C). huMA79b.v28-SMCC-
DM1 and thio-hu-anti-CD22(10F4v3)-HC(A L18C)}-MC-MMAF.

[0949] Further, in the same study, the percent body weight change in the first 7 days was determined in
cach dosage group. The resuls (Figure 34B) indicated administration of these thioMAb drug conjugates did not

cause a significam decrease in percent body weight or weight loss during this time.

{0950] Even further, in Table 12, the number of mice out of the 10tal number tesied showing PR = Partial
Regression (where the tumor volume at any time afler administration dropped below 30% of the tumor volume
measured at day 0) or CR = Complete Remission (where the mor volume at any 1ime afler administration dropped

to 0 mm®) are indicated and NA = not applicable. (DAR = Drug 1 Amibody Ratio)
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Table 12
In Vivo Tumor Volume Reducton,
Thio HUMAT79bA28-HC(AT18C MMAE, MMAF, and DM1 Conjugaie Admimsiration
In BJAB-Luciferase Xenografts in CB17 SCID Mice

Antibody administered PR CR Dose Dose Ab DAR
MMAF, {mg/kg) (Drug
MMAE 1Ab)
or DM1
(g/m’)
Thio Control hu-anti-HER2-HC(A T 8C)-BMPEQG- . G0 | 0/10 57 i 1.86
DMt
Thic Controt hu-anti-HER2-HC(A118C)-MC- 110 | 0/10 58 z 1.9
MMAF
Thic Control hu-anti-HERZ-BC(A118C)- | O/10 | /10 46 2 1.55
MCvePAB-MMAE
Control huMA79b.v28-SMCC-DM 1 2710 3/10 101 2 34
Thio buMA79b.v28-HC(A118C)-BMPEO-DM1 ‘ 3/10 | 2/10 55 2 1.85
Thio huMA79b.v28-HC(A118C)-MC-MMAF 0710 | 10710 57 2 1.95
Thio buMA79b.v28-HC(AT18C)-MCvcPAB- 0/10 | 10/10 34 2 1.87
MMAE
Thio Control buMA790.v28-HC(AT18C) 0/10 | 0/10 NA 2 NA
Thio Control bu-anti-CD22(10F4v3)-HC(A1 18C)- 1710 | 4/10 359 2 1.96
MC-MMAF

C WSU-DLCL2 (Diffuse Large Cell Lymphoma) Xenografts)

[0951] In a similar study. using the same xenograft study protocol as disclosed in the Example 3 (see
above), varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugates in follicular
lymphoma WSU-DLCL2 xenegrafis (Diffuse Large Cell Lymphoma) in CB17 SCID mice was studied. The drug

conjugates and doses are shown in Table 13, below.

[0952] The conwol antibody was huMA79b.v28 (conjugated 10 SMCC-DM1). The control HC(A118C)
thioMAb was thio hu-anti-HER2-HC(A118C) antibody thioMAb (conjugated to BMPEO-DM1, MC-MMAF or
MCv¢PAB-MMAE), thio huMA7%h vZ8-HC(A118C) thioMAb or thic anti-CD22 10F4v3-HC(AL18C) thioMAb

(comjugated 10 MC-MMAF). The results are shown in Table 13, below.

[0933] Figure 35A is a graph plotting changes in mean tumor volume over time in the WSU-DLCL2
{Diffuse Large Cell Lympboma) xenograft in CB17 SCID mice treated with the heavy chain A118C anti-CD7%b
TDCs, at doses as shown in Table 13, Specificaily, administration of thic huMA7%b.v28-HC(A118C)-BMPEO-
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DM1, thic huMA79bv28-HC(ATI8C)-MC-MMAF and thio huMA79bv28-HC(A118CH-MCvePAB-MMAE
showed inhibition of tumor growth when compared to the negative controls (thio-hu-anti-HER2-HC(A118C)-
BMPEO-DM 1, thio-hu-anti-HERZ-HC{A118C)-MC-MMAF, thio-hu-ani-HERZ2-HC(A118C)-MCvePAB-MMAE,
thio-huMA79b.v28-HC(A118C)).  Other controls included thio-bBuMA79b.v28-HC(A118C), huMA79b.v2E-
SMCC-DM1 and thio hu-anti-CD22(10F4v3-HCIALI8C-MC-MMAF,

[0934] The thio huMA790.v28-HC(AIIBC)-MCvePAB-MMAE TDC appeared fo be the most

officacious of the test agems in this study.

[0935] Further, in the same study. the percent body weight change i the fixst 7 days was determined in
each dosage group. The resulls (Figure 35B) indicated adminisiration of these thioMAb drug conjugates did not

cause a significant decrease in percent body weight or weight loss during this time.

[0956] Even further, in Table 13, the number of mice out of the total number tested showing PR = Panjal
Regression {where the tumor volume at any time after administration dropped below 50% of the mumor volume
measured at day 0) or CR = Complete Remission (where the tumor volume at any time afier administration dropped

10 0 mm’) are indicated and NA = not applicable. (DAR = Drug 10 Amibody Ratio)



Table 13
In Vivo Tumor Volume Reduction,
Thio HuMA79b.v28-HC(AT18C) MMAE, MMAF. and DM Conjugate Adninistration
In WSU-DLCL2 Xenografts in CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR
MMAF, {(mg/ke) (Drug
MMAE /Ab)
or DM1
(ug/m’s
Thio Control hu-ant-HERZ-HC{A118C-BMPEG- 0710 1 0710 114 4 1.86
DMI
Thio Control hu-apti-HERZ -HC(A 18C)-MC-MMAF | 0/10 | 0/10 115 4 1.9
Thio Control hu-anti-HERZ-HC(ALIBC)-MCvePAB- | 0710 | 0710 92 4 1.55
MMAE
Control huMA795.v28-5MCC-DM1 1710 | 0710 202 4 | 34
Thio huMA79b.v28-HU(AL 1 8C-BMPEO-DM1 0/10 ] /10 110 4 1.85
Thio BuMA79b.v28-HC(ALI8CY-MC-MMAYF 3710 ! 10 113 4 1.95
Thio huMA796.v28-HC(A1 18C-MCucPAB-MMAE | 4/10 i 3/10 108 4 1.87
Thio Control uMA79b.v28-HC(AT18C) 6710 § 0710 NA 4 NA
Thio Comntrol 10F4v3-HC(A118C)-MC-MMAF 1710 § 010 118 4 1.96
Thio Control BuMA79b.v28-HC(AT18C) 0/10 | 0/10 NA 4 NA

D. DOHH2 (Follicular Lymphoma) Xenografis

[0957] Ip a sumilar study. using the same Xenograft study protocol as disclosed in Example 3 (see above),
varying the drug conjugates and doses administered, the ability of the thioMAb drug comjugates 10 reduce B-cell
tumor volume in DOHH2 xenograft models in CB17 SCID mice was studied. The drug conjugates and doses

{administered at day U for alt ADCs and controls) are shown in Table 14, below.

[0958] The control Ab was buMA79b.v28 (comjugated to SMCC-DM1). The control HC(AI18CY
thioMAD was thio hu-anti-HERZ-HC(ALIRCY thioMADb (conjugated to BMPEO-DM I, MC-MMAF or MCvcPAR-
MMAE), thio huMA79b.v28-HC(AT18C) thioMab and thio hu-anti-CD22-HC(A118C) (conjugated 1o MC-

MMAF). The results are shown in Table 14 and Figure 36.

[0959] Figure 36A is a graph ploting changes in mean mmor volume over time in the DOHH?2 cell
xenografl in CB17 SCID mice treated with beavy chain A118C TDCs, at doses as shown in Table 14. Specifically,
administration of the thio huMA7%9b.v28-HC-(A118C)-BMPEQ-DM1, thioc BuMA79b.v28-HC(A11RC)-MC-
MMAF and thio huMA79b v28-HC(AT18C)-MCvcPAB-MMAE thioMAb drug conjugates at the doses shown in
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Table 14 showed an infbition in tumor growth when compared to the negative control drug conjugates (Thio
Control hu-ani-HERZ-HC(A118C)-BMPEQO-DM1, Thio Control hu-anti-HER2-HC(A118C)-MC-MMAF, Thio
Control bu-anti-HER2-HC(A) 18C)-MCvcPAB-MMAE. Other controls included Thio Control huMA79b.v28-
HC(AL11RC), Thie Comrol ant-CD22-HC(AT18C)-MC-MMAF and Thio Conirol huMA79b.v28-HC(A11RC) and
Control huMA79b.v28-SMCC-DM .

[{0960] Even further, in Table 14, the number of mice out of the total number tested showing PR = Partial
Regression (where the mumer volume at any time after adminisiration dropped below 50% of the tumor volume
measured at day 0) or CR = Complete Remission (where the mimor volume at any ime after admministration dropped

1o 0 mm®) are indicated and NA = not applicable. (DAR = Drug 1o Amibody Ratio)

Table 14
In Vivo Tumor Volume Reduction,
Thio HuMA79b.v28-HC(A118C) DM 1, MMAF and MMAE Conjugaie Administration
In DOHH?2 Xenografls in CB17 SCID Mice

Antibody administered PR CR | Dose Dose Ab | DAR
MMAF or | (mg/kg) | (Drug
DM1 /Ab)
(ng/m’)
Thio Conurol hu-anti-HERZ2-HC(A118C)-BMPEO-DM1 0/9 0/9» 114 4 1.86
Thio Comrol bu-anti-HERZ-HC(AT18C)-MC-MMAF 0/9 079 {118 4 1.9
Thic Control  hu-anti-HER2-HC(ATIRC)-MCvcPARB- | 0/9 0/9 |92 4 1.55
MMAE
Control huMA79b.v28-SMCC-DM1 178 /8 {202 4 3.4
Thio buMA79b.v28-HC(A118C)-BMPEO-DM1 1/9 19 | 110 4 1.85
Thio huMA79b.v28-HC(A118C)-MC-MMAF 59 4/9 1115 4 195
Thio buMA79b.v28-HC(A118C)-MCvcPAB-MMAE 0/9 9/9 | 108 4 1.87
Thio Control huMAT79b, v28-HC(A118C) 179 0/9 I NA 4 NA
Thio Control anu-CD22-HC(AT18C)-MC-MMAF 059 0/9 | 118 4 1.96

E. BJAB-Luciferase (Burkitt’s Lymphomae Xenografis

[0961] In a similar study, using the same xenografi study protoco! as disclosed in Example 3, varying the
antibody drug conjugates and doses administered, the efficacy of drug conjugates in BJAB-luciferase (Burkitt's
Lymphoma) xenografis in CB17 SCID mice was smdied. The drug conjugaies and doses (administered at day 0 for
all ADCs and controls) arc shown in Table 13, below.

[0962] The control antibody was vehicle (buffer (for ADC) alone). The control HC (A118C) thioMAb
was thio hu-anti-HER2-HC(A118C) antibody thioMAb (conjugated 10 BMPEO-DM1, MCvcPAB-MMAE or MC-
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MMAF), thio huMA79b.v28-HC(A118C) thioMAb or thio anti-CD22 10F4v3-HC(A118C) thioMADb {conjugated
10 MC-MMAF). The results are shown in Table 15, below.

[0963] Figure 37A is a graph plotiing changes in mean tumor volume over time in the BJAB-luciferase
xenografl in CB17 SCID mice weated with the heavy chain A118C anu-CD79b TDCs, at doses ag shown in Tabie
13 Specifically, administration of thioc MIMA79b.v28-HC(ATIRCH-BMPEG-DM1, thic huMA790.v28-
HC(ALISC}-MCvcPAB-MMAE and thioc huMAT79b . vI8-HC(ALI8C)H-MC-MMAF showed inhibition of twmor
growth when compared to the negative controls (thic-anu-HER2-HC(A118C)-BMPEQ-DM], thio-anti-HER2-
HC(AI18C}-MCvcPAB-MMAE, thio-ami-HER2-HC(A118C)-MC-MMAF).  Other conirols included thio
buMA79b.v28-HC(A118Cy and thio-10F4v3-HC{A118C)-MC-MMAF.

[0964] Even further. in Table 15, the numbor of mice out of the total number tesied showing PR = Partial
Regression (where the tumor volume at any time afler administration dropped below 50% of the tumor volume
measured at day 0) or CR = Complete Remission {where the wmor volume at any time afier adminisiration dropped
1o 0 mm”’) are indicated and NA = not applicable. (DAR = Drug 1o Antibody Ratio)
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Table 13
In Vive Tumor Volume Reduction,
Thioc HUMA79b.v28-HC(AT18C) MMAE. MMAF. and DM Conjugate Administration
In BIAB-Luciferase Xenografis in CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR
MMAF, {(mg/kg) (Drag
MMAE {Ab)
or DM1
(pg/m®)
Control vehicle ¢/10 | 0110 NA NA NA
Thie Control hu-anti-HER2-HC{A118C-BMPEQO- 0/1G | 1/10 57 2 1.86
DM
Thio Control hu-amti-HER2-HC(A118C)- 0/10 | 0/10 23 1 1.55
MCvcPAB-MMAE
Thie Comrol hu-ami-HER2-HC{A118C)-MC- o/10 | 0410 29 1 1.5
MMAF
Thio huMA79b.v28-HC(A118C)-BMPEO-DM1 2710 1 0/10 27 1 1.85
Thio M A79b v28-HC(AL18CH-BMPEO-DMI 410 | 0/10 55 2 1.85
Thio huMA79b.v28-HC(A118C)-MCvcPAB- 4/10 1 1110 27 I 1.9
MMAE
Thio MAT v28-HC(AT18C)-MC-MMAY 3/8 178 28 1 19
Thio Control buMA79b.v28-HC(A118C) 0/10 | 0/10 NA 1 NA
Thio Control 10F4v3-HC(ATIRC)-MC-MMAF 010 | 1/10 30 1 1.96

F. Granta-519 (Hueman Mande Celi Lymphomay Xenografis

[0965] In a similar study, using the same xenograft study protocol as disclesed in Example 3 (see above) |
varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugaies in Granta-519
xcnografis (Human Mantle Cell Lymphoma in CB17 SCID mice was studied. The drug conjugates and doses

(administered at day 0 for all ADCs and controls) are shown in Table 16, below.

[0966] The control HC(A118C) thioMAb was thio hu-anti-HER2-HC(A118C) thioMAb (conjugated 10
BMPEO-DM1 or MC-MMAF). The results are shown in Table 16 and Figure 38.

{0967} Figure 38A is a graph plofing changes in mean wmor volume over me in the Granta 519
xenograft in CB17 SCID mice treated with the heavy chain A118C anti-CD79b TDCs, at doses as shown in Table
16. Specifically, the administration of the thio buMA79b.v28-HC-{A118C)-BMPEQ-DM1 and thio huMA79b.v28-

24

¥



HC{A118C)-MC-MMAF thioMAb drug conjugates at the doses shown in Table 16 showed an inhibition in tmor

growth when compared to the control drug comjugales.

[0968] Further, m the same study, the percent body weight change in the first 14 days was determined in
each dosage group. The results (Figure 38B) indicated administration of these thioMAb drug conjugates did not

result in a decrease in percent body welght or cause weight loss during this ime.

[0969] In Table 16, the number of mice out of the total number tested showing PR = Partial Regression
{where the tumor volume at any time after administration dropped below 50% of the rumor volume measured at day
0) or CR = Complete Remission (where the tumor volume at any time afier administration dropped to 0 mm'} are

mdicated. (DAR = Drug to Antibody Ratio)

Table 16
In Vivo Tumor Volume Reduction,
Thio HUMA79h.v28-HC(A118C) DM 1 and MMAF Conjugae Administration
I Grama-519 Xenografis in CB17 SCID Mice

Antibody administered PR | CR | Dese Dose Ab | DAR |
5 MMAF (mg/ke) (Drug
5 or DMI /Ab)
( (ng/m®)
Thio Comtrol hu-anti-HER2-HC(A118C)-BMPEO- | 0/8 | 0/8 | 342 12 1.86
DM
Thio Control hu-anti-lHER2-HC(A118C)-MC-MMAF | 0/8 | 0/8 | 346 12 1.9
Thio huMA79b.v28-HC(A118C)-BMPEO-DM]1 o 06 |53 2 1.85
Thio luMA79b v28-HC(A 1 18C)-BMPEO-DM 1 0/8  0/8 | 110 4 1.85
Thio huMA795.v28-HC(A1 18C)-BMPEQ-DM1 48 48 1219 8 1.85
Thio huMA79b.v28-HC(A1]18C)-BMPEO-DM] 38 58 329 12 1.85
Thio huMA79b.v28-HC(A118C)-MC-MMAF 18 [1/8 |37 2 1.95
Thio huMA 795 v28-HC(A118C)-MC-MMAF 28 11/8 [115 4 1.95
Thio huMA79b.v28-HC(A118C)-MC-MMAF 68 278 229 8 1.95
Thio huMA79b.v28-HC(A 11 8C)-MC-MMAF 478 J 48 | 344 12 1.95

G. WSU-DLCL2 (Diffuse Large Cell Lymphoma) Xenografts

[0970] Ina similar study, using the same xenograft study protoco! as disclosed in Example 3 (see above),
varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugates in WSU-DLCL2
senografis (Diffuse Large Cell Lymphoma) in CB17 SCID mice was smdied. The drug conjugaies and doses
(administered at day 0 for all ADCs and controls) are shown in Table 17, below.
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[0971] The control antibody was vehicle (buffer (for ADC) alone). The control thio MAbs were thio hu-
anti-HERZ-HC(A118C) antibody thioMAbs (conjugated to BMPEQ-DMI1, MCyvePAB-MMAE or MC-MMATF).
The results are shown in Table 17 and Figure 39.

[0972] Figure 39 is a graph plotting changes in mean wmor volume over time in the WSU-DLCL2
xenografl i CB17 SCID mice wealed with the heavy cham A118C anu-CD79b TDCs, &t doses as shown in Table
17. Specifically, admimistration of thio buMA79b.v28-HC(A118C)-BMPEO-DM1, thio huMA79b.v28-
HC(A118C)-MC-MMAT and thio huMA7%.v28-HC(A118C)-MCvePAB-MMAE (at Ab dose of 0.5, 1.0 mg/ke,
2.0 mg/kg and 4.0 mg/kg) showed inhibinon of wamor growth when compared to the negative controls (thio-hu-anii-
HERZ-HC(ATIRC)H-BMPEQ-DML, thio-hu-anti-HER2.HC(AT] ECHMCvePARB-MMAE,  thae-hu-ani-HER2-
HC(AT18C-MC-MMAF and A-vehicle}.

[0973] Even further, in Table 17. the number of mice out of the 1otal mumber 1ested showing PR = Paniiat
Regression (where the tumor volume at any time afler administration dropped below 50% of the tumor volume
measured at day 0) or CR = Complete Remission (where the tumor volume at any time after administration dropped
10 0 mm”) are indicated and NA = not applicable. (DAR = Drug to Antibody Ratio)

Table 17
In Vivo Tumor Volume Reduction,
Thio HUMA79b.v28-HC(A118C) MMAE, MMAF, and DM Conjugate Administration
In WSU-DLCL2Xenografts m CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR
MMAF, {mg/ke) {Drug
MMAE 1AD)
or DM1
(ng/m®)
Control vehicle 0/9 1 0/9 NA NA NA
Thio Control bu-anti-HER2-HC(A118C)-BMPEO- 09 | 0/9 i14 4 1.86
DMI
Thio Control hu-anti-HER2-HC{A118C)-MCvcPAB- 09 | 0/9 92 4 1.55
MMAE |
Thio Control hu-anti-HERZ-HC(ALI8C)}-MC-MMAF 0/9 0/9 115 4 1.9
Thio buMA79b.v28-HC(A118C)-MC-MMAF 5/9 i 28 112 4 19
Thio huMA79b.v28-HC(A118C)-BMPEQ-DMI 4/9 i 0/9 110 4 1.85
Thio huMA79b.v28-HC(A118C)-MCvcPAB-MMAE 1/9 ‘ 0/9 14 0.5 1.9
Thio buMA79b.v28-HC(A118C)-MCvcPAB-MMAE 0/9 | 09 27 1.0 1.9
Thio uMA79b v28-HC(A118C)-MCvcPAB-MMAE 2/ 1/9 55 20 1.9
Thio huMA79b.v28-HC(AL18C)-MCvcPAB-MMAE 1/9 /9 110 4.0 19
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H. Granta-519 (Human Mantle Cell Lymphoma) Xenografis

[0974] In a similar stady, using the same xenograft study protocol as disclosed in Example 3 (see above).
varying the drog comjugates and doses admimistered, the efficacy of thioMAD drug conjugates in Granta-31%
xenografts (Human Mantie Cell Lymphoma) in CB17 SCID mice was studied. The drug conjugates and doses
(administered at day 0 for all ADCs and controls) are shown in Table 18, below.

[0975] The control thio MAbs were thio hu-anti-HER2-HC(A118C) (conjugated to BMPEQ-DM1) and
thio bu-anti-HER2-HC(A118C)-MCvePAB-MMAE antibody thioMADbs. The results are shown In Table 8. below.

[0976] Figure 40A is a graph ploting changes in mean wmor volume over ume in the Granté—SI?
xenografl in CB17 SCID mice treated with the heavy chain A118C anti-CD79b TDCs, at doscs as shown in Table
18.  Specifically, administration of thic huMA79b.v28-HC(A118C)-BMPEOQ-DM1 and thio huMA79b.v28-
HC{AL118C)-MUvePAB-MMAE {at Ab dose of 1.0 mg/kg, 2.0 mg/kg and 4.0 mg/ke) showed iphibition of tumor
growth when compared to the negative controls (thio-amti-HER2-HC(A118C)-BMPEO-DM] and thio-anti-HER2-
HC(A118C)-MCvcPAB-MMAE.

[0977] Even further, in Table 18, the number of mice out of the lotal number tesied showing PR = Partial
Regression (where the mmor volume at any time after administration dropped below 50% of the mumor volume
measured at day () or CR = Complete Remission {where the tumor volume at any time afier administration dropped

to 0 mm®} are indicated and NA = not applicable. (DAR = Drug to Antibody Ratio)



Table 18
In Vivo Tumor Volume Reduction,
Thio HiMA79b.v28-HC(A118C) DM1 and MMAE Conjugate Administration
In Granta-519 Xenografis in CB17 SCID Mice

Antibody administered PR CR Dose Dose Ab DAR
MMAF, {mg/kg) {Drug
MMAE | /Ab}
or DM1
(ng/m”)
Thio Control hu~anti-HER2-HC(A118C)-BMPEO- /10 0110 114 4 1.84
DML
Thio Control hu-anti-HER2-HC(A118C)-MCvcPAB- | 2/10 1710 92 4 1.55
MMAE
Thio hluMA79b.v28-HC(AT18C)-BMPE(-DM1 3/10 | 0710 110 4 1.85
Thic budA79b v28-HC(ATI8C)-MCVvePAB-MMAE | 0/10 1710 13 0.3 1.87
Thio huMA79b.v28-HC(A118C)-MCvcPAB-MMAE | 1/10 | 0/10 27 1.0 1.87
Thio huMA79b.v28-HC(A118C)-MCvcPAB-MMAE 1/10 7/10 54 2.0 1.87
Thio luMA79b.v28-HC(AT18CH-MCvePAB-MMAE | (/16 | 10/10 108 40 1.87

L BJAB-cynoCD79b Xenografis

{09781 In a similar study, using the same xenografl study protocol as disclosed in Example 3 (see above),
varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugates in BIAB (Burkitt's
Lymphoma) cells expressing cynoCD79b (BJAB-cynoCD79b) xenografts 1n CB17 SCID was studied. The drug
conjugates and doses (administered at day 0 for all ADCs and controls) are shown in Table 18. below.

[0979] The control Ab was vehicle (buffer alone). The control thioc MAbs were thio-hu-ami-HER2-
HC(A118C-BMPEO-DM!, thio-hu-anti-HER2-HC(A118C)-MC-MMAF and thio-hu-anii-HER2-HC(A118C)-
MCvePAB-MMAE antibody thioMAbs. The results are shown in Table 19 and Figure 50,

[0980] Figure 50 is a graph plotting inhibition of mwmor growth over time in the BJAB-¢cynoCD79b
xenograft in CB17 SCID mice wreated with the heavy chain A118C anti-CD79b TDCs, at doses as shown in Table
19, Specifically, Administravion of thic BuMAZ9bv28-RC(AL18C)-BMPEO-DM1. thic huMA79b.v28-
HCALIROM-MCyePABR-MMAE  and thic DUMAT79S V2E8-HC{ATIBCO-MC-MMAF  as  well as  thio-anti-
cynoCD79b(chi0D10)-HC(A118C)-BMPECQ-DM1, thio-anti-cynoCD79b(ch10D10HCA L18C)-MCvePAB-
MMAE and thio-anti-cynoCD79b(chl10D10)-HC(AT18C)}-MC-MMAF showed inhibition of tumor growth when
compared to the negative controls (thio-anti-HER2-HC(A1I8C}-BMPEQG-DMI, thio-anti-HER2-HC(A]18C)-
MCvcPAB-MMAE and thio-anti-HER2-HC(A118C)-MC-MMAF and A-vehicle).




[0981] Even further, in Table 19, the number of mice ow of the to1al number tested showing PR = Parial
Regression (where the tumor volume 4t any lime after administration dropped below 50% of the wmor volume
measured at day 0) or CR = Complete Remission {where the tumor volume at any time after admimstration dropped

to0 0 mm°) are indicated and NA = not applicable. {DAR = Drug 1o Antibody Ratio)

Table 19
In Vivo Tumor Volume Reduction,
Thio anti-cyno CD79b{c10D10-HC{ALI18C) DM1, MMAF or MMAE or Thio HUMA79b.v28 DML,
MMAF or MMAE Conjugaie Administration
In BJAB-cynoCD79b Xenografis in CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR
| MMAF, (mg/ke) {Drug
MMAE /Ab}
or DM1
(ng/m’)
Control vehicle 0/9 JI 079 NA NA NA
Thio Control hu-anti-HER2-HC(A11RC)-BMPEO- 0/ z 0/9 57 2 1.86
DM1
Thic Control hu-anti-HER2-HC(A118C)-MCvcPAB- 0/9 | 09 23 1 1.53
MMAE
Thio Comtrol hu-anti-HER2-HC(A118C}-MC-MMAF | 0/9 | 0/9 29 i 1.9
Thio anti-cynoCD79b(ch10D10}-HC(AL118C)- 3/8 | /8 53 2 1.8
BMPEO-DM1
Thio anti-cypoCD79b(chb10D10-HC(AT18C)- l 19 1 29 27 1 1.86
MCvcPAB-MMAE
Thio anti-cynoCD79b(ch10D10)-HC(A118C)-MC- 0/9 | 19 28 ] 1.9
MMAF
Thie huMA79b.v28-HC{A118C)-BMPEO-DM 39 | 09 55 2 1.85
Thio huMA79b.v28-HC(A118C)-MCvePAB-MMAE 2/9 1219 27 1 1.9
Thio huMA79b.v28-HC(A118C)-MC-MMAF 7/9 1 1/9 28 ] 1.9

J. BJAB-cynoCD 79b Xenografts

[0982] Ina similar study. using the same xenograft study protocol as disclosed in Example 3 (see above),
varying the drug conjugates and doses administered. the efficacy of thioMAb drug conjugates in BJAB (Burkitt's
Lymphoma) expressing cynoCD7% (BJAB cynoCD79b) xenograft in CB17 SCID mice was studied. The drug

conjugates and doses (administered at day 0 for all ADCs and controls) are shown i Table 19, below.



{0983] The conwol thio MAbs was thio-hu-anti-HER2-HC(AL18C)-BMPEO-DM 1, thio-huMA79b.v28-
HC(A118C). and thio-anti-cynoCD79b(ch10D10)-HC( A 118C) antibody thioMAbs. The resulis are shown in Table
20 and Figure 51. '

[0984] Figure 51 is a graph plotting inhibition of tumor growth over time in the BIAB-cynoCD79b
xenograft in CB17 SCID mice treated with the heavy chain A118C ant-CD79b TDCs. at doses as shown in Table
20.  Specifically. administration of thio huMA79b.v28-HC(A118C)-BMPRO-DM! as well as thio-anti-
cynoCD79b(ch10D10}-HC(A118C)-BMPEQO-DMI showed inhibition of tumor growth when compared 1o the
negative controls (thio-anti-HER2-HC(A118C)-BMPEO-DM1. Other conwrols included thio-hu-MA79b.v28-
HC(A118C) and thic-anti-cynoCD79b(ch 10D 10}-HC(A118C),

[0985] The results are shown in Table 20, below. In Table 20, the number of mice out of the total
number tested showing PR = Partial Regression (where the tumor volume at any time after administration dropped
below 50% of the tumor volume measured at day 0) or CR. = Complete Remission (where the wmor volume al any
time afier administration dropped to 0 mm’) are indicated and NA = not applicable. (DAR = Drug to Antibody

Ratio)
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Table 20
In Vivo Tumeor Volume Reduction,
Thio anti-cyno CD79b(ch10D10}-HC(A118C) DM1 or Thic HuMA79b.v28-HC(A118C) DM Conjugate

Administration
In BJAB-cynoCD79b Xenografts in CB17 SCID Mice
Antibody administered PR CR Dose Daose Ab DAR
MMAF, | (mg/kg) (Drug
MMAE /Ab)
or DM1
(ng/m’)
Thio Control hu-ami-HERZ-HC(A118C)-BMPEO- 0710 | 0/10 57 2 1.86
DM1
Thio Control buMA79b.v28-HC{A118C) 010 | 0/10 NA 2 NA
Thio Control anu-cynoCD79h(chl0DIG-HC(ALLIRC) /10 010 NA 2 NA
Thio huMA79b.v2B-HC(A118C)»-BMPEO-DM1 1/10 0/10 27 i 1.85
Thio huMA79b.v28-HC(A1 18C)-BMPEO-DM! 010 | 2/10 55 2 1.85
Thio anti-cynoCD790{ch10D10}-HC(A118C)- /10 0/10 27 1 18
BMPEO-DM1
Thio anti-cynoCD79%b{(ch10D10)-HC(A118C)- 0/10 110 33 2 1.8
BMPEO-DM1
[0986] The foregoing written specification is considered 10 be sufficient 1o enable one skilled in the

art to practice the invention. The present invention is not to be limited in scope by the construct deposited, since the
deposied embodiment is intended as a single illustration of certain aspecis of the invention and any constructs that
are functionally equivaient are within the scope of this invention. The deposit of material herein does not constitute
an admission that the writlen description herein contained is inadequate 10 enable the practice of any aspect of the
invention, including the best mode thereof, nor is it 1o be construed as limiting the scope of the claims to the specific
illustrations that it represents. Indeed, various modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the art from the foregoing description and fall within the

scope of the appended claims.
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WHAT IS CLAIMED 1S;

An anti-CD79b antibody comprising the foliowing HVR sequences;
{1y HVR-L1 comprising sequence A1-Al3, wherein A1-Al3 is
KASQSVDYEGDSFLN (SEQ 1D NO: 194)
(i) HVR-L2 comprismg sequence B1-B7, wherein B¥-B7 is AASNLES (SEQ
INDNO: 195)
(1ii} HVR-L3 comprising sequence C1-C8, wherein C1-C9 is QQSNEDPLT
(SEQ ID NO: 196)
(iv) HVR-HI comprising sequence D1-D10, wherein D1-D10 is GYTFSSYWIE
(SEG 1D NO: 202)
{v) HVR-H2 comprising sequence EI-E)R. wherein E1-E18 is
GEILPGGGDTNYNEIFKG (SEQ 1D NGO 203y
(vi} HVR-H3 comprising sequence F1-F10, wherein F1-F10 is TRRVPIRLDY
(SEQ ID NO: 204y,

wherein the antibody binds to the same epitope as a monocional antibody comprising the variable

domains of SEQ ID No 10 and SEQ ID No 14. an antibody comprising the variable domains of SEQ
ID No 207 and SEQ ID No 208 or an antibody comprising the light chain sequence of SEQ ID No 307
and the heavy chain sequence of SEQ 1D No 308.

12

{2

An antjibody according to claim 1, which antibody binds to an epitope within a region of
CD79% from amino acid 29-39 of SEQ ID NO: 2 or amino acid 1-11 of SEQ ID NO: 16,

The antibody of claim 1, which is (i) a monocional antibody; (ii} an antibody fragment
selected from a Fab, Fab'-SH, Fv, scFv or (Fab’), fragment. and/or {jii} a chimeric or
humanized antibody, optionally 2 monovalent or bivalent antibody, optionally comprising a

single Fab region linked to an Fc region.

The humanized antibody of claim 3(iii} wherein the affinity of the antibody in its bivalent
form 10 human CD79b is substantially the same as orat Jeast 1,2, 3, 4.5.6. 7, 8, 9 or 10-foid
greater than the affinity of a murine or chimeric antibody comprising a light chain and heavy
chain variable sequence as depicted in Figures 7A-B (SEQ ID NO: 10) and Figures 8A-B
(SEQ ID NO: 14) in its bivalent form, wherein the binding affinity is optionally expressed as a
Kd value. and wherem the binding affinity 15 optionally measured by Biacore or

radioimmunoassay.
The humanized antibody of claim 3(iii) or claim 4 comprising light chain human kappa
_subgroup | consensus framewaork sequence and/or heavy chain human subgroup 1l consensus

framework sequence.

The amibody of clatm 5 wherein

tx
U
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) the heavy chain frame work sequence comprises a substitution at position 48, 67, 69,
71. 73 and/or 78, optionally V481, F67A, 169F. R7TIA. N75T andror L78A; and/or

{ii} the Hght chain frame work sequence comprises a subsutution at position 4 andior

position 47. optionally M4L and/or L47F: and/or

(i11) the light chain framework sequence comprises one or more of FR1-LC of SEQ 1D No.
190, FRI-LC of SEQ D No. 191, FR3-LC of SEQ 1D No. 193 and FR4-LC of SEQ ID No. 194 and/or
the heavy chain framework sequence comprises one or more of FR1-HC of SEQ ID No. 198. FR2-HC of
SEQ 1D No. 199. FR3-HC of SEQ 1D No. 200 and FR4-HC of SEQ 1D No. 201: andior

(iv) the antibody further comprises CL1. CHT andior Fe sequence shown in SEQ 1D NO:

197, 205 andior 206: andror

(v} the antibody comprises (a) the light chain sequence shown in SEQ 1D No. 3G7. and (b)

the heavy chain sequence shown in SEQ ID No. 308.

7. An antibody according to any one of claims | 1o 6 which is made by the process of
(a) culturing a cell expressing an antibody comprising a heavy chain variable domain any

one of ciaims | 1o 6 and a light chain variable domain of any of claims 1 to 6: and

(b} isolating the antibody from said cultured cell.

8. A method of making an antibody according to any one of claims | to 7. wherein the method
comprises (&) culturing a host cel) selected from the group comprising a eukaryotic cell and a CHO cell
under conditions suiiable for expression of the polynucleotide encoding the amibody. and (b) isotating

the antibody.

S, A polypeptide comprising the sequence of claim 6(v){a) or claim 6{v)(b).
10. An immunoconjugate comprising the antibody of any one of claims | 1o 7 covalently attached to
(i) a cytotoxic agent. optionally a chemotherapentic agent. a drug moiery. an amibiotic. a

radioactive isotope. and a nucleolviic enzyme: or

(i} a capture label. optionally a biotin capture label: or

{ii) a detection label. optionally a fluorescent dye detection fabel such ay flurescein type. a
rhodamine type, dansyl. Lissamine. a cyanine. a phycoervthrin. Texas Red. and an analog thereof. or a
radionuciide detection label selected from “H. "'C, C. PF. ¥p, ¥ “Cu. BGa. ¥y, PTe, M, L
123y 130y 1%e u, TV At and *PBi wherein the antibody is optionally anached 1o the detection label
by a chelating ligand. optionally DOTA. DOTP. DOTMA. DTPA or TETA.

[
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11, The immunoconjugate of claim 10, wherein the immunoconjugate has the formula Ab-(L-D)p,
wherein (a) Ab is the antibody of any one of claims 1 to 7:

(b) L is a linker; and

{c) D is a drug moiety, and

(@) pislto8 and

wherein optionally L is 6-maleimidocaproyl (MC), maleimidopropanoyl (MP), valine-citrulline
(val-cit), alanine-phenylalanine (ala-phe), p-aminobenzyloxycarbonyl (PAB), N-Succinimidyl 4-(2-
pyridylthio) pentanocate (SPP), N-succinimidyl 4-(N-maleimidomethyl) cyclohexane-1 carboxylate
(SMCC), or N-Succinimidyl (4-iodo-acetyl) aminobenzoate (SIAB); and/or D is an auristatin or
dolostatin,

12. The immunoconjugate of claim 10 comprising an auristatin or maytansinoid drug moiety (D)

wherein the antibody is attached by a linker moiety (L) to D; the compound having Formula I:

Ab~(L-D), :

where p is 1 to 8; wherein optionally
i) L has the formula:

—Ag—W,,—Y,—

where:

A is a Stretcher unit;

aisOor1;

each W is independently an Amino Acid unit;

w 18 an integer ranging from 0 to 12;

Y is a Spacer unit covalently attached to the drug moiety; and
yis 0,1 or2;

(ii) the immunoconjugate compound has the formula:

(o}
.
O o D
O H O (:5
Ab N\/V\)LA;('(&\_)]\N
> W

(¢] H O
g p

HN
O)\NHQ

(i)  Lis SMCC, SPP or SPDB;
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(iv) D is MMAE. having the structure:

e NS Ty oA
& H lt H B e . -
L4 \N/\,/’h“‘“'f \N/».\T/ \/-N \}‘, \T}‘lN-\‘{’ \‘!r"/ \\!
i i 13 ! ;
o AL 00 ~ © S
wherein the wavy line indicates the antachment site to the linker L:
(v) D is MMAF. having the strucrure:
Lo o) ST '
(r"\ I’ o )i\ ‘i\'“‘\ -’f\, R“ .
N {N..,_'r, \N/\T,-\ F/ ~ }i/ \\/\\i/\\q
! i i i { i J
I - N
wherein the wavy line indicates the attachment site to the linker L;
(vi)

D is DM1 or DM4. having the stracture:

> { \\\\\
CH30-./\/ \ oY DM
\ p i
NN N N
ZHO |
CHSO H
CH
! 3
Hg\a

CHaCHyC—8— 3
0 N

N 0 CH;
/

DM4

wherein the wavy Jine indicates the artachment site to the linker L:
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(vii)  the immunoconjugate compound selected from the structures:
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Ab-BMPEQO-DM!

wherein Val is valine and Ctt is civrulline: andror

(vitiy L is MC-val-cit-PAB or MC.



13. A pharmaceutical composition comprising an antibody according to any one of claims 1
to 7 or the immunoconjugate of any one of claims 10 1o 12 and a pharmaceutically

acceptable carrier. optionally in combination with a cvtotoxic agent.

14 An antibody according to any one of claims | te 7. for use as a medicament.

15. An antibody according 16 any one of claims 1 10 7 or the immunoconjugate of any one of
claims 10 to 12 for use in the treatment of a proliferative disorder, optionally in combination

with a cytotoxnic agent.

16. An antibody according to claim 15 for use according to claim 13, wherein said proliferative
disorder is cancer. optionally lymphoma. non-Hodgkins tymphoma (NHL}. aggressive NHL.
relapsed aggressive NHL. relapsed indolent NHL, refractory NHL, refractory mdolent NHL,
chronic lymphocytic leukemia (CLLY, small tvmphocytic lvmphoma, leukemia, hairy cell

feukemia (HCL}, acute lvmphocytic ieukemia (ALL), and mantie cell tymphoma.

17, An antibody according to any one of claims 1 w 7 or the immunoconjugate of any one of
claims 1010 12 for use in inhibiting the growth of a cell that expresses CD79, wherein said

cefl is a tumor cell.

i8. A method of determining the presence of a CD79b protein in a sample suspected of containing
said protein, said merhod comprising exposing said sample to an antibody according 1o any
one of claims 1 to 7 or the immunoconjugate of any one of claims 10 to 12 and determining
binding of said antibody or immunoconjugate to said CD79b protein in said sample, wherein
binding of the antibody to said protein is mdicative of the presence of said protein in said
sample: wherein the sample is optionally from 2 patient suspected of having a B cell
proliferative disorder. optionally iymphoma, non-Hodgkins iymphoma (NHL). aggressive
NHL, relapsed aggressive NHL, relapsed indolent NHL. refractory NHL, refractory indolent
NHL. chronic lvmphooytic leukemia (CLL}. small ivmphocytic lvmphoma. leukemia. hatry

cell teukemia (HCL), acute lymphocytic feukemia (ALL), and mantle cell lymphoma.

19 An in viro method of mhibiting the growth of « cell that expresses CD79b. szid method
comprising contacting said cel] with an antibody according to any one of claims 1 w0 7 or the
immunoconjugate of any one of ciaims 10 to 12, wherein said cell is optionally a B celt andror

a tumor cell.

20. An assay for detecting B cells comprising:

(a) exposing cells 1o an antibody according to any one of claims | to 7 or the immunoconjugate of

any one of claims 1010 12! and

b} determining the extent of binding of the antibody or mmmunoconjugate compound o the cells.

~}
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21, An immunoconjugate, wherein the immunoconjugate has the formula Ab-(1-D)p, wherein

(a) Ab is the antibody of any one of claims 1 to 7:

) L is a linker; and

(c) D is a drug moiety, and

(d) pis1to 8, and

wherein optionally L is 6-maleimidocaproyl (MC), valine-citrulline (val-cit), and/or p-
aminobenzyloxycarbony! (PAB), and D is an auristatin;

wherein the antibody of any one of claims 1 to 7 is covalently attached to the drug moiety (D).

22. The immunoconjugate of claim 21, wherein the immunoconjugate compound has the structure:

Ab-S o OJokNj;(ﬁfLN "Q\/K(ﬁ OH
H {
N\/\/\j\\/ai-cn-ﬁ/() o oo g% 1)\© >
o p

Ab-MC-ve-PAB-MMAE
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P5111R1IWO_SeguenceListing
Sequence Listing
<110> Genentech, Inc.
Chen, Yvonne
Dennis, Mark

bornan, David
Elkins, Kristi
Junutula, Jagath Reddy

pPolson, Andrew
Zheng, Bing

ANTI-CD79B ANTIBODIES AND IMMUNOCONJIUGATES AND METHODS OF USE
P5111R1 woO

us 60/950,052
2007-07-16

<150>
<151>

<150>
<151>
<160> 310
<210> 1

<211> 1270
<212> DNA
<213>

<400> 1
caggggacag

tcggacgttg
aggctggegt
gctgctrctca
ggaatcccaa
atagccagga
cgcctcegge
cccagcagcet
tctctegeca
ctacttctgr
gcggcacaga
cagaggaaca
catcctettc
gcaaggctgg
cagacagcca

gtggtctgta

Us 61/025,137
2008-01-3

1

uS 61/032,790
2008-02-29

Us 61/054,709
2008-05-20

Homo sapiens

gctgcagecy
tcacgggrtt
tgtctectgt
gctgagecag
aggtagtgct
aacggggctt
aatgtgagct
gaagctggaa
ccctcaccat
cagcagaagt
gctgegagtc
cgctgaagga
atcatcgtge
catggaggaa
cctatgagga

ggtgagcacc

gtgcagttac

ggggtcgggg

gcccagccac

tgttcgcgga
cacggtgaaa
ggctctggaa
aagggccgea
ccaaggcatc
gcaacaacac
atgggattca
tggtatcatc
ctatcttect
gatcacacct
catagtgacg

caggccagga

acgttttect
acagagcagt
tggatggtgg
cagatcggag
tctggcagag
atgcactgcet
gcaggagatg
tggaagagtc
cggtrtgagg
ctcggaggtc
gcaccttage
atgatccaga
gctgetggac
acgagggect
ctgcggacag
gtgagagcca

Page 1

ccaaggagce 5

gaccatggecc
cgttgctgcet
gaccggtacc
cccacgtttc
acatgaacag
gacgagaatc
ccagaacgaa
acaatggcat
taccagggct
acagctgaag
cgctgetgat
aaggatgaca
ggacattgac
gggaagtgaa

ggtcgececa

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800



P5111RIWO_Sequencelisting

tgacctyggyt gcaggctece tggectcagt
gctcatggcc caaccccttt cctggacccce
gcccaccaga gctgccattt gtctccagec
aaagggcctg gagtagaagg acaacagggc
ctggggatgg acgggaccca gocrtctagg
ccccacacat gggatggggg aggcagagac
gactcggagc cgagggcctc ccagcagage
aactgggeec cagaagagcc acaggaacat
tCcccacccca gggaggocct ggectcocagt
cggrtgtgtcc tgagaaacca 1270
<210> 2
<211> 229
<212> PRT
<213> Homo sapiens
<400> 2
Met Ala Arg Leu Ala Leu Ser Pro
1 5
Ala Leu Leu Leu Leu Leu Ser Ala
20
Ser Glu Asp Arg Tyr Arg Asn Pro
35
ITe Trp Gln Ser Pro Arg Phe Ile
50
val Lys Met His Cys Tyr Met Asn
65
Trp Leu Trp Lys Gin Glu Met Asp
80
Leu Glu Lys Gly Arg Met Glu Glu
95
Thr Leu Thr Ile GIn Gly Ile Arg
110
Phe Cys Gin Gin Lys Cys Asn Asnh
125
Cys Gly Thr Glu Leu Arg val Met
140
Leu Lys GIn Arg Asn Thr Leu Lys
155
Thr Leu Leu ITe Ile Leu Phe Ile
170
Leu Asp Lys AsSp Asp Ser Lys Ala
185
Tyr Glu Gly Leu Asp Ile Asp Gln
200

val

Thr

ASp

Thr

gactgctteg
ccagctggece
cctggteccce

agcaacttyg

8

e}

Q

~
-~

rt

gtgctatga
tggtccagag
ttgggaagag
cattcctctce

gccttecoccce

Glu
Lys
Ala Lys
ser

Ser

Glu Asn

J

Pro

Gin
100

Ser ASh

Glu
115

Phe ASp

Glu

Ser

130

Phe
145

Gly
Gly
160

val
175

Pro

Gly Met Glu

Thr

gagctgectg
tctgaagetg
agctcttgec
agggagrict
gotgatccgt
cccgcaaatg
ccatggacce
ccgcaaccac

gtggaataaa

His Trp Met

Pro Ala Ala

Ala Cys Ser

Arg Gly Phe

Gly Asn val

Gin Gln

Glu ser Leu

Asn Gly Ile

val Tyr Gln

Thr Leu Ala

Ile Met Iie

ITe Phe Leu

Glu Asp His

Tyr Glu Asp

Leu
180

Thr
195

Ile
210



215

Pro Gly GIn Gilu

<210> 3

<211> 929
<212> DNA
<213>

<220>
<223>

<400> 3
cactcccagce

ggatggtcat
ttcagatatc
ggcagagggc
ggtgatagtt
actcLtcatc
ttagtggcag
gaggaggagg
gctcacgttc
caccatctgt
actgecctcetg
agtacagtgg
gtgtcacaga
ctgacgctga
agtcacccat
gagagtgtta
aatggttaca
trtttcactg
atcatgtctg
<210>
<211~

<212>
<213>

4
218
PRT

<220>
<223>

<400> 4

Asp Ile val Leu Thr GIn Ser Pro Ala Ser Leu Ala val Ser
1 5 10

Gly GIn Arg Ala Thr Ile Ser Cys Lys Al
20

tccaactgea
gtatcatcct
gtgctgacce
caccatctcco
tTttgaactg
tatgctgeat
tgggtctgag
atgctgcaac
ggggcaggca
cttecatctte
ttgtgtgect
aaggtggata
gcaggacagc
gcaaagcaga
cagggcectga
agcttggeceg
aataaagcaa
cattctagtt

gatcgggaat

P5111R1WO_Sequencelisting
val Thr teu Arg Thr Gly Glu val Lys Trp Ser val Gly Glu His

artificial sequence

ccteggrtct
ttttctagta
aatctccagce
tgcaaggceca
gtaccaacag
ccaatctaga
acagacttca
ctattactgt
ccgagcetagga
ccgecatctg
gctgaataac
acgccctcca
aaggacagca
ctacgagaaa
gctcgecegt
ccatggcceca
tagcatcaca
gtggtttgtc

taattcggce

Artificial seqguence

220

atcgattgaa

gcaactgcaa

t

ttctttgg

]

gccaaagtgr
aaaccaggac
atctgggatc
cccrcaacat
cagcaaagta
actcaaacgg
atgagcagrt
ttctatccca
atcgggtaac
cctacagect
CaCaaagrtct
cacaaagagc
acttgrttat
aatttcacaa
caaactcatc

929

25

Page 3

Light Chain of Chimeric antibody (chMA79b)

trccaccatg

agccacccaa
ccagccagge
ccatcctgty
atgaggatcc
accgtggety
gaaatctgga
gagaggccaa
tcccaggaga
cagcagcacc
acgcctgcga
ttcaacaggg
tgcagcttat
ataaagcatt

aatgtatctt

Light Chain of Chimeric antibody (chma79b)

225

700
750
800
850
900

Leu

15

a ser Gin ser val Asp

30



P5111R1IWO_Sequencelisting

Page 4

Tyr Asp Gly Asp Ser Phe Leu Asn Trp Tyr Gin Gin Lys Pro
35
Gln Pro Pro Lys Leu Phe Ile Tyr Ala Ala Ser Asn Leu Glu
50 55
Gly Ile pPro ala arg Phe Ser Gly Ser Gly Ser Gly Thr Asp
65 70
Thr Leu Asn Ile His pPro val Glu Glu Glu Asp Ala ala Thr
80 85
Tyr Cys GIn Glin Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala
95 100
Thr Glu Leu Glu Leu tys Arg Thr val ala Ala Pro ser val
110 115
Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr aAla
125 130
val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Giu Ala Lys
140 145
GIn Trp Lys val asp Asn Ala Leu Glin Ser Gly Asn Ser Glin
155 160
Ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu
170 175
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
185 190
Tyr Ala Cys Glu val Thr His Glin Gly Leu Ser Ser Pro val
200 205
Lys Ser Phe Asn Arg Gly Glu Cys
215
<210> 5
<211> 1469
<212> DNA
<213> artificial sequence
<220> ) ) _ .
<223> Heavy Chain of Chimeric Antibody (chMa79b)
<400> 5
tcggttctat cgattgaatt ccaccatggg atggtcatgt atcatccttt
ttctagtagc aactgcaact ggagtacatt cagaagttca gctrgcagcag
tCtggggctyg aactgatgaa goctggggec tcagtgaaga tatcctgcaa
ggctactggc tacacattca gtagttactg gatagagtgg gtaaagcaga
ggcctggaca tggocttgag tggattggag agattttacc tggaggtggt
gatactaact acaatgagat trtcaagggc aaggccacat tcactgcaga
tacatcctcc aacacagcct acatgcaact cagcagectg acatctgagg
actctgccegt ctattactgt acaagacgag taccggttta ctttgactac
tggggccaag gaacctcagt caccgtctcc tcagectcca ccaagggecc
atcggtcttc cccctggcac cctcctccaa gagcacctct gggggcacagd

ser

Phe
7
i

Tvyr

0

L D

ey

150

Glu
165
Ser
180

val
195
Thr
210



cggcectagg
tcgtggaact
cctacagtcc
ctagcagert
agcaacacca
tcacacatac
tcttectctt
cctgaggtca
caagttcaac
agecgegygga
accgtectye
ctccaacaaa
aagggcagec
gagatgacca
tcccagegac
actacaagac
tacagcaage
ctcatgetcc
gcctcoteect
gcagaagctt
6

446
PRT

<210>
<211>
<212>
<213>

<220>
<223>

<400> 6

Glu val Gln Leu Gln

1

Ala Ser va

Ser Tyr

b~
—

Glu Trp

Asn Glu
Ser Asn

Ser Ala

Heavy Chain of

1

Trp

1]

8]

Thr

val

ctgcetggte
caggcgeect
tcaggactct
gggcacccag
aggtggacaa
ccaccgtgec
ccccccaaaa
catgcgtagt
tggtacgtyg
ggagcagtac
accaggactg
gcecteccag
ccgagaacca
agaaccaggr
atcgecgtgg

cacgccrecc

rt

caccgtgga

ot

Q

tgatgcat

(e

gtctccgggt

ggccgecat

2

Ile
20

Lys

Glu
35

Ile

Glu
50

Gly

Phe Lys

65
Ala Tyr
80

Tyr Cvy

Ser

P5111R1WO_Sequencelisting

aaggactact
gaccagcgge
actcccteag
acctacatct
gaaagttgag
cagcacctga
cccaaggaca

ggtggacgtyg

acggcgtgga g

aacagcacgt
gctgaatggc
ccecccatcga
caggtgraca
cagcctgacc
agtgggagag
grgctggact
caagagcagyg
aggctctgea

aaatgagtgc

Artificial sequence

Gln ser Gly Ala Glu

Cys Lys

val Lvs
Leu Pro
Lys Ala
t Gin Leu

s Thr

Ala

Glin

Gly

Thr

tccccgaacc
gtgcacacct
cagcgtagtg
gcaacgtgaa
CCCaaatctt
actcctgyggg
ccctcatgat

agccacgaag

ccetgecece
tgcctggtca
caatgggcag
ccgacggetc
tggcagcagg
caaccactac

gacggcccta

Leu
10

Thr
25

Gly

Arg
40

Pro
Gly
55

Phe Thr
70

ggtgacggrg
tceceggetgt

actgtgeect

Al

TCacaagcc:

(

[l

gtgacaaaa
ggaccgtcag
ctcccggace

accctgaggt

t gccaagacaa

cagogtectc
agtgcaaggt
tccaaageca
atcccoggaa
aaggctrcta
ccggagaaca
crtcttecte
ggaacgtcrt
acgcagaaga

gagtcgacct

Chimeric Antibody (chMA79b)

Met

Tyr Thr

Gly His

Thr Asn

Asp Thr

Thr ser Glu

val Tyr Phe

550
600

1350
1400
1450

Ser
75

Asp
90

ASD



Tyr T

ASn

Arg

Gly

pPro

Pro

Asn

ASp

val

Leu

Thr

AsSp

Pro

Leu

Pro

Glu

Ala

val

Lys

Gln

Gin

Ile

Lys

Tyr

val

Gly

Pro

Gly

Pro

His

LyS

Pro

Phe

Glu

val

Lys

va’l

Glu

Glu

va'l

val

Thr

val

Lys

cys

Pro

val

Lys

Tyr

Ser

val

Thr

Lys

ser

Gly
110

val

125

Ala
140

Thr
155

pPhe
170

val
185

Cys
200
val
218

Pro
230

Pro
245
Thr
260
Phe
275
Lys
290

val
305

Lys
320

Thr
335

Thr
350
Leu
365
Glu
380

Pro
395

Leu
410

cys
425

Thr

Phe

val

Pro

va'l

Glu

Ala

Lys

Cys

Asn

Pro

Cys

Trp

Pro

Thr

ser

P5111R1IWO_Sequencelisting

100

ser val Thr val

Pro

val

Pro

Pro

Pro

val

Trp T

Arg

Thr

Pro

cys

Glu

val

val

val

Trp

val

val

AsSn

Lys

Glu

Lys

val

Glu

val

val

Lys

Pro

Ala

ASn

Leu

Pro

His

Ser

Leu

ASD

val

val

Glu

Leu

val

AsSn

ASD

Lys

His

115

Pro
130

Leu
145

Ser
160

Glin
175

Ser
190

Lys
205

Cys
220

Leu
235

Thr
250

ASp
265

ASD
280

Glin
295

His
310

Asn
325

Lys
340

Arg
355

Lvs
370

Gly
385

ser
400
415

Glu
430

Ser

ASp

Gly

Leu

val

Gly

Gin

Gin

Asp

Arg

Ala

Page 6

Ser Ala Ser

w
M
3

Lys

Ser

val

Asn

Asp

Ala

Gin

Glu

Phe

Pro

Gly

Trp

Leu

Lys

psp T

Leu

Gly

ASN

Thr

Pro

Ile

His

Glu

Ser

Trp

Leu

Pro

Tyr

Glu

Ser

Glin

His

His

Ser

ser

Glu

val

Thr

Leu

Pro

AsSn

Phe

GIn

Asn

Lys
210

Thr
225

ASnh
315

Ala
330

Glu
345

Lys
360

Ser
375
Asn
390

Phe
405

Gly
420
His
435



P5111RIWO_SeqguencelListing
Tyr Thr Glin Lys Ser Leu Ser Leu Ser Pro Gly
440 445

<210> 7

<211> 231

<212> PRT

<213> Macaca fascicularis

<400> 7 .
Met Ala Arg Leu Ala Leu Ser Pro val Ser Ser His Trp Leu val
1 5 10 15

ala Leu Leu Leu Leu Leu Ser ala Ala Glu Pro val pro ala Ala
20 25 30

Lys Ser Glu Asp Leu Tyr Pro Asn Pro Lvs Gly Ser Ala Cys Ser

35 40 45
Arg Ile Trp Gin Ser Pro Arg Phe Ile Ala Arg Lys Arg Gly Phe
50 55 60
Thr val Lys Met His Cys Tyr val Thr Asn Ser Thr Phe Ser Ile
65 70 75
val Ser Trp Leu Arg Lys Arg Glu Thr Asp Lys Glu Pro Gin Gin
80 85 90
val Asn Leu Glu GIn Gly His Met His GIn Thr Gln Asn Ser Ser
95 100 105
val Thr Thr Leu Ile Ile Gin Asp Ile Arg Phe Glu Asp Asn Gly
110 115 120
Ile Tyr Phe Cys GlIn GIn Glu Cys Ser Lys Thr Ser Glu val Tyr
125 130 135
Arg Gly Cys Gly Thr Glu Leu Arg val Met Gly pPhe Ser Thr Leu
140 145 150
Ala GIn Leu Lys GIn Arg Asn Thr Leu Lys Asp Gly Ile Ile Met
155 160 165
Ile GIn Thr teu Leu Ile Ile Leu Phe Ile Ile val Pro Ile phe
170 175 180
Leu Leu Leu Asp Lys Asp Asp Ser Lys Ala Gly Met Glu Ala Asp
185 190 195
His Thr Tyr Glu Gly Leu Asp Ile asp Gin Thr aAla Thr Tyr Glu
200 205 210
Asp Ile val Thr teu aArg Thr Gly Glu val Lys Trp Ser val Gly
215 220 225
Glu His Pro Gly Gin Glu
230
<210> 8
<211> 228
<212> PRT
<213> Mus musculus
<400> 8
Met Ala Thr teu val Leu Ser Ser Met Pro Cys His Trp Leu Leu
1 5 10 15

Phe Leu Leu Leu Leu Phe Ser Gly Glu Pro val Pro Ala Met Thr
20 25 30
Page 7



Phe

Glu

Lys
Leu
ASp
Glu
Thr
Gly

<210>
<211>
<212>
<213>

<400>
ASD
1
Gly

AsSn

Arg
Ser

Tyr

Thr

Arg

Leu

Lys

Gly

Leu

Gin

9
108
PRT

ASD

Gin

Phe

ASD

Leu

Arg

Glu

Leu

His

His

Arg

ASn

Ile

ASp

Asn

Thr

Homo sapiens

9

ITe Gin Met Th

ASp

Tyr

Leu

Phe

Arg

Leu

val

Ala

Tyr

Gly

Gln

Leu

w1y

Thr
20

Trp
35

Ala
50

Ser
65

ro
80

Pro

Leu

Glin

Ser

val

Leu

Phe

Lys

ASD

Glu

Gln

AsSn

Phe

Thr

Gin

Thr

Tyr

Ala

Glin

val

ser

Thr

Gln

ser

ASp

Thr

P5111RIWO_SequencelListing

Phe

tla

ASn

Glin

Gin

Glu

Asn

Gly

ASD

Gly

Thr

Lys

Ser

Gly

Phe |

Phe

GIn Gly ser Pro Cys
40

Ala

His

Pro

Asn

ASD

H1S

Phe

Trp

Ser

Arg

Lys

Lvs
55

ser
70

Gin
85

Gly
100

Asn
136

sSer
145

Ile
160

Pro
175

Glu
190

Thr
205

Ser
220

Ser

Ser

val

Thr

Tyr

val

Leu

ser

Arg

val

[
-
(D

Thr

Leu

Phe

Asp

Glu

Gly G

Lys

Gly

Thr

Tyr

Tyr

ASD

His

ASp

ser

Ala

val

Leu

Cys

Lys

Ser

His

Pro

Pro

Thr

Gin

<



P5111RIWO_SequencelListing
95 100 105

Ile Lys Arg

<210> 10
<211> 11
<212> PRT
<213> ArtitTicial sequence

<220>
<223> variable domain of Light Chain of Chimeric Antibody (chMA79b)

<400> 10
asp Ite val Leu Thr Gin Ser Pro Ala Ser Leu aAla val Ser Leu
1 5 10 15

Gly Gin Arg ala Thr Ile Ser Cys Lys Ala Ser Glin Ser val Asp
20 25 30
Tyr Asp Gly Asp Ser Phe Leu Asn Trp Tyr GlIn Lys Pro Gly Gin
35 40 45
Pro Pro Lys Leu Phe Ile Tyr Ala Ala Ser Asn Leu Glu Ser Gly
50 55 60
Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr asp Phe Thr
65 70 75
Leu Asn Ile His Pro val Glu Glu Glu Asp Ala ala Thr Tyr Tyr
80 g5 90
Cys GIn GIn Ser Asn Glu Asp Pro Leu Thr Phe Giy Ala Gly Thr
95 100 105
Glu Leu Glu Leu Lys Arg
110
<210> 11
<211> 112
<212> PRT
<213> Aartificial seguence
<220> ] ]
<223> variable bomain of LIght Chain of Humanized Antibody Graft (huma79b graft)
<400> 11 :
Asp Ile GIin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Lys ala Ser Glin ser val Asp
20 25 30

Tyr Asp Gly Asp Ser Phe Leu Asn Trp Tyr Gin Gin Lys Pro G
35 40

Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala ser Asn Leu Glu ser
Gly val pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75

Thr Leu Thr Ile Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
80 g5 90

Tyr Cys GIn Gln Ser Asn Glu Asp Pro Leu Thr pPhe Gly Gln Gly
95 100 105



P5111RIWO_SequencelListing
Thr Lys val Glu Ite Lys Arg

110
<210> 12
<211> 11
<212> PRT
<213> Homo sapiens
<400> 12
Ala Arg Ser Glu Asp Arg Tyr Arg Asn Pro Lys
5 10
<210> 13
<211> 113
<212> PRT
<213> Homo sapiens
<400> 13 )
Glu val GlIn teu val Glu Ser Giy Gly Glv Leu val GlIn pPro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30
Ser Tyr Ala Met Ser Trp val Arg Gin Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val ser val Iie Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp ser val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
65 70 75
Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Gly Phe Asp Tyr Trp Gly GlIn
95 100 105
Gly Thr Leu val Thr val Ser ser
110
<210> 14
<211> 117
<212> PRT
<213> Artificial sSeguence
<220>
<223> variable domain of Heavy Chain of Chimeric antibody (chMA79b)
<400> 14
Glu val GIn Leu Gin GIn Ser Gly Ala Glu Leu Met Lys Pro Gly
1 5 10 13
Ala Ser val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser
20 25 30
Ser Tyr Trp Ile Glu Trp val Lys GIn Arg Pro Gly His Gly Leu
35 40 45
Glu Trp Ile Gly Glu Ile Leu Pro Gly Gly Gly Asp Thr Asn Tyr
50 55 60
Asn Glu Ile Phe Lys Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser
65 70 75

Ser Asn Thr ala Tyr Met GIn Leu Ser Ser Leu Thr Ser Glu Asp
80 85 90



P5111RIWO_SequencelListing

ser Ala val Tyr Tyr Cys Thr Arg Arg val Pro val Tyr Phe Asp
95 1

105
Tyr Trp Gly Gin Gly Thr Ser val Thr val Ser Ser
110 115
<210> 15
<211> 117
<212> PRT

<213> artificial sequence

<220>
<223> variable pomain of Heavy Chain of Humanized Antibody Graft (humMA79b graft)

<400> 15 .
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cvs Ala Ala Ser Giy Tyr Thr Phe Ser
Y g y Ty

20 25 30
ser Tyr Trp Ile Glu Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Gly Glu Ile Leu Pro Gly Gly Gly Asp Thr Asn Tyr
50 55 60
Asn Glu Ile pPhe Lys Gly Arg Phe Thr Ile Ser ala Asp Thr Ser
65 70 75
Lys Asn Thr Ala Tyr Leu GIn Met asn Ser Leu Arg Ala Glu Asp
30 85 90
Thr Ala val Tyr Tyr Cys Thr arg arg val pro val Tyr Phe Asp
95 100 105
Tyr Trp Gly Gin Gly Thr Leu val Thr val Ser Ser
110 115
<210> 16
<211> 16

<212> PRT )
<213> Homo sapiens

<400> 16
Ala Arg Ser Glu Asp Arg Tyr Arg Asn Pro Lys Gly Ser Ala Cys
1 5 10 15

S

<210> 17

<211> 15

<212> PRT

<213> Artificial seguence

<220> ' )
<223> Humanized Antibody variant

<400> 17
Lys Ala Ser Lys Se

val Asp Tyr Asp Gly Asp Ser Phe Leu Asnh
1 10

VT Ty

<210> 18
<211> 7
<212> PRT
<213> Artificial seguence
Page 11
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<220> _ _ ‘
<223> Humanized Antibody variant

<400> 18
Ala Ala Ser Asn Arg Glu Ser

<210> 19
<211> 7

<212> PRT

<213> Artificial sequence

<220> . . .
<223> Humanized Antibody variant

<400> 19
£la ala Ser Asn Leu Lys Ser
5

<210> 20

<211> 9

<212> PRT

<213> artificial sequence

<220> )
<223> Humanized Antibody variant

<400> 20
Gin Gln Ser Asn Ser Asp Pro Leu Thr
5

<210> 21

<211> 9

<212> PRT

<213> Artificial seguence

<220> _ _ »
<223> Humanized Antibody variant

<400> 21
Gln Gin ser Asn Lys Asp Pro Leu Thr

-

<210> 22

<211> 7

<212> PRT o

<213> Artificial sequence
<220>

<223> Humanized Antibody variant

<400> 22
Ala Ala Arg Lys Leu Gly Arg
>

<210> 23

<211> 7

<212> PRT

<213> Artificial sequence

<220> )
<223> Humanized Antibody variant

<400> 23 :
Ala Ala Ser arg Leu Glu Ser
5

Page 12
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<210> 24
<211> 7
<212> PRT
<213> artificial sequence

<220> ) ) , )
<223> Humanized Antibody variant

<400> 24
Ala Ala Arg Lys Leu Gly Asn
5

<210> 25

<211> 7

<212> PRT

<213> artificial sequence
<220>

<223> Humanized Antibody variant

<400> 25
Ala Ala Arg Lys Leu LyS Arg
5

<210> 26

<211> 7

<212> PRT

<213> artificial sequence

<220> .
<223> Humanized Antibody variant

<400> 26
Ala Ala Arg Tyr Leu Lys Arg
5

<210> 27

<211> 7

<212> PRT

<213> Artificial sequence

<220> ) ) )
<223> Humanized Antibody variant

<400> 27
Ala Ala Arg Lys Leu Lys Ser
5

<210> 28

<Z211> 7

<212> PRT

<213> artificial sequence

<220> ] :
<223> Humanized Antibody variant

<400> 28
Ala Ala Arg Lys Leu Ala Ser
5

<210> 29
<211> 7

<212> PRT

<213> artificial sequence

<220> _
<223> Humanized Antibody variant

Page 13
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<400> 29
Ala ala Gly ITe Leu Ala Arg
5

<210> 30
<211> 7

<212> PRT

<213> Artificial seguence

<220>
<223> Humanized Antibody variant

<400> 30
Ala Ala Arg Lys Leu Arg Ser
5

«210> 31

211> 7

<212> PRT

<213> Artificial sequence

<220> ) ) '
<223> Humanized Antibody variant

<400> 31
Ala Ala Arg Lys Leu Gly Ser
5

<210> 32

<211> 7

<212> PRT

<213> Artificial seguence

<220>
<223> Humanized Antibody variant

<400> 32 i
Ala Ala Arg His Leu Lys Arg
5

<210> 33

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 33
Ala Ser Arg Tyr Leu Ser Arg
5

<210> 34

<211> 7

<212> PRT

<213> Artificial sequence

<220> _ _ '
<223> Humanized Antibody variant

<400> 34
Ala Gly Ser Lys Leu Leu Arg
5

<210> 3
<211> 7
<212> PRT
<213> Art

H

ificial seguence

Page 14
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<220> ’ ) )
<223> Humanized Antibody variant

<400> %

5
Ala Ala Ser ASn Arg Lys Ser

2

<210> 36
211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 36
Ala Ala Ser Lys Leu Gly ser
5

<210> 37

211> 7

<212> PRT

<213> artificial sequence

<220>
<223> Humanized Antibody variant

<400> 37
Ala Ala Arg Tyr Leu Arg Arg
5

<210> 38

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 38
Ala Ala Arg Arg Leu Arg Thr

<210> 39

<211> 7

<212> PRT

<213> Artificial seguence

<220>
<223> Humanized Antibody variant

<400> 39
Ala Ala Arg Arg Leu Gly Arg
5

<210> 40

<211> 7

<212> PRT

<213> Artificial sequence

<220> 4
<223> Humanized antibody variant

<400> 40
Ala Ala Arg GIn Arg Lys Arg
5



P53111RIWO_SeguenceListing

<210> 41

<211> 7

<212> PRT

<213> aArtificial sequence

<220> . § '
<223> Humanized antibody variant

<400> 41
ala Ala Arg Lys Leu Leu Arg
5

<210> 42

<211> 7

<212> PRT

<213> Artificial seguence

<220> ’ o '
<223> Humanized Antibody variant

<400> 42
Ala Ala Arg Lys teu Lys Asn
5

<210> 43

<211> 7

<212> PRT

<213> Artificial seguence

<220>
<223> Humanized Antibody variant

<400> 453
Ala Ala Arg Lys Leu Gly Thr
5

<210> 44

<211> 7

<212> PRT

<213> Artificial seguence

<220> ' _
<223> Humanized Antibody variant

<400> 44
Ala Ala Arg Lys Leu Gly Gly
5

<210> 45

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 45
Ala Ala Arg Lys Leu Ala Arg
5

<210> 46

<211> 9

<212> PRT

<213> Artificial sequence

<220> )
<223> Humanized Antibody variant



P5111R1IWO_Sequencelisting
<400> 46
GIn Gln Ser Asn Ala Asp Pro Leu Thr
5

<210>
<211>
<212>
<213>

U W
~1

R
-
i

et
—h

2
1

>

icial seguence

<220> ' ) ]
<223> Humanized Antibody variant

<400> 47
Gin GIn Ser Asn Gln Asp Pro Leu Thr
5

<210> 48

<211> 9

<212> PRT

<213> artificial sequence

<220> . _ )
<223> Humanized Antibody variant

<400> 48
Gin GIn Ser Asn G]g Asp Pro Leu Thr
5

<210> 49
<21i1> 9

<212> PRT

<213> aArtificial seqguence

<220>
<223> Humanized Antibody variant

<400> 49
Gin Gln Ser Asn Asp Asp Pro Leu Thr
5

<210> 50

<211> 9

<212> PRT

<213> Artificial seguence

<220>
<223> Humanized Antibody variant

<400> 50
Gln Gin Ser Asn Leu ASp Pro Leu Thr
5

<210> 51
<211> 9

<212> PRT

<213> Artificial sequence

<220> ' _ .
<223> Humanized Antibody variant

<400> 51
ASn Asn Ser Asn Gly Asp Pro Leu Asn
5

<210> 52
<211> 9
<212> PRT
<213> Aartificial sequence
Page 17



P5111R1IWO_SequenceListing

<220> ' ) _
<223> Humanized Antibody variant

<400> 52
GIn Pro Asp Asn Glu Ala Pro Arg Thr
2

<210> 33

<211> ¢

<212> PRT

<213> artificial sequence
<220>

<223> Humanized Antibody Vvariant

<400> 53
Asp GIn arg Asn Ala Asp Pro Leu Thr
5

<210> 54

<211> 10

<212> PRT

<213> Aartificial seguence

<220> _ ‘
<223> Humanized Antibody variant

<400> 54
Gly Tyr Pro Phe Thr Arg Tyr Trp Ile Ser
5 10

<210> 55

<211> 10

<212> PRT

<213> Aartificial seguence

<220>
<223> Humanized Antibody variant

<400> 55
Gly Tyr Pro Phe Arg Ser Tyr Trp Ile Glin
5 10

<210> 56

<211> 10

<212> PRT

<213> artificial sequence

<220> .
<223> Humanized Antibody variant

<400> 56
Gly Tyr Pro Phe Thr Ser Tyr Trp Ile Asn
5 10

<210> 57

<211> 10

<212> PRT

<213> Artificial sequence

<220> )
<223> Humanized Antibody variant

<400> 57 ,
Gly Tyr Pro Phe Thr Arg Tyr Trp Ile Asn
5 10

Page 18
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<210> 58

<211> 10

<212> PRT

<213> Artificial sequence

<220> ) ) ’
<223> Humanized Antibody variant

<400> 58
Gly Tyr Thr Phe Asn Arg Tyr Trp
5

<210> 59

<Z211> 10

<212> PRT

<213> Artiticial sequence

<220> ) ) ,
<223> Humanized Antibody variant

<400> 59
Gly Tyr Ser Phe Lys Ser Tyr Trp
5

<210> 60

<211> 10

<212> PRT

<213> Artificial sequence

<220> )
<223> Humanized Antibody variant

<400> 60
Pro Tyr Ser bLeu Cys Thr Tyr Phe
5

<210> 61

<211> 10

<212> PRT

<213> Artificial seguence

<220> _ ) .
<223> Humanized Antibody variant

<400> 61
Gly Tyr Tyr Phe Thr Ser Tyr Trp
5

<210> 62

<211> 10

<212> PRT

<213> Artificial seqguence

<220> ‘ ) '
<223> Humanized Antibody variant

<400> 62
Gly Tyr Pro pPhe Gly Arg Tyr Trp
5

<210> 63

<211> 10

<212> PRT

<213> artificial sequence

<220>
<223» Humanized Antibody variant

Ile Asn
10

ile

M
(3]
1

(A
oo

10

Ile Glu
10

val Asn
10



P5111R1IWO_SequencelListing
<400> 63
Gly Tyr Thr Phe Lys Lys Tyr Trp Ile Glu

S
5 10
<210> b4

<211> 10
<212> PRT
<213> Artificial seguence

<220> , ' (
<223> Humanized Antibody variant

<400> 64 .
Gly Tyr Pro Phe Thr ser Tyr Trp Ile GIn

<210> 65

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 65
Gly Tyr Pro Phe Arg Arg Tyr Trp Ile Giu
5 10

<210> 66

<211> 10

<212> PRT

<213> Artificial sequence

<220> .
<223> Humanized Antibody variant

<400> 66 R
Gly Tyr Pro val Gly Arg Tyr Trp Ile Ser
5 10

<210> ©7

<211> 10

<212> PRT

<213> Artificial sequence

<220> _ _ .
<223> Humanized Antibody variant

<400> 67
Gly Tyr Pro Phe Asn Arg Tyr Trp Ile Asn
5 10

<210> 68

<211> 10

<212> PRT

<213> Aartificial seguence

<220>
<223> Humanized Antibody variant

<400> 68
Gly Tyr Gly Phe Thr Ser Tyr Trp Ile Ser
5 10

<210> 69
<211> 10
<212> PRT
<213> Artificial sequence
Page 20
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<220>

<223> Humanized Antibody variant

<400> 69

Gly Tyr Thr pPhe Thr Ser Tyr Trp Leu Ser
5 10

<210> 70

<211> 10

<212> PRT

<213> Artificial sequence

<220> ‘

<223> Humanized Antibody variant

<400> 70

Gly Tyr Thr Phe Thr Ser Tyr Trp Ile Glu
5 10

<210> 71

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 71
Gly Tyr Thr Phe Ser Gly Tyr Trp Ile Asn
5 10

<210> 72

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1s synthesized

<400> 72
Gly Tyr Thr Phe Arg Arg Tyr Trp ITe Asn

N
A\

<210> 73

<211> 10

<212> PRT

<213> Artificial sequence

<220> ' _
<223> Humanized Antibody variant

<400> 73
Gly Tyr ser Phe Arg Ser Tyr Trp Ile Asn
5 10

<210> 74

<211> 10

<212> PRT

<213> Artificial seqguence

<220> ‘ '
<223> Humanized Antibody variant

<400> 74
Gly Tyr Ser Phe Arg Arg Tyr Trp Ile Asn
5 10

Page 21
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<210> 75
<211> 10
<212> PRT
<213> Artificial sequence

<220> ) ) A
<223> Humanized Antibody variant

<400> 75 -
Gly Tyr Ser Phe Arg Arg Tyr Trp Ile Giu
g ,

<210> 76

<211> 10

<212> PRT

<213> Artificial sequence

<220> i ) .
<223> Humanized Antibody variant

<400> 76 .
Gly Tyr Ser pPhe pPro Ser Tyr Trp Leu Gln
5 10

<210> 77

<211> 10

<212> PRT

«213> Artificial seqguence

<220>
<223> Humanized Antibody variant

<400> 77
Gly Tyr Pro Phe Thr Arg Tyr Trp Iie Glu
5 10

<210> 78

<211> 10

<212> PRT

<213> artificial sequence

<220> . _ )
<223> Humanized Antibody variant

<400> 78
Gly Tyr Pro Phe Ser Gly Tyr Trp Ile Glu
5 10

<210> 79

<211> 10

<212> PRT

<213> Artificial sequence

<220> )
<223> Humanized Antibody variant

<400> 79
Gly Tyr Pro Phe Arg Ser Tyr Trp Ile Ser
5 10

<210> 80

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant



P5111RIWO_SequenceListing

<400> 80
Gly Tyr Pro Phe Arg Ser Tyr Trp Ile Asn
5 10

<210> 81
<211> 10
<212> PRT
<213» Artificia

-}
v
(6%
QO
<
D
o]
0
(D

<220> ' )
<223> Humanized antibody variant

<400> 81
Gly Tyr Pro Phe Arg Gly Tyr Trp Ile Glu
5 10

<210> 82

<211> 10

<212> PRT

<213> Aartificial sequence

<220> » )
<223> Humanized Antibody variant

<400> 82
Gly Tyr Pro Phe Asn Arg Tyr Trp Ile Glu
5 10

<210> 83

<211> 10

<212> PRT

<213> artificial seguence

<220>
<223> Humanized Antibody variant

<400> 83
Gly Tyr Pro Phe Asn Gly Tyr Trp Ile Asn
5 10

<210> 84

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody Vvariant

<400> 84 )
Gly Tyr Asn val Ser Ser Tyr Trp Leu Ser
5 10

<210> 85

<211> 10

<212> PRT

<213> Artificial seqguence

<220> )
<223> Humanized Antibody variant

<400> 85
Gly Phe Pro Phe Thr Ser Tyr Trp Ile Ser
5 10

<210> 86
<211> 10
<212> PRT
<213> artificial sequence
Page 23



<220>

<223>

<400>

Gly Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Cys Thr Arg Arg Vva

<210>
<211>
<212>
<213>

<220>
<223>

<400>

P5111R1WO_SequencelListing

Humanized Antibody variant

86

87

10

PRT

Artificial sequence

Humanized Antibody variant

87
Pro Iie Tyr

[0

88

10

PRT

Artificial sequence

Humanized Antibody variant

88

Cys Thr Arg Arg val Pro val Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

b}

89

10

PRT

Artificial sequence

Humanized Antibody variant

89

Cys Thr Arg Arg val Pro val Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

>

90

10

PRT

Artificial sequence

Humanized Antibody variant

90

Pro Phe Asn Arg Tyr Trp Ile Asn
5

10

Leu ASp
10

Phe Asp
10

Leu Asp
n
U

Cys Thr Arg Arg val Pro val Tyr Leu Asp

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Cys Thr Arg Arg val Pro Ile Tyr Phe Asp
5

>

91
10
PRT
Artificial sequence

Humanized Antibody variant

91

10

10

Page 24
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<210> 92
<211> 10
<212> PRT
<213> Artificial sequence

<220> . y A
<223> Humanized antibody variant

<400> 92
Cys Thr Arg Arg val Pro Phe Cys Leu Asp
5 10

<210> 93

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 93
Cys Thr arg Arg val Pro val Tyr Leu ASp
5

<210> 94

<211> 10

<212> PRT

<213> Artificial seguence

<220> )
<223> Humanized Antibody variant

<400> 94
Cys Thr Arg Arg val Pro Ile Arg Leu Asp
5 10

<210> 95

<211> 10

<212> PRT

<213> Artificial sequence

<220> _ } }
<223> Humanized Antibody variant

<400> 95
Cys Thr Arg Arg val Pro Ile Lys Leu Asp
5 10

<210> 96

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

<400> 96
Cys Thr Arg Arg val Pro Ile Arg Phe Asp
5 10

<210> 97

«211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Humanized Antibody variant

Page 25



<400>

Cys Thr arg Aarg val Pro Ile Tyr Phe Asp
5

<210>
<211>
<212>

<213>

<220>

<223>

<400>

<210>
<211>

<212>

P5111R1IWO_Seguencelisting

97
10

Humanized Antibody variant

98
Cys Thr arg arg val Pro val Tyr Phe Ser
5 10
99
10
PRT
Artificial sequence

<213>

<220>
<223>

<400>

Cys Thr Arg Arg val Pro val val Leu Asp
5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Cys Thr Arg Arg val Pro val Arg Leu Asp
5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<210>
<211>
<212>

Humanized Antibody variant
99
10
100
10
PRT
Artificial sequence
Humanized Antibody variant
100
10
101
10

PRT
Artificial seguence

Humanized Antibody variant

101
Cys Thr Arg Arg val Pro val Arg Phe Asp
5 10
102
10
PRT
Artificial sequence

<213>
<220>

<223>

<400>

<210>
<211>
<212>

Humanized Antibody variant

102
Cys Thr Arg Arg val Pro val Phe Leu Asp
5 10
103
10
PRT
Artificial sequence

<213>

Page
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<220>
<223>

<400>

P5111IRIWO_Seguencelisting

Humanized Antibody variant

103

Cys Thr Arg Arg val Pro Ile Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

J

104
10
PRT
Artificial sequence

Humanized Antibody variant

104

Cys Thr Arg Arg val Pro Ile Tyr

«210>
<211>
<212>
<213>

<220>
<223>

<400>

ol

105

10

PRT

artificial seguence

Humanized Antibody variant

105

Cys Thr Arg Arg Arg Pro val Cys
2

<210>
<211>
<212>
<213>

<220>
<223>

<400>

106

10

PRT

artificial sequence

Humanized Antibody variant

106

Cys Thr Arg Arg Ile Pro val Tyr
5

<210>
<211>
<212>
<213>

<400>

Cys Thr Arg Arg val Pro val Tyr

<210>
<211>
<212>
<213>

<400>

107
10
PRT
Mus musculus

107
5

108

87

PRT

Homo sapiens

108

GIn val Gin Leu val GIn sSer Gly
. c

D

Ala ser val Lys val Ser Cys Lys

Trp val Arg Gin Ala Pro GI

20

<
[
—t
>

35

]

-

u ASp

10

Phe asp

Leu

Phe

Phe

Ala

10

ASp
10

ASD
10

ASD
10

Glu val Lys Lys
10

Ser Gly Tyr Thr
25

Phe

Gly
15

Thr
30

Leu Glu Trp Met Gly Arg

40

Page 27
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val Thr

Leu Ser

Arg Trp

<210>
<Z211>
<212>
<213>

109
81

PRT
Hom

<400> 109
Gln val
1

Ala Ser

Pro Gly

Thr ser

Glu Asp

Leu val

<210>
<211> 80

<212> PRT
<213> Hom

<400> 110
Gin val
1

110

Ala ser

Pro Gly
Thr
Glu
Thr

val

<210>
<211>
<212>
<213>

111
79

PRT
Hom

<400> 111

Gln val GiIn

4

Ala ser val

Ser Thr

ASp Thr

Ile Thr Ala

0 sapiens
Gin Leu val
5

val
20

val

Gin Leu

35

Thr
50
Thr val
65
val

Thr Ser

80

0 sapiens

GIn Leu val

]

val
20

val

Gin Leu

35

Thr
50
val
65

Ala

val Ser

80

ser

o sapiens
Leu val
5

Lys val
20

ASD

Ser

Thr

Ser

Tyr

P5111R1WO_SeqguencelListing

Thr Ser Thr ser

55

Glu Asp Thr Ala

Leu

Tvyr

Cys

Trp

Tyr

Tyr

val

Gly

Lys

Met

Met

Cys

70

Thr val

g5

Arg

Glu L

Glu
10

Ala Ser
5

val
40

Arg
Leu
55

Trp
70

GIn ser Gly ala Glu
10

Ser Cys Lys Ala ser

25

Thr Ala Tyr Met Glu

val

Ser

val Lys Lys

Trp val Arg
Ile Thr

Ser Leu

Gly Gln

val Lys Lys

Trp val Arg

Thr 1Ile Thr

Ser Ser Leu

Gly Gln Gly

Pro

Gin

Ala

Gly

Pro

Gin

Ala

Arg

Thr

g ser

60

Tyr Tyr Cys Ala
75

3]
{—J.—-J
L

[y

o0

Thr
75

Gly
Ala
30

ASp

Ser
60

Leu
75

val Lys Lys Pro Gly
15

Trp val Arg Gin A

Page 28
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Pro Gly GIn Gly Leu Glu Trp Met arg val Thr Ile Thr Ala Asp
35 40 45

Thr Ser Thr Ser Thr ala Tyr Met Glu Leu Ser Ser Leu Arg Ser
50 55

")

o
s8]
<7

Giu Asp Thr

I

Tyr Tyr Cys Trp Gly Gin Gly Thr Leu val
70 5

[oaR 8]
e

Thr val Ser Sser

<210> 112
<211> 86
<212> PRT
<213> Homo sapiens

<400> 112 ) )
Gin val GIn teu GIn Giu Ser Gly pPro Gi

y Leu val Lys Pro Se
1 5 10 1

-

Gln Thr Leu Ser Leu Thr Cys Thr val S
20

Gly Gly Ser val ser

P
vy
W
[en]

Trp Ile Arg GIn Pro Pro Gly Lys Gly Lteu Glu Trp Ile Arg val
35 40 45

Thr Ile ser val Asp Thr Ser Lys Asn GIn Phe Ser Leu Lys Leu
50 55 60

ser Ser val Thr Ala Ala Asp Thr aAla val Tyr Tyr Cys ala Arg
65 70 75

Trp Gly GIn Gly Thr Leu val Thr val Ser ser
80 85

<210> 113

<211> 81
<212> PRT
<213> Homo sapiens
<400> 113
GIn val GIn Leu GIn Glu Ser Gly Pro Gly Leu val Lys Pro Ser
1 5 10 15
Gin Thr Leu Ser Leu Thr Cys Thr val Ser Trp Ile Arg Gin Pro
20 25 30
pro Gly Lys Gly Leu Glu Trp Ile Arg val Thr Ile Ser val Asp
35 40 45
Thr Ser Lys Asn GIn Phe Ser Leu Lys Leu Ser Ser val Thr aAla
50 55 60
Ala Asp Thr ala val Tyr Tyr Cys Ala Arg Trp Gly Gin Gily Thr
65 70 75
Leu val Thr val ser ser
80
<210> 114
<211> 80
<212> PRT

<213> Homo sapiens

<400> 114
Gln val GIn Leu Gin Glu Ser Gly Pro Gly Leu val Lys Pro Ser
Page 29



Glin

Pro

Thr

<210>

<Z211>

<Z212>

<213>

<400>
Gln
1

Gin

Pro

Thr

Ala

Thr

<210>
<211>
<212>
<213>

<400>

Thr Leu ser Leu
Gly Lys Gly L
Ser Lys Asn GIn
Asp Thr Ala val

65

Thr val Ser Ser
80

115

79

PRT _
Homo sapiens

11K
LD

val Gin Leu Gl
Thr Leu Ser tLey
Gly Lys Gly Leu

Ser Lys Asn Gin
50

Asp Thr ala val

65

val Ser Ser

116
87
PRT
Homo sapiens

116

Giu val Gin Leu val

1
Gly

Trp val Arg GIn A

Phe Thr Ile ser

Met Asn Ser Leu

Arg Trp Gly Gln

<210>
<211>

<212>

Ser Leu Arg L

()] > >
oo — (o201 Uy
O [Wale] [e](e]

117
81
PRT

Thr

Glu

Phe

Glu

Thr

Glu

Phe

Glu

Ser

Pro

ASD

Ala

Thr

Cys

ser

Cys

Trp

ser

cys

Gly

AsSn

Glu

Leu

P5111RIWO_SequencelListing
10

Thr val ser
>

Ile

Gly
Thr
Ile

Leu

Gly

Ala

Ser

ASD

val

Arg

val

Arg

Lys

Trp

Gly

Gly

Thr

Thr

> L

&

va'l
40

eu
55

Trp
70

Ley
Asn
55

ala
70

val
85

Trp

Leu

Trp

Thr

Ser

Gin

Leu

Gly

Glu

Page 30

Ile Arg GlIn

Ile

val

Ile

Ser

Gly

Trp

Leu

Tyr

Ser

Thr

Thr

val

Tyr

Tyr

va'l

1 Thr

Thr

Pro

Gin

val

Thr

Pro

Phe

Ser

Pro
30

ASD

o)
om

-
~ @
wr e

L5 e {

Pro
ASD
45

Ala
60

val
75



<213> Homo sapiens

<400> 117
Glu val Gln Leu
1

L

Gly Ser Leu Arg
Pro Gly Lys Gly
ASNH Ser Lys Asn
Glu Asp Thr Ala

Leu val Thr val

<210> 118
<211> 80
<212> PRT

val
5

Leuy
20

Leu
el
-

Thr
50

val

Ser
80

<213> Homo sapiens

<400> 118

Giu val GIn Leu
1

Gly Ser Leu Arg

Pro Gly Lys Gly

Asn Ser Lys Asn

Glu Asp Thr Ala

val Thr val ser

<210> 119
<211> 79
<212> PRT

val
5

Ley
20

Leu
35

Thr
50

<213> Homo sapiens

<400> 119
Glu val GIn Leu
1

Gly Ser Leu Arg

Pro G Lys Gly

ek
<

AsSn Ser Lys Asn

Glu Asp Thr ala

Thr val Ser Ser

val
5

Leu
20

teu
35

Thr
50
val
65

Glu

Ser

Glu

Leu

Tyr

Glu

Ser

Glu

Leu

Tyr

ser

Cys

Trp

Tyr

Ser

Cys

Trp

Tyr

Ser

P5111RIWO_SequencelListing

Gly Gly Gly Leu

e}
o

sla ala ser Trp
2

val Arg P Thr

Leu Gin MeT Asn

Cys Ala Arg Trp

Gly Gly Gly Leu
10

Ala Ala ser Trp
25

val Arg Phe Thr
40

Leu GIn Met Asn
55

Cys Ala Trp Gly

Gly Gly Gly Leu
Ala Ala Ser Trp

val Arg Phe Thr

- Leu Gln Met Asn

Cys Trp G

val

-

Vai

val

val

Ser

Gln

val

val

Ser

Gly

Glin

ser

Leu

Glin

Gln

Gln

Arg

ser

Leu

Thr

Arg

Arg

Gly

Pro

Gin

Arg

Arg

/ Thr

Pro

Gin

(]
}...l "
<

AsSD
45

ala

60

Leu
;>



<210> 120
<211> 87
<212> PRT

<213> Homo sapiens

<400> 120
Glu val Gin
1
Gly Ser Leu
Trp val Arg
Phe Thr Ile
Met Asn Ser

Arg Trp Gly

<210> 121
<211> 81
<212> PRT

Leu val
Arg Leu

Gin A

<213> Homo sapiens

<400> 121
Glu val GIn
1
Gly Ser Leu
Pro Gly Lys
Thr ser Lys
Glu Asp Thr

Leu val Thr

<210> 122
<211> 80
<212> PRT

Leu val
5

Arg Leu
20

Gly Leu
35

Asn Thr
50

ala val
65

val Ser
80

<213> Homo sapiens

<400> 122

Glu val Gin
1

.

Gly ser Leu

Pro Gly Lys

Thr Ser Lys

Glu Asp Thr

Leu val
5

Arg Leu
20

Gly Leu
35

Asn Thr
50

ala val

Glu

Ser

Pro

ASp

Glu

Ser

Glu

Ala

Tyr

Ser

Glu

Ser

Ala

Tyr

Th

[
)

Le

Se

r

u

Cys

Tr

Ty

Ty

Se

p

r

r

r

P5111RIWO_Sequencelisting

o
ek

\

Ala

ASD

val

Gly

Ala

Gly

Ala

val

Leu

Cys

Lys

Thr

Gly

Ala

Arg

Ser

Gly

Ala

ATrg

GIn

ser

Gly
10

Ser
25

Phe

=
(@24
1t

~ 3
(@ (o]

rw
12
-

Gly

Glu

Thr

Trp
Thr
Asn

Trp

Ley

rTrp

Thr

Poval

phe

Trp

ala

val

val

Ile

Ser

Gly

val

val

Ile

ASnh

val

Tvr

Tyr

Gin

Gin

Leu

Cys

Pro

Glin

Pro

Glin

Ala

Arg

Thr

o
bt
Wil



65

Ser Ser
80

val Thr val

«210>
<211>
212>
<213>

.
>

00 b
[ A7

PRT '
HOmMO sapiens

<400> 123

Glu val Gln Leu val
1 5

Ser Leu

20

Gly Leu Arg

Trp val Gln

Phe Thr

Met Asn Ser Leu

Trp Gly Gly

<210>
<211>
<212>
<213>

124
81
PRT
Homo sapiens

<400> 124
Glu val Glin teu val

1 5
Gly ser

Leu Arg Leu

20
Pro Gly

Lys Gly Leu

35

Thr
50

Thr Ser Lys Asn

val
65

Glu Asp Thr Ala

Leu val Thr val ser

80

<210>
<211>
<212>
<213>

125
80
PRT
Homo sapiens

<400> 125
Glu val GIn Leu val
1 5

Gly Ser Leu Arg Leu
20

Pro Gly Lys Gly Leu
35

P5111R1IWO_Sequencelisting
70

ser Gly

Gly

Lys

Thr

Leu I Thr val

Cys Ala Ala

Trp val Arg

Tyr Leu Glin

Tyr Cys Ala

Glu Ser Gly Gly

Ser Cys Ala Ala

Glu Trp val Arg

Gly

Gly
10

Ser
25
Phe
40
Met
55

Arg
70

Gly
10

Ser
25
Phe
40

Trp

Leu

Trp

Thr

page 33

val Pro

Phe Ile

wi

Tyr teu Gl

Cys Ala

val Pro

val Gin

Ile Ala

Ser Arg

Gly Gly

val Gln Pro Gly
15

val Arg GlIn Ala
30

Ile ser Ala Asp
45



P5111RIWO_SequencelListing
Thr Ser Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala
50 55 60

Glu Asp Thr Ala val Tyr Tyr Cys Ala Trp Gly Gin Gly Thr Leu

65 70 75
val Thr val Ser Ser
80
<210> 126
<211> 79
<212> PRT

<213> Homo sapiens

<400> 126
Glu val GlIn Leu val Glu Ser Gly Gly Gly Leu val GlIn Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Trp val Arg Gin Ala
Pro Gly Lys Gly Leu Glu Trp val Arg Phe Thr Ile Ser Ala Asp
Thr Ser Lys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala

Glu Asp Thr Ala val Tyr Tyr Cys Trp Gly Gin Gly Thr Leu val

Thr val Ser ser

<210> 127
<211> 80
<212> PRT
<213> Homo sapiens
<400> 127
Asp Ile GIin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Trp Tyr GIn Gin Lys Pro Gly
20 25 30
Lys Ala Pro Lys Leu Leu Ile Tyr Gly val Pro Ser Arg Phe Ser
35 40 45
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu
50 55 60
GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Phe Gly GIn Gly Thr
65 70 75
Lys val Glu Ile Lys
80
<210> 128
<211> 80
<212> PRT
<213> Homo sapiens
<400> 128
Asp Ile val Met Thr Gin Ser Pro Leu Ser Leu Pro val Thr Pro
1 5 10 15

Gly Giu Pro Ala Ser Ile Ser Cys Trp Tyr Leu GlIn Lys Pro Gly
20 25 30
Page 34



P5111RIWO_Seqguencelisting

GIn Ser Pro GIn Leu Leu Ile Tyr Gly val Pro Asp Arg Phe Ser
35 40 45

Gly Ser Gly Ser Giy Thr Asp Phe Thr Leu Lys Ile Ser Arg val

50 55 60
Glu Ala Glu Asp val Gly val Tyr Tyr Cys Phe Gly Gin Gly Thr
65 70 75
Lys val Glu Ile Lys
80
<210> 129
<211> 80

<212> PRT )
<213> Homo sapiens

<400> 129
Glu Iie val Leu Thr Glin Ser Pro Gly Thr Leu Ser Leu Ser Pro
1 5 10 15
Gly Glu arg Ala Thr Leu Ser Cys Trp Tyr Gin Gln Lys Pro Gly
20 25 30

Gin Ala Pro Arg Leu Leu Ile Tyr Gly Ile Pro Asp Arg Phe Ser
35 40 45

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu

50 55 60
Glu Pro Glu Asp Phe ala val Tyr Tyr Cys Phe Gly Gln Gly Thr
65 70 75
Lys val Glu Ile Lys
80
<210> 130
<211> 80
<212> PRT

<213> Homo sapiens

<400> 130

Asp Ile val Met Thr Gln Ser Pro Asp Ser Leu Ala val Ser Leu
1 5 10 15
Gly Glu Arg Ala Thr Ile Asn Cys Trp Tyr Gln GIn Lys Pro Gly
20 25 30
Gin Pro Pro Lys Leu Leu ITe Tyr Gly val Pro Asp Arg Phe Ser
35 40 45
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu
50 55 60
GIn Ala Glu Asp val Ala val Tyr Tyr Cys Phe Gly GIn Gly Thr
65 70 75
Lys val Glu Ile Lys
80
<210> 131
<211> 15
<212> PRT

<213> artificial Sequence

<220>
<223> HVRI-LC of huma79b graft



<400> 131
Lys Ala ser Gin
1

<210> 132
<211> 7
<212> PRT

<213> Artificial

<220>
<223> HVRZ-LC of

<400> 132
Ala Ala Ser Asn

<210> 133

<211> 9

<212> PRT

<213> Artificial

<220>
<223> HVR3-LC of

<400> 133
Gln Glin Ser Asn

<210> 134

<211> 10

<212> PRT

<213> Artificial

<220>
<223> HVR1-HC of

<400> 134
Gly Tyr Thr Phe

<210> 135

<211> 18

<212> PRT

<213> Artificial

<220>
<223> HVRZ-HC of

<400> 135
Gly Glu Ile Leu
1

Phe Lys Gly

<210> 136

<211> 10

<212> PRT

<213> Artificial

<220>
<223> HVR3-HC of

<400> 136
Thr Arg arg val

P5111RIWO_Seqguencelisting

huma79b graft
Leu Glu ser
5
Sequence
huMa79b graft
Glu Asp Pro Leu Thr
5
Sequence
huma79b graft
Ser Ser Tyr Trp Ile Giu
5 10
Sequence

humMa79b graft

>

Sequence

humMa79b graft

Pro val Tyr Phe asp Tyr
5 10

Page 36

Pro Gly Gly Gly Asp Thr Asn Tyr Asn Glu
5 10

val Asp Tyr Asp Gly Asp Ser Phe Leu Asn
10 15

I

(D

1
1



<210>
<211>
<212>
<213>

137

15

PRT
Artificial

<220>
<223> HVR1I-LC of

<400> 137
Lys Ala Ser GlIn
1 5

138

10

PRT
Artificial

<210>
<211>
<212>
<213>

<220>
<223> HVR3-HC of
<400> 138

Thr Arg Arg val Pro
5

<210>
<211>
<212>
<213>

139

23

PRT '
Homo sapiens

<400> 139
Asp Ile Gin Met Thr
1 5

Gly asp Arg val Thr
20

<210>
<211>
<212>
<213>

140

15

PRT

Homo sapiens

<400> 140
Trp Tyr GIn Gin Lvs
1 5

<210>
<211i>
<212>
<213>

<400> 141
Gly val Pro Ser Arg
1 5

141

32

PRT

Homo sapiens

Thr Leu Thr Ile Ser
20

Tyr <ys

<210>
<211>
<212>
<Z213> Homo sapiens

<400> 142
Phe Gly Gln Gly Thr
5

142
11
PRT

P5111R1WO_Sequencelisting

sequence
Humanized Antibody variant (huMA79b.

Ser val Asp Tyr Glu Gly Asp Ser phe
5 10

sequence

Humanized antibody variant (humMa79b.

Ile Arg Leu Asp Tyr
10

Pro Ser ser
10

Ser Leu

Cys

Pro Gly Lys Ala Pro

10

Gly ser Gly
10

ser

Gln Pro Glu Asp
2

]
2

Lys val Glu Ile Lys Arg
10
Page 37

v28)

Leu Asn
15

V28]

Ser Ala Ser val
15

’

! Leu Iie

~
et el

Ly

Gly Thr asp Phe

15
Phe Ala Thr Tyr
30



<210>
<211>
<212>
<213>

143

25

PRT

Homo sapiens

<400> 1
Giu va
1

43
-
|

Gin Leu val
>

Gly Ser Leu Arg Leu
20

<210>
<211>
<212>
<213>

144

13

PRT

Homo sapiens

<400> 144
Trp val Arg Gin Ala

by
2

<210>
<211>
<212>
<213>

145
30
PRT
Homo sapiens

<400> 145
Arg Phe Thr Ile Ser
1 5

Gin Met Asn Ser Leu
20

<210>
<211>
<212>
<213>

146

11

PRT .
Homo sapiens

<400> 146
Trp Gly GIn Gly Thr
5

<210>
<211>
<212>
<213>

147
30
PRT

<220>
<223>

<220>
<221> Xaa
<222> ©
<223> Xaa is A or R
<220>
<221> Xaa
<222> 8
<223> Xaa is T or N
<220>
<221>
<222>
<223>

<400>

Xaa
13
Xaa 1s A or L

147

Arg

Arg

Leu

Artificial Sequence

ASp

Ala

val

Arg Phe Thr Ile Ser Xaa ASp

P5111R1IWO_Sequencelisting

Gly Gly Gly teu val Gin Pro Gly
10 15
ala ala Ser
25
Lys Gly Leu Glu Trp val
10
Asn Ser Lys Asn Thr Leu Tyr Leu
10 15
Glu Asp Thr Ala val Tyr Tyr Cys
25 30
Thr val Ser Ser
10

FR3-HC Composite of Humanized Antibody Vvarients

Raa

Page 38

Ser Lvs Asn Thr Xaa Tyr Leu



P5111R1WO_SeqguencelListing

1 5 10 15
Gln Met Asn Ser Leu Arg Ala Giu Asp Thr ala val Tyr Tyr Cys
20 25 30
<210> 148
<211> 31
<212> PRT K
<213> Homo sapiens
<400> 148
Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr aAla Tyr Leu
1 5 10 15
GIn Met Asn Ser Leu Arg Ala Glu asp Thr Ala val Tyr Tyr Cys
20 25 30
Ala
<210> 149
<211> 32
<212> PRT
<213> Homo sapiens
<400> 149
Arg Phe Thr Ile ser Ala Asp Thr Ser Lys Asn Thr aAla Tyr Leu
1 5 10 15

GlIn Met Asn Ser Leu Arg Ala Glu Asp Thr ala val Tyr Tyr Cys
20 25 30
Ala Arg

<210> 150
<211> 31
<212> PRT
<213> Homo sapiens

<400> 150
Arg Phe Thr Ile Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu
1 < 1

n 1
> FAV] e

GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
20 25 30

Ser

<210> 151

<211> 32

<212> PRT

<213> Homo sapiens

<400> 151
Arg Phe Thr I1e Ser Ala Asp Thr Ser Lys Asn Thr aAla Tyr Leu
1 5 10 15

GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
20 25 30

Ser Arg

<210> 152
<211> 23
<212> PRT
Page 39



S P5111RIWO_SeqguencelListing
<213> artificial sequence

<220>
<223> FR1-LC of Humanized Antibody variant (huMA79b.v17)

<400> 152
Asp Ile GIn Leu Thr Gln Ser Pro Ser Ser Leu Ser aAla Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys
20

<210> 153

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> FR2-LC Humanized Antibody variant humaZ9b.v17)

<400>

153
Trp Tyr
1

GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Ty
5 10 1

w1y

<210> 154

<211> 32

<212> PRT

<213> Artificial sequence

<220>
<223> FR3-LC of Humanized Antibody variant (huma79b.v17)

<400> 154
Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
1 5 10 15

Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr
20 25 30

Tyr Cys

<210> 155

<211> 11

<212> PRT

<213> Artificial seguence

<220>
<223> FR4-LC of Humanized antibody variant (huma79b.v17)

<400> 155
Phe Gly GIn Gly Thr Lys val Glu Ife Lys Arg
5 10

<210> 156

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> HVR1-LC of Humanized Antibody variant (huma79b.v17)

<400> 156
Lys Ala Ser Gin Ser val Asp Tyr Asp Gly Asp Ser Phe Leu Asn
1 5 10 15

<210> 157
<211> 7
Page 40



<212>
<213>

<220>

<223>
<400>
Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Thr
1

Gin

Phe

Leu

Lys

Ala

Gin

cys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu val Gin Leu val Glu ser Gly Gly

1

PRT. o
Artificial
HVR2-LC of

57
Ala Ser Asn

3 pt

58

O

PRT
Artificial

HVR3-LC of

158
GlIn Ser Asn

159
106
PRT
Artificial

CL1-LC ofHumanized

159
val ala Ala

Leu Lys Ser

Tyr Pro Arg

Gin Ser Gly

ASp Ser Thr

AsSp Tyr Glu

Gly Leu Ser

160

25

PRT
Artificial

P5111R1IWO_Seqguencelisting

seqguence

Humanized Antibody variant

seguence

Humanized Antibody variant (huma79b.v17)

Glu Asp Pro Leu Thr

wr

sequence

(huMA79b.v17)

Antibody variant (huMA79b.v17)

Pro Ser val phe Ile Phe Pro Pro Ser ASp

5 10
Gly Thr ala ser val val Cys
20 25
Glu Ala Lys val Glin Trp Lys
35 40
Asn Ser Gin Glu Ser val Thr
50 55
Tyr Ser Leu Ser Ser Thr Leu
65 70
Lys His Lys val Tyr Ala Cys
80 85
Ser Pro val Thr Lys Ser Phe
95 100
sequence

Leu

val

Glu

Thr

Glu

ASn

Leu

Asp

Gin

Leu

val

Arg

AsSn

ASh

ASpP

Ser

Thr

Gly

FR1-HC of Humanized Antibody variant (huma79b.v17)

160

bJ

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser

Page 41

Gly Leu val GIn Pro G

Ty
15



P5111R1IWO_SequencelListing

20 25
<210> 161
<211> 13
<212> PRT
<213> Artificial sequence
<220> ' o ‘
<223> FR2-HC of Humanized Antibody variant (huMA79b.v17)
<400> 161 . )
Trp val arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Ile
5 10

<210> 162
<211> 30
<212> PRT
<213> artificial sequence
<220> v . v
<223> FR3-HC of Humanized Antibody variant (huMA79b.v17
<400> 162
Arg Ala Thr Phe Ser ala asp Thr Ser Lys Asn Thr Ala Tyr Leu

1 5 10 15
Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys

20 25 30

<210> 163
<211> 11
<212> PRT

<213> Artificial seguence

<220>
<223> FR4-HC of Humanized Antibody variant (huMA79b.v17)
<400> 163
Trp Gly GlIn Gly Thr Leu val Thr val ser ser
5 10
<210> 1064
<211> 10
<212> PRT
<213> Artificial sequence
<220> )
<223> HVR1-HC of Humanized Antibody variant (huMA79b.v17)
<400> 164
Gly Tyr Thr pPhe Ser Ser Tyr Trp Ile Glu
5 10
<210> 165
<211> 18
<212> PRT

<213> Aartificial seqguence

<220>
<223> HVR2-HC of Humanized Antibody variant (huMA79b.v17)

<400> 165
Gly Glu Ile Leu Pro Gly Gly Gly Asp Thr Asn Tyr Asn Glu I1
1 5 10 1

w1 (D

Phe Lys Gly

Page 42



<210>
<211>
<212>
<213>

<220>

<223> HVR-H3 of Humanized Antibody variant

<400>

166
10
PRT

artificial sequence

166

P5111R1WO_SeguencelListing

Thr Arg Arg val Pro val Tyr Phe Asp Tyr

<210>
<211>
<212>
<213>

<220>
«<223>

<400>
sla
1

Lys

ASD

Leu

Gly

Leu

Asn

Thr

<210>
<211>
<212>

<213> Artificial Sequence

<220>
<223>

<400>

167
108
PRT

artificial Sequence

CH1

167

-HC

Ser Thr

Ser Thr

Tyr

Thr

Leu

Gly

Thr

His

168
221
PRT

Phe

Thr

b

of Humanized Antibody varient

Lys Gly
5

Ser Gly
20

Pro Glu

Gly val

Ser Leu S

Gln Thr

val Asp
95

10

Pro Ser val Phe Pro Leu

Gly

Pro

His

Tyr

Lys

Fc-HC of Humanized

168

Cys Pro Pro Cys Pro

1

Phe

Leu

Phe

Thr pro Glu

Pro

Asn

Glu

val

5

Pro Pro
20

val Thr
35

Lys Phe
50

Ala Lys Thr Lys

65

Ala

Lys

Cys

AsSn

Pro

Thr

val

Thr

Ser

Ile

Lys

Ala Ala

Thr val

Phe Pro

val val

Cys Asn

val Giu

10
Lteu Gly
25
Ser Trp
40

Ala vatl
55

Thr val
70

val Asn
85

Pro Lys
100

(huMA79h . v17)

(humMa78b.v17)

Ala Pro ser

Cys Leu val

Asn Ser Gly

Leu GIn Ser

Pro Ser ser

His Lys Pro

Ser Cys Asp

Antibody variant (huMa79b.v17)

Pro

Pro

val

Trp

Arg

Glu Leu
LYS ASp
val val
Tyr val

Glu Glu

Leu Gly
10

Thr Leu
25

Asp val
40

Asp Gly
55

GIn Tyr

70
Page 43

Gly Pro Ser

Met Ile Ser

Ser His Glu

val Glu val

Asn Ser Thr

= (D
Ty

Lys
30

ala
45

Ser
60

ser
75

ser

90

Lys
105

val



Arg

Pro

Pro

Asn

ASp

Tyr L

Tyr

<210>
<211>
<212>

<213>

<220>
<223>

<400>
1

val

Gin

Ile

TYr

val

Thr

val

Glu

val

val

Ala

s Thr

ser

Phe

Gin

169

112

PRT
artificial

Ser

val

P5111RIWO_Seguencelisting

Thr val Leu His GIn Asp Trp Leu Asn

val Leu
80 85
Lys Cys Lys val Ser Asn Lys
95 100
Thr ITe Ser Lys Ala Lvs Gly
110 115
Thr Leu Pro Pro Ser Arg Glu
125 130
Leu Thr Cys Leu val Lys Gly
140 145
Glu Trp Glu Ser Asn Gly Glin
155 160
Pro Pro val Leu Asp Ser Asp
170 175
Leu Thr val Asp Lys Ser Arg
185 190
Cys Ser val Met His Glu Ala
200 205
Ser Leu Ser Leu Ser Pro Gly
215 220
sequence

Phe

Pro

Gly

Trp

Leu

LC-HC variety Domain of Humanized Antibody

169
Asp Ile Gin Leu Thf

Gly Asp Arg

Tyr
Lys

Gly

Thr

ASp

Ala

Tyr Cys

Thr

<210>
<211>
<212>
<213>

Lys

176
117
PRT

Gly

Pro

Pro

Thr

Glin

val

val

ASD

Ser

Ile

Glu

Artificial

2

Thr
20

Ser
35
Leu
50
Arg
65
Ser
80

Ser
95

Ile
110

sequence

Gin

Ile

Phe

Leu

Phe

Asn

Lys

Ser Pro Ser Ser Leu
10
Thr Cys Lys Ala Ser

Leu Asn Trp Tyr Gin

ITe Tvr Ala A

a ser
5

ser Gly Ser G Ser
Leu GIn Pro Glu Asp

Glu Asp Pro Leu Thr

Arg

Ser

Gin

Gin

AsSn

Gly

Phe

Phe

Leu Pro Ala
Pro Arg
Met Thr Lys
Tyr Pro Ser
Glu Asn Asn
Ser Phe Phe
Gin Gln Gly

His Asn His

varienthuma79b.v17)

Ala Ser v

1 -

a
4
o

Ser val A
Lys Pro G
Leu Glu Ser
Thr Asp Phe
Ala Thr Tyr

Gly Gln Gly
105



P5111RIWO_SequenceListing

<220>
<223> HC-variable pomain of Humanized Antibody variant (huMa79b.v17)
<400> 170
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

- - - -

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Tnr Phe Ser

20 25 30

Ser Tyr Trp Ile Glu Trp val Arg Gin Ala Pro Gly Lys Gly Leu

Glu Trp Ile Gly Glu ITle Leu Pro Gly Gly Gly Asp Thr Asn Tyr
55

Asn Glu Ile Phe Lys Gly Arg Ala Thr pPhe Ser Ala Asp Thr Ser

v «

Lys asn Thr ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
85

Thr Ala val Tyr Tyr Cys Thr Arg Arg val Pro val Tyr Phe Asp

95 100 105
Tyr Trp Gly Gin Gly Thr Leu val Thr val Ser Ser
110 115
<210> 171
<211> 23
<212> PRT
<213> artificial seguence
<220> )
<223»> FR1-LC of Humanized Antibody variant (huma79b.v18)
<400> 171
Asp Ile Gln Leu Thr Gin Ser Pro Ser Ser teu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys
20
<210> 172
<211> 15
<212> PRT
<213> Aartificial sequence
<220> )
<223> FR2-LC of Humanized Antibody variant (huMA79b.v18)
<400> 172
Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr
1 5 10 15
<210> 173
<211> 32
<212> PRT
<213> Artificial sequence
<220> )
<223> FR3-LC of Humanized Antibody variant (huMA79b.v18)
<400> 173
Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp phe
1 5 10 15
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Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu Asp Phe ala Thr Tyr
20 25 30

Tyr Cys

<210> 174
<211> 11

<212> PRT .
<213> Artificial sequence

<220>
<223> FR4-LC of Humanized Antibody vVariant (huMA79b.v18)

<400> 174
Phe Gly Gin Gly Thr Lys val Glu Ile Lvs
5 10
<210> 175
<211> 15

<212> PRT
<213> Artificial sequence

<220>
<223> HVRI-LC of Humanized antibody variant (humMa79b.v18)

<400> 175
Lys Ala Ser Glin Ser val Asp Tyr Asp Gly Asp Ser Phe Leu Asn
1 5 10 15

<210> 176

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> HVR2-LC of Humanized Antibody variant (huMa79b.v18)

<400> 176
Ala Ala Ser Ash Leu Glu Ser
5

<210> 177

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> HVR3-LC of Humanized Antibody variant (huma79b.v18)

<400> 177
GIn GIn Ser Asn Glu Asp Pro Leu Thr
5

<210> 178
<211> 106
<212> PRT
<213> Artificial Seguence

<220>

<223> CL1-LC of Humanized Antibody variant (huMA79b.v18)

<400> 178

Thr val Ala Ala pPro Ser val Phe Ile Phe Pro Pro Ser Asp Glu
1 5 10 15

Gin Leu Lys Ser Gly Thr Ala Ser val val Cys Leu Leu Asn Asn
20 25 30
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P5111R1IWO_SequenceListing

Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys val Asp Asn Ala

35 40 45
Leu Gin Ser Gly Asn Ser Gin Giu Ser val Thr Glu Gin Asp Ser
50 55 60

Ser Leu Ser Ser 7T

Lys Asp Ser Tnr Ty r Leu Thr Leu Ser Ly
6 7

Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val Thr His
>

Gin Gly Leu Ser ser Pro val Thr Lys Ser Phe Asn Arg Gly Glu
95 100 105
Cys
<210> 179
<211> 25
<212> PRT
<213> Artificial seguence
<220> ) ) ]
<223> FR1-HC of Humanized Antibody variant (huMA79b.v18)
<400> 179 )
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Aja Ala Ser
20 25

<210> 180

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> FR2-HC of Humanized Antibody variant (huma79b.v18)

<400> 180
Trp val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Ile
5 10

<210> 181
<211> 30
<212> PRT
<213> Artificial sequence

<220>
<223> FR3-HC of Humanized Antibody variant (huMa79b.v18)

<400> 181
Arg Alta Thr Phe Ser Ala Asp Thr Ser Lys asn Thr ala Tyr Leu
1 5 10 15

GIn Met Asn Ser Leu Arg ala Giu Asp Thr aAla val Tyr Tyr Cys
20 25 30

<210> 182
<211> 11
<212> PRT
<213> Aartificial seguence

<220>
<223> FR4-HC of Humanized Antibody variant (huMA79b.v18)
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<400>

182

Trp Gly GIn Gly

<210>
<211>
<212>

<213>

<220>
<223>

<400>

183

10

PRT
Artificial

HVR1-HC of

183

Gly Tyr Thr Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

184

18

PRT
Artificial

HVRZ-HC of

184

Gly Glu Ile Leu

1

Phe Lys Gly

<210>
<211>
<212>
<213>

<220>

<223>

<400>

185

10

PRT
artificial

HVR3-HC of

185

Thr Arg Arg val

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala Ser Thr

1

Lys Ser Thr

Asp Tyr Phe

Leu Thr

Gly Leu

186
108
PRT
Artificial

P5111R1IWO_SeqguencelListing
Thr Leu val Thr val Ser Ser
5 10
sequence
Humanized Antibody variant (huMA79b.v18)
Ser Ser Tyr Trp Ile Glu
5 10
sequence
Humanized Antibody variant

Chuma79b.v18)

Pro Gly Gly Gly Asp Thr Asn Tyr Asn Glu Il
5 10 1

e
5

seqguence
Humanized Antibody variant (huma79b.vig)
Pro Ile Arg Leu Asp Tyr

5 10

Seqguence

CH1-HC of Humanized Antibody variant (humMa79b.v18)

186
Lys

Ser

Tyr

Gly Pro Ser val Phe Pro Leu Ala Pro Ser
5

Gly Thr Ala ala Leu Leu val

25

Gly Gly Cys
20

Glu Pro val Thr val Ser Trp Asn Ser Gly
3

val val GIn ser

50

His Thr pPhe pPro Ala Leu
55

Thr
70

Leu Ser Ser val val val Pro Ser Ser Ser

65
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Leu Gly Thr

Asn Thr Lys

Thr His Thr

<210> 187
<211> 221
<212> PRT

Glin

val

<213> Artificial

<220>

P5111R1IWO_SequencelListing
Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser

80 85 90
Asp Lys Lys val Glu Pro Lys Ser Cys ASp Lys
95 100 105
Sequence

<223> Fc-HC of Humanized Antibody variant (huMA79b.v18)

<400> 187
Cys Pro Pro
1
Phe Leu Phe
Thr Pro Glu
Pro Glu val

Asn Ala Lys

Arg val val

Gly Lys Glu T

Pro Ile Glu !

Pro Glin val

Asn Glin val

Asp Ile Ala

Tyr Lys Thr

Leu Tyr Ser

Asn val phe

Tyr Thr Gln

<210> 188
<211> 112
<212> PRT

Cys

Ser

Ser

val

Thr

<213> Artificial

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser va
5 10 1

ro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
20 25 30
Thr Cys val val val Asp val Ser His Glu Asp
35 40 45
Phe Asn Trp Tyr val Asp Gly val Glu val His
50 55 60
Lys Pro Arg Glu Giu Gin Tyr Asn Ser Thr Tyr
65 70 75

val Leu Thr val Leu His GIn Asp Trp Leu Asn
5

Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala

95 100 105

Thr Ile Ser Lys Ala Lvys Gly Gln Pro Arg Glu
110 15 120

Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
125 130 135

Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser
140 145 150

Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn
155 160 165

Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe

170 175 180
teu Thr val Asp Lys Ser Arg Trp GIn GIn Gly
185 190 195
Cys Ser val Met His Glu Ala Leu His Asn His
200 205 210
Ser Leu Ser Leu Ser Pro Gly

215 220

sequence
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<220>
<223> LC-variable bDomain of Humanized Antibody variant (huMa79b.v18)
<400> 188
Asp Ile Gin Leu Thr Gin Ser Pro Ser Ser Leu Ser ala Ser val
1 5 10 13

Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser &lin Ser val Asp
>

Tyr Asp Gly Asp Ser Phe Leu Asn Trp Tyr GlIn Glin Lys Pro Gly
T

Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Leu Glu Ser
50 55 60
Gly val Pro ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75
Thr Leu Thr Ile Ser Ser Leu Gin Pro Giu Asp Phe ala Thr Tvr
80 g5 90
Tyr Cys Gln Gln Ser Asn Glu Asp Pro Leu Thr Phe Gliy Gin Gly
95 100 105
Thr Lys val Glu Ile Lys Arg
110
<210> 189
<211> 117
<212> PRT

<213> Artificial sequence

<220>
<223> HC-variable bpomain of Humanized Antibody variant (humMA79b.v18)

<400> 189
Glu val GIn teu val Glu Ser Gly Gly Gly Leu val GIn Pro Glv
1 5 1

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Ser
20 25 30
Ser Tyr Trp Ile Glu Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Ile Gly Glu Ile Leu Pro Gly G

Ty Gly Asp Thr Asn Tyr
50 55

60

asn Glu 1le phe Lys Gly Arg Ala Thr Phe sSer Ala Asp Thr Ser
65 70 75

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Thr Arg Arg val Pro Ile Arg Leu Asp
95 100 105

Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
110 115

<210> 190

<211> 23

<212> PRT

<213> Artificial sequence

<220>
<223> FRI-LC of Humanized Antibody variant (huMa?9b.v28)
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<400> 190
Asp Ile GIn Leu Thr GlIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp arg val Thr Ile Thr Cys
20
<210> 191
<211> 15
<212> PRT
<213> Artificial sequence
<220> . .
<223> FRZ2-LC of Humanized antibody variant (huMAa79b.v2§8)
<400> 191
Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys teu Leu Ile Tyr
1 5 10 15

<210> 192
<211> 32
<212> PRT
<213> Artificial seqguence

<220>
<223> FR3-LC of Humanized Antibody variant (humMa79b.v28)

<400> 192
Gly val pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr asp Phe
1 5 15

Thr Leu Thr Ile Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
25 30
Tyr Cys
<210> 193
<211> 11
<212> PRT
<213> Artificial seguence
<220> .
<223> FR4-LC of Humanized Antibody variant (huMa79b.v28)
<400> 193
Phe Gly Gin Gly Thr Lys val Glu Ile Lys Arg
5 10
<210> 194
<211> 15
<212> PRT )
<213> Artificial seguence
<220>
<223> HVR1-LC of Humanized Antibody variant (huMA79b.v28)
<400> 194
Lys Ala Ser Gin Ser val Asp Tyr Glu Gly Asp Ser Phe Leu Asn
1 5 10 15

<210> 195

<211> 7

<212> PRT

<213> artificial sequence

<220>
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<223> HVR2-LC of Humanized Antibody variant (huma79b.v28)

<400> 195
Ala Ala Ser Asnh Leu Glu Ser
bl

<210> 1
<2il> 9
<212> PRT

<213> Artificial sequence

<220>

<223> HVR3-LC of Humanized Antibody variant (huMA79b.v28)

<400> 196
Gin Gin ser Asn Glu Asp Pro Leu Thr
5

<210> 197
<211> 106
<212> PRT
<213> Artificial seguence
<220> _ . '
<223> CL1-LC of Humanized antibody variant (huma79b.v28)
<400> 197
Thr val Ala Ala Pro Ser val phe Ile Phe Pro Pro Ser Asp Glu
1 5 10 15
Gin Leu Lys Ser Gly Thr ala ser val val Cys Leu Leu Asn Asn
20 25 30
Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys val Asp Asn Ala
35 40 45
Leu Gin Ser Glv Asn Ser GIn Glu Ser val Thr Giu GIn Asp Ser
50 55 60
Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys
65 70 75
Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val Thr His
80 85 90
Gln Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg Gly Glu
95 100 105
cys
<210> 198
<211> 25

<212> PRT
<213> Artificial seguence

<220>

<223> FR1-HC of Humanized Antibody variant (huma79b.v28)

<400> 198

Glu val GIn Leu val Glu ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

eu Ser Cys Ala Ala Ser
20 25
<210> 199

<211> 13

Page 52



P5111R1IWO_SeguencelListing

<212> PRT
<213> Artificial sequence
<220> " N ~
<Z23> FRZ-HC of Humanized antibody variant ChumaZ9b.v28)
<400> 199 *
Trp val Arg Gin Ala Pro Gly Lys Gly teu Glu Trp Ile
5 10
<210> 200
<211> 30
<212> PRT
<213> artificial sequence
<220> '
<223> FR3-HC of Humanized antibody variant (huMa79b.v28)
<400> 200
Arg Ala Thr pPhe Ser aAla Asp Thr Ser Lys asn Thr aAla Tyr Leu
1 5 10 15
Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cvs
20 25 30
<210> 201
<211> 11
<212> PRT
<213> Artificial sequence
<220> . .
<223> FR4-HC of Humanized Antibody variant (humA79b.v28)
<400> 201
Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
5 10
<210> 202
<211> 10
<212> PRT
<213> Artificial sequence
<220> ) ' )
<223> HVR1-HC of Humanized Antibody variant (huma79b.v28)
<400> 202
Gly Tyr Thr Phe Ser Ser Tyr Trp Ile Glu
5 10
<210> 203
<211> 18
<212> PRT
<213> Artificial sequence
«220>
<223> HVR2-HLC of Humanized Antibody variant (huMA79b.v28)
<400> 203 )
Gly Glu Ile Leu Pro Gly Gly Gly Asp Thr Asn Tyr aAsn Glu Ile
1 5 10 15
Phe Lys Gly
<210> 204
<211> 10
<212> PRT

<213> Artificial sequence
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<220>
<223> HVR3-HC of Humanized Antibody variant (huMA79b.v28)

<400> 204
Thr Arg Arg val Pro Ile Arg Leu Asp Tyr
5 10

<210> 205
<211> 108
<212> PRT
<213> Artificial Sequence

<220>
<223> CH1-HC of Humanized antibody variant (huMA79b.v28)

<400> 205 . .
Ala Ser Thr Lys Gly Pro Ser val pPhe Pro Leu &la Pro Ser Se
1 5 10 1

w

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys
Asp Tyr Phe Pro Giu Pro val Thr val Ser Trp Asn Ser Gly ala

Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gin Ser Ser

-3

Gly Leu Tyr sSer Leu Ser Ser Vval val Thr val Pro Ser Ser Ser

teu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn Hi1s Lys Pro Ser

Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lvs
95 100 105

Thr His Thr

<210> 206
<211> 221
<212> PRT
<213> artificial Seqguence

<220>
<223> Fc-HC of Humanized Antibody variant (huMA79b.v28)

<400> 206
Cys Pro Pro Cys Pro Ala Pro Giu Leu Leu Gly Gly Pro Ser val
1 5 10 15

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
20 25 30

Thr Pro Glu val Thr Cys val val val Asp val Ser His Glu Asp
35 40 45

Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
50 55 60

Asn ala Lys Thr Lys Pro Arg Giu Glu GIn Tyr Asn Ser Thr Tyr
5 70 75

arg val val Ser val Leu Thr val Leu His GIn Asp Trp Leu Asn
80 85 90
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Asn

ASP

Tyr

—
[
o

ASh

Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ASD
1

Gly

Thr

<210>
<211>
<212>

<213>

<220>
<223>

y Lys Glu Tyr

Ile Glu Lys

Gln val Tvr

Gln val ser

ITe ala val

Lys Thr Thr

val Phe ser

Thr GIn Lys

207
112
PRT

artificial sequence

LC-variable domain of (huMA79b.

207
Ile Gln Leu

Asp Arg val
Glu Gly Asp
Ala Pro Lys
val Pro ser
Leu Thr Ile
Cys Gin Glin
Lys val Glu

208
117
PRT

Artificial sequence

Thr
5

Thr
20

Ser
35

Leu
50

Arg
65

Ser
80

Ser
95

Ile
110

Pro

Thr

sSer

Leu

Gin

Ile

Phe

Leu

Phe

Ser L

ASn

Lys

P5111RIWO_SequenceListing

Lys val Ser Asn

ser

Pro f

Glu

val

val

Ser

Glu

Arg

Leu

Pro

Cys

ASnH

Tyr

Gly

Asp

ASN

ASp S

H1s

ser

LyS

Trp

Pro

Pro

100

Lys
115
A
1

ser
190

Glu
205

- Pro

220

Lys Ala Leu Pro

Gly Gin pPro

ASD

Arg

ala

Gly

sSer

ASp

Thr

r Glu

Phe

Pro

Gy
—
e

Ser

Gin

Gln

Asn

Gly

Phe

Phe

Met

Glu

Ser

Lys

Leu

Thr

Gly

Arg

Thr

Pro

ASN

Phe

Pro

Glu

ASP

Thr

Gin

HC-variabie Domain of Humanized Antibody (huma79b.v28)
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<400>

208

Glu val Gin

1
Gly

ASn

Lys

Thr

Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

asp Ile Gin Leu Th
1

Ser

Tyr

Trp

Glu

ASn

Ala

Trp

209
23
PRT

Artificial seguence

Ley

val

Gly

Leu

Arg |

Iie

Gly

Phe

£la

Tyr

Gln

Glu

-
3
e

Cys

Thr

P5111R1IWC_Sequencelisting

Ser Gly Gly Gly Leu
10

Thr

Leu

ala

Arg

val

Ala

Gin

Gly

Thr

Asn

val

GIn

Thr

Pro

Phe

ASn

Thr

Glu

FR1-LC of Humanized Antibody variant (huMA79b.v32)

209

2

Gly Asp Arg val Thr Ile Thr Cys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Trp Tyr Gln GIn Ly
1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
1 5 10 5

210
15
PRT

Artificial seguence

20

10

FRZ-LC of Humanized Antibody variant (huMa79b.v32)

210

211
32
PRT

Artificial sequence

b}

10

s Pro Gly Lys Ala Pro Lys Leu Phe Ile T

FR3-LC of Humanized Antibody variant (humMA79b.v32)

211

Tvr

r Gln Ser Pro Ser Ser Leu Ser ala Ser val

15

yr
)r—
15

15

Thr Leu Thr ITe Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr

Tyr Cys

20

25
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<210> 212
<211> 11
<212> PRT
<213> Artificial

<220>

P5111R1IWO_Sequencelisting

sequence

<223> FR4-LC of Humanized Antibody variant (huMA79b.v32)

<400> 212
Phe Giy Gin Gly

<210> 213
<211> 15
<212> PRT

<213> Artificial

<220>
<223> HVR1I-LC of

<400> 213
Lys Ala Ser Gln
1

<210> 214

<211> 7

<212> PRT

<213> Artificial

<220>
<223> HVR2-LC of

<400> 214
Ala Ala Ser Asn

<210> 215

<211> 9

<212> PRT

<213> Artificial

<220>
<223> HVR3-LC of

<400> 215
Gln Gin Ser Asn

<210> 216
<211> 106
<212> PRT
<213> Artificial

<220>

Thr Lys val Glu Ile Lys Arg
5 10

Humanized Antibody variant (huMa79b.v3Z)
Ser val Asp Tyr Ser Gly Asp Ser Phe Leu Asn
5 10 15
sequence
Humanized Antibody variant (huMA79b.v32)
Leu Glu ser
5
sequence
Humanized Antibody variant (humMa79b.v32)
GTB ASp Pro Leu Thr

)

Seguence

<223> CL1-LC of Humanized Antibody variant (huMA79b.v32)

<400> 216
Thr val Ala ala

Gln Leu Lys Ser

Phe Tyr Pro Arg

Pro Ser val Phe Ile Phe Pro Pro Ser Asp Glu
5 10 15

Gly Thr ala Ser val val Cys Leu Leau Asn Asn

25 30

O

1
2

(&)

u Ala Lys val GIn T Lys val Aasp Asn Ala
>

1 irp
3 40 45
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Leu

Lys

Ata

Gln

Cys

<210>
<211>
<212>

<Z213>

<220>
<223>

<400>
1

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln

ASp

ASD

Gly

217
25

PRT
Art

P5111R1IWO_Seqguencelisting

Ser Gly Asn Ser Gin Glu Ser val Thr Glu Gln Asp

50

Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser L

65

Tyr Glu Lys
80

Leu Ser Ser Pro val
95

ificial seqguence

His Lys val Tyr Al

55

70

Cys Glu val Thr

[Sal et}

g

Thr Lys Ser Phe Asn Arg Gly
100

FR1-HC of Humanized Antibody variant (huMA79b.v32

217

Glu val Gin Leu val
5

218
13

PRT
Art

ificial sequence

Glu ser Gly Gly Gly Leu val Gin Pro
10

25

FR2-HC of Humanized Antibody variant (huMA79b.v32)

218

Trp val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Iie
5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg Ala Thr Phe Se
1

219
30

PRT
Art

ificial seguence

10

FR3-HC of Humanized Antibody variant (huMA79b.v32)

219

>

r Ala Asp Thr Ser Lys Asn Thr Ala Tyr
5 10

Gly
15

Leu
15

Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
20 5 30

<210>
<211>
<212>
<213>

<220>
<223>

<400>

220
11

PRT
ATt

ificial sequence

25

FR4-HC of Humanized Antibody variant (huma79b.v32)

220

Trp Gly GIn Gly Thr teu val Thr val Ser Ser
5

10
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<210> 221
<211> 10
<212> PRT
<213> artificial seguence

<220>
<223> HVRI-HC of Humanized antibody variant (huMa79b.v32)

<400> 221
Gly Tyr Thr pPhe Se

<210> 222
<211> 18
<212> PRT
<212> Artificial sequence

<220>
<223> HVRZ-HC of Humanized Antibody variant (nuMA7Sb.v32)

<400> 222
Gly Giu Ilie Leu Pro Gly Gly Gly Asp Thr Asn Tyr Asn Glu Ile
1 5 10 15

Phe Lys Gly

<210> 223
<211> 10
<212> PRT
<213> Artificial sequence

<220>
<223> HVR3-HC of Humanized antibody variant (huMA79b.v32)

<400> 223
Thr Arg Arg val Pro Ile Arg Leu Asp Tyr
5 10

<210> 224
<211> 108
<212> PRT
<213> Artificial Sequence

<220>
<223> CH1-HC of Humanized Antibody variant (huMA79b.v32)

<400> 224
Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser
1 5 10 15

Lys Ser Thr Ser Gly Gly Thr ala Ala Leu Gly Cys teu val Lys
20 25 30

Asp Tyr pPhe Pro Glu Pro val Thr val Ser Trp asn Ser Gly Ala
35 40 45

Leu Thr Ser Gly val His Thr phe Pro Ala val Leu Gin Ser Ser
50 55 60

Gly Leu Tyr Ser Leu Ser Ser val val Thr val pro Ser Ser Ser
65 70 75

Leu Gly Thr Gin Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser
80 85 90

<C
™

Asn Thr Lys val Asp Lys Lys T Glu Pro L Ser Cys Asp Lvys
Y Do) Y

(U204
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95 100 105
Thr His Thr
<210> 225
<211> 221
«<212> PRT
<213> artificial Sequence
<220>

<223> FC-HC of Humanized Antibody variant (huM479b.v32)

<400> 225 i _
Cys Pro Pro Cvs Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser va
g 1

1 5 10

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
20 25 30

Thr pro Glu val Thr Cys val val val Asp val Ser His Glu Asp
35 40 45

Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
50 55 60

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
65 70 75

Arg val val ser val Leu Thr val Leu His GlIn Asp Trp Leu Asn
80 85 90

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala
95 100 105

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lvs Gly Gln Pro Arg Glu
110 115 120

Pro GlIn val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
125 130 135

Asn Gin val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser
140 145 150

Asp Ile ala val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn
155 160 165

Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe

170 175 180
Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp GIn Gin Gly
185 190 195
Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His Asn His
200 205 210
Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
215 220
<210> 226
<211> 112
<212> PRT

<213> artificial sequence

<220>
<223> LC -variable Domain of Humanized Antibody variant (humMAa79b.v32)

<400> 226
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asp Ile GIn Leu Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys tys Ala Ser Gin Ser val Asp
25

Tyr Ser Gly Asp Ser Phe Leu Asn Trp Tyr Gin Gin Lys Pro Gly
35 40 45

Lys Ala Pro Lys Leu Phe Ile Tyr Ala Ala Ser Asn Leu Glu Ser
50 55 60

Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr asp phe
65 70 75

Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr
80 85 90

Tvr Cys Gin GIn Ser Asn Glu Asp Pro Leu Thr Phe Gly Gln Gly
95 100 105

Thr Lys val Glu Ile Lys Arg
110

<210> 227

<211> 117

<212> PRT

<213> artificial sequence

<220>
<223> HC-variablie Domain of Humanized Antibody variant (huMA79b.v32)

<400> 227
Glu val Gin Leu val Glu ser Gly Gly Gly rteu val 6ln pPro GI
1 5 16 1

<

Ut

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Ser

20 25 30
Ser Tyr Trp Ile Glu Trp val Arg GIn Ala Pro Glv Lys Gly Leu
35 40 45
Glu Trp Ile Gly Glu Ile Leu Pro Gly Glv Gly Asp Thr Asn Tyr
50 55 60
Asn Glu Ile Phe Lys Gly Arg Ala Thr Phe Ser Ala Asp Thr Ser
65 70 75
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Thr Arg Arg val Pro Ile Arg Leu Asp
95 100 105
Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
110 115
<210> 228
<211> 446
<212> PRT

<213> Artificial sequence

<220>
<223> ThioMAb-huMa79b.v17-HC(AT18C) variant - HC

<400> 228
Glu val GlIn Leu val Gliu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
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Gly Ser Leu Arg Leu 5Ser Cys Ala Ala Ser Gly Tyr Thr Phe Ser
20 25 30

Ser Tyr Trp Ije Giu Trp val Arg Gin Ala Pro Gly Lys Gly Leu
: -

b
™

1
3
Glu Trp Gly Glu Ile Leu Pro Gly Gly Gly Asp Thr Asn Tyr
5 55

asn Gliu Ile Phe Lys Gly arg Ala Thr Phe Ser ala Asp Thr Ser
6 7

Lys Asn Thr Ala Tyr Leu GlIn Met Asn Ser Leu Arg Ala Glu Asp
8

Thr ala val Tyr Tyr Cys Thr arg arg val Pro val Tyr Phe Asp

Tyr Trp Gly Gin Gly Thr Leu val Thr val Sser Ser Cys Ser Thr
1]

Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys Ser
Ser Gly Gly Thr ala aAla Leu Gly Cys Leu val Lys Asp Tyr Phe
Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser
Gly val His Thr Phe Pro ala val Leu GlIn Ser Ser Gly Leu Tyr

170 175 180

Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr
185 190 195

GIn Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser Asn Thr Lys
200 205 210

val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
215 220 225

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val
230 235 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
245 250 255
Thr Pro Glu val Thr Cys val val val asp val Ser His Glu Asp
260 265 270

Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr
290 295 300

Arg val val ser val Leu Thr val Leu His GIn Asp Trp Leu Asn
305 310 315

Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro A
320 325 3

Pro ITe Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg G
335 340 3

Pro Gin val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
Page 62



Asn

ASD

Tyr

Leu

ASh

Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>
1

Gly

Tyr

Lys

Gly

Thr

Tyr

Thr

Gln

Ile

Lvs

Tyr

val

Thr

val

Ala

Gin |

229

218

PRT

Artificial seguence

Ser

Thr

350

Leu
365

Glu
380

Pro !

395

Leu
410

Ccys
425

Ser
440

Cys

Glu

val

- val

val

P5111RIWO_

val

Asn

ASD

Lys

£ H1sS

Ser

33
Lys
370
Gly
385
Ser
400
Ser
415

Glu
430

Pro
445

Gly Phe

Gin Pro

ASp Gly

Arg Trp

Ala Leu

Gly

ThioMab-huMA79b.v17-HC(ATI8C) variant - LC

229
Asp Ile Glin Leu Thr Gln Ser Pro Ser Ser Leu Ser

ASD

ASD

Ala

val

Leu

Ccys

Lys

Phe

val

Trp

val

Thr

Arg

Gly

Pro

Pro

Thr

Gln

val

Cys

Lys

Thr

Leu

val

ASD

Lys

Ser

Ile

Gin

Glu

Glu

>

Thr
20

Ser
35
Leu
50

Arg
65

Ser
80

Ser

95
Iie
110

Ser
125

Leu
140

ASp
155
Gln
170

Leu
185

Ile

Phe

Leu

Phe

Asn

Lys

ASp

ASn

ASN

Thr

Leu

Ile

Ser

Leu

Glu

Arg

Glu

Asn

Ala

Cys

AsSn

Tyr

Gly

Gln

ASp

Thr

Glin

Phe

Leu

Lys

Ser

Pro

Pro

val

Leu

Tyr

Glin

ASD

ASD

10

Tyr
190

Ser Glin

Gin Gln

Ser Asn

Ser Gly

Asp pPhe

Thr Phe

Ala Pro

Ser Gly

Arg Glu

Gly Asn

Thr Tyr

Glu Lys

Page 63

SequenceListing
55

Tvr

Glu

Ser

Gin

His

Lys

Leu

Thr

Pro

AsSn

Phe

Gin

ASn

Pro

Glu

ASD

Thr

Glin

val

Ala

Lys

Gln

Leu

Lys

val
15

ASD
30

Gl

g

Ser
o0

Phe

Tyr



Tyr Ala Cys Glu

Lys Ser Phe Asn

A
\

ANAY
W= O
V]

VvV Vv

A A
[RSAACT SR A SR o

[RCR AT el ol hel g
wo
vV Vv

A

A

o B
—
O
2

230
446
PRT

Artificial

200

- P5111R1IWO_Sequencelisting
val Thr His GIn Gly Leu Ser Ser pro val Thr
505

Arg Gly Glu Cys
215

sequence

05

ThioMAb~huMA79b.v18-HC(ATTI8C) variant - HC

230

val Gin Leu val

Gly Ser Leu

Ser

Glu

Asn

Lys

Thr

Tyr

Lys

Ser

Pro

Gly

Ser

GIn

val

cys

Phe

Thr

Tyr

Trp

Glu

ASn

ala

Trp

Gly

Gly

Glu

val

Thr

ASD

Pro

Leu

Pro

Trp
Ile
Ile
Thr
val
Gly
Pro
Gly

Pro

Ser

Tyr

Pro

Phe

Glu

Arg

Ile

Gly

Phe

Ala

Tyr

Gln

Ser

Thr

val

Thr

Lys

Pro

val

>

Leu

(5]

o
Ul
[anl us

(Ve

.ﬂ_!
win

._..’
(ol oo <
[@he 1

w1y

110

val
125

Ala
140

Thr
155
Phe
170

val
185

cys
200

val

15

1

230

Pro
245

Thr
260

Glu

Ser

Trp

Ile

Gly

Leu

cys

Thr

Phe

Ala

val

Pro

val

AsSn

Glu

ser

Cys

<«
jsb)
et

Leu

Arg

Glin

Leu

Pro

Leu

Ser

Thr

val

Pro

Pro

Gly Gly Gly Leu

Ala

Arg

Pro

Gly

Trp

val

val

ASn

LysS

Glu

val

ala

Gin

Gly

Thr

Asn

Arg

Thr

Ala

Cys

ASN

Leu

Pro

His

Leu

ASD

val

Ser Leu

Ser Ser

LYS Pro

Cys Asp

val

Tyr

i

[
<

/ ASD

ata

Arg

Lys

Ala

Glin

Thr

rw
~
w

«

Thr

ASD

Ala

Leu

Leu

Asn

Thr

Pro

His

Pro

Phe

ASH

Thr

Glu

Tyr

His

Ser

Ser

Glu

210

Ser
75

Asp
90

ASD
105

Thr

120

Thr



Pro Glu

asn Ala

Gly Lys

pro Ile

Pro Glin

Asn Glin

Asp Ile

Tyr Lys

Lteu Tyr

Asn val

Tyr Thr

val

Lys

val

Glu

Glu

val

val

Ser

Phe

Gln

<210> 231
<211> 218
<212> PRT
<213> Artificial

<220>

Lys

Lys

val

Thr

Lys

Phe
275

Lys
290

val
305

- Lys

320
Thr
335
Thr
350

Leu
365

Glu
380

Pro
395

Leu
410

Cys
425

Ser
440

ASn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

P5111RIWO_Sequencelisting

Trp Tyr val

Ar

Th

g

-
¥

Cvs

Gl

Va

Va

Va

sequence

U s

;

1

.

Giu

5 val

Lys

Pro

Leu

Leu

ASp

Met

Giu

-
(5]
<

Ser

)

va

AsSn

ASp

Lys

His

ASp
280

Gin
295
H1s
310
ASn
25

(S8}

Lys
340

AP

355
Lys
370

Gly
385

Ser
400

Ser
415

Glu
430

Pro
445

Gly val

Tyr Asn S

Gln Asp

Lvs Ala

Gly Gln

Glu Glu

Gly Phe

Gin Pro

Asp Gly

Arg Trp

Ala Leu

Gly

<223> Thiomab-huma79b.v18-HC(A118C) variant - LC

<400> 231

Asp Ile
1

Gly asp
Tyr ASp
Lys Ala
Gly val
Thr Leu

Tyr Cys

Thr Lys

Gln

Arg

Gly

Pro

val

Leu

val

ASDP

Lys

Ser

[l
—
(2]

Glu

Thr
g

J

Thr
20

ser
35

Leu
50

Arg
65

Ser
80

Ser
95

Ile

Gin Ser Pro

Ile

Phe

Leu

Phe

Ser

Asn

Lys

Th

Le

r

u

cys

ASn

Gly

Gin

ASP

Thr

Ser

Trp

Ala

Ser

Pro

Pro

val

Ser |

10

Ala
25

Tyr
40

Ala

Leu
100

Ala

Ser Gln

GIn Gln

Ser Asn

Ser Gly

ASp Phe

Thr Phe

Ala Pro

Page 65

Glu val His

w
[
3

Gln

His

Ala

Ser

Thr

ATG

Thr

Pro

ASn

Phe

GlIn

Asn

val

Pro

Glu

ASp

285

Tyr
300

Phe
<
o

Tyr
90

Gly
105

Phe



P5111R1WO_Sequencelisting

110 115 120
Ile Phe Pro Pro Ser Asp Glu Glin Leu Lys Ser Gly Thr Ala Ser
125 130 135

val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val
140 145 150

Gly Asn Ser Gin Glu

Gin Trp Lys val Asp asn Ala Leu Gin Ser
155 160 165

Ser val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175 180
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
185 190 195
Tyr Ala Cys Glu val Thr His GIn Gly Leu Ser Ser pro val Thr
200 205 210
Lys Ser Phe Asn Arg Gly Giu Cys
215
<210> 232
<211> 446
<212> PRT
<213> Artificial sequence
<220> )
<223> ThioMAb-huMA79b.v28-HC(ATI8LC) variant - HC
<400> 232 )
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Ser
20 25 30

Ser Tyr Trp Ile Glu Trp val Arg Gin Ala Pro Gly Lys Gly Leu

Glu Trp Ile Gly Giu Ile Leu Pro Gly G Gly Asp Thr Asn Tyr

Asn Glu Ile Phe Lys Gly Arg Ala Thr Phe Ser Ala Asp Thr Ser
7

Lys Asn Thr aAla Tyr Leu GIn Met Asn S Leu Arg Ala Glu Asp

Thr Ala val Tyr Tyr Cys Thr Arg Arg val Pro Ile Arg Leu Asp
Tyr Trp Gly GIn Gly Thr teu val Thr val Ser Ser Cys Ser Thr
110 115 120

Lys Gly Pro 5Ser val phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
125 130 135

ser Gly Gly Thr ala aAla rLeu Gly Cys Leu val Lys Asp Tyr Phe
140 145 150

Pro Giu Pro val Thr val Ser Trp Asn Ser Gly aAla Leu Thr Ser
155 160 165

Gly val His Thr Phe Pro Ala val Leu GIn Ser Ser Gly Leu Tyr
170 175 180

Page 66



Ser

Cys

Phe

Thr

Pro

ASn

Arg

Gly

Pro

Pro

ASn

ASD

Tyr

Leu

AsSn

Tyr

<210>
<211>
<212>

<213>

<220>
<223>

<400>

Asp Ile GIn Leu Th
1

Thr Tyr I

ASp Lys

Pro Pro

Leu Phe

Pro Glu

Glu val

Ala Lys

val val

Lys Glu

Ile Glu

Gln val

Gln vai

Ile Ala

Lys Thr

Tyr Ser

val Phe

Thr Gin

233
218
PRT

artificial seguence

Ser

Cys

Pro

val

Tyr

Lys

* Pro

395

Leu
410

Cys

Ser
440

val

ASnH

cys

Asn

Leu

Thr

Pro

Thr

Ser

Leu

P5111R1WO_Sequencelisting

Thr val Pro Ser ser Ser Leu Gly

val

By
-3
O

Pro

Pro

val

-~

3
-

Arg

Thr

Cys

Glu

val

val

val

Asn

val

val

Lys

Pro

ASD

Met

Leu

His

ASp

val

va'l

Glu

Leu

ser

Ala

Ser

val

AsSn

ASp

Lys

Ser

190

Glu
430

Pro
445

Pro

ASD

Gly

Gin

ASD

Ser

Met

Ser

Glin

Glu

Phe

Pro

Gly

Trp

Leu

ThioMAb-huMA78b . v28-HC(ATI8C) variant - LC

233

>

r Gln Ser Pro Ser Ser

10

Gly Asp Arg val Thr Ile Thr Cys Lys Ala
20 25

AsSn

Leu

Pro

Tyr

Glu

Ser

Gin

His

Glu

val

~
g
3

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Asn
390

Phe
405

Gly
420
His
435

Leu Ser Ala Ser val

15

Ser Gin Ser val Asp

Page 67

30



Tyr

Lys

Gly

Thr

Tyr

Thr

Ile

val

Glin

Tyr

Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Glu
1
Ala
Ser

Glu

Asn

P5111RIWO_Sequencelisting

Glu Gly Asp Ser Phe Leu Asn
35

Ala Pro Lys Leu Leu Ile Tyr
50

val Pro ser Arg Phe Ser Gly

J

Leu Thr ITe Ser Ser Leu Gin
80

Cys GIn Gln Ser Asn Glu Asp
95

Lys val Glu Ile Lys Arg Thr
110

Phe Pro Pro Ser Asp Glu Gin
125

val Cys Leu Leu Asn Asn Phe
140

Trp Lys val Asp Asn Ala Leu
155

val Thr Glu GIn Asp Ser Lys
170

Thr Leu Thr Leu Ser Lys Ala
185

Ala Cys Glu val Thr His GlIn
200

Ser Phe Asn Arg Gly Glu Cys
215
234
446
PRT
Artificial sequence
ThioMAb-chMA79b- LC(V205C)
234
val GIn Leu GIn GIn Ser Gly
5

Ser val Lys Ile Ser Cys Lys
Tyr Trp Ile Glu Trp val Lys
Trp Ile Gly Glu Ile Leu Pro

Glu I7e pPhe Lys Gly Lys Ala

Ser Asn Thr Ala Tyr Met Glin Leu

Ser Ala val Tyr Tyr Cys Thr Arg

Trp Tyr
Ata A
ser Gly
Pro Glu
Pro Leu

100

val aAla
115

i 2

Leu Lys
130

Tyr Pro
145

Gln ser
160

ASp Ser
175

Asp Tyr
190

Gly Leu
205

Gln Gln Lys

wn
(D
-3

w
m
-3

Thr

Glu

Ser

ASnh

Gly

Phe

Phe

variant - HC

Ala Glu Leu Met L
10

Ala T

[ Ree 2y

Gin Arg
Gly Gly
Thr Phe
Ser Sef

Arg val

Gly

Pro

Gly

Thr

Leu

Pro

Page 68

Tyr

Gly

ASp

Thr

val

Leu GJ

Lla

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

Thr
His
Thr
ASD

ser

Asp

Thr

Glin

Leu

Lys

val

Pro

Phe

AsSn

Thr

Glu

* Phe

Ser
180

va'l
195

Thr
210

Gly
Ser
30

Leu
45

Tyr
60

Ser

ASP
90

ASD



P5111RIWO_Sequencelisting

95 100 105
Tyr Trp Gly Gin Gly Thr Ser val Thr val Ser ser aAla Ser Thr
110 115 120
Lvs Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
125 130 135
ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys Asp Tyr Phe
140 145 150
Pro Gliu Pro val Thr val Ser Trp Asn Ser Giy Ala Leu Thr Ser
155 160 165
Gly val His Thr Phe Pro Ala val Leu Gin Ser Ser Gly Leu Tyr
170 175 180
Ser Ley Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr
185 190 195
GIn Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser Asn Thr Lys
200 205 210
val asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
215 220 225
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val
230 235 240
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
245 250 255
Thr Pro Glu val Thr Cys val val val Asp val Ser His Glu Asp
260 265 270
Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285
asn Ala Lys Thr Lys Pro Arg Glu Glu GlIn Tyr asn Ser Thr Tyr
290 295 300
Arg val val Ser val Leu Thr val Leu His Gin Asp Trp Leu Asn
305 310 315
Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala
320 325 330
Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu
335 340 345
Pro Gin val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
350 355 360

Asn Gin val Ser Leu Thr Cys Leu val Lvs Gly Phe Tyr Pro Ser
365 370 375

Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
380 385 390

Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe
395 400 405

Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gin GlIn Gly
410 415 420

Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His Asn His
425 430 435

Page ©9



<210>
<211>
<212>
<213>

<220>

235
218
PRT

Artificial sequence

440

PS111R1IWO_SequencelListing
Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly

<223> ThioMAb-chMA79b- LC(V205C)

<400>

235

Asp Ile val
1

Gly Glin Arg

Tyr

Thr

val

Gln

ASD G

Ile Pro

Leu Asn

Cys Gln

Glu Leu

Phe Pro

val Cys

Trp Lys

val Thr

Thr Leu

Ala Cys

Lys Ser Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu val GIn Leu Gin GIn Ser Gly Ala Glu Leu Met Lys Pro G
s 1

1

236
446
PRT

Aartificial sequence

teu Thr
5

Ala Thr I

20

ASp Ser
35

Lys Leu
0

(D

Ala Arg
6

Leu tLeu
val Asp
Glu Gin
Thr Leu
Glu val

Asn Arg

Gin Ser Pro

Phe

Phe

Pro

Asn

Lys

ASp

ASN

Asn

Asp

ser

Thr

Gly

Ser

Leu

Ile

Arg

Glu

ASn

Lys

His

Glu

Cys

Asn

Tyr

Gly

Gliu

ASD

Thr

Lys

Ala

Gin

Cys

ThioMab-chMA79b- HC(AL118C)

236

b

445

variant - LC

Lys Al

Tro Tvr

Glu Glu
Pro Leu

val A

ASp Ser
ASp Tyr
190

Gly Leu
205

variant

Lteu ala val
Ser Gin Ser
Gln Glin Lys
Ser Asn Leu
Ser Gly Thr
Asp Ala Ala
Thr Phe Gly
Ala Pro Ser
Ser Gly Thr
Arg Giu Ala
Gly Asn Ser
Thr Tyr Ser
Glu Lys His

Ser Ser Pro

- HC

Page 70

Ser

va'l

val

ala

Lys

Glin

Ser
135

val
150
Glu
165

Ser
180

val
195
Thr
210



P5111R1IWO_SequencelListing

Ala Ser val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser
20 25 30
Ser Tyr Trp Ile Glu Trp val Lys GIn Arg Pro Gly His Gly Leu
35 40 45

[

3
t
-

Ile Leu Pro Gly Gly y Asp Thr Asn Ty
6

asn Giu Ile phe Lys Gly Lys Ala Thr phe Thr ala asp Thr ser

65 70 75

Ser Asn Thr ala Tvr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp
80 85 90

ser ala val Tyr Tyr Cys Thr arg arg val Pro val Tyr Phe Asp
95 106 105

Tyr Trp Gly GIn Gly Thr Ser val Thr val Ser Ser Cys Ser Thr
110 115 120

Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
125 130 135

Ser Gly Gly Thr ala Ala Leu Gly Cys Leu val Lys Asp Tyr Phe
140 145 150

Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser
155 160 165

Gly val His Thr phe Pro ala val Leu GIn Ser Ser Gly Leu Tyr
170 175 180

Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr
185 190 195

Gln Thr Tyr ITe Cys Asn val Asn His Lys Pro Ser Asn Thr Lys
200 205 210

val Asp Lys Lys val Glu Pro Lvs Ser Cvs Asp Lys Thr His Thr
215 220 225

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val
230 235 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
245 250 255

Thr Pro Glu val Thr Cys val val val Asp val Ser His Glu Asp
260 265 270

Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Giu Glu Gin Tyr Asn Ser Thr Tyr
290 295 300

arg val val ser val teu Thr val Leu His Gin Asp Trp Leu Asn
305 310 315

Gly Lys Glu Tyr Lvs Cys Lys val Ser Asn Lys ala Leu Pro Ala
320 325 330

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu

335 340 345

(o]
g
D
-3

Pro GIn val Tyr Thr Leu Pro Pr Arg Glu Glu Met Thr Lys
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P5111R1IWO_SequenceListing
350 355 360

Asn Gln val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Se
365 370 37

Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
35

380 38 390
Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Giy Ser Phe Phe
395 400 405
Leu Tyr Ser Lys Leu Thr val Asp Lys Ser arg Trp Gin Gin Glv
410 415 420
Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His AsSn His
425 430 435
Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
440 445
<210> 237
<211> 218
<212> PRT
<213> Aartificial sequence
<220> _
<223> ThioMab-chMA79b- HC(A118C) variant - LC
<400> 237
Asp Ile val Leu Thr Gin Ser Pro Ala Ser Lteu Ala val Ser Leu
1 5 10 15
Gly Gln Arg Ala Thr Ile Ser Cys Lys Ala Ser Gln Ser val asp
20 25 30
Tyr Asp Gly Asp Ser Phe Leu Asn Trp Tvr GIn Gin Lys Pro Gly
35 40 45
GIn Pro Pro Lys Leu Phe Ile Tyr Ala Ala Ser Asn Leu Glu Ser
50 55 60

Gly Ile pro ala Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe
70 75

Thr Leu Asn Ile His Pro vail Glu Glu Glu Asp Ala ala Thr Tyr

80 85 90
Tyr Cys GIn GIn Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala Gly
95 100 105
Thr Giu Leu Glu Leu Lys Arg Thr val aAla aAla Pro Ser val Phe
110 115 120
Ile Phe Pro Pro Ser Asp Glu Glin Leu Lys Ser Gly Thr Ala Ser
125 130 135

val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val
140 145 150

Gin Trp Lys val Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gin Glu
155

160 165

Ser val Thr Glu GlIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175 180

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
185 190 195
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200

- P5111R1IWO_Sequencelisting
Tyr Ala Cys Glu val Thr His GlIn Gly Leu Ser Ser Pro val Thr

Lys Ser Phe Asn Arg Gly Glu Cys

<210>
<21l>
<212>

<213>

238
893
DNA

<400> 238
tcatggtgat
agggtrtaggg
ggccgecact
tgaccatage
gcgttgetgc
agaggacctg
agagcccacy
tgctacgtga
ggagacggac
atcagaccca
tttgaggaca
ggaggtctac
ccttggeaca
atccagacgc
gctggacaag
agggcctgga
cggacagggg
agagccagga

<210> 239

<211> 231

<212> PRT

<213>

<400> 239

Met Ala Arg
1

Ala

Lys

Arg

Thr

Macaca

Leu Leu

Ser Glu

Ile Trp

val Lys

215

ggtgatgatg
ataggctrtac
gtgctggata
Caggctageyg
Tgctactctce
tacccgaatc
tttcatagec
ccaacagcac
aaggagcccc
aaacagctct
acggcatcta
€ggggctygcyg
gctgaagcag
tgctgatcat
gatgacagca
cattgaccag
aagtgaagtg

ccrcceecacyg

fascicula

Macaca fascicularis

accggtracgce
cttcgaaccy
tctgcagaat
ttgtctectg
agcagctgag
ccaaaggtag
adgaaacggg
cttcagcatc
aacaggtgaa
gtcaccaccc
cttctgteag
gcacggagcet
aggaacacgc
cctcttecatce
aggccggeat
acggccacct
gtctgtgggt
gcctgggtge

ris

Pro

Ala

ASnN

Phe

val

205

gtagaatcga
cgggccctet
tgeecttogy
Tgtccageca
ccagtgccag
tgcrtgtret
gcttcacggt
gtgagctggc
cctggagceag
tcatcatcca
caggagtgca
gcgagtcatg
tgaaggatgg
atcgtgcceca
ggaggaagat
acgaggacat
gagcacccag

aggctcccca

Pro

Gly

Arg

Asn Ser

Page 73

gaccgaggag 5

agactcgagc
gacagagcag
ctggcrggtyg
cagccaaatc
cggatctggc
gaaaatgcac
tccggaageg
ggccacatgce
agacatccgg
gcaagacctc
gggttcagca
catcatcatg
tcrtectget
cacacctacg
agtgacgctg
gtcaggagtyg
gcc 893

His T Leu

val Pro Al

Ser Ala Cys

Lys Arg

Thr Phe

Gly

210



val ser

val Asn

val

Arg

ala Gln

Ile Gin

Leu Leu

His Thr

Asp Ile

Glu His

<210>
<211>
<212>
<213>

240
800
DNA

<220>
<223>

<400> 240
acctcggttc

trrttctage
caatctccac
ctgcagagcec
ggcaccagca
tccaacctag
gacagacttc
ccrattactg
accaagctygg
ccecgccatct
tgctgaataa
aacgcectec

caaggacagc

Trp

Leu

Thr

Phe

Leu

Tyr

val

Pro

P5111R1IWO_Seqguencel1sting

Leu Arg Lys Arg Glu Thr Asp Lys
80 85

Glu GIn Gly His Met His GIn Thr
95 100

Leuy Ile Ile Glin Asp Ile Arg Phe
110 115

Cys GIn Gin Glu Cys Ser Lys Thr
125 130

Gly Thr Glu Leu Arg val Met Gly
140 145

Lys Gin Arg Asn Thr Leu Lys Asp
155 160

Leu Leu Ile Ile Leu Phe Ile Iie
170 175

ASp Lys Asp ASp Ser Lys Ala Gly
185 190

Glu Gly Leu Asp Ile Asp Gin Thr
200 205

Thr Leu Arg Thr Gly Glu val Lys
215 220

Gly Gin Glu
230

tatcgattga
agcaactgca
ccrctttggc
agtgaaagtg
gaaaccagga
aatctoggat
accctcacca
tcagcaaagt
aaatcaaacg
gatgagcagt
cttctatccc
aatcgggtaa

acctacagec

artificial sequence

attccaccat
actggagtac
tgtgtctcta
ttgatagtta
cagccaccca
ccctgecagg
ttaatcctgt
aatgaggatc
gaccgtggct
tgaaatctgg
agagaggcca
ctcccaggag

tcagcagcac

Chimeric anti-cyno CD79b (chl0D10)- LC

gggatggtca
attcagatat
gggcagaggg
tgaCaaaact
aactcctcat
Ttcagtgoca
ggaggctgat
cgttcacgtrt
gcaccatctg
aactgcectct
aagtacagtg
agtgtcacag

cctgacgctyg
Page 74

Glu Pro Gln

GIn Asn Ser
; ASH

Tu val

[
o
<
b
D
k-
d
[¢¥]

val pro

4
™

Met Glu

Ala Thr

Trp © val

tgtatcatcc
cgtgctgacce
ccaccatatc
tttatgcact
ctatcgtgta
gtgggtcaag
gatgttgcaa
cggtggaggc
tcrrcatctt
grtgtgtgcc
gaaggtggat
agcaggacag

agcaaagceag

r Thr

Glu

Tyr

Glin

Ser



actacgagaa

agctcgeecy

sSer

Gin

Gly

Thr

Tyr

Thr

Ile

val

Gin

ser

Tyr

Lys

<210>
<211>
<212>

<213>

<220>
<223»

241
218
PRT

Artificial sequence

acacaaagrtc
tcacaaagag

aactrgttta

P5111RIWO_Sequencelisting
tacgectgeg
cttcaacagg

Ttgcagctta

aagtcaccca

ggagagtgtt
taatggttac

Chimeric anti-cyno CD79b (chl0D10)- LC

241
Ile

Gin

Tyr

Pro

Ccys

Lys

Phe

val

Trp

val

Thr

Ala

Ser

242
150
DNA

Aartificial sequence

val

Arg

Gly

Pro

Pro

Thr

Gln

Leu

Pro

Cys

Lys

Thr

Leu

Phe

0

Leu

Ala

Lys

LYS

Ile

Gin

Glu

Pro

Leu

val

Thr

Glu

ASn

Thr
5

Thr I

20

Arg

Asn

-

Leu
185

val
200

APrg
215

Phe

Leu

Phe

Pro

ASN

ASD

ASH

ASn

ASD

Ser

Thr

Gly

Ser

Ser

val

Glu

Arg

Glu

ASn

Ala

Ser

Lys

His

Glu

Pro Pro Ser

cys

His

Tyr

ASD

Thr

Glin

Phe

Leu

Lys

Gin

cys

Arg

Trp

Pro

val

Ley

Tyr

Gin

ASD

ASD

Glv

10

Leu

ser

Glin

ser

Ser

ASp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Chimeric anti-cyno CD79b (chlOD10)- LC
page 75

tcagggcectg 700
aagcttggec 750
aaataaagca 800
ala val Ser Leu
13
Glu Ser val Asp
30
Glin Lvs Pro Gly
45
Asn Leu Glu Ser
60
Arg Thr Asp Phe
75
val ala Thr Tyr
90
Phe Gly Gly Glv
105
Pro Ser val Phe
120
Gily Thr Ala ser
135
Glu ala Lys val
150
Asn ser Gin Glu
165
Tyr Ser Leu Ser
180
Lys Hi1s Lys val
195
Ser Pro val Thr
210



<400> 242
cacctcggtt

(8]

Trtttctag

fe

gagtcgaga
gcactgrcac
cggcagrrtc
tggtagcact
gagacacatc
gaggacacag
caccactctc
ccctggcace
tgcctggtca
aggcgeectyg
caggactcta
ggcacccaga
ggtggacaag
caccgtgecce
CcCccllaaaac
atgcgtggte
ggtacgtaga
gagcagtaca
ccaggactgg
cccteccage
cgagaaccac
gaaccaggtc
tcgecgtaga
acgccteccg
caccgtggac
tgatgcatga
tctecgggta
gccgecatgg
<210>
<211>

<212>
<213>

243
441
PRT

<220>

ctatcgattg
tagcaactgc
cctggectgg
tggcractca
caggaaacaa
acctacaacc
caagaaccag
ccacatatta
acagtctrcct
ctcctccaag
aggactactt
accageggcg
ctccctcage
cctacatctg
aaagttgagc
agcacctgaa
ccaaggacac
gtggacgtga
cggcgtgoag
acagcacgta
ctgaatggcea
ccccatcgag
aggtgtracac
agcctgacct
gtoggagagc
tgctggactc
aagagcaggt
ggctctocac
aatgagtgcg

cccaactigt

P5111RIWO_Sequencelisting

aattccacca

aactggagta

actggagtgg
catctctcaa
rtcttectyge
ctgttcaaga
cagcctrecac
agcacctct

ccccgaaccyg
tgcacacctt
agcgtggtga
caacgtgaat
ccaaatcttg
ctcctgggyag
cctcatgatc
gccacgaaga
gtgcataatg
ccgtgrgatc
aggagtacaa
aaaaccatct
cctgeeecca
gcctggrcaa
aatgggcagc
cgacggctcc
ggcagcaggg
aaccactaca
acggccctag

trattgcage

Artificial sequence

tgggatggtc
cattcagaag
tcagrtctctg
attatgectg
atgggcaaca
aagtcgaatc
agttgaattc
atggacttct
caagggccca
ggggcacagc
gtgacggtgt
cccggetgte
ctgtgccoctc
cacaagccca
tgacaaaact
gaccgtcagt
tcccggaccce
ccctgaggtc
ccaagacaaa
agcgtcctca
gtgcaaggtc
ccaaagccaa
tCcccgosaag
aggcttctat
cggagaacaa
tLcttectet
gaacgrcric
cgcagaagag
agrcgaccty

ttataatggt

atgtatcatc

ggggtcaagg
Tcggtettoc
ggccctgggc
cgtggaactc
ctacagtcct
tagcagettg
gcaacaccaa
cacacatgec
cttoctcettc
ctgaggtrcac
aagtrcaact
gccgegggag
ccgtectgea
tCCaacaaag
agggcagecc
agatgaccaa
cccagcgaca
ctacaagacc
acagcaagcet
tcatgetecg
ccreteecty
cagaagcrtg

TaCaaataaa

100
150
200
250
300
350
400



<223> Chimeric anti-cyno

<400> 243

Glu val Gin Leu

4L

Gin

Leu

ASn

Phe

Ala

val

Pro

val

ASn

Glu

Ala

Lys

Cys

ASnH

Pro

Leu

cys

Ser

ASD

Glu

Pro

ASh

Ala

Thr

Pro

Thr

val

Pro

Pro

Pro

val

Trp

ATQ

Lys

Leu

Tyr

Trp

ser

Leu

Gly

Trp

val

val'l

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Ser

Met

Leu

Phe

Ala

cys

ASN

Leu

Pro

H1s

Leu

ASp

val

val

Glu

Pro
125

Leu
140

sSer
155

Glin
170

ser
185
Lys
200

cys
215

Leu
230

Thr
245
ASp
260
ASD
275
Gin
290
His
305
Asn
320

Glu

Asn

Asn

Ser

Cys

Ser

ASp

Gly

Leu

val

Gly

Lys

CD79b (chl0OD10) - LC

%
®
-3

]
<
%2}

Trp

Ile

Lys

Ala

Lys

Gly

Met

Ser

val

ASN

ASp

o]
S
e

> Thr

)
J—
m

Lys

ASp

Leu

Gly

Leu

ASN

Thr

Pro

Ile

His

Glu

Pro

val

Asn

Met

Ser

Ser

Tyr

Thr

Leu

Thr

His

Ser

Ser

Glu

val

Gly
1

(]

-

[y

W1y

[
oot
(o]

Ser

- Ile

70

ser
85

ASp
100

Thr
115

Thr
130

Phe
145
Ser
160
Tyr
175
Thr
190

Lys
205

Thr
220

val
235

Arg
250

ASpP
265
His
280

Tyr
295

AsSn
310

Ala
325
Page

Gly

Thr

vatl

Phe

-
<
V2]

Gly

Ser

Glin

val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

~f
~1

P5111RIWO_SequencelListing

val Lys Pro

F Tvr

Pro

ASD

Pro

Pro

Glu

Ala

val

Lys

Ser

(]
—
<

Thr

Pro

Gly

Pro

His

Ser

Lys

Pro

Phe

Glu

Val

val

Glu

Glu

Ile

AsSn

Thr

Thr

Giu

Gin

val

Thr

Lys

Ccys

Pro

val

Ser

Tyr

Lys

Ser

Thr

wrin

Y



Leu

U
(D
—

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp val GIn Leu Gl

1

Ser

val

r val

val

ser

244
441
PRT

artificial sequence

©ASH

ASD

ser
395

Ser
410

Glu
425

Pro
440

P5111R1WO_SequenceListing

Gin Pro Arg Glu Pro Glin val

Glu

/' Phe

pro

Gly

Glu Asn

Ser Phe

Gln Glin

H1s Asn

AsSn

AsSp I

Tvr

Leu

Asn

Tyr

Gin

Tyr

val

Thr

Thio-MAb-anti-cynoCb79b(chl0D10)-HC(A118C)

244

Gln Ser Leu

Ser

Leu

Asn

Lys

ASD

Glu

Pro

Asn

Thr Ala

Thr Thr

Pro

Leu

Tvr

Trp

Ser

Gin

Thr

Leu

Leu

Gly

Trp

va'l

ser

Ala

Met

Leu

Phe

Thr

ASH

Leu

[ s }

Leu
20

Trp
35

Gly
50

Lys
65

Phe
80

Tyr
95

val
110

Pro
125

Leu
140

Ser
155

Gin

Glu

Thr

ASn

ASn

ser

Ser

cys

Trp

Arg

1 G1In

Ser

Ser

Gly Pro Gly Leu val
10

Thr val

Ile Arg

Trp Tyr

Ile Ser

Leu Asn

Arg Met

Cys Ser

Leu Thr

 Gly Leu

Thr
25

Gin
40

Ser

55

Ile
70

Ser
85

ASp
100

Thr
115

Thr
130

Phe
145

sSer
160

Tyr

Gly

Phe

Gly

Thr

val

Phe

Lys

Ser

Pro

Gly

Ser

Page 78

Tyr

Pro

Ser

Arg

Thr

Trp

Gly

Gly

Glu

val

Leu

val

Tyr

Thr

Lys

e Ser

P
<
n

variant

Lys

Ser

Gly

Thr

Pro

His

Ser

Pro

Ile

Asn

Thr

Ser

Thr

val

Thr

Thr
345

Leu
360

Glu

Ser
15

Thr
30

Lvs

Tyr



P5111R1IWO_SequencelListing
170 175 180

val Thr val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
185 190 195

Asn val Asn His Lys Pro Ser Asn Thr Lys val Asp Lys Lys va
200 205 210

Glu Pro Lys Ser Cys AsSp Lys Thr HIs Thr Cys Pro Pro Cys Pro
215 220 2

Ala Pro Glu Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro

230 23

Ut
]
N
(e

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Giu val T
245 250 2

Cys val val val Asp val Ser His Glu Asp Pro Glu val Lys Phe
260 265 270
Asn Trp Tyr val asp Gly val Glu val His aAsn Ala Lys Thr Lys
275 280 285

Tyr Asn Ser Thr Tyr arg val val Ser val

Pro Arg Glu Glu Gln
290 295 300

~

eu Thr val Leu His GIin Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 315

Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
320 325 330

Ile Ser rLys Ala Lys Gly Glin Pro Arg Glu Pro Gin val Tyr Thr
335 340 345
Leu Pro Pro Ser A Glu Glu Met Thr S Asn GlIn val Ser Leu
3 5 360

Thr Cys Leu val Gly Phe Tyr pPro Ser Asp Ile Ala val Glu

Lys
365 370 375

Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
380 385 390

Pro val Leu Asp Ser Asp Gly Ser pPhe Phe Leu Tyr Ser Lys Leu
395 400 405

Thr val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe Ser Cys
410 415 420

Ser val Met His Glu Ala Leu His Asn HiS Tyr Thr Gin Lys Ser
425 430 435

Leu Ser Leu Ser Pro Gly
440

<210> 245
<211> 218
<212> PRT
<213> artificial sequence

<220>
<223> Thio-MAb-anti-cynoCD79b(chl0p10)-HC(A118C) variant - LC

<400> 245
Asp Ile val Leu Thr Gln Ser Pro Pro Ser Leu Ala val Ser Leu
1 5 10

15

Page 79



Gly

Thr

Tyr

Thr

val

Gln

Ser

Ser

Tyr

Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp Ile Cys Leu Pro Arg Trp Gly Cys Leu
20

<210>
<211>
<212>
<213>

<220>
«223>

<400>
1

Gin

Pro

Ile

Leu

Cys

Lys

Phe

val

Trp

val

Thr

Ala

ser

240

30

PRT )
Artificial sequence

Arg

Gly

Pro

Pro

Thr I

Gin

Leu

Cys

Lys

Thr

Cys

Phe

Ala

LYS

Lys

Ala

Gin

Glu

Leu

val

Glu

Glu

ASn

Thr
20

Thr
35

Leu

Arg
65

ASH

Ile

phe

Leu

Phe

Pro

- ASnH

Lys

ASp

Asn

Asn

ASP

Ser

Thr

Gly

P5111RIWO_SequenceListing

Ser Cys Arg Ala Ser Glu Ser val
25

Met

His

Glu

His Trp His Gin

ASp

Thr

Gin

Phe

Cys

Albumin binding peptide

246
Cys Asp Lys Thr Hi
1

247

20

PRT‘ )
Aartificial sequence

b

Albumin binding peptide

247
Gln Arg Leu Met Glu Asp Ile Cys Leu Pro Arg Trp Gly Cys Leu
5 10

>

Arg

Pro

va'l

Leu

Tyr

Gin

ASp

ASD

s Thr Gly Gly Gly Ser
5 10

40

ASD

Thr

Ser Thr
175

Tyr Glu
190

Leu Ser
205

25

Page 80

Gln

Asn |

Arg
val
Phe
Pro
Gly

Glu

Asn

Lys

Ser

Ser

His

Pro

Pro

val

sla

Lys

Glin

Leu

Lys

val

Ser
180

val
195

Thr
210

Gln Arg Leu Met Glu

15

Trp Glu Asp Asp Phe
30

13
e J



P5111R1IWO_Sequencelisting

Trp Glu Asp Asp Phe

20
<210> 248§
<211> 20
<212> PRT
<213> Artificial seguence
<220>
<223> Albumin binding peptide
<400> 248
Gln Arg Leu Ile Giu Asp Ile Cys Leu Pro Arg Trp Gly Cys Leu
1 5 10 15
Trp Glu Asp Asp Phe
20
<210> 249
<211> 18

<212> PRT
<213> Artificial seguence

<220> ‘ y
<223> Albumin binding peptide
<400> 249
Arg Leu Ile Glu Asp Ile Cys Leu Pro Arg Trp Gly Cys Leu Trp
1 5 10 15
Glu Asp Asp
<210> 250
<211> 11
<212> PRT
<213> Artificial seguence
<220> '
<223> Albumin binding peptide
<400> 250
Asp Ite Cys Leu Pro Arg Trp Gly Cys Leu Trp
5 10
<210> 251
<211> 10
<212> PRT

<213> artificial seauence

<220>
<223> Thio-huma79b HC-variant

<400> 251 ) )
Glu val GIn Leu Cys Glu Ser Gly Gly Gly
5 10

<210> 252
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio-huMa79b HC-variant

<400> 252
Leu Arg Leu Ser Cys Cys Ala Ser Gly Tyr Thr
Page 81



P5111R1IWO_Seguencelisting
10

<210> 253
<211> 11
<212> PRT
<213> aArtificial seguence

<220> '

<223> Thio-huMA79b HC-variant

<400> 253 . )

Met Asn Ser Leu Arg Cys Glu Asp Thr ala val
5 10

<210> 254

<211> 11

<212> PRT

<213> Artrificial sequence

<220> )
<223> Thio-huMA79b HC-variant

<400> 254

Thr Leu val Thr val Cys Ser ala Ser Thr Lys
5 10

<210> 255

<211> 11

<212> PRT

<213> Aartificial sequence

<220>
<223> Thio-huMA79b HC-variant

<400> 255
val Thr val Ser ser Cys Ser Thr Lys Gly Pro
5

<210> 256

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> Thio-huMA79b HC-variant

<400> 256
val Ser Ser ala Ser Cys Lys Gly Pro Ser val
5 10

<210> 257
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio-huMA79b HC-variant

<400> 257
Trp Tyr val asp Gly Cys Glu val His Asn Ala
5 10

[

<210> 258
<211> 11
<212> PRT
<213> aArtificial seguence

<220>
Page 82



’ ~ P5111R1IWO_SequenceListing
<223> Thio-huMA79b HC-variant

<400> 258
Lys Gly Phe Tyr Pro Cys Asp Ile ala val Glu
10

<210> 2
<21i> 1
<Z212> P
<213> A

Xe]

3
1
R
r

M —

ificial sequence

<220> .
<223> Thio-chMa79b HC-variant

<400> 259
Pro Pro val Leu A:p Cys Asp Gly Ser Phe phe
10

<210> 260
<211> 10
<212> PRT
<213> Artificial sequence

<220>
<223> Thio-chMA79b HC-variant

<400> 260
Glu val Gin Leu Cys GIn ser Gly Ala Glu
5 10

<210> 261

<211> 11

<212> PRT

<213> Artificial seqguence

<220>
<223> Thio-chMA79b HC-variant

<400> 261
val Lys Ile Ser Cys Cys Ala Thr Gly Tyr Thr
5 10

<210> 262

<211> 11

<212> PRT

<213> artificial sequence

<220>
<223> Thio-chMA79b HC-variant

<400> 262
Leu Ser Ser Leu Thr Cys Glu Asp Ser Ala val
5 10

<210> 263

<211i> 11

<212> PRT

<213> Artificial sequence

<220>
<223> Thio~-chMA79b HC-variant

<400> 263
Thr Ser val Thr val Cys Ser Ala Ser Thr Lys
5 10

<210> 264

<211> 11

page 83



P5111R1IWO_SequencelListing
<Z212> PRT
<213> Artificial sequence

<220> v
<223> Thio-chMA79b HC-variant

<400> 264 )
val Thr val Ser Ser Cys Ser Thr Lys Gly |
5 10

<210> 265
<211> 11
<212> PRT
<213> artificial sequence

<220>
«223> Thio-chMA79b HC-variant

<400> 265

val Ser Ser Ala Ser Cys Lys Gly Pro Ser val
5 10
<210> 266

<211> 11

<212> PRT

<213> artificial seqguence

<220>
<223> Thio-chMA79b HC-variant

<400> 266 )
Trp Tyr val asp Gly Cys Glu val His Asn Ala
5 10

<210> 267
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio-chMA79b HC-variant

<400> 267
Lys Gly Phe Tyr Pro Cys Asp Ile Ala val Glu
5 10

<210> 268
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio-chMA79b HC-variant

<400> 268
Pro Pro val Leu Asp Cys Asp Gly Ser Phe pPhe
5 10

<210> 269
<211> 10
<212> PRT
<213> Artificial sequence

<220>
<223> Thio anti-cynoCD79b(ch1l0D10)-HC-variant

<400> 269
Giu val GIn Leu Cys Giu Ser Gly Pro Gly
Page 84



P5111R1IWO_SeguenceListing
10

(S2)

<210> 270

<211> 11

<212> PRY

<213> Artificial seqguence

<220> ' _ ‘
<223> Thio anti-cynoCbhb79b(chl0pl0)-HC-variant

<400> 270
Leu Ser Leu Thr Cys Cys val Thr Gly Tyr Ser
5 10

<210> 271

<211> 11

<212> PRT

<213> artificial seguence

<220>
<223> Thio anti-cynoCb79b(chl0D10)-HC-variant

<400> 271
Leu Asn Ser val Thr Cys Glu Asp Thr Ala Thr
5 10

<210> 272

<211> 11

<212> PRT

<213> artificial seguence

<220>
<223> Thio anti-cynoCD79b(chl0D10)-HC-variant

<400> 272 A
Thr Thr Leu Thr val Cys Ser Ala Ser Thr Lys
5 10

<210> 273
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio anti-cynoCb79b(chl10D10)-HC-variant

<400> 273
Leu Thr val Ser Ser Cys Ser Thr Lys Gly Pro
5 10

<210> 274

<211> 11

<212> PRT

<213> artificial sequence

<220> . ) ‘
<223> Thio anti-cynoCb79b(chl10D10)-HC-variant

<400> 274
val Ser Ser Ala Ser Cys Lys Gly Pro Ser val
5 10

<210> 275
<211> 11
<212> PRT
<213> Artificial sequence

<220>



P5111R1IWO_Sequencelisting
<223> Thio-anti-cynoCbh79 (chl0D10)-HC-variant

<400> 275
Trp Tyr val asp Gly Cys Giu val His Asn ala
5 10

<210> 27
<211> 11
<212> PRT

<213> Artificial sequence

<220>

<223> Thio anti-cynoCD79b{(chl0D10)-HC-variant

<400> 276
Lys Gly Phe Tyr Pro Cys Asp Ile aAla val Glu
5 10

<210> 277

<211> 11

<212> PRT

<213> Artificial seguence

<220>
<223> Thio anti-cynoCb79b(chl0D10)-HC-variant

<400> 277
Pro Pro val Leu Asp Cys Asp Gly Ser Phe Phe
5 10

<210> 278

<211> 11

<212> PRT

<213> Artificial seguence

<220>
<223> Thio-humMA79b LC-variant

<400> 278 )
Ser Leu Ser Ala Ser Cys Gly asp arg val Thr
5 10

<210> 279
<211> 11
<212> PRT
<213> Artificial sequence

<220>
<223> Thio-huMA79b LC-variant

<400> 279
Glu ITe Lys Arg Thr Cys Ala Ala pro Ser val
5 10

<210> 280
<211> 11
<212> PRT
<213> Artificial seqguence

<220>
<223> Thio-huMA79b LC-variant

<400> 280
Thr val Ala Ala Pro Cys val Phe Ile pPhe Pro
5 10

<210> 281
<211> 11
Page 86



PS111R1WO_Seguencelisting
<212> PRT
<213> Artificial seqguence

<220>
<223> Thio-huMA79b LC-variant

<400> 281 . )
Phe Iie Phe Prc Pro Cys Asp Glu Gin Leu Lys
5 10

<210> 282

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> Thio-huMA79b LC-variant

<400> 282 , .
Asp Glu Gin Leu Lys Cys Gly Thr Ala S val

er
10

v

<210> 283
<211» 11
<212> PRT
<213> Artificial sequence

<220>
<223> Thio-huMA79b LC-variant

<400> 283
val Thr Glu GlIn Asp Cys LyS Asp Ser Thr Tyr
5 10

<210> 284
<211> 11
<212> PRT
<213> Artificial seqguence

<220> k
<223> Thio-huMAa79b LC-variant

<400> 284
Gly Leu Ser Ser Pro Cys Thr Lys Ser Phe Asn
5 10

<210> 285

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> Thio-chMA79b LC-variant

<400> 285
Ser Leu Ala val Ser Cys Gly GIn Arg Ala Thr
5 10

<210> 286

<211> 11

<212> PRT

<213> Artificial sequence

<220>
<223> Thio-chMA79b LC-variant

<400> 286 i
Glu Leu Lys Arg Thr Cys Ala Ala Pro Ser va)
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5 10

<210> 287
<211> 11
<212> PRT
<213> Artificial sequence

> Thico-chMA79b L{-variant
<400> 287

Thr val Ata Ala Pro Cys val Phe Ile Phe Pro
5 10

(%4

<210> 288

<211> 11

<212> PRT

<213> Artificial seguence

<220>
<223> Thio-chMa79b LC-variant

<400> 288
Phe Ile Phe Pro Pro Cys Asp Glu Gin Leu Lys
5

<210> 289
<211> 11
<212> PRT
<213> Artificial sequence

<220>
<223> Thio-chMA79b LC-variant

<400> 289
Asp Glu GIn Leu Lys Cys Gly Thr Ala Seg val
5 1

<210> 290
<211> 11
<212> PRT
<213> Artificial seguence

<220>
<223> Thio-chMA79b LC-variant

<400> 290 )
val Thr Glu Gin Asp Cys Lys Asp Ser Thr Tyr
5 10

<210> 291

<Z211> 11

<212> PRT

<213> Aartificial sequence

«<220>
<223> Thio-chMA79b LC-variant

<400> 291
Gly Leu Ser Ser Pro Cys Thr Lys Ser Phe Asn
5 10

«210> 292

<211> 11

<212> PRT

<213> Artificial seguence

<220>
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«223> Thio anti-cynoCb79b(chl0D10)-HC-variant

<400> 292
Ser Leu Ala val Ser Cys Gly Gin Arg Ala Thr
5 ‘

<210> 293
«211> 11
<212> PRT
<213> Aartificial seguence

<220>
<223> Thio anti-cynoCb79b(chl0010)-HC-variant

<400> 293 .
Glu Ile Lys Arg Thr Cys Ala Ala Pro Ser val
5 10

<210> 294
<211> 11
<212> PRT
<213> Artificial sequence

<220>
<223> Thioc anti-cynoCb79b(chl0D10)-HC-variant

<400> 294
Thr val Ala Ala Pro Cys val Phe I7e Phe Pro
5 10

<210> 295
<211> 11
<212> PRT
<213> artificial sequence

<220>
<223> Thio anti-cynoCD79b(chl0D10)-HC-variant

<400> 295
Phe Ile Phe Pro Pro Cys Asp Glu Gln Leu Lys
5 10

<210> 296
<Z211> 11
<212> PRT
<213> Artificial seqguence

<220>
<223> Thio anti-cynoCDh79b(chl0D10)-HC-variant

<400> 296
Asp Glu GIn Leu Lys Cys Gly Thr ala Ser val
5 10

<210> 297
<211> 11
<212> PRT
<213> Artificial sequence

<220>
<223> Thio anti-cynoCb79b(chl0D10)-HC-variant

<400> 297
val Thr GTu GIn Asp Cys Lys Asp Ser Thr Tyr
5 10

<210> 298
<211> 11
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<212>
<213>

<220>

<223> Thio anti-cynoCD79b(chi0D10) -HC-variant

<400>
Gly

<210>
<211>
<212>

<213> Artificial sequence

<220>

PRT

Aartificial sequence

298

P5111R1WC_Sequencelisting

Leu Ser Ser Pro Cys Thr Lys Ser Phe Asn

299
441
PRT

>

10

<223> Thio anti-cynoCD79b-LC(Vv205C) variant - HC

<400>

299

asp val GIn Leu Glin Glu

1

Gin

Ser

Leu

Asn

Lys

Thr

Thr

Phe

Ala

val

Pro

val

AsSn

Glu

Ala

Lys

Ser

ASp

Glu

Pro

Asn

Ala

Thr

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

Leu

Tyr

Trp

Ser

Gin

Thr

Leu

Gly

Trp

val

val

Asn

Lys

Glu

ser

Ala

Cys

Asn

Leu

Pro

H1sS

Ser

Leu

ASD

>

Leu
20

Trp
35

Gly
50

Lys
65

Phe
80

TYyr
95

val
110

Pro
125

Leu
140

Ser
155

Glin
170

Ser
185

Lys
200

cys
215

Leu
230

Thr

Thr

Asn

ASn

Ser

Leu

cys

Ser

Ser

[
—t
<

Ser

Ser

Pro

Leu I

ser

cys

Trp

Ile

Arg

Gln

Ser

Ser

Ser

Lys

Ser

Ser

Ser

Gly

Thr

]
e
[

Arg

Ala

Lys

ASD

Leu

Gly

Leu

Asn

Thr

Pro

Ile

pro Gly Leu

val

Arg

TYyr

ser

ASn

Ser

ser

Tyr

Thr

Leu

Gly

Thr

10

Thr
25

Gly

Phe

Gly

Thr

Gin

val

Cys

val
Tyr
Pro
Ser
Arg
Thr
Trp
Gly
Gly
Glu
val
Leu
Thr

ASp

Pro

Gly

Thr

ASD

ser

Pro

His

ASn

Thr

Thr

Glu

Gin

Ser

val

Thr

Ser

Ile

Lys

Cys

Pro

P val

Cys
va'l
210

Pro

Py

Pro
240

Thr



Cys

Asn

Pro

Leu

Thr

Trp

Pro

Thr

Ser

<210>
<211>
<212>
<213>

<220>

<223>

<400>

PS111R1WO_Sequencelisting

245 250 255
val val val Asp val Ser His Glu Asp Pro Giu val Lys Phe
260 265 270
Trp Tyr val asp Gly val Glu val His Asn Ala Lys Thr Lys
275 280 285
Arg Giu Glu GIn Tyr Asn Ser Thr Tyr arg val val Ser val
290 295 300
Thr val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 315
Lys val ser asn Lys Ala Leu Pro Ala pPro Ile Glu Lys Thr
320 325 330
Ser Lys ala Lys Gly Glin Pro Arg Glu Pro Glin val Tyr Thr
335 340 345
Pro Pro Ser Arg Giu Glu Met Thr Lys Asn Glin val Ser Leu
350 355 360
Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu
365 370 375
Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Tht Pro
380 385 390
val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
395 400 405
val Asp Lys Ser Arg Trp Gin GIn Gly Asn val Phe Ser Cys
410 415 420
val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
425 430 435
Leu Ser Leu Ser Pro Gly
440
300
218
PRT
Artificial sequence
Thio anti-cynoCb79b(chl0D10)-LC(v205C) variant - LC
300
Asp ITe val Leu Thr Gin Ser Pro Pro Ser Leu Ala val Ser Leu
1 5 10 15
Gly Gin Arg Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser val Asp
20 25 30
Ser Tyr Gly Lys Thr Phe Met His Trp His GIn Gin Lys Pro Gly
35 40 45
Gin Pro Pro Lys Leu Leu Ile Tyr Arg val Ser Asn Leu Glu Ser
50 55 60
Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr Asp Phe
65 70 75
Thr Leu Thr Ile asn Pro val Glu Ala Asp Asp val Ala Thr Tyr
80 85 90
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Tyr Cys Glin GIn Ser Asn Glu Asp Pro Phe Thr Phe Gly Gly
95 100

Thr Lys Leu Glu Ile Lys Arg Thr val Ala Ala Pro Ser val
115

b
i

phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr ala
val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
Gin Trp Lys val Asp Asn Ala Leu Gln

Gly 4sn Ser GlIn

eu

—
= §

3
-
<
-3
W
(44
I
-

Ser val Thr Glu &In Asp Ser Lys Asp Se
1

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys

185 190
Tyr Ala Cys Glu val Thr His Gin Gly Leu Ser Ser Pro Cys
200 205
Lys Ser Phe Asn Arg Gly Glu Cys
215
<210> 301
<211> 112
<212> PRT
<213> Artificial sequence
<220> ' ) R
<223> anti-cynoCb79b (chlQp10) - variable of HC
<400> 301
Glu val GIn Leu Gln Glu Ser Gly Pro Gly Leu val Lvs Pro
1 5 10

Gin ser Leu Ser Leu Thr Cys Thr val Thr Gly Tyr Ser
20 25

L]
D

Ser asp Tyr Ala Trp Asn Trp Ile Arg Gin Phe Pro Gly Asn
5

"
3

Leu Glu Trp Met Gly Asn Ile Trp Tyr Ser Gly Ser Thr Thr
5 5

ASh Pro Ser Leu Lys Ser Arg Ile Ser Ile Thr Arg Asp Thr
65 70
Lys Asn GIin Phe Phe Leu Gin Leu Asn Ser val Thr Ser Glu
80 85
Thr ala Thr Tyr Tyr Cys Ser Arg Met Asp Phe Trp Gly Glin
95 100
Thr Thr Leu Thr val Ser Ser
110
<210> 302
<211> 112
<212> PRT

<213> Artificial seguence

<220> .
<223> anti-cynoCb79b (chl0D10) - variable domain of LC
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<400>
ASD

Tyr
Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ASD

1
Gly
Tyr
Lys
Gly
Thr
Tyr

Thr

Gln Trp Lys val A
1

P5111RIWO_SequencelListing

Pro

302
Ile val Leu Thr Gin Ser Pro Pro Ser
5
GIn Arg Ala Thr Iie Ser Cys
20
Tyr Gly Lys Thr Phe Met His
35
Pro Pro Lys Leu Leu Ile Tyr
50
Ile pro Ala Arg Phe Ser Gly
65
Leu Thr Ile Asn Pro val Glu .
80
Cys Gln Gin Ser Asn Glu Asp
95
Lys Leu Glu Ile Lys Arg
110
303
218
PRT

Artificial seguence

Light chain of humMA79bv.17
303
Ile Gin Leu Thf Gln Ser Pro
5

Asp Arg val Thr Ile Thr Cys
20

Asp Gly Asp Ser Phe Leu Asn
35

Ala Pro Lys Leu Leu Ile Tyr
50

val Pro Ser Arg Phe Ser Gly
65

Leu Thr Ile Ser Ser Leu Glin
80

Cys Gin GIn Ser asn Glu Asp
95

Lys val Glu Ile Lys Arg Thr
110

Phe Pro Pro Ser Asp Glu Gin
125
val Cys Leu Leu Asn Asn Phe

p Asn Ala Leu
£

val Thr Glu Gin Asp Ser Lys

ser

Lys

Trp

Ala

Ser

Pro

Pro

val

Tyr

Gln

Leu
100

Ala
115

Lys
130

Pro
145

ser
160

ser

Leu aAla val ser

A5p

Thr

Leu

Ser

Gin

Ser

| ASD

Thr

Ala

Ser

Arg

Gly

Thr

Page 93

Glu

ASn

Arg

val

Phe

Ser

Glin

Gin

ASn

Gly

Phe A

Phe

Pro

Gly

Glu

Asn

Tyr

Ser

Ala

Leu

Thr

Thr

Ala

val

Ser

val

Pro

Glu

ASD

Thr

Gin

val

Ala

Lys

Glin

Leu

Leu

ser
60

Phe

75

TYr
90

=0
oy
[

Tyr

wn
D
-3



ser
Tyr
LVS

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Glu
;

A

Gly

w
®
et

Glu

Asn

Lys

Thr

Tyr

Lys

wn
m
-3

Gly

Ser

Gln

val

Cys

170
Thr Leu Thr Leu Ser
185
Ala Cys Glu val Thr
200
Ser Phe Asn Arg Gly
215
304
44¢
PRT

artificial sequence

Lys

His

Glu

P5111RIWO_SequencelListing

Ala Asp

Gin

Heavy chain of huMa7%bv.17

304

val GIn Leu Glu

Ser Leu Arg ser

Tyr Ile Trp

Trp Gly Ile

Glu Phe Gly

Asn Thr Ala Leu

Ala val Tyr

Trp Gly Gln

Gly Pro

Gly Gly Thr

140

Thr
155

Glu Pro val

Phe
170

val His Thr

val
185

Leu Ser Ser

Thr Ile Cys

200

val
215

ASD Lys

Pro
230

Pro Cys

ser

cys

val

Leu

Arg

Glin

Thr

Leu

Pro

Leu

Ser

Thr

val

Pro

Pro

Gly

Ala

Arg

Pro

Ala

Arg

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

[}
]
<l

Gly

Ala

Gin

Gly

Thr

Asn

Arg

Thr

Ala

Cys

AsSn

Leu

Pro

His

Ser

Leu

175
Tyr
190

Gly
10
Ser
25

ala
40

Gly
55

Phe
70

Ser
85

val
100

val
115

Pro
130

Glu Lys His Lys

| Ser Ser Pro val

Leu val

Gly Tyr

Pro Gly

ASp Asn

Ala Thr

Ala Glu

Pro Phe

Ser Ser Ser

Ser Ser Ser

val Lys Tyr

Gly Ala Thr

Ser Ser Leu

Ser Ser Gly

Pro Ser Asn Thr

Thr

ASp LVS

Gly Giy Pro

180

val
195

Thr
210

(S

Leu
45

Tyr
60

Ser
ASp
90

ASD
105

Thr
120

Thr
135
Phe
150

Ser
165

Tyr
180

Thr
195

Lys
210

Thr
225

val
240



Phe

Thr

Asn

Arg

Gly

Pro

o
-3
&}

Asn

ASp

Tyr

Leu

Asn

Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu

Pro

Glu

Ala

val

Lys

Ile

GIn

Glin

Tyr

val

Thr

305
218
PRT

Phe

Glu

val

Lys

val

Glu

Glu 1

val

val

Thr

Pro

Ser

val

Thr

Lys

Ser

Lys

Artificial

Pro
245

Thr
260

Phe

275

Lys
290

val
305

Lys
320
Thr
335
Thr
350
Leu
365
Glu
380

Pro
395

Leu
410

Cys
425

Ser
440

seqguence

Light chain of

305

asp Ile GIn Leu Thr

1
Gly

Tyr

Lys

Thr

Asp

ASp

Ala

val

Leu

Arg

Gly

Pro

Pro

Thr

val

Asp

Lys

Ser

>

Thr
20

Ser
35
Leu
50

Arg
65

Ser
80

Lys

ASnH

Pro

Leu

cys

Trp

Pro

Thr

ser

Leu

P5111R1WO_SeqguencelListing
Leu Met Ile Ser

Pro Lys Asp Thr

val val val

irp

Arg

Thr

Lys

ser

i Pro

cys

Glu

val

val

val

val

Lys

Pro

Leu

Ser

Ley

ASP

Met

Leu

huMA79bv. 18

GIn Ser Pro

Ile

Ser

Thr

Leu

Ser

Leu

Cys

ASn

Tyr

Gly

Gln

Asnh

Ser

ser

Lys

Trp

Ala

sSer

Pro

250

ASp
265

Gly
385

Ser
400

Ser
415

Glu
430

"

445

»

val

Gly

ASn

ASD

Ala

Pro

Gly

~

Leu

Phe

His

Glu

His

Ala

Ser

Ala

Glu

Leu Asn

Pro

Arg

Thr

Pro

AsSn

Glu

ASD

Thr

Ser
60

Phe
75

Tyr
90



Tyr

Thr

Ile

val

Gin

Lys

<210>
<211>
<212>
<213>

Cys

Lys

Phe I

val

Trp

val

Thr

ala

ser

Gln

Cys

Phe

306
446
PRT
Artificial

<220>

<223>
<400>

1
Gly

Ser

Glu

Asn

Lys

Thr

Lys

Ser

Pro

Gln

T Glu

Asn

Leu
140

ASP
155

i GIn

170

Leu
185

val
200

Arg
215

ASnH

Lys

ASD

Asn

ASH

Gly

Glu

His

Glu

sequence

P5111R1WO_Sequencelisting

ASD

Thr

—d

[

1 Phe

Lys

Ala

Gin

Cys

Heavy chain of huMA79bv.18

306
Glu val Gln Leu val

Ser

Tyr

Trp

Glu

Asn

Ala

Gly

Gly

Glu

Leu

Trp

Ile

Ile

Thr

val

Gly

Pro

Gly

Pro

Arg
Ile
Gly
Phe
Ala
Tyr
Gln
Ser
Thr

val

b

Leu
20

Glu
35

Glu
50

Gly
110

val
125

Ala
140

Thr

Glu

ser

Trp

Ie

Cys

Thr

Phe

Ala

val

Ser

cys

val

Leu

Arg

Gin

Thr

Leu

Pro

Leu

Ser

Gly

Ala

Arg

Pro

val

Leu

Gly

Tro

Pro

val

Leu

Tyr

Glin

ASD

ASD

Gly

Gly

Ala

Gln

teu Thr Phe Gly Gin

100

val
100

val
115

Pro
130

Leu
145

Ser

Ala
sSer
Arg
Gly
Thr
Glu

Ser

Leu
Gly
Pro

Gly

Leu
Pro
Ser
Ser
val

Gly

Page 90

bro

Asnh

Tyr

Lys

Ser

val

Tyr

Gly

ASp

Ala A

Lys

Ala

ser

—
inr

Pro

Thr

Lys

Thr

Ala

Arg

Ala

val

Pro

Phe

Gly

AsSn

Thr

Glu

Leu

Ser

Thr
120

Thr



P5111R1WO_SequenceListing
155 160 165

Gly val His Thr Phe Pro Ala val Leu GlIn Ser Ser Gly Leu Tyr
170 175 180

Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr
185 190 195

GIn Thr Tyr ITe Cys Asn val Asn His Lys Pro Ser Asn Thr Lys
200 205 210

val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
215 220 225

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val
230 235 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
245 250 255

Thr Pro Glu val Thr cys val val val Asp val Ser His Glu Asp
260 265 270

Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr
290 295 300

Arg val val Ser val Leu Thr val Leu His GIn Asp Trp Leu Asn

305 310 315
Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu pro Ala
320 325 330
Pro ITe Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
335 340 345
Pro Gin val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
350 355 360
Asn GIn val ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser
365 370 375
Asp ITe Ala val Glu Trp Glu Ser Asn Gly GIin Pro Glu Asn Asn
380 385 390
Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe
395 400 405
Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gln Gin Gly
410 415 420
Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His Asn His
425 430 435
Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
440 445
<210> 307
<211> 218
<212> PRT
<213> Artificial sequence
<220>
<223> Light chain of huMA79bv.28
<400> 307
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ASp

1
Gly
Tyr
Lys
Gly
Thr
Tyr
Thr
Ile
val
Gln
Ser
Ser
Tyr
Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

P5111R1IWO_SequencelListing
Ile GIn Leu Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser

Asp Arg val Tgr ITe Thr Cys
0

Glu Gly Asp Ser Phe Leu Asn
35

Ala Pro Lys LeS Leu Ile Tyr
5

val Pro Ser Arg Phe Ser Gly
65

Leu Thr Ile Ser Ser Leu GlIn
80

Cys Gln GIn Ser Asn Glu Asp
95

Lys val Glu Ile Lys Arg Thr
110

Phe Pro Pro Ser Asp Glu Gln
125

val Cys Leu Leu Asn Asn Phe
140

Trp Lys val Asp Asn Ala Leu
155

val Thr Glu GIn Asp Ser Lys
170

Thr Leu Thr Leu Ser Lys Ala
185

Ala Cys Glu val Thr His Gin
200

Ser Phe Asn Arg Gly Glu Cys
215

308

446

PRT. o

artificial sequence

Heavy chain of huMA79bv.28

308

Glu val GIn Leu val Glu ser Gly

1
Gly

>

Ser Leu Arg Leu Ser Cys Ala
20

Ser Tyr Trp Ile Glu Trp val Arg
35

Glu Trp Ile Gly Glu Ile Leu Pro
50

Asn Glu Ile Phe Lys Gly Arg Ala
65

Lys
Trp
Ala
ser
Pro
Pro
val
Leu
Tyr
Gln
Asp
ASp

Gly

Gly
Ala
Gln
Gly

Thr

10
Ala
25
Tyr
40

Ala
55

Gly
70

Glu
85

Leu
100

Ala
115

Lys
130

Pro
145

Ser
160

Ser
175

Tyr
190

Leu
205

Gly
10

Ser
Ala
40

Gly
55

Phe

Ser

Gln

Ser

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Leu

Gly

Pro

Gly

Ser

Page 98

Gln

Gln

ASn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

val

Tyr

Gly

ASD

Ala

Ser

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

Glin

Thr

Lys

Thr

Asp

val

Pro

Glu

Asp

Thr

Gln

val

Ala

Lys

Glin

Leu

Lys

val

Pro

Phe

Gly

Asn

Thr

val
15

ASp
30

Gly
45

Ser
60

Phe
75

Tyr
90

Gly
105

Phe
120

Ser
135

val
150

Glu
165

Ser
180

val
195

Thr
210

Gly
15

ser
30

Leu
45

Tyr
60

Ser
75



Lys

Thr

Tyr

Lys

ser

Pro

Gly

ser

GlIn

val

cys

Phe

Thr

Pro

ASn

Arg

Gly

Pro

Pro

ASn

ASp

Tyr

Leu

Asn

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Glin

Glin

Ile

Lys

Tyr

Thr

val

Gly

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

val

Lys

val

Glu

Glu

val

val

Ala

Thr

Ser

Ala

Tyr

Gln

Ser

Thr

val

Thr

ser

Ile

Lys

cys

Pro

val

Lys

Thr

Ser

Tyr

Lys

Tyr

Ser

val

Thr

Lys

Tyr
80

Tyr
95

Gly
110

val
125

Ala
140

Thr
155

Phe
170

val
185

Cys
200

val
215

Pro
230

Pro
245

Thr
260

Phe
275

Lys
290

val
305

Lys
320

Thr
335

Thr
350

Leu
365

Glu
380

Pro
395

Leu

Leu

cys

Thr

Phe

Ala

val

Pro

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Gln

Thr

Leu

Pro

Leu

ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val
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Met Asn Ser

Arg

val

Leu

Gly

Trp

val

val

AsSn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

Asp

Arg

Thr

Ala

Cys

AsSn

Leu

Pro

His

Ser

Leu

AsSp

val

val

Glu

Leu

Ser

Ala

Ser

val

Asn

Asp

Lys

85

val
100

val
115

Pro
130

Leu
145

Ser
160

Glin
175

Ser
190

Lys
205

cys
220

Leu
235

Thr
250

Asp
265

Asp
280

Gin
295

His
310

Asn
325

Lys
340

Arg
355

Lys
370

Gly
385

ser
400

Ser

Leu

Pro

Ser

ser

val

Gly

Ser

Ser

Pro

Asp

Gly

Leu

val

Gly

Tyr

Gin

Lys

Gly

Glu

Gly

Gin

Asp

Arg
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Arg
Ile
Ser
Ser
Lys
Ala
Ser
ser
Ser
Lys
Gly
Met
Ser
val
AsSn
Asp
Ala
Gln
Glu
Phe
Pro
Gly

Trp

Ala Glu

Arg Leu

Ala ser

Lys Ser

Asp Tyr

teu Thr

Gly Leu

Leu Gly

Asn Thr

Thr His

Pro Ser

Ile ser

His Glu

Glu val

Ser Thr

Trp Leu

Leu Pro

Pro Arg

Met Thr

Tyr Pro

Glu Asn

Ser Phe

GIn Gln

Asp
90

Asp
105

Thr
120

Thr
135

Phe
150

Ser
165

Tyr
180

Thr
195

Lys
210

Thr
225

val
240

Arg
255

Asp
270

His
285

Tyr
300

Asn
315

Ala
330

Glu
345

Lys
360

Ser
375

Asn
390

Phe
405

Gly



410
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Asn val Phe Ser Cys Ser val Met His

425

Tyr Thr Gln Lys Ser Leu Ser Leu Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp Ile GIn Leu Thr
1

309
218
PRT

Artificial sequence

440

Light chain of huma79bv.32

309

Gly Asp Arg

Tyr

Lys

Gly

Thr

Tyr

Thr

Ile

val

Gln

Ser

Ser

Tyr

Lys

<210>
<211>
<212>
<213>

<220>

Ser

Ala

val

Leu

cys

Lys

Phe

val

Trp

val

Thr

Ala

Ser

310
446
PRT

Gly

Pro

Pro

Thr

Gin

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

val

Asp

Lys

Ser

Ile

Gln

Glu

Pro

Leu

val

Glu

Thr

Glu

AsSn

Artificial

5

Thr
20

ser
35

Leu
50

Arg
65

Ser
80

Ser
95

Ile
110

Ser
125

Leu
140

Asp
155

Gln
170

Leu
185

val
200

Arg
215

seguence

GIn Ser Pro

Ile

Phe

Phe

Phe

Ser

AsSn

Lys

ASP

Asn

Asn

Asp

ser

Thr

Gly

Thr

Leu

Ile

Ser

Leu

Glu

Arg

Glu

Asn

Ala

Ser

Lys

His

Glu

cys

AsSn

Tyr

Gly

Gin

Asp

Thr

Gin

Phe

Leu

Lys

Ala

Gln

Cys

ser

Lys

Trp

Ala

Ser

Pro

Pro

val

Leu

Tyr

Gln

ASp

Asp

Gly

415

420

Glu Ala Leu His Asn His

430

Pro Gly
445

Ser Leu
10

Ala Ser
25

Tyr Gln
40

Ala Ser
55

Gly Ser
70

Glu Asp
85

Leu Thr
100

Ala Ala
115

Lys Ser
130

Pro Arg
145

Ser Gly
160

Ser Thr
175

Tyr Glu
190

Leu Ser
205
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Ser

Gln

Glin

AsSn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

Ala
Ser
Lys
Leu
Thr
Ala
Gly
Ser
Thr
Ala
ser
Ser
His

Pro

ser

val

Pro

Glu

ASp

Thr

Gln

val

Ala

Lys

Gln

Leu

Lys

val

435

val
15

Asp
30

Gly
45

Ser
60

Phe
75

Tyr
90

Gly
105

Phe
120

ser
135

val
150

Glu
165

Ser
180

val
195

Thr
210



<223> Heavy chain of

<400> 310

Glu

1
Gly
Ser
Glu
Asn
Lys
Thr
Tyr
Lys
Ser
Pro
Gly
Ser
Gln
val
cys
Phe
Thr
Pro
ASn
Arg

Gly

val GlIn
Ser Leu
Tyr Trp
Trp Ile
Glu Ile
Asn Thr
Ala val
Trp Gly
Gly Pro
Gly Gly
Glu Pro
val His
Leu Ser
Thr Tyr
Asp Lys
Pro Pro
Leu Phe
Pro Glu
Glu val
Ala Lys
val val

Lys Glu

Leu

Arg

Ile

Gly

Phe

Ala

Tyr

Gin

Ser

Thr

val

Thr

Ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

TYyr

val
5

Leu
20

Glu
35

Glu
50

Lys
65

Tyr
80

Tyr
95

Gly
110

val
125

Ala
140

Thr
155

Phe
170

val
185

Cys
200

val
215

Pro
230

Pro
245

Thr
260

Phe
275

Lys
290

val
305

Lys
320

huMA79bv . 32

Glu

Ser

Trp

Ile

Gly

Leu

Cys

Thr

Phe

Ala

val

Pro

val

Asnh

Glu

Ala

Lys

Cys

Asn

Pro

Leu

cys

Ser

cys

val

Leu

Arg

Gln

Thr

Leu

Pro

Leu

ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Gly

Ala

Arg

Pro

Ala

Met

Arg

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Gly
Ala
Glin
Gly
Thr
Asn
Arg
Thr
Ala
Cys
Asn
Leu
Pro
His
Ser
Leu
ASp
val
val
Glu
Leu

Ser

Gly
10
Ser
25

Ala
40

Gly
55

Phe
70

Ser
85

val
100

val
115

Pro
130

Leu
145

ser
160

Gln
175

Ser
190

Lys
205

Cys
220

Leu
235

Thr
250

ASp
265

Asp
280

Gln
295
His
310

Asn
325
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Leu
Gly
Pro
Gly
Ser
Leu
Pro
ser
Ser
val
Gly
Ser
Ser
Pro
ASp
Gly
Leu
val
Gly
Tyr
Gln

Lys

val

Tyr

Gly

Asp

Ala

Arg

Ile

Ser

Ser

Lys

Ala

Ser

ser

Ser

Lys

Gly

Met

ser

val

ASn

Asp

Ala

P5111R1IWO_SequenceListing

GIn Pro
Thr Phe
Lys Gly
Thr Asn
Asp Thr
Ala Glu
Arg Leu
Ala ser
Lys Ser
ASp Tyr
Leu Thr
Gly Leu
Leu Gly
Ash Thr
Thr His
Pro Ser
Ile ser
His Glu
Glu val
ser Thr
Trp Leu

Leu Pro

Gly
15

Ser
30

Leu
45

Tyr
60

Ser
75

ASp
S0

Asp
105

Thr
120

Thr
135
Phe
150

Ser
165

Tyr
180

Thr
195

Lys
210

Thr
225

val
240

Arg
255

ASp
270
His
285

Tyr
300

Asn
315

Ala
330



Pro

Pro

Asn

ASP

Tyr

Leu

Asn

Tyr

Gln

Gln

Lys

Tyr

val

Thr

Glu

val

val

Ala

Thr

ser

Phe

Gln

Lys

Tyr

Ser

val

Thr

Lys

Ser

Lys

Thr
335

Thr
350

Leu
365

Glu
380

Pro
395

Leu
410

cys
425

ser
440

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Ser

Pro

Ccys

Glu

val

val

val

Ser

P5111R1WO_SequenceListing

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

Ala Lys Gly

Ser

val

Asn

ASp

Lys

His

Ser

340

Arg
355

Lys
370

Gly
385

Ser
400

Ser
415

Glu
430

Pro
445

pPage 102

Glu
Gly
Gln
Asp
Arg
Ala

Gly

Glin

Glu

Phe

Pro

Gly

Trp

Leu

Pro

Met

Tyr

Glu

ser

Glin

His

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Glu
345

Lys
360

Ser
375

Asn
390

Phe
405

Gly
420
His
435



