ANTI-CDT9B ANTIBODIES AND IMMUNOCONJUGATES AND METHGDS OF USE

[0001] This non-provisional application filed under 37 CFR §1.53(b), claims the benefit under 35 USC
§119(e) o' U.S. Provisional Application Serial No. 60/950,052 filed on July 16, 2007, U.S. Provisional
Application Serial Ne., 61/025,137 filed on January 31, 2008, U.S. Provisional Application Serial No. 61/032,790
filed on February 29, 2008, and U.S. Provisional Application Serial No. 61/054,709 filed on May 20, 2008, sach

of which are incorporated by reference in entirety.

FIELD OF THE INVENTION

{0002} The present invention is directed 1o compositions of matier useful for the treatment of

bematopoietic tumor in mammals and 1o methods of using those compositions of matier for the same,

BACKGROUND OF THE INVENTION
{0003} Malignant wmors (cancers) are fhe second leading cavse of death in the United States, after

heart discase (Boring et al., C4 Cancel J. Clin. 43:7 (1993)). Cancer is characterized by the increase in the
sumber of abnormmal, or neoplastic, cells derived From a normal dssue which proliferate to form a tumor mass, the
invasion of adjacent tissues by these neoplastic tumor celis, and the generstion of malignant cells which
eventually spread via the blood or lymphatic sysiem 1o regional lymph nodes and to distant sites via a process
called metastasis. In a cancerous state, 2 cell proliferates under conditions in which pormal cells would not grow.
Cancer manifests #self m a wide variety of forms, characterized by different degrees of mvasiveness angd
aggressiveness.

{0004] Cancers which involve cells generated during hematopoiesis, a process by which celiular
elements of blood, such as lymphocytes, levkocytes, platelets, erythrocytes and natural killer cells are generated
are referred t as hematopoietic cancers. Lymphocytes which can be found in blood and Iymphatic tissue and are
critical for immune response are categorized imo two main classes of lymphocytes: B lymphocytes (B cells) and
T lymphocytes { T cells), which mediate humoral and cell mediated immunity, respeclively,

[0005} B celis mature within the bope marrow and leave the marrow expressing an antigen-binding
antibody on their cell surface. When a paive B cell first encouniers the antigen for which its membrane-bound
antibody is specific, the cell begins to divide rapidly and its progeny differentiate inilp memory B cells and
effector cells called “plasma cells”, Memory B cells have a longer life span and continue to express membrane-
bound antibody with the same specificity as the original parent cell. Plasma cells do not produce membrane-
bound antibody but instead produce the antibody in a form that can be secreted. Secreted amibodies aye the major
effector molecule of humoral Immunity.

[0006] T cells mature within the thymus which provides an environment for the prodiferation and
differentiation of immature 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 beips 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 corecepiors, CD4 or CDS.

[0007]  In attempts to discover effective cellular targets for cancer therapy, researchers have sought to
identify rransmembrane or otherwise membrane-associated polypeptides thut are specifically expressed on the
surface of one or more particular type(s) of cancer cell as compared T oD ore of more normal non-cancerous
celits).  Often, such membrane-associated polypeptides are more abundantiy expressed on the swrface of the
cancer cells as compared to on the surface of the non-cancerous cells. The identification of such tumor-associated
cell surface antigen polvpeptides has given rise 1o the ability to specifically target cancer celis for destruction via
amibody-based therapies. In this regard, it is noted that antibody-based therapy has proved very effective i the
treatment of certain cancers. For example. HERCEPTIN® and RITUXAN®: (botk itom Genentech Inc., South
San Francisco, California) are anibodies that have heen used successfully 1o trear breast cencer and non-
Hodglan's lvmphoma. respectively. More specifically, HERCEPTING is a recombinant DNA-derived humanized
memoclonal antibody that selectively binds 1o the extracellular domain of the human epidermal growth factor
receptor I (HERZ) prow-oncogene. HERZ prolein overexpression is observed in 25-30% of primary breast
cancers. RITUXAN® is a genetically engineered chimeric murine/human monocional antibody directed againgt
the CD20 emtigen found on the surfice of normal and malignant B Iymphocyies. Both these antibodies are
recombinantly produced in CHO cells.

I0008] In other attempts to discover effective celivlar argets for cancer therapy, rescarchers have
sought 1o ideniify (1) non-membrane-associated polypeptides that are specifically produced by one or more
particular type(s} of cancer cail(s) as compared 0 by one or more particular type(sy of non-cancerous normal
celi(s), {2) poiypeptides 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 limited 1o
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 umor Hssue). Sneh polypeptides may remain inwraceliularly located or may be
secreted by the cancer cell. Moreover, such polypeptides may be cxpressed not by the cancer cell itself, but rather
by cells which produce and/or secrete polypeptides having 2 polentiating or growth-enhancing effect on cancer
cells. Buch secreied polypeptides arc often proteins that provide cancer cells with a growth advantage gver
normal cells and include such things as, for example, angiogenic factors, cellular adhesion factors, growth faciors,
and the like. Identification of antagonists of such non-membrane associated polvpeptides would be expected o
serve as effecuve therapeudic agents for the treatment of such cancers, Furthermore, identification of the
expression patiern of such polypeptides would be useful for the diagmosis of particular cancers in mammals.

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

[0010] CD79 is the signaling component of the B-cell recepior congisting of a covalent heterodimer

comtaining D79 {lec, mh-1) and CD7%h (Igh. B29). CD79s and CD79b sach comain an extracellular
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immunoglobulin (Ig) domain, 2 transmembrane domain, and an mtracellular  signaling domain, an
HMmMUneTECepioT tyrosine-based activation motif (ITAM) domain . CD79 is expressed on B ceils and in Non-
Hodgkin's Lymphoma celis {NHLs) (Cabezudo et al, Haemaiologica, §4:413-418 {1999); D' Arena et al., m. J
Hemaiol., 64;: 275-281 {2000); Olejniczak et al., Immunol Invest, 33: 93-114 (2006)). CDY9z and CD79b and
slg are sli required for surface expression of the CD79 (Matsuuchi et al.. Curr Opin. Immumol.. 13(3); 270.7)),
The average surface expression of CD79b on NHLs is stmilar 1o that on pormal B-cells, but with a greater range
(Matsuuchi ¢t al., Curr. Opin. Immunol., E3(3): 270-7 (2001)).

{0611} Given the expression of C D796k, it is beneficial to produce therapeutic antibodies 1 the CD79h
antigen that create minimal or no antigenicity when adminisiered 1o patients, especially for chronic treatment.
The present invention satisfies this and other needs. The present invention provides anti-CD79b antibodies that
overcome the limitations of current therapeutic compositions as well as offer edditional advantages that will be
apparent from the detailed description below.

[0612] The use of antibody-drug conjugaies (ADC ). Le. Immunoconjugates, for the local delivery of
CYIOTOXIC OT CYtostatic agents, ie, drugs 1o kil or inhibit tumor cells in the rreatment of cancer {Lambert, J. (2005 }
Curr. Opinion in Pharmacology 5:543-549; Wy ef al {2003) Nature Biowechnology 23193:1157-1 146; Pavne, G.
(2003} Cancer Cell 3:207-212; Syrigos and Epenetos (1996} Anticancer Research 19:605-614; Niculescu-Dyvaz
and Springer (1997} Adv. Drug Del. Rev. 26:1 51-172,US 4975278) allows argeted delivery of the drug moiety
io umors, and intraceliular accumulation therein, where systemic adnunistration of these unconjugated drug
agents may resull in unaccepiabie levels of wxicity w0 normal celis as well as the tumor celis sought 1o be
climinated {Baldwin et al {1986} Lancet pp. (Mar. 15, 1986):603-03; Thompe, (1985} "Antibody Carriers Of
Cytotoxic Agenis fn Cancer Therapy. A Review." in Monoclonal Antibodies '84: Biological And Clinical
Applications, A. Pinchera et al (ed.s), pp. 475-506). Efforts o improve the therapewtic index, i.e, maximal
efficacy and minimal toxicity of ADC have focused on the selectivity of polvcional {Rowland et al {1986} Cancer
Immunol. Immunether.. 21:183-87} and monoclonal antibodies (mAbs) as well ag drug-tinking and drug-releasing
properties (Lartbert. J. {2005) Curr. Opmion in Pharmacology 5:543-549}. Drug moieties used in antibody drug
conjugates include bacterial protein toxing such as diphtheria toxir plant protein toxins such as Ticin, smali
moiecules such as surisiatins, geldanamycein (Mandler et al (2000} I. of the Nat. Cancer Inst, 82(19):1573-1581;
Mandler et al (2000) Bicorganic & Med. Chem. Letters 10:1025-1028; Mandler et al (2002} Bioconjugate Chem
13:786-791). maytansinoids (EP 1391213: Liu et al (1996} Proc. Natl. Acad. Sci. USA 93:86] 8-5623),
calicheamicin (Lode et al (1998) Cancer Res. 58:2928: Hinman et al (1993} Cancer Res. 33:3336-3342),
daunomyein, dexorubicin, methotrexate, and vindesine {Rowiand et al (1986) supray. The drug moieties may
affect cytoloxic and eviostmic mechanisms inchuding tubulin binding, DNA binding, or opoisomerase inhibition,
Some cviotoxic drugs tend 16 be inactive or less active when conjugated io large amibodies or protein feceptor
ligands.

{0013]  The auristatin peptides, auristatin E {AE) and monomethylaurisiatin {(MMAFE), synthetic
apalogs of dolastatin (WO G2/088172). have been conjugated as drig moieties 10: {1) chimetic monoclonal
antibodies cBR96 (specific 1o Lewis Y on carcinomas); (1) cACIO which is specific to CIY30 on hematological
malignancies {Klussman, et a} (2004}, Bioconjugate Chemistry 15{4):765-773; Doronina et al {2003} Nature
Biotechnology 21(7):778-784; Francisco et al {2003) Blood 102(43:1458-1463; US 2004/00] B194; (iii) anti-CD20

antibodies such as rituxan (WO 04/03282 &) for the treatment of CD20-expressing cancers and mmune disorders:



(iv} anti-EphB2R antibody 2H9 for treatment of colorectal cancer {Mao et al {2004 Cancer Regearch 64(3).781-
788); (v} E-selectin amtibody (Rhaskar et al (2003) Cancer Res. 63:6387-6394); (v1) trastuzumab (HERCEPTING,
US 200G3/0238649), znd (vi) anti-CD30 antibodies (WO 03/043583), Variants of aunistatin E are disclosed in US
3767237 and US 6124431, Monomethy! auristatin E conjugated to monoclonal anibodies are disclosed in Senter
et al, Proceedings of the Americar Association for Cancer Research, Volume 43, Abstract Number 623, presented
March 28, 2004, Auristatin analogs MMAE and MMAF have been conjugated to various antibodies (US
2003/003864095,

[0014] Conventional means of attaching, i.e. linking through covalem bonds, z drug moiety 1o an
antibody generally leads 10 a heterogeneous mixture of molecules where the drug moicties are attached af a
number of sites on the antibody. For example, cytotoxic drugs have typically been conjugated to antibodies
through the often-mumerous lysine residues of an antibody, generating a helerogeneous atibody-drug cotjugate
mixtre, Depending on reaction conditions. the heterogeneous mixiure typically contains a disiribution of
antibodies with ffom 0 to abeut 8, or more, attached drug moieties. In addnion, within each subgroup of’
comjugales with & particular inleger ratio of drug moieties to antibody, is & potentially heterogeneous mixture
where the drag motety is attached a1 various sites on the amibody. Analytical and preparative methods may be
inadequate 1o separatc and characterize the antibody-drig conjugate species molecules within the heterogencous
mixture resulting from a conjugation reaction. Antibodies are targe. complex and structurally diverse
biomolecnles, ofien with many reactive functional groups. Their reactivities with inker reagents and drug-linker
intermediales are dependent on factors such as pH, concentration, salt concentration, and co-sotvents.
Furthermore, the multistep conjugation process may be nonrepreducible due to difficulties in controiling the
reaction conditions and characterizing reactants and intermediates,

00151 Cysteine thiols are yeactive at peutral pH, unlike most amines which are protonated and less
nucicophilic near pH 7. Since fiee thiol (RSH, sulfbydryl) groups are relatively reaciive, proteins with cysteine
residues ofien exist in their oxidized form as disulfide-linked oligomers or have internally bridged disulfide
groups. Extraceliular proteins generally do not have free thiols {Garman, 1997, Non-Radioactive Labelling: A
Practical Approach, Academic Press, London, at page 55). Antibody cysicine fhiol groups are generally more
reaclive, i.e. more nicleophilic, towards electrophilic conjugation reagents than antibody amine or hydroxyl
groups. Cysteine residues have been imroduced into proteins by genetic engineering technigues to form covaient
attachments 1o licands or to form new mtramolecular disuifide bonds (Better ef al {1994) 1. Biol. Chern. 13:9644-
9650; Bembhard et al (1994} Bioconjugate Chem. 5:] 26-132; Greenwood et al (1994) Therapeutic }immmeiogy
1:247-255; Tu et 2l (1999) Proc. Natl. Acad. Sci USA 96:4862-4867; Kanno et al (20003 1. of Biotechuology,
76:207-214; Chmura et al (2001) Proc. Nat. Acad. Sei USA 98(15).8480-8484; US 62485643 However,
engineering in cysteine thiol groups by the mutation of various 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 supernatanis, or partially or completely purified protein, unpanred Cys residues on the surface of
the protein can pair and oxidize 1o form imiermolecular disulfides, and hence protein dimers or multimers,.
Disuifide dimer formation renders the new Cys unreactive for conjugation to a drug, lgand, or other label,
Furthermore, if the protein oxidatively forms an intramotecular disulfde bond between the newly engineered Cys

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



Furtbermore, the protein may be rendered inactive or noz-specifie, by misfolding or loss of lertiary stricture
(Zhang t a] (2002) Anal, Biochem. 31 1:1-9).

[0016)

Cysizine-engineered antibodies have been designed as FAB antibody fragrments (thoFab) and

expressed as full-leneth, TeG moneclonal (thioMab) antibodies (Junutula IR eral (2008} J Immunol Methods
332:41-52; US 2007/0092540, the contents of which are incorporated by reference). ThioFab and ThioMab
antibodics have been conjugated through Linkers at the newly introduced cysteine thiols with thiol-reactive linker

reagents and drug-linker reagents to prepare antibody drug corjugates (Thio ADC).

[0017)

All references cited herein, including patent applications and publications, are incorporated by

reference in their entirety.

SUMMARY

[0018] The disclosure provides anti-CD79b antibodies or functional fragments fhereof, and their
methed of use in the treatment of hematopoietic umors.
[0018a] In one aspect, there is provided an anti-CD79% antibody comprising the following HVR

sequences:

®

HVR-L1 comprising sequence Al-Al5, wherein Al-A1S is KASQSVDYEGDSFLN

(SEQ ID NO: 194)

{ii) HVR-L2 comprising sequence B1-B7, wherein B1-B7 is AASNLES (SEQ ID NO: 195)
(iii} HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQSNEDPLT (SEQ ID NO:
196)

(iv) HVR-HI comprising sequence D1-D10, wherein DI-D10 is GYTFSSYWIE {8EQ ID
NO: 202)

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

(SEQ ID NO: 203)

(vi)
204);

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

wherein the antibody binds to the same epitope as a monoclonal antibody comprising the variable domains
of SEQ ID Ne 10 and SEQ ID No 14, an antibody comprising the variable domains of SEQ ID No 207 and
SEQ 1D No 208 or an antibody comprising the light chain sequence of SEQ ID No 307 and the heavy chain
sequence of SEQ ID No 308,

[0019] In one embodiment, there is provided an amtibody which binds, preferably specifically, to
any of the above or below described polypeptides. Optionally, the antibody is 2 meonoclonal 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 respective antigenic epitope.  Amtibodies of the
present disclosure may optionaily be conjugated to a growth inhibitory agent or cyiotoxic agent such as a
toxin, including, for example, an auristatin, a maytansinoid, 2 dolostalin 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 celis 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 a 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 CD7%b) 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, lower tham, 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 2 Fab fragment or as an IgG
fragment to CD79b) or 2 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 embediment, 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 oM 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:

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

(iiy HVR-12 comprising sequence B1-B7, wherein B1-B7 is AASNLES (SEQ ID NO:
132)

(iii) 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-DI0 is GYTFSSYWIE (SEQ
D NO: 134

(v} HVR-H2 comprising  sequence  El-El18,  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).

[0623} 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 least one residue of the sequence depicted in SEQID NQOs: 131, 132,133, 134, 135 or 136.

[0024] 1In 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).

{0025} 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 Figare 15 (SEQ D NO:
156-158).

[0026] In one embodiment, there is provided an antibody comprising a heavy chain variable
domain comprising the HVRI-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 & heavy chajn variable
domain comprising the HVRI-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 HVR1-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 HVR1-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 Hght chain variable
domain comprising HVRI-LC, HVR2-LC 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 & heavy chain
variable domain selected from SEQ ID NOs: 170, 189, 208 or 227. In another embodiment, there is
provided an anti-CD79b 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: 251-208.
The cysteine engineered anti-CD79b antibody may bind te a2 CD7%% polypeptide, The cysteine engireered
anti-CD7%b antibody may be prepared by a process comprising replacing one or more amino acid residues
of & 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-CD79% antibody
binds to 2 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:



{a} HVR-LI comprising seguence £1-A15, wherein A1-A15 s KASQSVDYDGDSFLN (SEQ I
NO: 131) er KASQSVDYEGDSFLN (SBQ ID NO: 157);

(b} HVR-L2 comprising seguence B1.B7, wherein B1-B7 is AASNLES (SEQIDNC: 132

{c HVR-L3 comprising sequence C1-C9, whersin C1-Ch is QQSNEDPLT (SEQ IDNO: 133

{dj HVR-HI comprising sequence D1-D10, wherein DI1-D10 s GY TPESYWID {(SEQIDNO: 134}

()  HVR-K2 comprising sequence £1-E1R, wherein E1-EIR is GELLPGGGDTNYNEFKG (SEQ
ID NO: 135) and

{f) HVR’-HS commprising sequence F1-F10, wherein F1-F10 is TRRVPVYFDY {(SBQ ID NG: 136}
or TRRVPIRLDY (SEQ Iy NCO: 138).

[0035] The cysicine engineered snti-CD79%b amibody may be 2 monoclomal antbody, antibody

Frgment, chimeric amibody, humanized anthody, single-chain amibody or anzibody that sompeiitively inhibits

the binding of eu enk-CD79b polypeptide entibody 10 its respective antigenic spitope. Amsbodies of the present

disclosure may optionally be conjugated 10 a growth inhibitory agent or cytotoxi agent such as a {oxin,
including, for example, an avristatin or maytansinoid. The antibodiss 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
Misclosure may be, detectably labeled, attashed to 2 solid support, or the like,

[0013] In one embodiment, there is provided methods for making an antibody of the disclosure,
For example, the disclosure provides a method of making a CD7%b antibody (which, as defined hersin
includes full length and fragments thereof), said method comprising £Xpressing i a suitable host cell a
recombinant vecior of the disclosure encoding said antibody (o fragment thereof), and recovering said
antibody.

[00364] In one aspect, there is provided a method of making an antibody as defined sbove,
wherein the method comprises () culturing 2 host cell selected from the groap comprising a2 eukarvotic call
and 2 CHO cell under conditions suitable for expression of the polynucleotide encoding the antibody, and
{b) isolating the antibedy.

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

hereip,

{0036¢] In yet another aspect, there is provided an immunoconjugate ctimprising the antibody as
defined above covalently attached to (i) a cytotoxic agent, optionally a chemotherapentic agent, a drug
moiety, an antibiotic, a radioactive isotope, and a nucleolvtic enzyme; of (i) a capture Jabel, optionally a
biotin capture lzbel; or (iii) a detection label, optionaily a fluorescent dye detection label such as flurescein
type, a rhodamine type, dansyl, Lissamine, a cyaning, a phycoerythrin, Texas Red, and an analog thereof,
or a radionuclide detection label selected from °H, C, **C, g 3p, By ey, #Ga, “Y, *Te, 'y, 123y
P, S, B, K, 1MLy, P At and *PBi; wherein the antibody is optionatly attached to the detection label
by a chelating ligand, optionally DOTA, DOTP, DOTMA, DTPA or TETA.

[0037] In one embodiment, there is provided a pharmaceuticel formulation COTGPMSING an
.. antibody of the disclosure or an antibody-drug conjugate of the disclosure, and a pharmaceutically
! scceptable diluent, carrier or excipient.

[0037a] In one aspect, there is provided 2 pharmaceutical composition comprising ap antibody as
defined above or the immunoconjugate 2s 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 COTIPTISing & container
and 2 composition contained within the container, wherein the composition comprises one or more CD79b
antibodies of the disclosure, )

0039} In one embodiment, there is provided a kit comprising a first container comprising a
composition comprising one or more CD79b antbodies of the disciosure: and z second container
comprising a buffer.



[003%92a] 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 lmmunoconjugate as
defined above for use in the treatment of a proliferative disorder, optionally in combination with a cytotoxic
agent.

[003%¢] In one aspect, there is provided an antibody as defined above or the immunoconjugate as
defined above for use in inhibiting the growth of 2 cell that expresses CI)79b, wherein said cell is & tumor
cell. '

{0046} In one embodiment, there is provided use of a CD79% 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] Inone embodiment, there is provided use of an article of manufacture of the disclosure in
the preparation of 2 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 2 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 a mammal
having a cancerous tumor comprising a cell that expresses CP79b, 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 cyiotoxic agent. In one
embodiment, the antibody is conjugated to a growth inhibitory agent.

[6045] In one embodiment, there is provided a method for treating or preventing a cell
proliferative disorder associated with increased expression of CD79b, szid method comprising
administering o a subject in need of such treatment an effective amount of an antibody of the disclosure,
thereby effectively treating or preventing said cejl proliferative disorder. In onme 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 pfovided 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 10 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 therapeuticaily treating a tumor in a
mammal, wherein the growth of said tumor is at least in part dependent upon a growth potentiating effect of
CD75b, said method comprising contaéting said cell with an effective amount of an antihody 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 onme 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.

[0040] 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 & method of dciefmining the presence of CD79b in
a sampie suspected of containing CD79h, 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 CD'79b in said sample is indicative of the presence of said protein in said sample.

[0050a] In one aspect, there is provided 2 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,
refraciory indolent NHL, chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma, leukemia,
hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL), and mantle cell fymphoma.

f0051] In one embodiment, there is provided 2 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 sample 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 ir a control sample, wherein the level of antibody bound is normalized
to the number of CD7%b-expressing cells in the test and control samples, and wherein a 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 embediment, there is provided a method of detecting scluble CD75b in blood or
serum, the method comprising contacting & test sample of blood or serum from a 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

mamimal.

(0053} 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 2 cytotoxic agent. In one embodiment, the
antibody is conjugated to 2 growth inhibitory agent.

[0053a] In one aspect, there is provided an assay for detecting B ceils comprising: {a} 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
t0034] Figure | shows a nucleotide sequence (SEQ ID NO: 1) of a PRO3624% cDNA, wherein SEQID
NO: 1is 2 clone designated berein as “DNAZ25786" (also referred here i as “CD79b"). The mugleotide 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 NQ: 2) derived from the coding sequence of
SEQ ID NO: § shown in Figure 1.
[0056] Figure 3 shows the nucleotide sequence (SEQ ID NO: 3) of the light chaim of chimeric £D79b
murine antibody (cbMA79h) 1eGl (MAT79b is 2 murine monaclonal ans-CD79% antibody). The nucleotide

sequence encodes for the light chain of chMA79b with the start and stop codons shows in bold 2nd underlined.

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

[0058] Figure 5 shows the micleotide sequence (SEQ ID NO: 3) of the heavy chain of chimeric murine
antibody (chMA79b) IgG1 (MAT79b is 2 murine monocional anti-CD79b antibody). The nucleotide sequence
encodes for the heavy chain of chMA79% with the start and stop codons shown in bold and underlined.

[0059] Figure 6 shows the amino acid sequence (SEQ ID NO: 6), mzssmg 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: 5
shown in Figure 5. Variable regions are regions not underlined.

{00607 Figures 7A-B show the alignment of sequences of the variable light chains for the following;
iight chain human kappa I consensus sequence (labeled as “tmKI™; SEQ ID NO: 9) with VL-FR1, VL-FR2, VL-
FR3, VL-FR4 (SEQ ID NOs: 139-142, respectively), murine anti-CD7%h antibody (labeled as “MAT9b"; SEQ ID
NO: 10), MA 79b-grafied “bumernized” antibody (labeled as “huMA79b gaft™; SEQ ID NO: 11), MA79b-grated
“humanized” antibody variant 17 (labeted as “buMAT79b.v17"; SEQ ID NO: 165}, MA7%b-grafied “homanized”
antibody variant 1§ (labcied as “huMA79b.vIE™; S8EQ ID NO: 188), MA7%-grafted “Bumenized” antibody
variani 28 (labeled ag “huMA?Qb.vZS"; SEQ ID NO: 207) 2nd MA75b-grafted “humanized” antibody variant 32
(labeled as “huMA79b.v32"; SEQ ID NO: 226). Positions are numbered according to Kabat and hypervariable
regions (HVRs) grafied from MAT79b to the variable light Kapps I consensus framework are boxed.

{O061] Figures 8A-B show the alignmem of sequences of the variable heavy chaing for the following:
heavy chain buman subgroup I consensus sequence (labeled as “humlIT"; SEQ ID NO: 13) with VH-FR1, VH-
FR2, VH-FR3, and VH-FR4 (SEQ ID NOs: 143-146), murine ami-CD75b amtibody (labeled as “MA79b"; SEQ
ID NO: 14), MA79b-grafted “humanized” amibody (labeled as “huMA79h grafi”; SEQ ID NO: 15) {containing
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71A, 73T and 78A), MA79%-grated “humanized” antibody variant 17 (labeled as “buMA 79 vi7"; SEQ ID NO:
1707 {(containing 7iA, 73T and 78A), MATSh-grafied “humanized” antibody  variani 1§ (labeled asg
“huMAT79b.vI8”, SEQ ID NO: 189) (comtaining 7IA, 73T and 78A), MA7%b-grafted “humanized” antibody
variant 28 {iabeled as “huMAT79h.v28" SEQ ID NO» 208 (comaining 71A, 73T and 78A) and MA79h-grafied
“humanized” amtibody vanant 32 (labeled as “huMA79b v327 SEQ ID NeO: 227} (comtaining 71A, 73T and TRA).
Positions are numbered according to Kabat and hypervariabie regions {HVRS) grafied from MATOL o the
variabic heavy subgroup IH consensus Famewark are hoxed.

[0062] Figure 9 shows varfous HVR sequences of selected MA79b-grafied “humanized” amibody
variamis (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: 13 Ik HVR-L2 (SEQ ID NO: 132); HVR.L3
(SEQ ID NO: 133)). The sequences of the variable Tight and variabie beavy chains outside of the shown single
amino acid changes were identical 1o the huMA79h @aft and are not shown. No changes were observed in HVR.-
HI (SEQ ID NO: 134), HVR.H? (SEQ ID NO: 135) or HVR-H3 {SEQ ID NC: 136) of the MAT79b-oraficd
“Bumanized” amibody.

{00631 Figure 10 shows varions HVR sequences of selected MA79%-grafied “humanized” anlihody
variants (SEQ ID NOs; 22-106}, including huMA 796 L2.2 {also referred to herein as “L2”) an huMA79b H3-10
{also referred 10 herein as “H3") wherein each variant has muliiple amino acid changes in a single HVR region of
the MAT9b-grafied “humanized” antibody (HVR-L2 (SEQ ID NO: 132} HVR-L3 (SEQ ID NO: 133); HVR-HI
(SEQ ID NO: 134}; portion of HVR.I3 {SEQ ID NO: 136) is shown in Figure 10 as SEQ ID NO: 107). The
sequences of the variable light and variable heavy chains outside of the shown amino acid changes were identical
to the huMA79b grafi and are not shown, No chumges were observed in HVR-L] (SEQ ID NO: 131) or HVR-H2
{SEQ ID NO: 135 of the MAT79b-grafied “humanized” antibady. _

{00647 Figure 11 shows Riacore analysis of selected anti-CD79h antibodies, inciuding murine CH79
amiibody (labeled as “MA790™), MA 79b-grafied “mumanized” anttbody {labeled as “BuMA79h graft}, and
MA79b-grafted “hmanized” antibody variams, including huMA79b 1.2-2 (3IR, 33K, 353G, 36R; SEQ ID NO-
22), huMA79b H3-10 (981, 99R, 100L; SEQ ID NO: 94}, huMA79b Hi-6 (28P. 30T, 31R, 35N; SEQ ID NO: 57)
and BuUMAT9b L2/H3 (L2-2 and H3-10 mutations described below) o designated amigens, inchuding the
extracellular domasin of human CD7%b (huCD7%b.4}. the extraceliular domain of human CD79%b fused to Fe
{huCD79%,.-Fe) and 2 16 amino acid peplide containing the epliope for MA7%b and cEMA75h (SEQID NO: 6}

[0065] Figure 12 shows Biacore analysis of selected anti-CD79h antibodies, including MAT79b-grafied
“humanized” amibody (labeled as “huMA 7% graf”) and MAT79b-grafted “humanized” antibody variams (labeled
as 1-34 11 the first column or as “all framework™ in the first column) to the exiraceliular domain of human CD7¢b
(huChD7%-ccd antigen). MA79h-grafled “bumanized” antibody variants include an “all Framework™ varians
where potentally important murine framework residues are present and variants (fabeled 1-34) with combinations
of framework mutations with or withowr HVR mutations ir the variabie light chain and variabie heavy chain ag
designated. MA79-grafted “humanized” amibody variant 17 (herein referred to as “naMATh V17 is iabeled
as 17 m the first colums, MA79b-grafied “humanized™ antibody variznt 18 (herein referred 0 ag
“huMA79b.v187) is labeled as 18 in the firgt column, MA79b-orafied “humanized” anlibody variant 28 (herein
referred 10 as “huMA79bv28™) is labeled as 28 in the first column and MAT7%-grafted “humanized” antibody
variamt 32 (herein referred 1o as “hnMA79b.¥32") is labeled a5 32 in the first column. Bivalent binding fold is

represented as the Kd of the particular MAT9b-grafied “humanized” antibody variant (labeled as K vgriane ™ Ve
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Kd of the chimeric MA7%hH antibody { chMATYD) (labeled ag “Kelghinern ;. vaiues under the column labeled
“bivalent binding fold” represents Kdverian/Kdgimas. NO detected binding is designated in the figure as “NDB™.

[0066] Figures 13A-B (variahle heavy (VH) consensus frameworks} and Figure 14 (variable light (VL)
consensus frameworks) depict cxemplary accepior buman consensus framewark sequences for use in pracucing
the instant invention with sequence identifiers as follows: { Figures 13A-B) human VH subgroup | consensus
framework minus Kabat CDRs ( SEQ ID NC: 1083, human VH subgroup 1 consensus framework minus extended
bypervariable regions (SEQ ID NOs: 109-11 1}, human VH subgroup 11 consensus framework minus Kabat CDRs
(SEQ ID NO: 112). hyman VH subgroup II consensus framework minus extended hypervariable regions ¢ SEQ D
NOs: 113-115), human VH subgroup Il consensus framework minus Kabat CDRs (SEQ ID NCx: 116). buman
VH subgroup 1II comsensus framework tminus extended hypervariable regions (SEQ ID NOs: 117-119), human
VH acceptor framework minus Kabat CDRg (SEQ ID NO: 120). human VI accepior framework minus extended
hypervariable regions (SEQ ID NQs: 121-122), hwman VH aceeptor 2 framework minug Kabat CDRs (SEQ ID
NO: 1233 and hurnan VH acceplor 2 framework minbs extended hypervariable regions (SEQ ID NOs: 124.26)
and (Figure 14) human VL kappa subgroup ! comsensus framework (SEQ ID NO: 127), human VL kappa
subgroup IT consensus framework ( SEQ ID NCx: 128), human kappa subgroup 117 consensus framewark (SEQ D
NO: 129) and buman kappe subgroup IV consensus framework (SEQ 1D NO: 130,

{0067] Figures 15A {light chain) and 13B (heavy chain} show amine acid sequences of an antibody of
the Invention (huMAT9b.v17). Figures 15A {light chain} and 15B {beavy chain) show amine acid sequences of
the framework (FR}, hypervariable region (HVR), first constant domain (CL or CHIY and Fe region (Fe) of one
embodiment of an antibody 6f the invention {BuMA79b.v17) (SEQ ID NOs: 152-159 (Figure 15A) and SEQIID
NOs: 160-16¥ (Figure 15B)). Fuli-length amino acid sequences (variable and constan regions) of the light and
heavy chains of huMA79h.v17 are shown (SEQ ID NO: 303 (Figure 15A) and 304 {Figure 13B), respectively,
with the eonstant domains underlined. Amino acid sequences of the variable domains are shown (SEQ ID NO:
169 (Figure 15A for light chain) and SEQID NO: 170 (Figure 15B for heavy chain)),

[0068]  Figures 16A (light chain) and 16B (heavy chain) show aming acid sequences of an antibody of
the invenion {(huMAT79b w18}, Figures 164 (light chainj and 16B {heavy chain) show amino acid sequences of
the framework (FR), bypervariable region (HV R}, first constant domain (CL or CH}) and Fe region (Fe) of one
embodiment of an antibody of the invention {(huMAT79b v18) (SEQ ID NGs: 171178 (Figure 16A) and SEQ ID
NOs: 179-187 (Figure 16B)}. Full-length amino acid sequences {variable and constant regions) of the light and
heavy chains of huMA79b.v1g are shown (SEQ ID NO: 305 (Figure ] 6A) and 306 (Figure 16B), respectively,
with the constamt domains underiined. Amino acid sequences of the variable domains are shown {SEQ ID NO;
188 (Figure 16A for iight chain) and SEQ ID NO: 189 (Figure 16B for heavy chainj).

[0069]  Figures 17A (light chain) and 178 (heavy chain) show aming acid sequences of an antibody of
the invention (huMAT9b.v28), Figures 174 (bght chair) and 178 {(heavy chain) show aming ucid sequences of
the framework (FR). hypervariable region (HVR), first constant domain {CL or CH7) and Fe region (Fe) of one
embodiment of an antibody of the invention (huMA79b v28) (SEQ ID NOs: 190-197 {Figure 17A) and SEQ ID
NOs: 198-206 (Figure 17B). Full-length amino acid sequences {variable and constam regions} of the light and
heavy chains of huMA79b v28 are shown (SEQ ID NO: 307 (Figwe 17A} and 308 (Figure 17B), 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 for heavy chaint.
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{06701 Figures 18A (light chain) and 18B (beavy chain) show amino acid sequences of an antibody of
the Invention (huMA79h v32), Figures 18A (hight chain) and 188 (heavy chain) show aming acid sequences of
the framework (FR), hypervariable regon (HVER), first constant domain (CL or CHI) and Fe region {Fc¢) of one
embodiment of an anibody of the invention (huMAT7%9% v32} (SEQ ID NOs: 209-216 (Figure 18A) and SEQ ID
NOs: 217-225 (Figure 18R). Fuil-length amino acid sequences (variable and constant regions) of the ligit and
heavy chains of huMA79b.v32 are shown (SEQ D NO: 509 (Figure 184 and 310 (Figure 18B). respectively,
with the consiant domains underlined. Amino acid sequences of the variable domains are shown {(SEQ I NO:
226 {Figure 184 for light chain) and SEQID NO: 227 (Figure 18E for heavy chain)).

[0671] Figure 19 shows t(he alignment of the amino acid sequences of CD79b from human (SEG 1D
NO: 2), cvnomolgus motkey (cyno} (SEQ ID NO: 7) and mouse (SEQ ID NO: 8). Human and cyno-CD79 have
85% amino acid idemiity. The signal sequence, test peptide (the 11 amino acid epitope for MA79b . chMAT9Y
and ami-cyno CD7%b antibody described in Example 1; ARSEDRYRNPK (SEQ ID NO: 12)), ransmembrane
(TM) domain angd immunoreceplor tyrosine-based activation motil (ITAM) domain are indicated, The region
boxed is the region of CD79b that ig absent in the splice variant of CD79% (described in Example 13,

[0072]  Figure 20 is a graph of inhibition of in vivo wmoer growth in g BIAR-luciferase xenograft model
which shows that administration of anti-CD79b antibodies (ta) chMA79b-SMCC-DML drug load wag
approximately 2.9 (Table 9) and (b) huMA 79k L2/H3-SMCC-DM1, drug load was approximately 2.4 (Table 9))
to SCID mice having human B cell rumors significantly mhibvized tumar growih. Controls included Hereepim®
{trastuzumab)-SMCC-DM 1 {anti-HER2-SMCC-DM1 ).

{0073] Figwre 2iA isa graph of inhibition of in vive tumor growth in a Gramta-519 (Human Mantle
Cell Lymphoma) xenografl mode! whick shows that administration of anti-CD7%h antibodies ((a) chMA 79b.
SMICC-DM1, drug load was approximately 3.6 (Table 10y, () bui\/lA?Qb.vI7~SMCC~DMI, drug load was
approximately 3.4 (Table 10), (¢} huMA?%‘v'_’S'—SMCC-DMI, drug load wag approximaely 3.3 or 3.4 (Table 10},
(d) huMAT79b.vI8-SMCC -DM 1, drug load was approximately 3.4 (Table 10} and (2) hMA 79D v32-SMCC-DM 1.
drug load was approximately 2.9 (Table 103} to SCID mice baving human B cell umors significantly inhibied
tumor growth. Controls inciuded Herceptin® (trasmzumab)-SMCC-DM1 (ami—HER}SMCC--DMI}, Figure 218
is a piot of percent weight change in the mice from the Granta-3 19 xenograft study (Figure 21A and Table 10y
showing that thers was no significant change In wei aht during the firgl 7 days of the study. “hu™ refers 10
humanized antibody and “ck” refers 1o chimeric antibody.

[0074] Figure 22 shows depictions of cysieine engineered anti-CD79% amtibody drug conjugates (ADC)
where 2 drug moiety is attached 1o an engingered cysteine group in: the ght chain (LC -ADCY; the heavy chain
(HC-ADC); and the Fe region (Fe-ADC),

[00731 Figure 23 shows the steps ol (i) reducing cysieine disulfide adducts and imerchain and
mirachain.disulfides in a cysieine engineered anti-CD79%h antibody (ThioMab) with reducing agent TCEP ( tris(2-
carboxyethy!)phesphine bydrochioride); (if) partially oxidizing, ie. reoxidation W reform imerchain and
ntrachain disuifides, with dRAA {dehydroascorbic acid}; and (iii) comjugation of the reoxidized antibody with g
drug-linker intermediate 0 form a cysizine ami-CD79b drug comjugate (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 cysieine engineered ami-CD79% antibody (thio-buMA79b v] 7-HC-A11 BCy, in
which an alanine at EUJ position 118 (sequemmial position alanine 118; Kabat position 114} of the heavy chain was

altered w a cysieine. A drug moiety may be attached 1o the engineered cysteine group in the heavy chain, In each
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figure, the altered amino acid is shown m bold text with double underlining. Single underiining indicates constant
regions. Variable regions are regions not underlined Fe region is marked by Rtalic. “Thio™ refers 1o cysieine-
enginecred antibody while “hu™ refers 1o humanized amibedy.

[0077}  Figure 25 shows {A) the Tight chain sequence { SEQ I NC: 2315 and (B) heavy chain sequence
(SEQ ID NC: 238) of humanized cvsteine engineered anti-CH79b antibody (thio-huMA 79h v18-HC-A1 18CY) 1n
which an alanine at EU position 118 {sequential position alanine 118, Kahas position 114} of the heavy chain was
aliered 10 & cystoine. A drug moicty may be attached to the engmecred cysteine group in the heavy chain, In each
figure, the altered amino acid i shown inbold text with double underlining. Single underlming indicates consant
regions. Variable regions are regions not underfined, Fe region is marked by ftalic. “Thig™ refers to cysteine-
engineered antibody while “hu™ refers to humanized amibody.

[0078]  Figure 26 shows (A) the light chain sequence (SEQ IDNG. 233) and (B) heavy chain sequence
(SEQ ID NO: 232} of humanized cysieine engineered anti-CD79h antibody (thio-buMA 79b v2R-HC-A 1 18Ch, in
which an alanine a1 EU position 118 (sequential position alaning 118 Kabat position | 14} of the heavy chain was
altered 10 a cysteine. A drug moiety may be attached to the engmesred cvsteine 20U in the heavy chain. In esch
figure, the altered amino acid is shown in hold wext with doubie underlining.  Single underiining indicates constant
regions. Variable regions are regions nol underlined. Fe region is marked by italic. “Thio™ refers 10 cysieine-
engineered antibody while “Inr™ refers to humanized antibody.

{06791 Figure 27 sﬁows {A) the light chain sequence (SEQ ID NO: 235) and {(B) heavy chamn sequence
(SEQ ID NO: 234) of cysteine engineered anti-CD7%b antibody (1hio-MA79b-LC -V205C}, a valine a1 Kabat
position 205 (sequential position Valine 209) of the hght chain was aliered (o 2 cysieine. A drug moiety may be
attached the an engineered cysteine group in the light chain. In each figore, the aitered aming acid 15 shown in
bold text with double underlining. Single underlining indicates congtant regions. Variable regions are regions not
underlined. Fe region is marked by italic. “Thio™ refers 10 cysleine-enginecred antibody.

[0080G]  Figure 28 shows (A} the light chain sequence (SEQ ID NC: 237) and (B} heavy chain sequence
{SEQ ID NO: 236) of cysleine engineered anti-CD79h amibody (thio-MAT9b5-HC- A1 18C), in which an slanine =1
EU position 118 (sequential position alanine 118; Kaba: position 114} of the heavy chain wag ahiered 10 a cysweine.
A drug moiety may be attached 1o (he engineered oysicing group in the heavy cham. in cach figre, the altered
amino acid is shown in boid text with double underlining. Single underlining indicates constant regions. Variable
regions are regions not underfined. Fe region is marked by italic. “Thig” refers to cysieine-engineered antibody.

[0081] Figures 29A-B are FACS plots indicating that binding of anti-CD79b thioMAb drug conjugates
(TDCs) of the invention bind t0 CD79% expressed on the surface of BJAB-luciferase cells is similar for
conjugated (A} LC (V205C) thioMAb variants and (B} HC (Al 18C) thioMADb variants of chMA79b with MMAF.
Detection was with MS anti-humanlgG-PE. “Thio” refers 1o cysleine-engineered anlibody.

[0082]  Figures 30A-D are FACS plots indicating that binding of anti-CD79b thioMAb drug conjugates
(TDCs) of the invention bind 10 CD79h expressed on the surface of BIAB-luciferase ceils is similar for {A) naked
(unconjugated) HC (A118C) thioMAb variants of buMA 795 v18 and conjugated HC (A1i8C} thioMAh varianis
of huMA 795 v18 with the differem drug conjugaes shawn ((B) MMAF, (C) MMAE and (D) DM1)). Detection
was with MS anti-humanleG-PE, “Thig” refers 1o cysteinc-engineered antibody while “hu™ refers 10 humanized
antibody,

[OO83] Figures 31 A-D are FACS plots indicating thet binding of anti-CD79b thioMAR drug conjugates

{TDCs) of the invention bind 10 CD79h expressed oz the surface of BJAB-luciferase celis is similar for (A) naked
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(unconjugated) HC (A118C) thioMAD variants of BUMA 795 v28 and comjugated HC {A118C) thioMAb varianis
of bubAT9b v28 with the difTeren drug comjugaies shown (B} MMAE, (C) DM1 and (D) MMAF)). Deteclion
was with MS mti-bumen-PE. “Thio™ refers 1o cysteine-engineered antibody while “ay” refers to humanized
antibody.

[0084] Figures 32A-D are FACS plots indicating that binding of anti-cynoCD79 thioMAb drug
conjugates (TDCs) of the invention bind 1o CD79% expressed on the swface of BIAB-cells eXpressing
cyneCD7% s similar for {A) naked {uncomjugated} HC(ALISC } hioMAb varants of anti-cynoCD79h
(chl0D10) and conjugated HC(A] 18C) thioMAb variants of anti-cynoCD79b (ch1OD10) with the differem drug
conjugates shown ((B) MMAE, (C) DM1 and (D) MMAF)). Detection was with MS anti-hulgG-PE. “Thig”
refers 1o cysleine-engineered antibody.

[O085]  Figure 334 is a graph of inhibitior of i Vivo tumor growth in & Granta-519 (Hyman Mantle
Cell Lymphoma) xenograft model which shows that admunistration of anti-CD79 TDCs which varied by position
of the engineered cysieine (LC (V203C) or HO (A118CY) andior different drug doses 1o SCID mice having human
B cell wmors signi ficantly inhibited tumor gowth. Xenografl modeis reated with thin chMA76b-HC{A118C)-
MC-MMAF, drug load was approximately 1.9 (Table 11} or thio ChMAT9D-LCIV2050)-MC-MMAF, drug load
Wwas approximately 1.8 (Table 11) showed a significant inhibition of tumor growth during the study. Controls
included hu-anti-HER2-MC-MMAF and thio hyg-anti-HER2-HC(A L 18C-MC-MMAF 2nd chMAT9h-MC-
MMAF. Figure 33B is a plot of percem weight change in the mice from the Grama-519 xenograft sudy (Figure
33A and Table 11) showing that there was no significant change in weight during the {irst 14 days of the study.
“Thio” refers to cysieine-cnginecred antibody while “bu™ refees 1o humanized antibody.

[0086] Figure 34A is a graph of ihibition of in vivo tumor growth in a BJAB-luciferase (Burkitt's
Lymphona) xenograflt model which shows that administration of anti-CD795 TDC s cotjugated 10 different linker
drug moieties (MCvePAB-MMAE, BMPEO-DM! or MC-MMAF) o SCID mice having human B cell tumors,
significantly inhibited tumor growth. Kenograft models reated with thio BUMA79b v28-HC(AL 18C)-MCVePAR-
MMAE, drug load was approximately 1,87 (Table 12}, thio huMA79b.v28-HC(A 18C)-BMPEO-DMI. drug load
was approximately .85 (Table 12}, or thio huMA795.v28-HC(A | 18C)-MC-MMAF., drug load was
approximaiely 1.95 (Tabie 12}, showed a sigmificant inhibition of tumor growth during the study. Controls
included anti-HER2 controls (thio hu-anti-HERZ2-HC(A]] 8C)-BMPEG-DM I, thio tu-anti-HERZ-HC(A118C)-
MC-MMAF. thic hu-anti-IHIER2-HC(A ] ] 8CH-MCvePAB-MMAE), huMA 795 v28 controls (huMA79b v28-
SMCC-DMI and thio BuMAT79 . v28-HC(A] 18O and ami-CD22 controls {thio hu-a.nﬁ«CD’-’_Q(‘l()Fdﬁ)-
HC(AIT8C)-MC-MMAF), Figure 34B is a plot of percent weight change in the mice {rom the BIAB-luciferase
xenografl study (Figure 344 and Tabie 12) showing that there was no significant change in weight during the first
7 days of the siudy.  “Thio" refers 1o cysieine-engineered antibody while “hu” refers 1o humanized anibody.

[0087] Figure 35A is a graph of inhibition of in vivo tumor growih in s WSU-DLCL? (Diffuse Large
Cell Lymphoma) xenograft model which shows that administration of anti-CD79b TNCs conjugated o differem
linker drug moieties (MCvePAB-MMAE, BMPEO-DMI or MC-MMAF} to SCHY mice baving humean B cell
tumors significantly inhibited mumor growth. Xenografl models treated with thie huMA79b v28-HC(A 1 8C)-
MCvcPAB-MMAE, drug load was approximately 1.87 (Table 13), thio MA79b %28-HC(A118C)-BMPEO.-
DM, drug load was approximately 1.§5 (Table 13), or thio huMA79h v28-HC(AL 18C)-MC -MMAF, drug load
was approximately 1.95 (Table 13), showed a si gnificant inhibition of tumor growth during the study. Controls

included anti-HER2 controls (thio hu-ant-HERI-HC{Al 18C)-BMPEQ-DM1, thio bu-anti-HER2-HC(A 1] 8C)-
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MC-MMAF, thio hu-anti-HER2-HC(A 1 18C)-MCvePAB-MMAE), huMA795.v28 cantrols {(huMA 795 v2§-
SMCC-DMI and thio luMA79b.v28-HC(A118C)) and ani-CD22 conirols (thio hu-anti-CD22(10F4v3 ).
HC(ALISC)-MC-MMAF). Figure 35B is a plot of percem weight change In the mice from the WSU-DLCL?
xenograft study (Figure 35A and Table 13) showing that there was na significant change in weight during the ﬁrsl
7 days of the study. “Thio” refers 1o cysteine-engineered antibody while “lni” refers 10 humanized zntibody,

[GBE]  Figure 36 15 a graph of inhibition of v vive umor growth in a DOHH? (Folliculer Lymphoma)
xenografi model which shows that adminssiration of anti-CD79h TDCs conjugated to different linker drug
moieties (BMPEQO-DM1, MC-MMAF or MCvePAB-MMAE) 1o SCID mice havipg human B cell rumors
significantly inhibited tumor growth. Xenografi modeis treated with thio huMA79b v28-BMPEO-DM {(drug
load was approximately 1.85 (Table 14)), thio huMA 79b v28-MC-MMAF {drug Joad was approximately 1.95
{Table 14)) or thio MA79b-HCAT18C)-MCvePAB-MMAE ( drug load was approximately 1.87 (Table 14p
showed a significant inhibition of umer growth during the study. Controls included anti-HER? controls (thio hu-
anti-HER2-HC(AT18C)-BMPECG-DMI, fhdo hu-anti-HER2-HC( A1 IBC)-MC-MMAF, thic hu-ant-HER2-
HC{AT18C)-MCvePAB-MMAE), huMA 79b.v28 controls (buMA 795 v28-SMCC-DM] and 1hio IuMA 79h . v2 8-
HC{AT18C)Y) and anti-CD22 cantrols {thio hu-ant-CD22( 1 OF4v3 - HC(ATIRC FMC-MMAF). “Thio™ refers to
cysteine-engineered antibody while “hu™ refers to bumanized antibody.

f0089] Figure 37 is a graph of inhibition of in vivo tumor growth in a BJAB-luciferase (Burkitt's
Lymphoma) xenografi mode! which shows that administration of anti-CD79h TDCs comugated 1o different linker
diug modeties (MCvePAB-MMAE, BMPEO-DMI or MC -MMAF} and/or administered m different doses as
shown 10 SCII mice having human B cell tymors, significantly inhibited umor growth, Xenograft models
treated with thio huMA79b v28-HC(AT 1RC)-BMPEO-DMI ., drug load was approximately 1,85 (Table 15), thio
huMAT79h v 28-HC(A 1 18CH-MCvePAB-MMAE, drug load was approximately 1.9 {Tabie 15). or thio
MA79b vI8-HCAL18C)-MC-MMAF, drug load was approximately 1.9 (Table 15} showed a significant
mbibition of umor growth during the studv. Controls included vehicle (buffer alone). anti-HER2 controls {thio
hu-anti-HER2-HC(A118C)-BMPEQ-DM 1, thic hy-ant-HER? -HC(ATI8C)-MC-MMAF, thio hu-anti-HER2-
HC(ATI8C)-MCvePAB-MMAE). huMA 79b.v28 controls {thio BuMAT9b v2R-HC{ATIRC)) and anti-CD22
controls (thio hu-anti-CDI2(10F4v3)-HC(A ] IBCE-MC-MMAF). “Thio” refers 1o cysicinc-cnginecred &mibodﬁ:
while “bu” refers 10 humanized antibody.

[G0SG]  Figure 38A is & graph of inhibition of in vivo wumor growth in a Granta-619 (Human Mantle
Cell Lymphoma) xenograft mode! which shows 1hat adminisiration of anti-CD79% TDCs conjugated 1o different
lmker drug moseties (BMPEO-DM1 or MC-MMAF) and/or administered at different doses as shown to SCID
mice having human B cell tumors, significantly inhibited tamor growth. Xenografl models treated with thio
huMA79b.v28-HC(ATTRC)-BMPEQ-DM. drug toad was approximalely 1.85 (Table 16), or thic luMA79b, v28-
HO(ATIBCH-MC-MMAF, drug load was approximately 1.95 (Table 16), showed sigmificant inhibition of wmer
growth during the study.  Conrois included anti-HER?2 controls {thie hu-anti-HER2-HC(A 1 18C-BMPEQ-DMI,
thio hu-anti-HER2-HC{A118C)-MC-MMAF). Figure 38B is a plot of percent weight change in the mice from the
Grama-519 xenograft smdy (Figure 38A and Table 16) showing that there was no significant change in weight
during the first 14 days of the study, “Thio” refers to cysteine-cngineered amibody while “hu” refers fo
humanized antibody.

[00%1]  Figure 39 is a graph of inhibition of in vive wmor growth in a WSU-DLCL2 (Diffuse Large

Cell Lymphoma) xenograft model whick shows that administration of apti.C D759 TDCs conjugated 1o different
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linker drug moieties (BMPEG-DM1, MC-MMAF or MC VePAB-MMAE) and/or administered at different doses
as shown o SCID mice having buman B cell lumors, sigmificantly inhibited tumor gowih. Xenograft modsls
treated with thio luMA 795 v2§-HC(A] 18CH-BMPEC-DMI, drug load was approximately 1.85 (Table 17), thio
MATGb v2E-HC(AT1RC)-MC-MMAF, drog load was approximaely 1.9 (Table 17) or thio huMA79b v28-
HC(ATIEC)-MUvePAB-MMAE, drug Toad was approximately 1.9 (Table 17). showed significant inhibition of
lumor growth during the study. Comrols included vehicle (buffer alone) and ami-HER2 controls (thio hu-ami-
HERZ-HC(A118CH-BMPE(-DMI, thio bu-ami-HERD-HCIAL18C)-MC-MMAF. thio bu-ami-HER2-
HCO(ATISC FMCvcPAB-MMAE), “Thio” refers 10 cysteimne-crngineered antibody while “hu™ refers to humagnized
antibady,

[0092]  Figure 40 is a graph of inkibition of in vive tumor growth in a Granta-519 (Human Mantle Celi
Lymphbona) xenografi mode] which shows that administration of amti-CD79b TDCs conjugated to dilferent Linker
drug moieties (BMPEO-DM: or MCvePAB-MMAE ) and/or administered at different doses ag shown o SCID
mice baving human B cell tumors, sigmificantly mhibited wmor growlh. Xemograft models reated with (hio
huMA 795 v28-HC(AT18C FBMPEG-DM, drug load was approxmately 1.85 (Table 1%} or thio buMA79b vo%.
HOALTIBC)-MCvePAB-MMAFE, drug load was approximately 1.87 (Table 18}, showed significam inhibyition of
tumor growth during the study. Controls included anti-HER? comrols (thio hu-anti-HER2-HC(A ] 18C}-BMPEO-
DM, thio hu-anti-HERZ2-HC(A I8C)-MCvePAB-MMAE). “Thio™ refers to Cysieme-cngineered anibody wihile
“hu” refers 10 humanized antibody.

[0093]  Figure 41 shows a plot of in vitro cell proliferation assay results with (A} BIAB, (B} Granta-519
or (C} WSU-DLCL2 wmor cells, treated with varying comcentrations 001 o 10000 ng of TDC per ml, including;
{1} control thio bu anti-gD-HC(ALI8C)-MCvePAB-MMAE, 2.0 MMAE/Ab loading, (2) contro! thio hy anti-gD-
HC(ALTI8C)-MC-MMAF, 2.1 MMAF/Ab loading, (3) control thio hu anti-eD-HC(AT18C-BMPEO-DM1, 2.}
DM1/Ab loading. (4) thio huMA79b.vi B-HC(ATISC)-MC-MMAF, 191 MMAF/Ab loadimg, (3% thio
hiMA79b.v18-HC(AL18C)-BMPEO-DM1, 1.8 DMI/Ab loading, and (6) thio uMA795.v28-HC{A] 18C)-
MCvePAB-MMAE, 2.0 MMAFE/Ab loading. “This™ refers 1o cysweine-engineered antibody while “hu” refers 1o
humanized antibody. “gD" refers to glycoprotein 1,

[0094] Figwe 42 shows the nucleotide sequence (SEQ 1D NO: 238) of PRO283627 ¢DNA. wherein
SEQID NO: 235 1s a clone designated as “DNAS484557 (also referred herein as “cyno CD79b”). The nucleatide
sequence encodes for cynomolgus CD79b with the start and stop codons shown in bold and underlined

[0095]  Figure 43 shows the amino acid sequence (SEQ ID NO: 239} derived from the coding sequence
of SEGQ ID NO: 235 shown in Figure 42.

[0096]  Figure 44 shows the nucleotide sequence {(SEQ ID NO: 240) of the bight chain of anti-cyno
CD79 antibody (chi0DI0). The nucleotide sequence encodes {or the light chain of anti-cyno CH79 antibody
{ch10D10) with the start and stop codons shown in bold and underlined.

[0097] Figure 45 shows the antine acid sequence (SEQ ID NO: 241), missing the first 18 amina acid
signal sequence, derived fom the cading sequence of SEQ ID NO: 240 shown ir Figure 44. Variable regions
(SEQ ID NO: 302} are regions not underlined.

[0G098] Figure 46 shows the nucleotide sequenice (SEQ Iy NO: 242} of the heavy chain of Ami-Cyno
CD79b antibody (ch10D10), The nucleotide sequence encodes for the heavy cham of anli-cyno CD79b antibody

(ch10DI0) with the start and stop codens shown in beld and wnderiined.
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[0099]  Figure 47 shows the amine acid sequence (SEQ I NO- 243), missing the first 18 amino acid
sigmal sequence and the lagt lysine (K} prior 1o the stop codon, derived from the coding sequence of SEQ ID NO:
242 shown in Figigre 46, Variable regions (SEQ ID NO: 3015 are regions not underlined,

[0100]  Figure 48 shows (A) the tight chaiz sequence { SEQ ID NO: 245) and (B) heavy chain sequence
(SEQ ID NO. 244) of cysteime engmeered anti-cvoo CD 7% antibody (Thio-anti-cynoCD79%-He -ATIRCY in
which an alanine a1 EU position 118 (sequential position alanine 118 Kahm position 114} of the heavy chain was
altered 10 a cystcine. Amine acid D at EU position 6 {shaded n Figure) of the heavy chaim may alternatively bie E.
A drug moiety may be aftached 1o the cngineered cysteine Lroup in the heavy chain, Ineach figure, the altered
amino acid is shown in bold text with double underlining, Singte underlining indicates consian! regions. Variable
regions are regions not underlined. Fe region: is marked by italic. “Thig™ refers to cysieine-enginecred antibody.

[0101]  Figure 49 shows (A) the light chain sequence (SEQ ID NO- 300} and (B} heavy chain sequence
(SEQ ID NO: 299} of eysteine engineered anti-cyno CII79h antibody {Thio-anlé-cyn()CD7‘}b~LC-VE()SC}_, in
which an 2 valine at Kabat posttion 205 (sequential position Valine 209) ofthe light chain was aliered 10 2
cysteine. Amino acid D at EU position 6 (shaded in Figure) of the heavy chain may zlternatively be E. A drug
moiety may he attached to the engineered cysieine group in the heavy chain. Ineach figure, the altered anming
acid is shown in bold text with double underlining. Single underlining indicates constant regions, Varishie
regions are regions not underlined, Fo reglon is marked by fialic. “Thio™ refers 1o cysteine-engineered antihody.

[0102] Figure 50 is 2 graph of inhibition of m vivo tumor growth in a BJAB-cynoCD79 (BJAB cells
expressing cynoCD79b) (Burkitt's Lympboma) xenograft mode! which shows that administration of anti-C79h
TDCs comjugated to different linker drug moietics (BMPEO-DM1, MC-MMAF or MCvePAB-MMAE) to SCID
mice having buman B cell tumors, significanily inkibited tumor growlh. Xenograft models treated with thio
huMA79b v28-HC(A] 18C)-BMPEQ-DM], drug load was approximately §.85 {Table 19), thio buMA79h v28-
HC(ALIBC)-MC-MMAF, drug load was approximately 1.9 (Table 19}, or thio huMA?‘)b.vQR-HC(A}.ESC)~
MCvePAB-MMAE, drug load was approximaiely 1.9 (Table 19}, thio anti-cyno CD7%h {chlOD10-HC(AT18C)-
BMPEO-DMI, drug joad was approximately 1.8 (Tahle 19), thio anti-cyno CID79h (chHOD1GY-HCA ] 18C-MC-
MMAF, drug load was approximately 1.9 (Table 19) or thio anti-cyne CD79h (chIODIM-HCAT) 8C)-
MCvePAB-MMAE, drug load was approximatel ¥ 1.86 (Table 19), showed significant inhibition of fumor growth
during the study. Controls included anti-HERZ coqtrols (thic hu~au€i-HER2»H’C(A1 T8C)-BMPEG-DM1, thio hu-
ant-HER2-HCLAL1BC)-MC vePAB-MMAE. thio hu-anpti-HERZ2-HC(AL 18CH-MC-MMAF), “Thio™ refers 1o
cysieine-engineered antibody while “hu” refers 1o humanized antibody.

(01031 Figure 51 isa waph of inhitvition of in vivo tumor growth in & BJAB-cynoCD79h (BJAR cells
expressing cynoCD79b) (Burkit'’s Lymphoma] xenograft model which shows that admimsiration of anti-CD79h
TDCs with BMPEQ-DM] linker drug moiety administered at difT: erent doses as shown, 10 SCID mice having
human B cell umors, sigmificantty inhibited tamor growth. Xenograft models treated with thio huMA79b.v28-
HCLATIRCI-BMPEO-DM], drug load was approximately 1.85 (Tahie 20} or thio anti-cyno {ch10D10)-
HC(ALIBC)-BMPEG-DMI. drug load was approximiately 1.8 (Table 20}, showed significant inhibition of tumor
growth during the stady. Controls included anti-HER? controls (thio hu-anti-HER2-HC(A ] §C)-BMPEO-DM]1)
and huMA79b.v28 controls {thic huMA79b v28-HC(AT 8C) and anti-cynoCD79b(ch10D10) conmols (thio ami-
cynolD79{(cb10D10)-HC(AT18C)). “Thio™ refers 1o cysieine-engineered antibody while “hu™ refers 10

humanized antibody.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{0104] The invention provides methods, compositions, kits and articles of manufacture for identifying

compositions useful for the treatment of hematopoietic umor in mammals and 1o methods of using those
composiions of matier for the same.

[0105] Details of these methods, compesttions, kits and articies of manufacture are provided herein

L General Technigues

[0366] The practice of the present invention will empioy, uniess otherwise indicated, convemional
technigues of molecular biology {including recombinant techniques), microbiology, cell biology, biochemistry,
and immunology, which are within the skill of the art. Such lechniques are expiained fully in the Hierature, such
as, “Molecular Cloming: A Laboratory Manual™, second edition (Sambrook et al.. 1989); “Oligonucieotide
Synthesis”™ (M, I Gait, ad., 19843 “Animal Cell Culture™ (R T Freshney. ed., 1987); *Methods in Enzymology”
(Academic Press, Inc }; “Current Protocols in Motecular Biology” (F. M. Ausubel of al., eds.. 1987, and penodic
updates); “PCR: The Polymerase Chain Reaction”™, (Mullis et al., ed., 1994); “A Practical Guide 10 Molecular
Cloning” (Perbal Rernard V., 1988): “Phage Display: A Laboraiory Manual” (Barbas et al.. 2001 I3

IL Definitions

[01G7] For purposes of nterpreting this specification, the foliowing definitions will apply and
whenever appropriate, ferms used in the singular will also include the phrral and vice versa. In the event thas any
definition set forth conllicts with any documen? incorporated herein by reference, the definition set forth helow
shall control.

[0108] A “B-cell surface marker” or “B-cell surface antigen™ herein is an antigen expressed on the
surface of 2 B cell that can be targeled wilh an antagonist that binds thereto, ncluding but not Hmited 1o,
antibodies 10 & R-cell surface antigen or a soluble form a Becel] surface antigen capahie of aztagonizing binding
of a ligand 10 the paturaily oceurting B-cell antigen. Exemplary B-cell surface markers include the CD10. CD19,
CD20, CD21, CDZ2, CH23, Ch24, CD37, CD4o, CD33, CH72, CD73, CD74, COw7s, CDw76. CD77, CDw7S,
CD79a, CD79b, CD8O, CD8I, CDS2, CDE3, CDw84, CDRS and CDS6 lekoeyte surface markers {for
descriptions, see The Leukocyte Antigen Facts Book, 2™ Edition 1997, ed. Barciay et al. Academmic Press,
Harcourt Brace & Co., New York). Other B-celi surface markers melude RPI03, FeRH2, Becell CR2, CCRs,
P2ZX5, HLA-DOB, CXCRS, FCER2, BR3, BAFF. BLyS, Bug, NAGI4, SLGC16270, FeRHI, IRTAZ ATWDS78,
FcRH3, IRTAL, FoRH6, BCMA, and 239287, The B-cell surface marker of particular interest is preferentially
expressed on B cells compared to other non-B-cell tissnes of a mammal and may be expressed on hoth precursor
B cells and matrre B cells,

[0109] The term “CD79b", as used herein, refers to any mative CD796 [rom any veriebrale source,
including mammals such as primates (e.g. humans, cynomolgus monkey (cyno}) and rodents (.e.g., mice and ratg),
unless otherwise indicated. Human CD79b is alsc referred herein 1o as “PRO36240" (SEQ ID NO: 2) and
encoded by the nucleotide sequence (SEQ ID NO: 1} also referred herein 1o as “DINA223786" Cynomologus
CD79b is also referred herein fo ag “eyno CD79b” er “PRO2LIS2T" {SEQ ID NO: 239 and encoded by the
nucleotide sequence (SEQ ID NO: 238) zlso referred berein 1o as “DNAS4R4S5". The term *CD79h"
encompasses “full-length,” unprocessed CD79b as well as any form of CD79% that resubis from processing m the

ceil. The term also encompasses naturaily oceurring variants of CD79b, e.g., splice variants, allelic variants and
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woforms.  The CDH79h polypeptides described berein may be isolated from a vaniety of sources, such as from
human ussue types or fom another sowrce, or prepared by recombinant or synthetic methods. A “native seguence
CD79 polypeptide” comprises a polypeptide having the same amino acid sequence as the corresponding CD79h
polypeptide derived from nature. Such native sequence CD79h polypeptides can be isolated from nature or can he
produced by recombinant or synthetic means. The term "native sequence UD79% polvpeptide™ specifically
chcompasses patumally-occursing wuncated or secreted forms of the specific CD79%h polypeplide (e.g.. an
cxtracellular domain sequence), naturally-occirring variant forms (e.g.. alternatively spliced forms) and naturalty-
occwrring allelic variants of the polypeptide. In certain embodiments of the invention, the native sequence CD7%
polypeptides disclosed herein are mature or full-length native sequence polypeptides comprising the full-length
aminG acids sequences shown in the gccompanying fgures. Start and stop codons (if indicated) are shown in bold
font and underlined in the figures. Nucleic acid residues indicated as “N” in the accompanying figures are any
mucleic acid residue. However, while the CD79b polypeptides disclosed in the accompanying figures are shown
10 begin with methionine residues designaied herein as aming acid position | in the fgures. 11 is conecivable and
possible that other methionine residues located erther upstrearm or downstrearn from the amine acid position 1 in
the figures may be employed as the starling amino acid residue for the CT)79h polyneptides.

{0110} “MA79b™ or “murine CD79h antibody” or “murine ami-CD79h antibody™ is used herein 1o
specifically refer 10 murine ami-CD79h monoclonzl amibody wherein the muyrine anti-CD?9b monoclonal
antibody comprises the Light chain variable domain of SEQ ID NO: 10 {Figures 7A-B) and the heavy chain
variable domain of SEQ ID NO: 14 {(Figures 8A-B). Murine anti-CD79b monoclonal sntibody may be purchased
from commercial sources such as Biomeda {(anti-human CD79b antibody; Foster City, CA), BDbioscience (anii-
buman CD79b antihody; San Diego, CA) or Ancell (anti-human CD79h antibody; Bayport, MNj or generated
from hybridoma clone 3A2-2E7 American Type Culture Collection {ATCC) deposit designation number
HB11413, deposited with the ATCC on July 20, 1993,

{01111 “chMA79h™ or “chimeric MAT79 antibody™ is used herein to specifically refer o chimeric any-
buman CD79 antibody (as previousty described in US Application No. 11/462,336, fied August 3, 2006)
wherein the chimeric anti-CD79h antibody comprises the light chain of SEQ 1D NO: 4 ¢ Figiure 4}, The light chain
of SEQ ID NO: 4 further comprises the vanable domain of SEQ ID NO: 1€ (Figures 7A-B) and the light chain
constant domain of human leGl. 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 variabie domam of SEQ ID NO:
14 {Figures 8A-RB) and the heavy chain constant domsin of human IgGl.

[0112] “anti-cynoCD79b" or “anti-cyno CD79b™ is used herein 1o refor to antibodies that binds to cyno
CD79 (SEQ ID NO: 239 of Figure 43} (a3 previously described in US Application Ne. 11/262 336, filed August
3, 2066 “anti-cynoCD79h(chl0D10)” or “chlODig™ i used herein to refer o chimeric ami-cynoCD79% (as
previously described in US Application No. 11/462.336, (led Angust 3, 2006) which binds to cynoCD79h (SEQ
1Y NO: 239 of Figure 43). Ami-cynoCDT9bichiOD103 or ch10D10 is chimeric anti-cynoCD79h antibody which
comprises the light chain of SEQ 1D NO: 241 (Figare 43). Anti-cynoCD79b(ch10D10) or ¢h1ODI0 further
comprises the heavy chain of SEQ I NO: 243 (Figure 47).

[0113] “MAT79b-graft” or “MAT9b-grafied ‘humanized’ antibody™ or “huMA 79h graft™ is used herein
to specifically refer w the graft generated by grafiing the hypervariable regions from murine ani-CD7%h antibody

{MAT9D) into the acceplor human consensus VL kappa I (huKI) and human subgroup 11T consensus VH (hullh
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with R7IA, N73T and L78A (Carter et al., Proc. Natl Acad Sei USA, B9:4285 (1992)) (See Example 1A and
Figures 7 (SEQID NG: 11} end 8 {SEQ ID NQO: 135)).

f0114] A “modification” of an aming acid residue/position, as used herein, refers to a change of a
primary amino acid sequence as compared 0 2 starting antino acid scguence, wherein the change resulls Gom 2
sequence afteration mvolving said amine scid residue/positions.  For example, typical modifications include
substitution of the residue ¢or a1 said position| with another amino acid {c.g., a conservative or nom-conservative
substitttion), insertion of one or more {generally fewer than 5 or 3} amino acids adjacent 10 said residue/position,
and deletion of said residue/position. An “amine acid substituton”, or vanation thereof, refers o the replacemen
of an existing amino acid residue i a predetermined (starting) amino acid sequence with a different amino acid
residue.  Generally and preferably, the modification Tesults in alteration in at least one physicobiochemica!
activity of the variant potypeptide compared to a polypeptide comprising the starting {or “wild 1ype”} amino acid
sequence. For example, in the case of an amtibody, a physicobiochemical activity that is altered can be binding
aflniry. binding capability and/or binding effect upon a large! molecule,

101151 The term "amtibody” is used in the broadest sense and specifically covers, for example, single
anli-CD79b monoclonal antibodies (inciuding agonist, antagomist, newtralizing antibodies, fill length or intact
monoclonal antibodies), anti-CD7% antibody compositions with palyepitopic specificity, polvclonal antibodies,
multivalent antibodies, multispecific antibodies (e.g.. bispecific antibodies so long as they exhibit the desired
biological activity), formed from at least two mtact antibodies, single chain ani.CD79L antibodies, and fragments
of ami-CD7%b antibodies {see below), including Fab, Fab’, F(ab’), and Fv fragmems, diabodies, single domain

ibodics (sdAbs), as long as they exhibit the desired biolosical or mmunological activity.  The term
“immunoglobulin” (Ig) is used imerchangeable with antibody herein. An antibody can be humen, humanized
and/or affinity matured.

[0116] The wrm “ami-CD79 antibody” or “an antibody that hinds 10 CD79%™ refers w an antibody
that is capable of binding CI79b with sufficient affinity such that the antibody is useful as a diagnostic andjor
therapeutic agent in targeting CD79b. Preferably, the extent of binding of an anti-CD79h antibody 1o an unrelated,
non-CD7%h protein is less than about 10% of the binding of the antibody 0 CD79b as measured, e. g.bya
radioimmunoassay (RIA). In certain cmbodiments, an antibody that binds fo CD79 has 2 dissociation constant
(Kd)of =i uM, <100 M, < 10 aM, < | BM, or 0.1 M. In certain embodiments, ant-CD7%b antibody binds
1o an epitope of CD79b that is conserved among CD79b from different species,

[G117]  An “isolated anizbody" is one whick has been identified and separaled and/or recovered from a
component of its natural epvironment. Comtaminam componems of its natural environmens are materials which
would interfere with therapeutic uses for the antibody, and may include enzymes, hormones, and other
proleinaceous or nonproleinacesuys solutes. In preferred embodiments, the antibody will be purified ( 1y 10 greater
than 95% by weight of antibody zs determined by the Lowry method. and most preferably more than 999 by
weight, (2) 1o a degree sufficient to obtain at least 15 residues of N-terminal or internal amine acid sequence by
use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions
using Coomassie biue or, preferably, silver stain  Isolated antibody includes the antibody in sit within
recombinant cells since atf least one component of the amibodys natural environment will not be present.

Ordinarity, however, isolaled antbady will be prepared by at least one purification step.

)]
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[0F18] The hasic 4-chain antibody unit is a heterotetrameric glycoprotein composed of two identical
Light (L) chains and two identieal beavy (H) chains (an TeM amtibody consists of 5 of the basic hewerotetramer uni
along with an additional polypeptide called ] chain, and therefore contain 10 antigen binding sites, while secreted
IgA antibodies can polymerize 1o form polyvaient assemblages comprising 2-3 of the basic 4-chain units along
with | chain). In the case of TgGs, the 4-chain unit is generally about 156,000 daitons. Each L chain is linked 10 a
H chain by one covalent disulfide bond, while the two H chaine are linked 1o each other by one or more disulfde
bonds depending on the H chain 1sotype. Each H and L chain also has regularly spaced intrachain disuifide
bridges. Each H chain has at the N-terminus, a variable domain (Vi) followed by three constam domains {Cp) for
cach of the o and y chains and four Cy domains for W and ¢ isotypes. Each L chain bas at the N-terminus, a
variable domain (V) followed by a constant domain (C 1.} at it other end. The V; is aligned with the Vi and the
Cy is aligned with the first constant domam of the heavy chain {Cul). Particular amino acid residues are believed
o form an interface between the tight chain and heavy chain varizble domains. The pairing of 2 Vy and V,,
together lorms a single anbigen-binding site. For the structure and properties of the different élasses; of antibodses,

see. e.g. Basic and Chinical Immunoloey, St edition, Daniel P, Stites, Abbz I Terr and Trsiram G. Parslow

{eds.}, Appieton & Lange, Norwalk, CT. 1994, page 71 and Chaprier 6.

[0119] The L chain from amy veriebrate species can be assigned 10 one of two clearly distinct types,
calied kappa and fambda, based on the amino acid sequences of their constant domaing, Depending on the aming
acid sequence of the constant domain of their heavy chaing {Cy), immunogiobulins can be assigned 10 different
classes or isotypes. There are five classes of immunoglobulins: IgA, igD, lgE, 1eG, and IzM, having beavy
chamns designated ¢, 8, ¢, v, and I respectively. The y and o classes are further divided into subclasses on the
basis of relatively minor differences in Cn sequence and function, e.2., humans express the following subclagses:
IeG1, IeG2, 1gG3, eG4, 1AL, and TgAZ,

[0120] The “variable region” or “variable dotain” of an antibody refers 10 the ammo-terminal domeins
of the heavy or light chain of the anttbody. The variable domain of the beavy chain may be referred 10 as “VH”
The variable domain of the hight chain may be referred 1o as “VL » These domeins are generally the most
variable parts of an antibody and comain the amtigen-hinding siles,

(0121} The worm "variabic" refers w the fact that certain scgmens of the variable domains differ
extensively in sequence among antibodies. The V domain mediates anligen binding and defines specificity of a
particular antibody for its particular antigen. However, the variability is not evenly distributed across the 110-
amino acid span of the variabie domains. Instead, the V regions consist of refatively invariant streiches called
framework regions (FRs) of 15-30 amine acids separaled by shorter regions of extreme variabiiity called
“hypervariable regions™ that are each 9-12 amino acids long. The variable domains of native heavy and Hght
chaing each comprise [our FRs, largely adopling a fi-sheet configuration, conpecied by three hypervariable regions,
which form loops cotmecting, and in some cases forming part of, the B-sheet siucture, 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 o the formation of the antigen-binding site of antbodies {sce Kabat et al, Sequences of Proieing

of Immunological Interest, $th Ed Public Healtl: Service, National Instimnes of Heaith, Bethesda, MD. ¢ 1691y,

The constant domains are not involved drrectly in binding an antibody 1o an antigen, but exhibit various cffector
functions, such ag participation of the aniibody in antibody dependenrt cellutar evtotoxicity (ADCC).
[0122] An “intact” antibody is one which COTHPIISES an antigen-binding site as well as a Cy and at Jeast

heavy chain constant domaing, Cyl, Cp2 and Cu3. The constant domains may be native sequence constant
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domains (e.g. human native sequence congtant domains) or 2muno zcid sequence variant thereof. Preferably, the
Intact antibody hes one or more effector limietions,

[G123] A “naked antibody™ for the purposes herein is an antibody that is not conjugated o a cviatonic
moiety or radiclabel.

[0124] "Antbody fragmenig” comprise a portiom of an intact antibody, preferably the antigen binding
or variable region of the inmc antibody. Exampics of anttbody fragments mclude Fab, Fab', F{ab'}),. and Fv
fragmenis: diabodies; lincar antibodics {sec U.5. Patent No. 3,641,870, Exarnple 2; Zapata et al., Protein Eng
B10): 1057-1062 [1995]); single-chzin antibody molecules; and muhispecific antibodies formed from antibody
fragments. In one embodiment, an antibody fragment comprises an antigen binding site of the intact antibody and
thus retains the ability 10 hind antigen,

f0125] Papain digestion of amibodies produces 1wo identical antgen-binding fregments, called "Fab"
fragments, and 2 residual "Fe" fragment, @ designation reflecting the ability 10 crystallize readiiv, The Fah
fragment consists of an entire L chain along with the variable region domain of the H chain (Vy), and the firg
constant domain of one heavy chain (Cxl). Each Fab fragment is monovalent with fespect 1o amigen binding, ie.,
it has a single antigen-binding site. Pepsin treatment of an antihody vields a single large F(ab'), fragment which
roughly corresponds o two disuifide linked Fab fragments having divalent antigen-binding activity and is still
capable of cross-linking antigen. Fab' fragments differ from Fab {fragmemts by having additional few residues at
the carboxy terminus of the Cyl domain including one or more cysteines from the antibody hinge region. Fab'-
SH is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear a Fee thiol
group. F{ab'); antibody fragments originally were produced ag pairs of Fab' fragments which have hinge cysieines
between them. Other chemical couplings of antibody frapmems are also known,

[0126] The Fc fragmen comprises the carboxy-terminal portions of both H chains beld wgether 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.

[D127] "Fv" is the mimimum antibody fragment whick contains 2 complele antigen-recognition and -
binding site. This fragment consists of a dimer of one heavy- and one tight-chain variable region domain in tight,
aon-covalent associstion. In 2 single-chain Py {scFv) species, one heavy- end one lght-chain variable domain can
be covalently linked by a flexible peptide Linker such that the Light and heavy chains can associate in a “dimeric™
structure znalogous to that in a twe-chain Fv species.  From the folding of these twe domains emanate siy
hypervariable loops (3 loops each from the H and L chain} that contribute the amino acid residues for antigen
binding and confer antigen binding specificity 1o the antibody. However, even a single variable domain (or half
of an Fv comprising oniy three CDRs specific for an antigen) has the ability 10 recognize and bind anfigen,
although at & lower afTmity thar the entire binding site.

[0128] "Single-chain Fv" also abbreviaied as "sFv" or “scFv" are antibody fragments that comprise the
Vi and Vi antibody domains connected into a single polypeptide chain, Preferably, the sFv polypeptide further
comprises” a polypeptide linker between the Vi and V| domains which enables the sFv 10 form the desired

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

vol. 113, Rosenburg and Moore eds.. Springer-Verlag, New York, pp. 269-315 (1994): Borrebasck 1995, infrs.
[0129] The term "diabodies" refers 1o antibody fragments with two antigen-hinding sites, which
fragments comprise a heavy-chain variable domain (VH) connected 1o a light-chain variahle domain {VL) in the

same polypeptide chain (VH-VL). The small antibody fragments are prepared by constructing sFv fragments (see
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preceding paragraph) with short linkers (about 5-10 residues) between the Vi and V| domains such that infer-
chain bul nol intra-chain pairing of the V domains is achieved, resuiting in a bivalent fragmen, ie., fragment
having two antigen-binding sites. Diabodies may be bivalent or bispecific, Bispecific diabodies are heterodimers
- of 1w “crossover” sFv fragrnents in which (he Vi and Vy domains of the two antibodies are present on different
polypeptide chiams. Diabodies are described more fully m. for exampie, EP 404,097, WO 93711161 Hudson et
al.. Nar Med 9:139.134 (20033 and Hollinger & al.. Proc, Nail Acad. Sci. USA. 90:6444-5448 {1993y
Tnahedics and tetrabodies are also described m Hudson et al.. N Med. 9:129-134 2003,

[013G] The term "monocional antibody” as used herein refers to an antibody oblained from a
pepulation of substantially homogeneous antibodies, Le., the individual antibodies comprising the population are
identical except for possible naturally oceurring mutations thar may be present in minor amounts, Momneclonal
antibodies are highly specific, being directed against a single antigenic site. Furthermore. in contrast 1o polyelonal
antibody preparations which include different antibodies directed against different delerminants {epitopes), each
monoclonal antibody is direcled aguinst a single detesminant on the antigen. In addition (o (heir specificity, the
monoclonal antibodies are advantageous in that they may be synthesized uncontaminated by other amtibodies,
The medifier "monoclonal™ is not 16 be construed as requiring production of the antibody by any particular
method  For example, the monoclonal antibodies useful in the present invemion may be prepared by the
hybridoma methodology first described by Kohier et al, Nature, 256:495 {1975), or may be made using
recombinant DNA methods in bacterial, cukéryotic amimal or plant cells (see, ¢.g., U.S. Patemt No. 4,816,567,
The "menoclenal antibodies™ may also be isolated from phage amibody libraries using the technigues described in
Clacksou et al., Namure, 352:624-628 {1991} and Marks et al. I Mol Biol, 222:581.597 {1991, for exampie.

[0131] The monoclonal antibodies herein include "chimeric* antibodies in which a portien of the heavy
andror light chain is identical with or homologous o comesponding sequences in antihodiss derived from a
particular species oy belonging 10 2 particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous 10 corresponding sequences in amtibodies derived from another species or belonging

to another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the desired

biological activity {see .S, Patent No. 4,816,367, and Morrison et al., Proc. Nail, Acad. Sci. [ISA, 81:6851-6855
(1984)}. Chimeric antibodics of interest herein include “primarized” antibodics comprising varizhle domain
anligen-binding sequences derived from a non-human primate (e.g. Old World Morkey, Ape ete), and human
constant region sequences,

. [0132] "Humanized" forms of non-humag {e.g., rodent) antibodies are chimeric antibodies that contain
minimal sequence derived from the nor-human antibady. For the most part, humanized antihodics are human
immunoglobulins (recipient antibody) it whick residues from a hypervariable region of the recipient are replaced
by residues from a hypervarisbie region ol a non-human species (donor antibody) such as mouse, rat, rabibit or
non-human primate having the desired antibody specificity, affinity, and 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 thal are not found in the recipient antibody
or in the donor amiibody. These modifications are made 1o firther refine antibody performance. In general, the
humanized antibody will comprise substantially afl of at leag: one, and typicaily two, variable domains, in which
all or subsiantaily all of the bypervariable loops correspond 1 those of & pon-human immunoglobulin and all or
substantially all of the FRs are those of a human immumnoglobuliy sequence. The humanized antibody optionally

also will comprise at least » portion of an immunoglobulin constant region (Fe), typically that of a human
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mrmmeglobulin.  For further details, see Jomes et al., Nature 331:522.525 (1986); Riechmann et al., Nature

332:323-32G (1988%); and Presta, Curr. Op. Siruet. Biol 2:393-596 (1992}, See also the following review articles

and references cited therein: Vaswanmi and Hamalton, 4nn. Allergy, Asthma and Immunol., 1:105-115 ( 1998);
Harris, Biochem. Soc. T ransacrions, 23:1035-1038 ( 1995%; Hurle and Gross, Curr Op. Bioieck., 5.428-433 (1994

[0133] “Thio” when used herein 1o refer 1o an antibody refers 10 & cysteine-engineered antibedy while
“Bu” when used herein 1o refer 1o an antibody refers 1 a humanized aniihody.

[0134] A *human anttbody™ 1s one which DOssesses an amuno ackd seguence which corresponds to (hat
of an amibody produced by a human and/or hes been made using any of the techniques for meking human
antiboches as disclosed herein. This definition of & human antibody specifically excludes a humanized antibody
comprising non-himan antigen-binding residues. Human antibodies ean be produced usmg various techmigues
known i the art, including phage-display libraries, Hoogenboom and Winter, J Aol Biol, 227381 (1991
Marks er al.. J. Mol Biol, 222:581 ( 1991y Also available for the preparation of human monoclonal antibodies
are metheds deseribed in Cole er al, Monocional Antibodies and Cancer Therapy, Alan R. Liss, p. 77 ¢ 1985);
Boemer er al | J. immunal., 147¢11:86-95 (1991). See also van Dijk and van de Winkel, Curr. Opin. Pharmacol.,
5:368.74 (2001). Humap antibodies can he prepared by administering the antigen 10 a transgenic animal that has
been modified 1o produce such anlibodics in response 1o antigenic challenge, bt whose endogenous loei have
been disabled, eg., jmmunized xenomice (see, e.g, U.S. Pat Nos, 6075181 and 6.150.584 regarding
XENOMOUSETM technology),  See also, for example. Li e al, Proc Nail Acad Sei US4, 103:3557-3562

(2006) regarding human antibodies generated via a human B-cell hybridoma technology.

[0135]  The term “hypervariable region”, “HVR™, or “HV", when used herem refers 1o the regions ofan
antibody variable domain which are hypervariable in segquence andior form structuraily defined loops. Generally,
antibodies comprise six bypervaniable regions; three in the VH (H1, H2, H3), and three in the VL(LL, L2, L3) A
number of hypervariabie region delineations are in use and are encompassed berein, The Kabat Complementarity
Determining Regions {CDRs} are based on sequence vanability and are the most commonly wsed (Kabat er o],
Sequences of Proteins of Immunoiogical Interest, 5th EQ. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991)}. Chothia refers instead 10 the location of the structural loops {Chothia and Lesk J. Mol
Biol 196:901-917 (1987)). The end of {he Chothia CDR-HI loop when numbered using the Kabat numbering
comvention varies between H32 and H34 depending on the length of the loop (1his is because the Kabat numhering
scheme places the insertions at H35A and H35B; il neither 35A nor 35B ig preseat, the loop ends at 32; if only
35A is present, the loop ends at 33, if both 35A and 35B are present, the loop ends at 34). The AbM
hypervariable regions represem 2 compromise between the Kabat CDRs and Chothia siructural loops, and are
uset by Oxford Molecular's AbM antibody modeling software. The “comtact” hypervdriable regions are based on

an analysis of the available compiex crystal structures. The residues from each of these bypervariabie regions are

noted below,
Loop Kabat AbM Chothia Comacr
LI 124134 L24-1.34 1.24.134 L30-136
L2 L30-L36 L3G-1.56 L3G-L56 L46-155

L3 1L.89-1L97 L§9-197 L88-L.97 1LBG-L96

=3
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HI  H31-H35B H26-H35B H26-H32.34 H30-H33R

{Kabat Numbering)
HI  H3:1.H33 H26-H33  H24-H32 H30.115
(Chothia Numbering)
H2  H50-H6S  HS0-HS®  H52.H36 H47.Hs8
H3  H9S-HI?  Hes-Hin2 H9s-H102 H83-H10]

{GlSG} Hypervariable TEgIons may comprise “exiended bypervariable regions” as foliows: 24-36 or 24-
34 (L1}, 46-56 or 50-36 (L2} and 89-97 (L3) in the VL and 26-35B (H1). 30-65, 47-65 or 49-65 (H2) and 93-102,
94-102 or 95-1G2 (H3) in the VH The variable domzin residues are mimbered according 10 Kabat er /., supra
for cach of these definitions.

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

[0138] The temm *variable domain residue numbering as in Kabat™ or “amino acid position numbering
as in Kabat™, and variations thereof. refers 10 the numbering system used for heavy chain variable domains or
light chain variable domains of the compilation of antibodies in Kabat et al, Sequences of Proteins of
Immunological Interest, 5tk B Public Health Service, National Iostitutes of Health, Bethesda, MI3. (16971).
Using this numbering system, the actual tinear amino acid sequence may contain fewer or additional amino seids
corresponding 10 2 shoriening of, or insertion into, 2 FR or CDR of the variable domam. For example, & heavy
chain variabie domain may include a single amino acid inser: (residue 52a according to Kabat) afier residue 52 of
H2 and mserted residues {e.g. residues 82z, 82b, and 82¢, ete according to Kabat) afier heavy chain FR residue 82,
The Kabat numbering of residues may be determined for a given antibody hy alignment at regions of homology of
the sequence of the antibody with a “standard” Kabat numbered seguence,

[0139] The Kabat numbening syslem is generally used when referring 1o 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 ol
Sequences of immunological Inrerest. 5th Ed. Public Health Service, National Institutes of Health, Bethesda, M4,
(1991)). The “EU numbering system”™ or “EU indox™ is gencrally used when referring 1o a residue in an
immunoglobulin heavy chain constan region {e.g., the BU index reporied m Kabat ef ol supra). The “EU index
as in Kabat” refers to the residue sumbering of the human gl EU amibody. Unless siated otherwise herein,
references 10 residue numbers in the variable domain of antibodics means residue numbering by the Kabat
numbering system.  Unless stated otherwise herein, references 1o residue numbers in the constant domain of
antihodies means residne rmumbering by the EU numbering sysiem (e.g., see United States Provisional Application

No. 60/640,323, Figures for EL numberng).

{01401 An “affinity matured” 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 1o a parent antibody which
does not possess those alieration(s). Preferred affinity matureg antibodies will have panomeolar or even picomoiar
affinities for the target antigen. Affinity mawred antibodies are produced by procedures knowr in the art, -I\:./Iarks
el al. Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain shuffling. Random

mutagenesss of HVR and/or framework residues is described by: Barbas et al. Proc Nar. Acad. Sei, US4 91:3809-
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3813 (1994} Schier er al. Gene 169:147-155 (1995); Yelon er al 7. Immunol 155:1994-2004 (1995); Jackson er
al., J. Immunol, 1547333109 {1995} and Hawkins e al, J. Mol Biol 226:885-896 (1992,

[01417 A “blocking™ antibody or an “antagonist” antibody is one which inhibits or reduces biological
activity of the anligen 1l binds. Preferred blacking antibodies or antagonist antbodies substantially or completely

inhibit the biological activity of the anligen,

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

functional activities of a polvpeptide of interest.

(0143} A “species-dependent antibody.” €.g., a mammalian anti-buman IgE antibody, is an antibody
which has a stronger binding affinity for an antigen from 2 first mammalian species than it has for 4 homologue of
that antigen from a second mammalian species. Normally, the specics-dependent antibody “bind specifically” 1o a
human antigen (ie.. has z binding affimity (Kdj value of no more than about 1 x 107 M, preferably no more than
gbout 1 x 107 and most preferabiy no more than abowt 1 x 107 M) but has a binding affinity for a homologue of
the antigen from a second nom-human mammalian species whick is at least zbout 30 fold. or at least about 500
fold, or at least abowt 1000 fold, weaker than i binding affinity for the human aniigen. The species-dependent
antibody can be of any.of the various types of amtibodies as defined above, bul preferably is a humanized or
human antibody .

[0144) “Binding affinity” generally refers to the strength of the sum ol of noncovalent interactions
petween a single binding site of a molecule {e.g., an antibody) and its binding partner (e.g., an antigen). Unless
mdicated otherwise, as used herein, “binding affnity” refers to intrinsic binding aflinity whick reflects a 11
imeraction between members of 2 binding pair (e.g., antibody and antigen). The affinity of a zﬁolecule X for its
partner Y can generally be represented by the dissociation constant (Kd). Affimity can be measured by commen
methods known in the art, including those described hersin Low-affimty antibodies gemerally bind antigen
slowly and tend 10 dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend 1o
remain bound longer. A variety of methods of measuring binding affinity are known in the ar, any of which can
be used for purposes of the present invention. Specific illustrative embodiments are described in the foliowing.

{0145] “Or better” when used herein to refer wo binding affinity refers 1o a stromger binding between &
molecule apd its binding parner. “Or better” when used berein refers 1o a stronger binding, represemed by a
smaller numerical Kd value, For cxample, zn antibody which has ap affinity for an antigen of “.6 nM or better™,
the amibody’s affinity for the antigen is <.6 oM, ie. .59 nM, 58 oM, 57 aM eic, or any velue less than .6 nM.

[0146] In ome embodiment, the “Kd” or “Kd value™ according fo this invention is measured bv a
radiolabeled antigen binding assay (RIA) performed with the Fab version of an antibody of interest and its anfigen
as described by the following assay that measures solution binding affinity of Fabs for antigen by equilibrating
Fab with a mimimal concentration of (1251)-Jabeled entigen in the presence of a ftration series of unlabeled
antigen, then capluring bound antigen with an anti-Fab antibody-coated plate (Chen, et al., (1999) J. Mol Riof
193:865-881). To eswablish conditions for the assay, micretiter plates (Dyvnex; are coated overnight with 5 pe/mi
of a capwring anti-Fab antibody (Cappet Labs} in 30 mM sodium carbonate {(pH 9.6). and subsequently blocked
with 2% (w/v} bovine serum albumin in PBS for two 1o five howrs at room lemperature (approximately 23°C), In
a non-adsorbart plate (Nunc #269620), 106 pM or 26 pM {lzsij—amigcm are mixed with serjal dilutions of 2 Fah

of interest (e.g., consisten! with assessment of an anti-VEGF antihody, Fab-12, in Presla et al., (1997) Cancer Res.
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57.4593-4599). The Fab of inferest is then incubated overmght; however, the incubation may conlinue {or g
tonger period (e.g., 65 hours) to msure that equilibrium is reached. Thereafier, the mixlures are transferred 1o he
capture plate for incubaiion &t room temperatre (e.g., for one hour), The solution is then removed and the plate
washed eight times with 0.1% Tween-20 m PBS. When the plates have dried, 150 pdiwell of scimillant
(MicroSeimt-2(; Packard) is added. and the plates are counted on 4 Topcount gamina counter {Packard) for ien
mimaes. Concentrations of each Fab that give less thar or equal to 20% of maximal binding are chosen for nse in
competitive binding assays. Accordimg to another embodiment the Kd or Kd value is measured by using
surface plasmon resonance 48%8YS using a BIAQ@rﬁTM-Z()(i{) or 2 BlAcoreTM 3000 (Blacore, Inc., Piscataway,
NIy at 23C with immobilized antigen CMS chips at ~10 responsc units {RU). Briefly, carboxymethylated dextran
biosensor chips (CMS, BlAcore Inc.) are activated with N-gthyl-N"- {3-dimethyiaminopmpyﬁ}-carbodiimide
hydrochloride (EDC) and N-hydroxysuecinimide (NUIS} according 1o ihe supplier’s instructions. Antigen is
diluted with 10mM sodium acetate, pH 4.8, into Sug/ml (~0.2uM } before imjection at 2 fow rate of Sul/minute 1o
achieve approximately 10 response umits (RU) of coupled protein. Foliowng the injection of antigen, EM
ethanolamine is injected 1o block unreacted groups.  For kinetics measurements, 1wo-fold serial dilutions of Fab
(.78 oM 1 500 nM) are injected in PBS with (.05% Tween 20 (PBST) af 25°C af » fow raw of approximately
25ul/min. Association rateg (ko) and dissociation rates (kopr) are caleulated using a simple ohe-1o-one Langmuir
binding model (BlAcore Evaluation Seftwarce version 3.2) by simultancous {ining the association and dissociation

sensorgrant. The equilibrium dissociation constant (Kd) is calculated as the ratio koprkon, See, eg.. Chen, Y. et

al.. (1999) .7 Mol Biol 293:865-881. 1f the on-rale exceeds 106 M-1 g-1 by the surface plasmon resonance assay
above, then the on-rate can he determined by using a fluorescent quenching technique that measyres the ncrease

or decrease in fluorescence emisgion intensity (excitation = 295 nmy emission = 340 nm, 16 nm band-pass} a

25%C of 2 20nM anti-antigen antibody (Fab form) in PBS. pH 7.7, in the presence of increasing concentrations of
antigen as measured in & Spectrometer. such as a2 stop-flow equipped spectrophometer (Aviv fnstruments) or a

80-series SLM-Aminco spectrophotometer {(ThermoSpectronic) with a stir red cuvette.

01471 An “on-rate” ar “rate of association” or “association rale” or 4 according 1o this invention
n g

can also be dewsrmined with the same swrface plasmon resonance echnique described above using a BlAcore TM.

2000 or a BIAcore TM_3000 {BiAcore, Inc., Piscataway. NI} as described sbove.

f0148] The phrase “substantially similar.” or “substantially the same”, as used herein, demoies a
sufficiently high degree of similarity between two numeric valyes {generzaily ope associaled with an antibody of
the invention and the other associated with a reference/comparator antibody) such that one of skill in the art weould
consider the differcnce between the two values to be of little or no hiological and/or statistical significance within
the context of the biological characieristic measured by said values (e.o . Kd values). The difference berween said
two vaiues is preferably less than about 50%, preferably less than ahout 40%. preferably less than abouyt 30%,
preferably less than about 20%. preferably less than abouwr 109% as a function of the value for (he
reference/comparator antibody.

[0145] The phrase “substantially reduced,” or “substantially different”, ag used herein, denotes a
sulficiently high degree of difference beiween twe numeric values {(generally one associated with an antibody of
the inventior and the other associated with 2 reference/comparator antidody) such that one of skiil in the art would

consider the difference hetween the two values 1o be of statistical significance within the comext of the hinlogical
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characteristic measured by said values {e.g.. Kd values, HAMA response). The difference hetween said fwo
values is preferably greater than about 10%, preferably ereater than about 20%. preferably greater than abow 30%,
preferably greater than about 40%, preferably gremer than about 50% as a function of the value for the
reference/comparator aniibody.

[OE30)  An “antigen”™ is & predetermined amigen to which an antibody can selectively bind. The targer
antigen may be polypeptide. carbohydrate, nucleic acid, bipid, hapien or other nawrally ooourTing or svathetic
compound. Preferably, the targel anligen is 2 polypeptide.

[0151}  An “acceptor human framework™ for the purposes herein is a framework comprising the amino
acid sequence of a VL or VH framework derived [rom = human immunoglobulin framework, or from a human
conmsensus framework. An acceptor human framework “derived from™ 2 human immunoglobulin framework or
humen consensus framework may comprise the same amine acid sequence thereof, or may contain pre-existing
amino acid sequence changes. Where pre-existing ammo acid changes are present, preferably no more than 5 and
preferably 4 or less, oF 3 or less, pre-existing annne acid changes are present. Where pre-exisiing amsne acid
changes ere present in a VH. preferably those changes are only at three. two or one of positions 71H, 73H and
78H; for instanee, the amino acid residues at those positions may be 71A, 73T andfor 78A. In one embodiment,
the VL acceptor human framework is identical in scquence o the VI human immmmoglobulin framework
sequence or human consensus framework sequence.

[(152] A “human consensus Famework™ is a framework which represents the most commonly
oceurring amine acid residue in 2 selection of human tmmunoglobulin VL or VH framework SCQUENCEs.
Generally, the selection of buman immunogiobulin VL or VH sequences is from a subgroup of varighle domain
sequences. Generally, the subgroup of sequences is a subgroup as in Kabat er a/. In one embodiment, for the VL,
the subgroup is subgroup kappa I as in Kabat er ¢/ In one embodiment, for the VH, the subgroup is subgroup I
as in Kabat er af

[0153] A “VH subgroup IIl consensus framework” comprises the comsensus sequence obtained from
the amino acid sequences in variable heavy subgroup 11T of Kahat ef o/ In ane embodiment, the VH subgroup I
consensus framework amino acid sequence comprises af least a portion or all of each of the foliowing sequences:
EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 143}-H1-WVRQAPGKGLEWV (SEQ ID NO: 144)-H2-
RFTISRDNSKNTLYLQMNSLRAEDTAVYYC (SEQ ID NO: 145)-H3-WGQGTLVTVSS (SEQ ID NO: 1463,

{0I54] A “VL subgroup I consensus framework”™ comprises the consensus sequence obtained from the
amino acid sequences in variable light kappa subgroup ! of Kabat er o/ In one embodiment, the VL subgroup !
consensus fFamework amino acid sequence comprises at least a portion or all of each of the foilowing sequences:
DIQMTQSPSSLSASVGDRVTITC (SEQ ID NO: 139)-LI-WYQQKPGKAPKLLIY (SEQ ID NO: 140)-12-
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ 1D NO: 141)-L3-FGQGTKVEIKR (SEQ ID NO: 142).

[0155}) An “unmodified buman framework™ is a human framework which has the same amino zcid
sequence as the accepior human framework. e.g. lacking human 0 non-human amine acid substinution(s) in the
acceptor human framework. -

[0136] An “altered hypervariable region™ for the purposes herein is a hypervariable region comprismg
onc or more (e.g. one 1o about 16) amine acid substitinion(s) therein,

[0157] An “un-modified hvpervariable region” for the purposes hersin is a hypervariable region having
the same amino acid sequence ag @ non-hurman antibody from which it was derived, i.e. one which lacks one or

more amino acid substitutions therein
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{0158] An antibody “which hinds” an antigen of interest, e.g. a tumor-associated polypeptide antigen
target. 1s one that binds the antiven with sufTicient aflinity such 1hat the antibody is usefil as a therapeutic agent in
targeting = cell or tissue expressing the antigen, and does not significantly cross-react with other proteins. In such
embodimems, the extent of binding of the antibody o a “non-target” protein will be less than abour 10% of the
binding of the antibody o is particilar target protein as determined by fluorescence activated cell sorting {FACS)
analysis or radioimmunoprecipitation (RIA), With regard 1o the binding of an antibady 10 a target molecule. the
lermn “specific binding” or “specifically binds 10 or is “speeific for” a particular polypeptide or an epitope on a
particular polypeplide target means binding that ig meagurably different from a nom-specific mteraction.  Specific
binding can be measired, for exampie, by determining binding of a molecule compared 1o binding of & control
molecule, which generally is a molecule of similar stricture that does not have binding activity. For example,
specific binding can be determined by competition with a control molecule that is similar 1o the 1arget, for
example. an excess of non-labelad target. In this case, specific binding 1 indicated if the binding of the labeled
wrgel W 2 probe 15 compelitively inhibiled by excess uniaheled farget.  The term “specific binding” or
“specifically binds to” or is “specific for” a particular polypeptide or an epilope on & particular polypeptide targer
as used herein can be exhibited, for example, by a molecule having a Kd for the target of at least ahout 107 M,
alternatively at least about 107 M, alternatively at least about 16¢ M, alternatively at least about 107 M,
alternatively at least abour 10° M. aliernatively at least about 107 M. allernatively at least sbour 107 M,
alternatively at léast about 1071 M, allernatively at jeast about 107 M, or greater. In one embodiment, the term
“specific binding” refers 1o binding where a molecule binds 1o a particular polypeptide or epilope on a particular
polypeptide without subsiantially binding 1o any other pol ypeplde or polypeptide epitope.

[0159]  An antibody that “inhibits the growth of mmor cells expressing a CD79h poiypeptide” or a
“growth inhibitory” antibody is one which results in measurable growth inhibition of cancer celis EXprEssing or
overexpressing the appropriate CD70h polypeptide.  The CD79h polypeptide may be a ransmembrane
potypeptide 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-CD79h antibodies inhibit growth of CD79%b-expressing mmor cells
by greater than 20%, preferably from about 20% 1o about 30%, and even more preferably, by greater than 50%
{e.g., from about 30% 10 aboui 100%) as compared 10 the appropriate conirol, the contro! typically being tumor
cells not ireated with the antibody being tested. In one embodiment, growth inhibition can be measured at anp
antibody concentration of about 0.] f0 30 ug/ml or about 0.5 oM to 200 nM in cell culture, where the growth
inhibition. is determined 1-10 days afier exposwre of the tumor cells 1o the antibody. Growth inhibition of turor
cells fr vivo can be determined in varous ways such as is described in the Expenimental Examples section helow.
The antibody is growth inhibitory in vivo if administration of the anti-CD79b antibody a1 zbout I pg/ke 1o about
100 mg/ke body weight results in reduction in wmor size or wmor cell proliferation within about 3 davs 10 3
months from the first administration of the antibody, preferably within about 5 to 30 days.

[0160] An antibody which “induces apoptosis” 18 one which induces programmed cell death as
determined by binding of annexin V., fragmentation of DNA, cel] shrinkage, dilation of endoplasmic reticulum,
cell fragmemation, and/or formation of membrane vesicles (called apopiotic bodies). The cell is usually ope
which overexpresses a CD79b polypeptide. Preferably the cell is a tumor ¢ell. e.g., 2 bematopoietic cell, such as &
B ceil, T cell, basophil, eosinophil, neutrophil, menocyie, platelet or eryihrocyte. Varions methods are availabie
for evaluating the cellular events associated with apoptosis. For example, phosphatidy! serine (PS) translocation

can be measured by annexin binding; DNA fragmentation can be evaluated through DNA ladderng; and
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nuclear/chromatin condensation along with DNA fragmentation can be evalualed by any increase in hypodiploid
cells. Preferably, the antibody which induces apoptesis 18 one which results in about 2 1o S50 fold, preferably
about 3 10 50 fold, and most preferably about 10 10 30 fold, induction of annexin binding relative 10 untreated celi
im an annexin binding assay.

[0161] An antibody which “induces cell death” is one which causes a viable cell 10 become nonviabie,
The cell is one which expresses a CD79h polypepide and is of a cell type which specifically expresses or
overexpresses & CD79b polypeptide. The cell may be cancerous or normal celis of the particular cell type. The
CD¥79b poiypeptide may be a transmembrane polypeptide expressed on the surface of a cancer ¢ell er may be a
polypentide that is produced and secreted by & cancer cell. The cell may be a cancer cell, e.g. & B cell or T cell,
Cell death in virro may be determined in the absence of complement and immune effector cells 1o distinguish cel
death induced by amibody-dépendcnt cell-mediated cyiotoxiciry (ADCC) or complement dependent eylotoxicizry
(CDC), Thus, the assay for cell death may be performed wsing hear inactivated seruin {ie. i the absence of
complement} and in the absence of immune effector cells. To determine whether the antibody is able 10 induce
cell death, loss of membrane imegrity as evaluated by uptake of propidium iodide (P1), wypan blue {see Moore et
al. Cviotechnoloay 17:1-1] {1995)) or 7TAADY can he assessed relative 1o untreated cellg. Preferred cell demh-
inducing antibodies are those which induce Pl uptake in the PT uptake assay in BT474 cells.

[0i62]  Antibody “effector finctions™ refer to those biological activities attribimable [o the Fe¢ region (a
native sequence Fe region or amino acid sequence variapi Fe region) of an anibody, and vary with the anitbody
isotype. Examples of antibody effector functions include: Clg binding and complement dependent Cyiotoxiciry;
Fe receptor binding; antibody-dependent celi-mediaed cytotoxicrty (ADCC); phagocyiosis; down regqulation of
cell surface receptors (e.g., B cell receplor); and B cell activation.

[0163] The term “Fe region” herein is used te define 2 C-terruinal region of an immmoglobulin heavy
chain, including native sequence Fe regions and variant Fe regions. Although the houndaries of the Fe region of
an immunoglobulin heavy chain might vary, the human Ig(G heavy chain Fe region s usually defined 1o sireteh
from an amino acid residue at pesition Cys226, or from Pro230. 1o the carboxyl-terminus thereof, The C-terminal
lysine (residue 447 according to the EQ 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 po K447 residues removed, and amibody populations
having a mixtre of antibodies with and without the K447 residue.

[0164] A “funciional Fc region™ posscsses an “effector functon” of a pative sequence Fo region,
Exemplary “effector functions” include Clg binding; CDC; Fe Teceptor binding; ADCC: phagocviosis; down
regulation of ¢elt surface recepiors {e.g. B cell receplor; BCR), ete. Such effector functions generaily require the
Fe¢ region to be combined with a binding domain (eg., an antibody vaniable domain) and can be assessed using
various assays as disclosed, for exampie, in definitions herein.

[0165] A “native sequence Fc region” comprises an amino acid sequence identical 10 the amino acid
sequence of an Fo region found i nature. Native sequence human Fe regions include 2 native sequence human
12GT Fe region (non-A and A allotypes); mative sequence human IgG2 Fe region; native sequence human 1eG3 Fe
region; ard native seguence human 1264 Fe region as well as naturally occluring variants thereof

[0166] A “variant Fe region” comprises an amino acid sequence which diflers from thet of a native

sequence Fe region by virue of al least one amino acid modification, preferably one or more amino acid
30



substitution(s). Preferably, the variam Fe region has at least one amino acid substitution compared 10 a native
sequence Fe region or to the Fe region of a paremt polypeptide, e.g. from abowt one to about en 4Iming acid
substitutions, and preferably from about one 1o about five amino acid substittions in a native sequence Fe region
or in the Fc region of the pareat polypeplide. The variant Fc region herein will preferably possess at least about
80% homology with a native sequence Fe region and/or with an Fe region of a parent polypeptide, and most

nreferably at least abow 999 homology therewith, more preferanly at least abour 939 homology therewith,

{0167} “Amibody-dependent cell-mediated cylotoxicity™ or “ADCC” refers 10 2 form of cYotoxicity in
which secreted Ig bound onio Fo receptors (FeRs) present on certain cvloloxic cells (e.g., Natural Killer {(NK}
celis. newrophils, and macrophages) enable these cytotoxic effector cells 1o hind specifically to an antigen-
bearing target cell and subsequently kil the targer cell with cylotoxins. The antibodies “arm™ the cytotoxic cells
and are absolutely reguired for such kitling. The primary cells for mediating ADCC, NK cells, express FevRIT
only, whereas monacyics express FeyRI, FeyRID and FeyRIL  FeR exprossion on hematopoictic cells is

summarized in Table 3 on page 464 of Ravetch and Kinet, Anmu. Rev. Immuno!. 9:437-92 (1991). To assess

ADCC zctivity of 2 molecule of Interest, an in vitro ADCE assay. such as that described in US Patent No
3,500,362 or 3821337 may be performed. Useful effector celis for such assays mclude peripheral biood
mononuciear cells {PBMC) and Natwural Killer (NK) cells, Alternatively, or additionally, ADCC activity of the
melecule of interest may be assessed in VIvo, e.g., ina amimal model such as that disciosed m Clynes et al., {USA)
G3:652-656 (1998).

{0168} "Fc receptor™ or “FeR™ describes a receplor that binds fo the Fc region of an antibody, The
preferred FeR is a native sequence hurnan FoR. Moreover, a preferred FeR is one which binds an 1gG antibody (a
gamma receplor) and includes receplors of the FeyRL FeyRID and FevRIT subclagses, mcluding allelic variants
and allernatively spliced forms of thege receptors. FoyRII receptors include FeyRIIA (an "activating recepior”}
and FeyRIIB (an “inhibiting receptor™). which have similar amino acid sequences that differ primarily in the
cyloplasmic domains thereof, Activating recepior FeyRILA containg an Immunoseceptor tyrosine-based activation
motif (FTAM} in f1s cvtoplasmic domain. Inhibiting receptor FoyRIIB contains an imounorecepior vrosine-hased
minbition motif {ITIM) in its cyloplasmic domain. fsee review M. in Daéron. Anny, Rev. Tmmunol 15:203.234
(1997)). FcRs are reviewed in Ravelch and Kinet. Annu. Rev. Immumol. 9:457-492 (1991); Capel et al,
Immunomethods 4:25-34 ( 1994); and de Haas e1 al., | Lab_Clin. Med. 126:330-41 (1995). Other FeRs, including

those to be identified in the future, are cocompassed by the term "FeR™ herein. The term aiso includes fhe

neonatal receplor, FeRn, which is responsibie for the transfer of maternal igGs 1o the fetus (Guyver et al. i
Imimunol, 117:387 (1976) and Kim et al, I Immunol. 24:749 {19943y

[0169] Binding to human FeRn in vive and serum half life of humean FeRn high affinity binding
polypeptides can be assayed, e.g., In transgenic mice or wransfecied human celf lines expressing human FeRn or
in primates to which the polypeptides with a variant Fe region are administered. WO 2000/42072 {Presta)
describes antibody variants with improved or diminished hnding 1w FcRs. See also. e.g.. Shieids er al. J Biol
Chent. 9(2%:6591-6604 (2001},

f0170]  “Human effector cells™ are leukocytes which express one or more FeRs and perform effector
functons. Preferably, the celis express at least FoyRIH and perform ADCC effector funclion, Exarples of

buman teukocytes which mediate ADCC include peripheral blood mononuclear cells (PBMCY, natural killer {NK}



cells, monocyles, eviotoxic T cells and neutroplzls; with PBMCs and NK cells being preferred. The effector cells
may be 1soiated from a native source, ¢.g., from blood,

[0171] “Complement dependent cytotoxicy” or “CDC™ refers 1o the lysis of a target cell in the
presence of complement.  Activation of the classical complement pathway is initiated by the binding of the first
component of the complement sysien: ( Clq) o antibodies (of the appropriate subciass) which are bound 1o their
cognate anbigen. To assess compiement activation, a CDC assay, e.g.. as described in Gazzane-Samore e al.. L

Imrmunol, Methods 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 € iqbinding capability are described,
eg. in US Patent No. 6,194,351 Bl and WO 1999/51642. See also, e.g., Idusogic ef al J. Immunol 164: 4178-
4184 (2000).

[0172] The 1erm “Fc region-compriging amibody™ refers 1o an azlt.ib0d§ thal comprises an Fo region.
The C-terminal Ivsine (residuc 447 according 1o the EU numbering svstem) of the Fe region may be removed, for
example, during purification of the anibody or by recombinam engineering of the nucleic acid encoding the
antibody. Accordingly, a COmMPOSItion comprising an antibody having an Fg¢ region according 1o this invention
can comprise an antibody with K447, with all K447 Temoved, or & mixture of amibodies with and withowt the
K447 residue.

i0173] The CD79b polypeptide “extracellular domain” or “ECD” refers 10 a form of the CD79b
polypeptide which is essentially free of the iransmembrane and cytoplasmic domaing Ordinarily, a CD79b
polypeptide ECD will have less than 1% of such lransmembrane and/or cyloplasmic domains and preferably, will
have less than 0.3% of such domains, It will be undersiood that any transmembrane domains idenrified {ar the
CD79 polypeptides of the present invention are Wentified pursuant o criteria routinely emploved in the art for
identifying that type of bydrophebic domain. The exact boundaries of a transmembrane domain may vary b
most likely by no more than about 5 amino acuds ar either end of the domain as initially jdentifisd herein.
Optionally, therefore, an extracellular domain of a CD79b polypeptide may comain from about 5 or fewer aming
acids on either side of the transmembrane domain‘exiracellular 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 contemptlated by the present invention.

[0174} The approximate location of the “signal peptides” of the CD79h polypepiide disclosed herein
may be shown in the present specification and/or the accompanying figures, L is noted. kowever, that the C-
lerminal boundary of 4 signal peptide may vary, but mosi likely by no more than abowt 5 amino acids on either
side of the signal peptide C-terminal boundary as initially identified herein, wherein the C-terminal boundary of
the signal peptide may be identified pursuat 1o crileriz routinely employed in the art for identifying that type of

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

14:4683-4690 (1986)). Moreover, it is also recognized that, in some cases, cleavage of a signal sequence from a
secreied polypepude is not entirely umiform, resulting in more than one secreied species.  These mature
polypeptides. where the signal peptide is cleaved within no more than abour amine acids on either side of the (-
terminal boundary of the signal peptide as  idemifled herein, and the polynucleotides encoding them. are
contemplated by the present invemion,

[G175] "CD7%b polypeptide variant" means & CD79h polypeptide, preferably an active CD7%b
polypeptide. as defined herein having at least about 80% amino acid sequence identity with a full-length native
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sequence CD79b polypeptide sequence us disclosed herein, a CD79b polypeptide sequence lacking the signal
pepude as disclosed herein, an extracelinlar domain of a CD75h polypeplide, with or withow the signal peptide,
as disciosed herein or any other fragment of a full-length CD79h polypeptide sequence as disclosed herein {such
as those encoded by 2 nucleic acid thar represents only a portion of the compiele coding sequence for z full-length
CD79b polypeptide). Such CH79h polypeptide variants include, for ingtance, CD79% polypeptides wherein one or
more amino acid residues are added. or deleted. ar the N- or Cuerminus of the full-length native amino acid
sequence, Ordmanly, 2 CH79h polypeptide variant will have ar lcast about §0% amine acid sequence identity,
alternatively at least about 81%, 8294, B3%, 84%, B5%. 86%, 87%, 88%0, 89%, 90%, 91%. 92, 93%, 94%, 95%,
96%. 97%., 98%. or 99% amino acid seguence identity, w0 a futl-length natve sequence CD79b polvpeptide
sequence as disclosed herein, & CD79R polypeplide sequence lacking the signal pepude ag disclosed herein. an
extraceliniar domain of & CD79% polypeptide. with or without the signal peptide, as disclosed herein or any other
specilically defined fragment of a full-length CD79h polypeptide sequence as disclosed herein, Ordmarily,
CID79b variant polypeptides are at least about 3¢ amino acids in lengh, allernatively at least abowt 20, 30. 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 166, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260). 27G, 280, 290,
300,310, 520, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 320,
530, 540, 550, 560, 570, 580, 590, 600 amine acids in length, or more. Optionally, CD79b variant polypeptides
will have no more than one conservative amino acid substitution as compared o the native CD79h polypeptide
sequence, allernatively no more than 2, 3, 4, 5,6.7.8,9, or 10 conservative amino acid substitution as com?arcd
0 the native CD79% potypeptide sequence.

[0176} "Percent {%) amino acid sequence identity” with respect 1o a peptide or polypeptide seguernce,
Le. CD79b polypeptide sequences dentified herein, is defined as the perceniage of amino acid residucs in 2
candidale sequence that are identical with the amino acid residues in the specific peptide or polypepiide sequence,
Le. CD79b polypeptide sequence, after aligning the sequences ang introducing gaps, if necessary, o achieve the
maximum percent sequence identty, and not constdering any conservative substitutions as part of the sequence
identity. Alignment for purposes of determining percemt amino acid sequence identity can be achieved in varions
ways that are within the skill in the art, for instance, using publicly availahie computer software such as BLAST,
BLAST-2, ALIGN or Megalign (DNASTAR) sofiware. Those skiied in the art can determine appropriate
paramneters for measuring alignment, including any algorithms needed 10 achieve maximal alignment over the full
length of the seguences being compared. For purposes herein. however, % amine acid seguence identity 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 1 below. The ALIGN-2 SCQUENCE COmPATISOn CoMmpuler program was
authored by Genentech, Inc. and the source code shown in Table | below has been filed with user documentation
1z the U.S. Copyright Office, Washington D.C.. 20559, where it is regisiered under U5, Copyright Registration
No. TXUSH087. The ALIGN-2 program 1 publicly available through Genentech, Inc., South San Francasen,
California or may be compiled from the souree code provided in Table 1 helow., The ALIGN-2 program shounid
be compiled for use on a UNLX Operating system, preferably digital UNIX V40D, All sequence comparison
parameiers are set by the ALIGN-2 program and do not vary.

[0177]  In simations where ALIGN-? is employed for aming acid sequence compansons, 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 a @ven amino acid sequence A that has OF COTPIISES 2 cerlain % amino

acid sequence identity 1o, with, or againgl a given amino acid sequence B) is ealculated as follows:
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100 times the {raction X/Y

where X is the number of amino acid residues scored as identical matches by the sequence alignment program
ALIGN-2 i that program’s alianment of A and B. and where Y is the total number of armne acid residues in B
It will be appreciated that where the iength of amino acid sequence A is not equal 1o 1= length of aming acid
scquence B, the % amino acid sequence wdentity of A to B will not equal the % amino acid sequence identity of B
10 Al

[0378] "CD79b variant polvnucieotide” or “CD¥79b varizam nucleic acid sequence” means a nucleic acid
molecule which encodes a CD79h polypeptide, preferably an active CD79b polypeptide, as defined herein and
whick has at least about 80% nucleic asid sequence identity with a nucleotide acid sequence encoding a {uli-
length native sequence (D795 polypeptide sequence as disclosed berein. a full-length native sequence CTH4b
polypeptide sequence lacking the signal pepiide as disclosed herein, an exiracelivter domaim of 2 D79
polypeptide, with or without the signal peptide, as disclosed herein or any other fragment of a fuli-length CH796
polypeptide sequence as disclosed herein (such as those encoded by a mucleic acid that TEpresents only a portion
of the complete coding sequence for a full-lengtk CD79b poiypeptide). Ordinarily, 2 CD79% variant
polynucleotide will kave at least about 80% aucleic acid sequence identity, altermatively at least abowt 819, 82%,
83%, B4%, 85%, 86%, 87%, 88%, £9°%, G0%, 91%, 92%, 93%, 94%, 95%, 96%, G7%. 98%, or 99% nucleic acid
sequence identity with 2 nucleic acid sequence cncoding a full-length native seguence CD79%h polypeplide
sequence as disclosed herein, a fuli-length native sequence CD79% polypepiide sequence lacking the signal
peptide as disclosed berein, an extraceliular domain of 2 CD79% polypeptide, with or without the signal sequence,
as disclosed herein or any other fragment of & fisll-length CH79h polypeptide sequence as disclosed heren
Variants do not encompass the native nucleotide sequence.

[0179] Ordinarily, CD79b variant polymicleotides are at least abour § nucieotides in length,
alternatively 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, 45, 30, 55, 60, 63, 70, 75, 80. 83,90, 95, 100, 105, 110, 1135, 120, 125, 30, 135, 140, 145, 130, 155, 160,
165,170, 175, 180, 185, 190, 195, 200, 210, 220, 230, 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, 580,
590, 600, 610, 620, 630, 640, 650, 660, 670, 630, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810,
820, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 70, 980, 990, or 1000 nucleotides in
length, wherein in this context the term “about” means the referenced nucleotide seglience length plus or minus
10% of that referenced length.

[0180] "Percent (%) nucleic acid sequence idemlity" with respect 1o CD79b-encoding nucleic acid
scquences identified herein is defined as the percentage of mucleotides in a candidate sequence that are idemtical
with the nucleotides in the CD79b nugleic acid sequence of interest, after aligning the sequences and inroducing
gaps, if necessary, to achieve the maximum pereent sequence identity.  Alignment for purposes of determining
percent nucleic acid sequence idemtity can be achieved in various ways that are within the skill in the art, for
instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN eor Megalign
(DNASTAR) software. For purposes herein. however, % nucleic acid sequence identity values are generated
using the sequence comparison computer program ALIGN-2, wherein the complete source code for the ALIGN-2

program is provided in Table 1 below. The ALIGN.2 Sequence comparison computer program was authored by
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Genentech, Ine. and the source code shown in Table 1 below has been filed with user docamenation in the 1S,
Copyright Office, W ashinglon D.C.. 20559, where 1t is regisiered under U S, Copyright Registration No.
TXUSI0087  The ALIGN-2 program is publicly available through Genentech, Inc., South San Francisco,
California or may be compiled from the source code provided in Table | below. The ALIGN.? program should
be compiled for use on 2 UNIX operating system, preferabiy digital UNIX V4.0D. Al Seguence comparison
parameters are set by the
ALMGN-2 program and do not vary.

[0181] In situations where ALIGN.2 18 emploved for nucieic acid sequence comparisons, the % nucleie
acid sequence identity of a given nucieic acid scquence C 1o, with, or against a given nucleic acid seguence D
{(which can alternatively be phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic

acid sequence identity Lo, with, or against a given mucleic acid sequence D) s caleulated as follows:
108 times the fraction Wiz

where W is the number of nucleotides scored as identical matches by the sequence alignment program ALIGN-2
In that program’s alignment of C and D, and where Z is the toal number of nucleotides m D. It wilf be
appreciated that where the length of nucleic acid sequence C is not equal 1o the tength of nucleic acid sequence D,
the % nucicic acid sequence identity of C o D will ot equal the % nucleic acid sequence identity of D 1o C.
Unless specifically stated otberwise, all % nucleic acid sequence identity values used herein are obtained as
deseribed in the mmedialely preceding paragraph using the ALIGN-? compter program,

(0182}  In other embodiments, CD79b variant polynucieotides are nucleic acid molecules that encode a
CD7% polypeptide and which are capable of hybridizing, preferably under stringen bybridization and wash
conditions, to nucleotide sequences encoding & full-length CD79b polypeptide as disclosed berein. CD79b variant
polypeptides may be those that are encoded by a CD79b variant polynucleotide.

[0183] The serm “full-length coding region” when used i reference 10 a mucleic acid encoding a
Ch79b polypeptide refers 10 the sequence of nucleotides which encode the full-length CD79h polvpeptide
of ihe invention (which is ofien shown berween start and stop codons, inclusive thereof, m the accompanying
Gigures). The term “full-length coding region” when used in reference 1o an ATCC deposited nucleic acid refers
1o the CD79b polypeptide-encoding portion of the cDNA that is inserted o the vector deposited with the ATCC
{which is ofien shows between start and Stop codons, inclusive thereof i the accompanying figures (start angd
stop cedons are bolded and underlined in the figures)).

{01841 "Isolated," when used to describe the various CD79h polypeptides disclosed herein, means
polypeptide that has been identified and scparaled andror recovered from a componen! of its natural environment,
Comtaminant components of its natural environment are materials that would typically inierfere with therapeutic
uses for the polypeptide. and may include enzymes, hormones, and other proleinaceous or non-proteinaceous
solutes. I preferred embodiments, the polypeptide will be purified (1} 10 2 degree sufficient 1o obiain af least 15
residues of N-terrminal or internal amino acid sequence by use of 2 spinning Cup sequenator, or (2 1o homogeneity
by SDS-PAGE under nou-reducing or reducing conditions nsing Coomassic blue ot, preferably, siiver stain
isolated polypeptide incliudeg polypeptide in sity within recombinant celis, since at least one component of the
CD75b poiypeptide natral emvironment wiil not be present. Ordmarily, however, isolated polypeptide will be

prepared by at least one purification step.
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[0185] Ar "isolaed” CD79b polypeptide-encoding nucleie acid or other polypeptide-encoding nucleic
acid is & ﬁucléic acid molecule that is identified and separaled [rom at least one confaminant nucleie acid molecule
with which it is ordinarily associated in the natural source of the polypeptide-encoding nucleic acid. An isolated
polypeptide-encoding mucleic acid molecule is other than i the form or setting in which it i found in namre.
Isolated polypeptide-encoding nucleic acid molecules therefore are distingwished from the specific polypeptide-
encoding aucleic acid molecule a8 it exists ip namral cells. However, an isolated polypeplide-encoding nucleic
acid moleenie includes polypeptide-cncoding nucleic acid molecuics contained in cells that ordinarily express the
polypeptide where., for example, the nucleic acid molecule s in a chromosomal location different Som that of
natural cells.

{0186} The term “control sequences® refers to DNA sequences necessary for 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, opionally an operalor sequence, and a ribosome binding site.
Eukarvotic cells are known 10 utilize promoters, polyadenylation signals, and enbancers.

[0187] Nucleic acid is "operably linked” when it ig placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a presequence or secretory fcader is operabiy linked to DNA for a
polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or
enhancer is operably linked to 2 coding sequence if it affects the transcription of the sequence; or a ribosome
binding sife is operably linked to 2 coding sequence if it is positioned so as to facilitate tfranslation, Generally,
"operably linked" means that the DNA sequences being linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading phase. However, enhancers do not bave 1w be contiguous. Linking is
accomnpiished by ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide
adapiors or linkers are used in accordance with convenuonal practice.

{O188] "Strmngency" of hybridization reactions is readily determinabie by one of ordinary skill in the art,
and generally is an empirical caleulation dependent upon probe length, washing temperature, and salt
concentration. In general, longer probes require higher temperatures for proper anneating, while shorier probes
need Jower temperatures.  Hybridization generally depends on the ability of denatured DNA o reanneal when
compiementary strands arc present in an environment below their melting temperature, The higher the degree of
desired homology betweern the probe and hybridizable sequence, the higher the relative temperature which can be
used. As a result, it follows that higher relative temperatures would tend 10 make the reaction conditions more
siringent, while lower temperatures less so0. For additional details and explanation of stringency of bybridization

reaclions, see Ausubel et al., Qurrem Protocols in Molecular Biology, W iley Interscience Publishers, (19953,

[0189] “Siringent conditions” or "high stringency conditions”, as defined herein, may be identified by
those that: {1} employ low ionic stength and high temperare for washing, for example 0.015 M sodium
¢hloride/0.0015 M sodium citrate/d. 1% sodium dodecyl sulfate at 50°C; (2) ermploy during hybridization a
denaturing agent, such 25 formamide, for example, 50% (vivj formamide with 0.1% bovine serum albumin/0.1%;
Ficoli/0.1% polyvinylpyrrotidone/30mM sodium phosphate buffer at pH 6.5 with 730 mM sodium chloride, 75
mM sodium chirale at 42°C; or (3) overnight hybridization in 2 solution that employs 50% formamide, 5 x $SC
(6.75 M Na(l, 0.675 M sodium citrate), 50 mM sodium phosphate {pH 6.8), 0.1% sodium pyrophosphate, 3 x

Denhardt’s solution, sonicated salmon sperm DNA (30 pg/ml), 0.1% SDS, and 10% dextran sulfate a1 42 “C. with
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a 10 minute wash at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) followed by a 10 minyte bigh~stringency
wash consisting of ¢.1 x 8SC comaining EDTA at 35°C.
[0190]  "Moderately stringent conditions” may be identified as described by Sambrook ¢t al., Molecular

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

solution and bybridization conditions | €.2. lemperamire, omic strength and “%SDS) less swringent that those
described above. An example of moderstely stringent conditions 1s overmght incubation 2t 37°C ip o solution
comprising; 20% formamide, 5 x SSC (150 mM NaCl 15 mM trisodium citrate). 50 mM sadium phosphate (pH
7.6), 5 % Denhardr’s solution, 10% dextran sulfate, and 20 mg/m! denatured sheared salmon sperm DNA, followed
by washing the filters in 1 x SSC ar about 37-50°C. The skilied anigan will recognize how 10 adjust the
lemperature. ionic strength, clo. as necessary o accommodate factors such as probe lengih and the Tike.

{0191} The term "epitope tagged” when used herein refers 1o a chimeric poiypeptide comprising a
CD79 polypeptide or anti-CD79h antibody fused 10 a "ag polvpeptde”. The tag polypeptide has enough
residues 10 provide an epitope against which an aniibody can he made, vet is shont euough such that i1 does not
mterfere with activity of the polypeptide 10 which it is fuged, The tag potypeptide preferabiy also is fairly unigue
s0 1hal the anlitvdy does not substamtially cross-—react with ofher epitopes.  Suitable tag polypzsplides generally
have at least six amimo acid residues and usually between about 8 and 50 amino acid regidues {preferably, between
about 1¢ and 20 amino acid residues).

[0192] "Active" or "activity" for the purposes herein referg o form(s) of 2 CH7%h polypepude which
retain a biological apdior an immunolegical acuvity of native or natrally-ocewring CI79b, wherein “biological™

clivity refers 1 a biological function (either inhibitory o7 stimulatory) caused by a native or naturally-necurring
CD79b other than the ability 1o induce the production of an antibody against an antigenic epitope possessed by a
native or naturally-oceurring CD79b and an “immunological” aclivity refers 10 the ability 10 induce the production
of an antibody against ap antigenic epitope possessed by a native or naturalty-cccurring CD79h.

[0193] The term "amagonist” is used in the broadest sense, and includes any moleculs that partialiv or
fully blocks, inhibits, or neutralizes a biolegical activity of a native CD79h polypeptide. In & similar manner. the
term "agonist” is used in the broadest sense and includes any molecule that mimics a biological activity of a native
CD79b polypeptide. Suitable agonist or amtagonist moelecules specificaliy include agenist or antagonisi antibodies
or antibody fragments, fragmenis or amino acid sequence vardants of native CD7% polypeptides, peptides,
antisense oligonucleotides, small organic molecules, etc. Methods for identifving agonisis or antagomnists of a
CD79% polypeptide, may comprise contacting a CD75b polypeptide, with a candidate agonist or antagonist
melecule and measuring a detectable change in one or more biological sctivities normally associated with 1he
CD79 polypeptide.

{0194] “Purified” means that a molectle ig present in 4 sampie af a concentration of af leagt 959 by
weight, or at least 98% by weight of the sample in whick it 15 contained.

[0195]  An “isolated” nucieic acid molecule is a nucleic acid molecule that ig separated from at least one
other nucleic acid molecule with which it is ardinarily associated, for example, in its natural enviromment, An
isotated nucleic acid molecule further includes a nucleie acid moleenie contained in cells that orcimarily expresg
the nucleic acid molecule, but the nucleic acid molecule is present extrachromasomaliyv or at a chromosomal

location that is different from its natural chromosomal lacation.
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{0196] The term "vector," as used herein, i intended 1o refer 1 a nucleic acid molecule capable of
transporting another nucleic acid 10 which it has been nked. One type of veetor is & "plasmid”, which refers 1o 2
circular double stranded DNA loop inte which additiona] DNA segments may be hgated. Another type of vector
is a phage vector. Another 1ype of vector is a viral vector, wherein additional DNA segments may be ligated
into the viral genome. Certain vectors are capable of autouémous replication in 4 host cell into which they are
introduced (e g., bacierial vectors baving a bacterial origin of replication and episomal mammalian VECTOTS).
Other vectors (c.g., non-episomal mammalian vectors) can be integrated into the genome of a host cell upon
ntroduction into the host cell, and thereby are replicaled along with the host genome. Moreover, certain vectors
are capable of direcling the expression of genes 10 which they are operatively linked. Such vectors are referred
to herein as "recombinant cxpression veclors” {or simply, "recombinant vectors”). In gencral, expression veciors
of utility in recombinant DNA techniques are ofien in the form of plasmids. In the present specification,
"plasmid” and "vector” may be used interchangeably as the plasmid is the most commonty used form of vector,

{0197) "Polynucleotide.” or “nucleic acid.” as used mierchangeably herein, refer o polymers of
nucleotides of any length, and include DMNA and RNA. The nucleotides can be deoxvribonucieotides,
ribomucieotides, modified nucieotides or bases, and/or their analogs, or any substrate that can be meetporated ino
a polymer by DNA or RNA polymerase, or by a synthetic reaction. A poiynucleotide may comprise modlﬁed
nucleotides, such as methylated nucleotides and their analogs. If present, modification to the nucleotide structure
may be imparted before or after assembly of the polymer. The sequence of nucleotides may be interrupted by
non-nucleotide components. A polynucleotide may be further modified after synthesis. such as by conmpugation
with a label. Other types of modifcations nclude, for example, “caps”. substitution of one or more of the
naturally occurring nucleotides with an analog, internucleotide modifications such as, for example, those with
uncharged linkages (e.g.. methyl phosphonates. phesphotriesters, phosphoamidates, catbarmnates, ete.} and with
charged linkages (e.g., phosphorothl(}aies, phosphorodithioates. ete.), those containing pendant moieties, such as,
for cxample, proweins {e.g., nucleases, toxins, amtibodies, signal peptides, ply-L-lysine, eic.), those with
imtercalators (e.g., acridine, psoralen, eic.), those conwining chelators (e.q., metals, radicactive metals, boron,
oxidative metals, ete.). those comaining alkylators, those with modified linkages (e.g., alpha anomeric nueleic
acids, etc.). as well as nnmodified forms of the polymicicotide(s). Further, any of the hydroxyl groups ordinanly
present in the sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected by
slandard protecting groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated 1o solid or semi-solid supports. The 5" and 3' terminal OH can be phosphorvlated or substituled with
amines 07 organic capping group moieties of from 1 fo 20 carbon atoms, Other hydroxyls may also be derivatized
te standard protecting groups. Polynucleotides can also contzin analogous forms of ribose or deoxyribose sugars
that are generally known in the art, including, for example, 2%-0-methyl-, 2-O-aliyl, 2-Nuoro- or 2azide-ribose,
carbocyelic sugar apalogs, .alpha.-anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses,
pyranose sugars, franose sugars, sedoheptudoses, acychic analogs and abasic nucleoside analogs such as methyl
tiboside. Ome or more phosphodiester tinkages may be replaced by alternative linking groups. These alternative
linking groups include, but are not limited to, embodiments wherein phosphate is replaced by P(O)S("thioate"},
P(8)S ("dithioate"), "(O)NR sub.2 ("amidate"), MO, PIOYOR!, CO or CH.sub.2 {"formacetal”), in which each R
or R' is independently H or substimuted or unsuhstimied alkyl (1-20 C.} optionally containing an ether (-O-)
Imkage, aryl. alkenyl, cveloalkyl, cycloalkernyl or araldyl, Not all Imkages in 2 polynucleotide need be idemical.

The preceding description applies to all polynucleotides referred 10 herein, mncluding RNA and DNA.
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[019€] "Oligonucleotide,” as vsed herein, generally refers 10 short, generally single stranded, generally
synthetic polynucleotides that are generally, but not necessanily, less than about 200 nucleotides in length. The
lerms “oligonucleotide” and "pofynucleoctide” are not nutally exclusive.  The description  above for

polynucleotides is equally and full ¥ applicable to oligomicleotides.

[0199] The wrms "cancer” and "cancerous” refer 1o or describe the physiological condition in mammals

that is typicaily characterized by woregulated cell growth. E xampies of cancer include, it are ot fimited 1o,
hematopoietic cancers or blood-related cancers. such as lymphoma, leukemia. mveloma or lymphoid malignancies,
but also cancers of the spleen and cancers of the lvmph nodes and also carcinoma, blasioma and sarcoma, More
particular examples of cancer inchude B-cell associated cancers., including for example. high, intermediate and low
grade lymphomas (inciuding B cell lymphomas such as. for example, mucosa-associated- lvmphoid tissue B cell
lymphoma and non-Hodgkin’s s lymphorna (NHL). mentle call Iymphoma, RBurkitr's tymphoma, small i ymphocwiic
iviaphoma, marginal zone lymphoma, diffuse large ccll  lymphoma, follicular lymphoma, and Hodglin's
lvmphoma and T cell lymphomas) and leukemias (mcluding secondary leukemia, chronic lymphoeviie leukemia
(CLL), such as B cell leukemia (CD5+ B lymphocytes). myeloid leukemia, such as acuwie myelod leukemia,
chronic myeloid leukemia, Iymphoid leukemia, such as acute lymphoblastic leukemia (ALL) and myetodysplasiaj,
and other hematological andior B cell- or T-cell-associated cancers.  Also included are cancers of additional
hematopoistic cells, meluding polvmorphomiciear levkocytes, such ag basophils, eosinophils, neuirophils and
monocyles, dendrilic cells, plaielets, erythrocyles and natural killer cells. Also included aré cancerous B cell
protiferative disorders selected from the following: tymphoma, son- -Hodgking lymphoma (NHL), aggressive NHL,
relapsed aggressive NHL, relapsed indoient NHL, refractory NHL, refractory indolent NHL, chronic lymphocytic
leukenra {CLL), small lymphocyiic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocytic
leukemia (ALL), and mantle cell | lymphoma. The origins of B-cell cancers mclude as follows: tnarginal zone B-
cell lymphoma orgins in memory B-celis in margmal zone, follicular Iymphoma 2nd diffuse large B-cell
lymphoma originates in centrocvies in the light zone of germinal centers, chronic lymphoceytic leukemia and smatl
lymphocytic leukemia eriginates in B cells (CD3+), mantle cell tymphoma originates in paive Becells in the
mantle zone and Burkitl's lymphoma originates in centroblasts in the dark zone of gerniinal cemters. Tissues
which include hematopoietic cells referred herein 1o as “bematopeictic cell tissues™ inciude thymus and bone
marrow and peripheral lymphoid tssues, such as spleen, Jympb nodes, fymphoid tissues associated with mucosa,
such as the gul-associated lymphoid tissues, tonsils, Pever’s paiches and appendix and lymphoid tssues
assocfated with other mucosa, for example, the bronchial linings. Further panjcular examples of such cancers
include squamous cell cancer, small-cell lupg cancer, non-small celi fung cancer, adenocarcinoma of the hung,
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular caneer, gastrointestinal canger,
pancreatic cancer, ghioma, cervical cancer, ovarian cancer, liver cancer, biadder cancer, hepatoma, breast cancer,
colon cancer, colorectal cancer, endometnial or uterine carcinoma, salivary gland carcinoma, kidnev cancer, liver
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, lenkemia and other lvmphoproliferative

disorders, and various tvpes of head and neck cancer.

[200] A “B-cell malignancy” herein includes non- -Hodgkin’s fymphoma (NHL), including low
grade/lollicular NHL. small lymphocyiic (SL) NHL. intermediate grade/follicular NHL, intermediate grade
diffuse NHL, high grade immunobtastic NHL, high grade [ymphoblastic NHL, high grade small non-cleaved colt
NHL. bulky discase NHL, mantle cell lymphoma,  AIDS-related lymphoma,  and Waldenstrom’s
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Macrogiobulinemia, non-Hoedzkin's lymphoma (NHL}, lymphocyte predominant Hodgkin's disease {LPHD),
small Tymphocytic lymphoma (SLL), chromic lymphocytic leukemia ¢CLL), indolem NHL meluding relapsed
indolemt NHL and rituximab-refractory indolent NHL; leukemia, including acute fymphoblasic leukemia {ALL),
chronic iymphocytic leukemia {(CLL)Y, Hairy cell Jeukemia, chronic myeloblastie leukemia, mantle cell
lymphoma; and other hematologic mabgnancies.  Such malignancies may be treared with antbodies dirested
against B-cell surface markers, such as CD79. Such disenses are comtemplated herein 1 be reated by the
adrministration of an amibody direcied agamst a B cell surface marker, such as CD7%. and includes the
administraiion of an unconjugated (“naked”™) antibody or an amibody comjugated 16 a ¢ylotoxic agemt as disclosed
crein. Such diseases are also contemplated hersin 1o be reated by combination therapy mciuding an anti-CD79h
antibody or anti-CD79b antibody drug conjugate of the invention in combination with another antibody or
antibody drug conjugate, another cyioxic agent, radiation or other treatment administered simultaneously or in
series. In exemplary treatment method of the invention. an ant-CD 79 antibody of the invention is administered
n combmmation with an ani-CD20 amibody, immunoglobulin, or CD20 bmding fagment thereol, either together
or sequentially. The anti-CD20 antibody may be z naked antibody or an antibody drug conjugate. I an
embodiment of the combination therapy. the anti-CD79% antibody is an antibody of the present invention and the

ent-CD20 antibody is Rituxan® (rituximab).

{U201] The term “non-Hodgkin's lymphoma™ or “NHL”, as used herein, refers 1o 2 cancer of the
lymphatic sysiem otber than Hodgkin's lymphomas, Hodgkin’s lymphomas can generally be distinguished from
non-Hodgkin's Iymphomas by the presence of Reed-Sternberg cells in Hodekin’s | ymiphomas and the ahsence of
said cells In non-Hodgkin's Iymphomas. Examples of non-Hodgkin's iymphomas encompassed by the ferm as
used herein include any that would be identified as such by one skilied in the art (e, an oncoltogst or
pathologist) in accordance with classification schemes known in the art, such as the Revised Ewropean-American
Lymphoma (REAL) scheme as described m Color Atlas of Clinical Hematology (31d edition), A. Vietor
Hoffbrand and John E. Peuit {eds.) {(Harcourt Publishers Lid., 2000}, See, in particular, the lists in Fig. 11.57.
1158 and 11.59. More specific examples include, but are pot himited 1. relapsed or refractory NHL, font line
low grade NHIL., Stage II/TV NHL, chemotherapy resistant NHL, precursor B lvmphoblastic leukemia andior
lymphoma, small lymphocytic lymphoma, B cell clronic lymphocytic lenkemia and/or prolymphocyiic leukemia
and/or small Jymphocytic  lymphoma, B-cell prolymphocytic  tymphoma, immunocytoma  andior
Iymphoplasmacytic lvmphoma, lymphoplasmacytic lvmphoma, marginal zone B cell fymphome, splenic marginal
zone tymphoma. extranodal marginal zone - MALT lymphoma, nodal marginal zone lymphoma, hairy cell
leukemiz, plasmacyioma andior plasma cell myeloma, low  grade/follicular lvmphoma, inermedizie
grade/follicular NHL, mantle cell lymphoma, follicle center lymphoma (folticular), intermediate grade diffuse
NHL, diffuse large B-cell lymphoma, aggressive NHL (including ageressive front-line NHL and aguressive
relapsed NHL.), NHL relapsing after or refractory w0 zutologous stem cell wanspiantalion, primary mediagtinal
targe B-cell iymphoma, primary effusion tymphoma, high grade immunoblastic NHL, high grade lvmphoblastic
NHL. high grade small zon-cleaved cell NHL, bulky disease NHL, Burkizt's tymphoma, precursor (peripheral)
large granular lymphocytic leukemia, mycosis fimgoides and/or Sezary svndrome, skin {cutaneous) lvmphomas,

anaplastic large cell lymphoma. angiocentric Ivmphoma.

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

method of the invention. This includes chromic and acute disorders or discases including those pathological
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conditions which predispose the mammal o the disorder in question. Non-limiting examples of disorders 10 he
treated herein melude cancerous conditions such as malignan: and berign tumors; non-leukernias and lympheid
malignancies; neuronal, elial, astrocytal, bypothalamic and other glandular, macrophagal, epithelial, stromal and
hlastocoelic disorders; and mflammatory. immunologic and other angiogenesis-related disorders. Disorders
further include cancerous conditions such as B cell proliferative disorders and/or B cell mmors, e.g. lymphoma,
non-Hodglins Temphoma (NHL), aggressive NHL, relapsed ageressive NHL. relapsed indolent NHL, refraciory
NHL. refraciory indolent NHL, chronic lymphocytie leukemia (CLL), small lymphocytic iymphoma, lenkemia,
hairy cell leukemiz (HCL), acute lymphoeytic leukemia { ALL}). and mantle cell lymphoma,

{0203} The terms “cell proliferative disorder’ and “proliferative disorder” refer 1w disorders that are
associated wilh some degree of abnormal cell prolijferation. in one embodiment, the cell proliferative disorder is
cancer.

{02047 "Tumer”, as .uscd herein, refers 1o all neoplastic cell growth and proliferation, whether
malignant or benign, and all pre-cancerous and tancerous cells and 1issues.

[0205]  Av “autormmune discase” herein is a disease or disorder arising from and direcied against an
mdividual’s own tssues or Organs or & co-segregate or manilfesiation thereof or resulting condition therefrom, In
many of these avloimmune and inflammatory disorders, a number of clinical and laboratory markers may exist,
including, but not limited to, hypergammagiobulinena, high levels of awioantibodies, antigen-antibody complex
deposits in tssues, benefit from corticosteroid or mmunosuppressive treatments, and tympheid cell aggregates in
affecied tssues, Without being limited to any one theory regarding B-cell mediated autsimmune disease, it is
believed that B celis demonstrate a pathogenic effect in human avioimmune discases through & multitude of
mechanistic pathways, including autoantibody production, immune complex formation, dendritic and T-cell
activation. eviokine synthesis, direct chemokine telease, and providing a midus for cctopic neo-lynmhogenesis.

Each of these pathways may participate to different degrees in the pathology of autoimuze diseases,

[U2C6] "Autoimmune disease” can be an organ~specific disease (ie., the immune response is
specifically directed against an organ svstem such as the endocrine system, the hematopoictic svstem, the skin, the
cardiopuimonary system, the gastromtestinal and liver systems, the renal system, the thyroid, the ears, the

curomuscular system, the central nervous System, elc.} or & systemic disease which can affect multiple organ
systems (for example, systemic lupus ervthematosus {SLE), rhevmaioid arthriiis, polymyositis, ete.). Preferred
such diseases include autoimmune theumatologic disorders (such as, for exampie, rbeumatoid arthritis, Sidgren’s
syndromne, scterodenma, lupus such as SLE and tupus nepheits, pol ymyositisdermatomyosits, eryoglobulinemia,
anli-phospholipid antibedy svndrome, and psoriatic arthritis), amoimmune gagtrointestinal and liver disorders
{such as, for example, inflammatory bowel diseases (e.g. ulcerative colitis and Crohn's disease), autoimmune
gastnits and pernicious anemia, autoimmune hepatitis, primary biliary cirrhosis, primary scierosing cholangits,
and celiac discase), vasculitis (such as, for example, ANCA-negative vaseulitis and ANCA -gssociated vasculitis,
including  Churg-Strauss vasculitis, Wegener's granulomatosis, and nicroscopic polyangiitis), autoimmune
neuwrological disorders (such as, for example.' multiple sclerosis, opsociotus myocionus syndrome, 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), autoimmune
dermatolegic disorders (such as, for example, psoriasis, urticaria, hives, pemphigus vulgaris, bullous pemphigod,

and citaneous lupus erythematosus), hematologic disorders (such as, for example, thrombocylopenic purpura,
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thrombotic  thromboeyiopenic purpura,  post-transfusion  purpura, and  autoimmume hemolylic  anemia),
atherosclerosis, uvellis, auteimmune hearing diseases (such as, for example, inner ear disease and hearing loss),
Behceet's disease, Raynaud's syndrome, organ tramsplant, and auteimmune endocrine disorders {such as, for
example, disbetic-related awoimmune diseases such as insulin-dependent diabetes mellitsg (IDIIM). Addison’s
disease, and autoimmune thyroid discase ( e.g., Graves” disease and thvroiditis)). More preferred such diseages
include, for example, thenmaioid arthritis. uleerative colitis, ANCA-associated vasculivis, lupus, muluple sclerosis,

Sibgren's syndrome, Graves® disease, IDDM., pernicious anemia, thyroiditis, and glomerulonephritis.

{02071 Specific examples of other awoimmune discases #s defined herein, which in some cases
encompass those listed ahove, inciude, but are not Limited to, arthritis (acute and chromic, rhenmatoid arthritis
meluding juvenile-onset theumatoid arthritis and stages such as rheumatoid synovitis, gout or gouty arthriis,
acute immunological arthrids, chronic mflammatory arthrits, degenerative arthritis, 1vpe 11 collagen-induced
arthriis, infectious  arthritis, Lyme arthritis, proliferative arthritis, psoriatic arthritis, Suils disease, verichral
arthritis, ostecarthritis, arthrivis chromica progrediente, arthritis deformans, polyarthtils chromica primaria,
rcactive arthritis, menopausal arthritis, estrogen-depletion arthritis, and ankylosing  spondylitisirheumatoid
spondylitis), autoimmune tymphoproliferative disease, inflammatory hyperproliferative skin disenses, psoriasis
such as plaque psoriasis, gutatle psoriasis, pustolar psoriasis. and psoriasis of the uails, atopy including atopic
diseases such as hay fever and Job's syndrome, dermatitis including contact dermatitis, chronie contact dermatitis;
exfoliative dermatius, allergic dermatitis, allergic comtact dermatitis, hives, dermatiis herpetiformis, nummular
dermatitis, seborrheic dermanitis, non-specific dermatitis, primary irritant contact dermatiis, and afopic dermatitis,
x-linked byper 1gM syndrome, allergic inmtraocular mflammatory diseases, urticaria such as chronic aliergic
urticaria  and  chromic  idiopathic urticaria, including chronic  auteimmune urticaria,  myositis,
polymyesitis/dermatomyositis, juvenile dermalomyositis, toxic epidermal necrolysis, scleroderma (inchuding
systemic scleroderma), sclerosis such as sysiemic sclerosis, multiple sclerosis {MS} such as spino-optical M§,
primary progressive MS (PPMS) and relapsing remitting M3 (RRMS), progressive sysiemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis disseminata, ataxic sclerosis, neuromyelitis opiica (NMO),
inflammatory bowel disease (IBD) (for example, Croho's discase, antoimmune-mediated gasiroinlestinal discases,
gastroinlestinal inflammation, colitis such as ulcerative colitis, colitis nicerosa, microscopic colitis, collagenous
coltis, colitis poiypesa, necrotizing enterocolitis, and transmural cofitis, and awloimmune mflammatory howel
discase), bowel inflammation, pyoderma gangrenosum, erythema nodosum, primary scleresing cholangitis,
respiratory distress syndrome, including adult or acule respiratory distress syndrome (ARDS), meningitis,
inflammation of all or part of the uvea, iritis, choroiditis, an autoimmune hematological disorder, grafi-versus-host
disease, anpiosdema such as hereditary sngioedema, cranial nerve damage as in meningitis, herpes gestationis,
pemphigoid gestationis, pruritis scroti, autoimmune premature ovaran failure, sudden hearing loss due 10 an
autoimmune condition, leF-mediated discases such as anaphylaxis and allereic and atopic rhinftis, encephalitis
such as Rasmussen's encephalitis and limbic and/or brainstern encephalitis, uveitis, such as amierior uveitis, acue
amierior uveitis, granulomatons uveitis, nongranilomatous uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis {GN} with and withous nephrotic syndrome such as chronic or acute
glomerulonephritis such as primary GN, Immune-mediated GN, membranous GN {membranous nephropathy),
idiopathic membranous GN or wdiopathic membranous nephropathy, membrano- ar membranous proliferative GN

(MPGN), including Type 1 and Type II, and rapidly progressive GN (RPGN), protiferative nephritis, autoimmune
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polyglandular endocrine failure, balanitis inciuding balanitis circumseripta plasmacellularis, balanoposthitis,
erythema annulare cenirifugum, erytherms dyschromicum perstans, evihema multiform, granuloma annulare,
lichen nitidus, lichen selerosus et atrophicus, licher: simplex chronicns, lichen spmulosus, lichen planus, lamellar
ichtbyosis, epidermolytic hyperkeratosis, premalignant keraiosis, pvoderma gangrenosum, allergic conditions and
responses, food allergies, drug allerges, insect allergies, rare allergic disorders such as mastocylosis, allergic
reaclion, eczema including allereic or AOPIc eczema. astealolic eczema, dyshidrotic eczema. and vesicujar
palmoplantar cezema, asthma such 2s asthma bronchiale, bronchial asthma, and auto-immune asthma, conditions
involving infiltration of T cells and chronic inflammatory responses, immune reactions against foreign amigens
such as fetal A-B-O blood groups during pregnancy, chronic puimonary inflammatory disease, soimmune
myocarditis, leukocvie adhesion deficiency, lupus, including iupus nephritis, fupus cerebritis, pediatric lupus, non-
renal lupus, extra-renal lupus, discoid lupus and discoid Iupus erythematosus, zlopecia lupus, SLE. such as
cutaneous SLE or subacute cutancous SLE, necnatl lupus syndrome (NLE) and lupus ervihemaiosus
disserninatus, juvenile onset (Type } chabetes meliitug, including pediatric IDDM. adult onsel dizbetes meliug
{Type 11 diabetes), autoimmune diabetes, idiopathic diabetes insipidus, diabetic retinopathy, diabetic nephropathy,
diaberic colitis, diahetic arge-artery  disorder, immune résponses  associaled with acwie and delaved
hypersensitivity mediated by cyiokines and T-lymphocytes, wberculosis, sarcoidosis, granulomatosis including
lymphomatid  gramulomatosis. agranulocytosis, vasculitides (including large-vessel vasculitis such as
polymyaigia theumatica and giant-cell {Takayasu's) arteritis, medinm-vessel vasculitis such as Kawasaki's
disease and polyarteritis nodosa/peniarieritis nodosa, immunovasculitis, CNS vasculitis, cutaneous vasculits,
hypersensitivity vasculitis, necrolizing vaseulitis such as fibrinoid necrotizing vasculitis and sysiemic necrotizing
vascuiitls, ANCA-negative vasculitis, and ANCA -associaled vasculitis such as Churg-Strauss syndrome (C8S),
Wegener's granulomatosis, and microscopic polyangiitis), temporal arteritis, aplastic anemia, sutoimmume
aplastic anemia, Coombs positive anemia. Diamond Blackfan anemia, hemolytic anemia or immune hemolytic
anemia ineiuding antoimmame hemolytic anemiz (ATHA}, pernicious anemia (anemis perniciosal. Addisan's
disease, pure red ceil anemia or aplasia (PRCA), Facior VII deficiency, bemophilia A, awroimmune
neutropenials), cylopenias such as pancylopema, leukopenia, diseases involving lfeukacyte diapedesis, (NS
mflammatory disorders, Alzheimer's discase, Parkinson's discase, mulliple organ injury syndrome such as those
secondary 10 septicemia, frauma or hemorrhage, antigen-antibody complex- mediated discases, anti-glomeriiar
basement membrane disease, anti-phospholipid antibody syndrome, motoneuritis, allergic neuritis. Behget's
disease/syndrome, Castleman’s syndrome, Goadpasture's syndrome, Reynaud's syndrome, Sjégren’s syadrome,
Sievens-Johnson syndrome, pemphigoid or pemphigus such as pemphigoid bullous, cicatricial (mucous
membrane)} pemphigoid, skin pemphigoid, pemphigus vulgaris, paraneopiastic pemphigus, pemphigus foliaceus,
pemphigus mucus-membrane pemphigoid. and pemphigus ervihematosus. epidermolysis bullosa acauisita, ocular
inflammation. preferably allergic ocular inflammation such as allergic conjunctivis, linear TeA bulious disease,
autoimmune-induced conjunctival inflammation, auloimmune polyendocrinopathies, Rejler's disease or syndrome,
thermal injury due 10 an autoimmune condition, preeciampsia, an immune complex disorder such as immume
complex nephritis, antibody-mediated nephritis, newroinflammatory  disorders, potyneuropathies, chronic
veuropathy such as IgM polyncuropathics or lgM-mediated nevropathy, thrombocyiopenia {as developed by
myocardial infarction patients, for example), including thrombotic thrombocylopenic purpura (TTP), posts
transfusion  purpura  (PTP), heparin-induced thrombocytopenia, and  aufoimmune or immune-mediated

thrombocytoperia including, for exampie, idiopathic thrombocyiopenic purpura (TP} including ehronic or acute
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ITP, scleritis such as idiopathic cerato-scleritis, episcleritis, autoimmune disease of the testas and ovary including
autoimmune orchitis and oopborilis, privary hypothvreidism, bypoparathyroidism, aeimmune endocrine
diseases imcluding thyroiditis such as autormmune thyroiditis, Hashimoio's disease, chronmic thvroiditis
{(Hasbimoto's thyroiditis), or subacute thyvroiditis, awmoimmane thyroid discase, idiopathic hypothvroidism,
Grave's disease, Grave's eye disease (ophthalmopathy or thyroid-associated ophthalmepathy). polyglandular
syndromes such as autoinmmmune polyglandular syndromes. for example. type T {or polyplandular endocrinopathy
syndromgs), parancoplastic syndromes, including neurologic parancoplastic syndromes such as Lamberi-Eaton
myasthenic svadrome or Eaton-Lambert syndrome, stiff-man or stiff. -person syndrome, encephalomyelitis such as
allergic encephalomyelitis or encephalomyelitis allergica and experimental allergic cncephalomyelitis (EAE),
myasthenia gravis such as thymoma-associated rayasthenia gravis, cercbeliar degeneration, DEUTHMYOIOnIa,
opsoclonus or opsoclonus myoclonus syndrome (OMS). and sensory neuropathy, multifocal motor neuropathy,
Sheehan’s syndrome, autoimmune hepatstis, chronic heparitis, lupoid hepatitis, giant-call hepatitis, chronic active
bepatitis or snoimmune chromic active bepatilis, pneumonitis such ag lymphoid interstitial poenoenits (LIPY,
bronchiolits obliterans (nop-transplant) vs NSIP, Guillain-Barre syadrome, Berger's disease {IgA mephropathy),
wdiopathic IgA nephropathy, linear igA dermatosis, acute febrile nentrophitic dermatosis, subcorneal pustuiar
dermatosis, fransient acantholytic dermatosis, cirrbosis such as primary biliary eirrhosis and preumonocirrhosis,
autoimznune enteropathy svndrome, Celiac or Coeliac disease, celiac sprue {ghuen emieropathy). refractary sprue,
idiopathic sprue, crvoglobulinemia such as mixed cryoglobulinemia, amylotrophic lateral sclerosis (ALS: Loy
Gehrig's disease), coronary artery disease, autoimmune car disease such as autommmmne inner ear disease {AIED),
autoimmune hearing loss, polychondritis such ag refractory or relapsed or relapsing polvehondns, pulmonary
alveolar proteinosis, keratitis such ag Cogan's syndrome/nonsyphilitic interstisial keratnis, Bell's palsy. Sweets
diszase/syndrome, rasacea auloimmune, zosler-associated pain, amyloidosis, 2 non-cancerous lymphocyiosis, a
primary fymphocytosis, which includes monoclonal B cell lymphoeyiosis {e.g., benign monoclonal gammopathy
and monoclonal gammopathy of undetermined significance, MGUS), peripheral nevropatby, paraneoplastic
syndrome, channelopathies such as epilepsy, migraine, arrhythmia, muscular disorders, deafness, blindness,
periodic paralysis, and channelopathies of the CNS, agusm, inflammatory myopathy, focal or seamemal or focal
scgmental glomeruloscierosis (FSGS), endocrine ophthalmopathy, uveoretinitis, choriorctinitis, autoimmune
hepatelogical disorder, fibromyalgia, multiple endocrine failure, Schmidt's syndrome, adrenaliiis, gasiric atrophy,
presenile dementia, demyelinating diseases such as autoitnmune demyelinating discases and chronic inflammatory
demyelinating pelypewropathy, Dressler's syndrome, alopecia areats, alopecia totalis, CREST svndrome
{caicinesis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and lelangisctasia), male and female
autommmure infertility, e.g, due 1o anti-spermaiozoan antibodies. mixed conpective ssue disease, Chagas’
disease, theumatic [ever, recurrent eboriion, farmer's lung, ervthema multiforme, post-cardiolomy  syndrormne,
Cushing’s syndrome, bird-fancier's lung, allergic granulomatous angiitis, benign lymphocytic angiitis. Alport's
syndrome, alveolitis such as allergic alveolitis and fibroging alveolitis, interstitial lung disease, transfusion
reaction, leprosy, malaria, parasitic diseases such as leishmaniasis, kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampters syndrome, Caplan's syndrome, dengue, endocarditis, endomyocardial fibrosis, diffuse
mierstitial putmonary fibrosis, interstitial lung fibrosis, fibrosing mediastinilis, pulmonary fibrosis, idiopathic
pulmonary fibrosis, cystic fibrosis, endophthatmitis, erythema elevamum et diwtinum, ervthrobisstosis fetalis,
cosinophilic faciiis, Shulman's syndrome, Felty's syndrome, flatiasis, cvclitis such as chronic cvelitis,

heterochronic eyclitis, iridocyclitis (scwie or chronic), or Fueh's eyclitis, Henoch-Schonlein purpura, human
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inmmnodeﬁciency virus (HIV) infection, SCID, acquired immune deficiency syndrome (AIDS), echovirus
mieclion, sepsis (systemic inflammatory response syndrome {SIRSY), endoioxemis, pancreatilis, thyroxicosis,
parvovirus infection, rubetla virus infection, post-vaccination syndromes, congenital rubelia infection, Epstein-
Barr virus infection, mumps, Evan's syndrome. awtolmmune gonadal fallure, Sydenham's chorea, Dosl-
streplococcal  nephritis, thromboangitis ubiterans, thyrotoxicosis, tabeg dorsalis, chorinidrtis, giant-cell
polymyalgia, chronic hypersensiivity pneumonitis, COTMPUBCTIViLS, such as vernal cawrrh keraloconjunciiviis
sicea, and epidemic keratoconjunctivitis, idiopathic nephritic syndrome, mimmal change nephropathy, benign
familial and ischemia-reperfusion injury, transplant organ reperfusion. retinal autoimnunity, joint mflammation,
bronchitis, chronie obstructive airway/pulmonary discase, silicosis, aphthae, aphthous stomatilis, aneriosclerotic
disorders (cerebral vascular msufficiency) such as arteriosclerotic eticephalopathy and arieriosclerotic retinopathy,
aspernogenese,  autoimmune  hemolysis, Boeck's disease, crvogiobulinemia, Dupuyiren's  contracwre,
endophthalma phacoanaphviactica, enteritis allergica, ervithems nodosum leprosuin, idiopathic facial paralysis,
chronic fatigue syndrome, febris rheumatica, Hamman-Rick's disease, sensoneura bearing loss, haemoglobinyria
paroxysmatica, hypogonadism, ileitis regionaiis, leucopernia, mononucleosis infectiosa, traverse myclitis, primary
idiopathic myxedema, nephrosis, ophthalmia symphatica (sympathetic ophthaimitis), neonatal ophthalmitis, optic
neuritis, orchitis granulomatosa, pancreatiis, polyradiculits acula, pyoderma  gangrenosum, Quervain's
thyreoiditis, acquired spenic atrophy. non-malignant thymoma, tynphofollicular thymitis, vitiligo, 1oxic-shock
syndrome, food poisoning, canditions involving infiltration of T cells, leukocyle-adhesion deficiency, immune
responses associated with acute and delayed hypersensitivity mediated by cywkines and T-lymphocytes, diseases
involving leukocyie diapedesis, multiple organ mjury syndrome, antipen-antibody complex-mediated discases,
antiglomerular basement membrane disease, anteimmane polyendocrinopathies, oophoritis, primary myxedems,
awtoimmune aroplic gastrits, thewmatic diseases, mixed connective Tissye disease, nephrotic syadrome. insubits,
polyendocrine failure, autoimmune polvglandular syndromes, mneluding polyglandutar syadrome type I, aduli-
omset idiopathic hypoparathyroidism (AOIH), cardiomyopathy such as dilated cardiommyopathy, epidermalisis
builosa acquisita (EBA), hemochromatosis, myocarditis, neplrotic syndrome, primary sclerosing cholangitis,
purulent or nonpurulem Simusils, acute or chronic sinusitis, ethmoid, frontal, maxiilary, or sphenoid SINLSHIS,
aliergic sinusilis, ar cosinophil-related disorder such a8 cosinophilia, pulmonary infiltration cosinophilia,
costnophilia-miyalgia syndrome, Loffler's syndrome, chronic eosinophilic  pneumonia, ropical pulmonary
eosinophilia, bronchopneumonic aspergiliosis, agpergilioma, or gramilomas containing eosinophils, anaphylaxis,
spondyloarthropathies, seronegative spondyloarthritides, polyendocrive  autoimmune disease, sclerosing
cholangitis, sclera, episclera, chrouic mucocutancous  candidiasis, Bruton's syndrome,  transient
hypogammeglobulinemia of infancy, Wiskoti-Aldrich syidrome, ataxia ielangiectasia syndrome, angiectasis,
aunioimmune disorders associated with coltagen disease, theumatism such #8 chronic arthrotheumatism,
lymphadenitis, reduction in blood pressure response, vascular dysfunction, tissue injury, cardiovascular tschemia,
hyperalgesia. renal ischcrﬁia, cerebral ischemia, and disease accompanymg  vascularization, ajlergic
hypersensitivity disorders, glomeruionephritides, reperfusion ijury, ischemic re-perfusion disorder, reperfusion
mmjury of myocardial or other tissues, lymphomatous tracheobronchitis, nflammatory dermatoses, dermatoses
with acute inflammatory components, multiple organ failure, bullous diseages, remal cortical BECYOSIS, acule
purulent meningitis or other central nervous system inflamimatory disorders, ocular and orbital inflammatory
disorders, granulocyle transfusion-associated syndromes, cyiokine-induced loxicity, narcolepsy, acute serious

inflammation, chronic intractabie imflammation, pyelitis, endarterial hyperplasia, peptic uicer, valvulitis, and
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endometriosis, Such dissases are contemplated herein 1o be treated by the adnunistration of an entibody which
binds to 4 B cell surface marker, such as CD79b, and includes the administration of an unconjugated (“naked”)
antibody or an antibody conjugated (o a cywloxic agent as disclosed herein. Such diseases are also contemplated
herein 10 be ireated by combination therapy including an ami-CDY79h antithbody or anti-CD75k anlibody drug
conjugate of the invention in combination with apother apiibody or antibody drug conjugate, another cytoxic

agent, radiation: or ather reatment adminisicred simultancousty or in series.

[0208] "Treating” or “weatment” or “alleviation™ refers to both therapeutic treatment and prophylactic
or preventative measures, wherein the object is to prevent or slow down (lessen) the targeted pathologic condition
or disorder. Those in need of treatment include those already with the disorder as well as those prone 10 have
the disorder or these in whowm the disorder is 1o be prevented. A subject or mammal is successfutly “treated” for a
CD79 polypeptide-expressing c&ﬁcer if, afier receiving & therapewtic amoumt of an anti-CD78h  amithody
according to the methods of the present mvention, the patient shows observable andior measurable reduction n or
absenee of one or more of the following: reduction in the number of cancer cells or absence of the cancer cells;
reduction in the tumor size; inhibition (i.c.. siow 10 some extent and preferably stop} of cancer cell infiltration mto
petipheral organs including the spread of cancer into soft tssue and bone; inhibition (i.e., slow to some extent and
preferably stop) of tumor metastasis; inbibition, 1o some extent, of wmor growth: and/or relief to some extent, one
or more of the symptoms associated with the specific cancer; reduced morbidity and mortality, and nnprovement
in quality of life issues. To the extent the anti-CD79h anlibody may prevent growth and/or kill exising cancer
cells. it may be cylostatic and/or cviotoxic. Reduction of these $1gD$ 0T Symploms may also be felt by the patient.

16209} The above parameters for assessing suceessful treatment and improvement in the disease are
readily measurable by routine procedures familiar to 2 physician. For cancer therapy, efficacy can be measured,
for example. by assessing the time 10 discase progression (TTP) andior determining the Tesponse rate (RR).
Meuastasis can be determined by staging tests and by bone scan and tests for calcinm tevel and other enzymes 10
delermine spread to the bene. CT seans can also be done 1o look for spread to the pelvis angd lvmph nedes in the
area. Chest X-rays and measurement of Liver enzyme levels by known methods are used 1o laok for metastasis o
the lungs and liver, respectively. Other routine methods for monitoring the disease include transrecial
ultrasonography (TRUS) and transrecial nescle biopsy (TRNB).

[0210] For bladder cancer, whick is 4 more localized cancer, methods 1o determine progress of disease
include urinary cyiologic evaluation by cysioscopy. monitoring for presence of biood in the urine, visualization of
the urothelial tract by sanogrﬁphy Or an imtravenous pyelogram, computed tomography (CT) and magnelic
resonance imaging (MRI). The presence of distant metastases can be assessed by CT of the abdomen, chest x-
rays, or radionuclide imaging of the skeleton.

[0211] "Chyonic” administration refers 1o administration of the agent(s) ir a continuous mode as
opposed 0 an acute mode, so 25 10 maintain the initial therapeutic effect (aclivity) for an extended period of time.
“Imtermittent” adminisiration is treatment that is not consecutively done without interruption, but rasher is cvelic
in nature.

[0212] An “individual” is a vertebrate. In certain embodiments, the vertebrale is 2 manmmal. Mammals
include, but are not limited to. farm animals {such as cows), sport animals, pets (such as cats, dogs, and horses),

primales. mice and rats. In cenain embodiments, 2 mammal is a human,



[0213] "Mammal" for purposes of the treatment of, alleviating the sympioms of & cancer refers to any
animat classified as 2 mammal, wmetuding humans, domestic and farmn animals, and zoo, Sparls, 07 pel ammalg,
such as dogs, cats, cattle, horges, sheep, pigs, goals, rabbiis, etc. Preferabiy, the mammal is human,

{0214] Administration "in combisation with” ome or more further therapewtic agents includes
stmultaneous {concurrent) and consecutive adrenisiration in any order,

[0213} "Carmiers” as used herein include pharmaceutically acceptabie GAITICTS, eXcipients. or stahilizers
which are nomioxic to the cell or mammal being exposed therolo 2t the dusages and concentrations cmployed.
Ofier: the physiologically acceptable carrvier is an aqueons pH buffered solution. Exampies of physiologically
acceplable carriers mclude buffers such eas phosphate, citrate, and other organic acids; antioxidants including
ascorbic acid; low molecular weight {less than abowt 10 residues) polypeptide; proteins, such a8 senn albumin,
gelatin, or immunoglobulins; bydrophilic poiymers such ag polyvinyipyrrolidone; amino acids such as glyeine,
ghitamine, asparagine, arginine or lysine; monosaccharides, dissecharides, and other carbohvdrates inchuding
glucose, mannose. or dextring; chelaling agents such as EDTA: sugar alcohols such as manmitol or sorbitol; sali-
forming counterions such as sodium; and/or nomionic surfactants such as TWEEN®;, polyethylene giveol (PEG),
and PLURONICS®.

[0216] By "solid phase” or “solid support” Is meant a non-aqueous matrix 1o which an antibody of the
presem invemtion can adhere or attach, Examples of soiid phases encompassed herein include those formed
partiafly or emirely of glags {e.g.. controlled pore glass), polysaccharides fe.g.. agarose), polyacrvlamides,
polysiyrene, potyvinyl alcohol and silicones. In ceriain embodiments, depending on the context, the solid phase
can comprise the well of an assay plale; 1n others it is a purification column (e.g., an affinity chromatography
column), This term also includes 2 discontingous solid phase of discrele particles, such as those described in LS.
Patemt No. 4,275,149,

[0217) A "Lposome™ is a small vesicle composed of various types of lipids, phospholipids andior
surfactant which is useful for delivery of a drug (such as an CD79h antibody) % a mammal. The components of
the Hposome are commonly arranged in a bilayer formation, similar to the lipid arrangement of biolegical
membranes.

[0218} A “small” molecule or “small” organic molecule is defined herein 1o have a molecular weight
below abowt 500 Daitons.

[9219]  An “individual,” “subject,” or “patient” is # verichrate, In certain embodiments, the verichrate
is & mammal. mammals include, but are not limited 10, farm animals (such as cows), sport animals, pets (such as
cats, dogs, and horses), primates, mice and rats. Ip cerlain embodiments, 2 mammal is humarn,

{0220} The term “pbarmaceutical formulation™ refers 1o a preparation which is in such form as o
permit the biological activity of the active ingredient 1o be effective, and which tontaing no additional COMmpONEnis
which are unacceptably toxic 10 a subject 1o which the formulation would be administered. Such formulation may
be sterile.

{02211 A “sterile” formulation is aseptic of fee from all living smicroorganisms and their spores.

[0222]  An “effective amount™ of an antibady as disciosed herein is an amount sufficient to carry out a
specifically stated purpose.  An “effective amount” may be determined empirically and tn @ routine manncr, in
relation 1o the stated purpose,

[0223] 'The term “therapeutically effective amguns™ refers 10 an amount of ap antibody or other drug

effective 10 “trea™ a disease or disorder m a subject or mamnal. In the case of cancer, the therapeutically
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eflective amount of the drug may reduce the pumber of cancer cells; reduce the mumor size; inhihit (i.e., stow 1o
some exlent and preferably stop) cancer cell infiltration into peripheral organs; inhibit (ie. slow w0 some extent
and preferably stop) tmor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one or
more of the symptoms associated with the cancer. See the definition herein of “treating”. Te the extent the drg
may prevent growth and/or kill existing cancer cells. it may be cytostatic and/or cytotoxic. A “prophvlactically
effective amoun!™ refers 10 an amount effective, at dosages and for periods of time necessary, 1o achicve the
destred prophylectic result. Typically but not necessarily, since a prophylactic dose is used in subjects prior 10 or
al an earlier stage of disease, the prophylactically effective amount will be less than the therapeutically effective
arnount,

{0224} A “growth inhibitory amount” of an anti-CH79b amtibody is an amount capable of inhibiting the
growth of z cell, especially tumor, ¢.g., cancer cell, either in vitre or in vive, A “growth inhibitory smount™ of an
ant;-CD79% amtibody for purpeses of inhibiting neoplastic cell growth may be determined empirically and in a
rOUHnEe Mannat.

{02251 A “evicwoxic emount” of an ant-CD79% antibady is an amount capable of causing the
destuciion of a cell, especially twmor, e.g., cancer cell, either i vitro ar in vivo, A “eytotoxic amonnt™ of ap anti-
CD79b antibody for purposes of inhibiting neoplastic cell growth may be determined empiricaily and i & routine
rmanmer.

[0226] A “CD79b-expressing cell” is # cell which expresses an cndogenous or transfected CD76h
polypeptide either on the cell surface or iy a secreted form. A “CD79b-expressing cancer” is a cancer comprising
cells that have a CID79b polypeptide present on the cell surface or that produce and secrete a CD79b pol ypeptide.
A "CD79b-expressing cancer” optionally produces sufficient levels of CD79% polypeptide on the surface of cells
thereof, such that an anti-CD7%b antibody can bind thereto and have 2 therapeutic effect with respect to the cancer.
In another embodiment, a “CD79%-expressing cancer” optionally produces and secretes sufficiem levels of
CD79b polypeptide. such that an anti-CD7%b antibody antagonist can bind thereto and have a therapeutic effect
with respeet lo the cancer. With regard to the latier, the antagonist may be an antisense oligonucleotide which
reduces. inhibits or prevemts production and secretion of the secreted CD79b poiypeptide by mmor cells. A
cancer which “overexpresses” a CD79b poivpeptide is ome which has significantly bigher levels of CD79%b
polypeptide a1 the cell surface thereof, or produces and secretes, compared to 2 noneancerous cell of the same
ussue type. Such overexpression may be caused by gene amplification or by increased transcription or wanslation.
CD79b polypeptide overexpression may be determined in 2 detection or prognostic assay by evaluating increased
levels of the CD79% protein presemt on the sizface of a cell, or seereted by the cell (e.g.., viz an
immunehistochemistry assay using anti-CD79b antibodies prepared against an isolated CD79b polypeptide which
may be prepared using recombinapt DINA technology {rom an isolated nusleic acid encoding the CD79h
polypeptide; FACS analysis, etc.). Alternatively, or additionally, one may measure levels of CD79% polvpeptide-
encading nucieic acid or mRNA in the cell, e.g., via fluorescent in sim hybridization using 2 nncleic acid based
probe corresponding to a CD79b-encoding nucleic acid or the complement thereof) (FISH: see W(98/45475
published October, 1998), Southern blotling, Northern blotting, or polymerase chain reaction (PCR) techniques,
such as real time quanttative PCR (RT-PCR). One may aiso study CD79b polypeptide OVETEXPICSSIon by
measuring shed antigen in 2 biological fluid such as serum, .., using antibody-based assays {see also, e.g. US.
Patent Ne. 4.933,294 issued June 12, 1990; WO91/05264 published April 18, 19%91; 115, Patent 5,401,638 issued

March 28, 1995, and Sias ef al., J. Immunol. Methods 132:73-80 (199G)). Aside from the above assays, various in
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vivo assays are availabie fo the skilled practitioner. For example, one may expose cells within the body of the
patienl 1o an antibody which is optionally labeled with a detectable label, e.g., 2 radivactive 1sotope, and binding
of the antibody to cells in the patient can be evaluated, e.g., by external scanning for radivactivity or by analyzing
a biopsy taken {rom a patient previousiy exposed 10 the antibody.

[0227]  As used herein, the term “immunoadhesin® designates antibody-like molecules which combine
the binding specificity of a heterologous protein (an “adhesin”) with the effector functions of mmunogiobuiin
constant domains.  Structurally, the immunoadbesing comprise a fusion of an amine acid sequence with the
desired binding specificity whick is other than the antigen recognition and binding site of an antibody (iec.. is
"heterologous™), and an immunoglobulin congtant domain sequence, The adhesin part of an immunoadhesin
molecule typically is a contiguous amino acid sequence comprising at least the binding site of a TECEPIOT OF 4
igand.  The immunoglobulin constani domain sequence o the immunoadhesin may be obtained from any
mmunoglobulin, such as lgdG-1, IgG-2. 1gGi-3, or IgG-4 subtypes, lgA (mcludng TgA-1 and 1gA-D), IgE, IgD or
IgM.

[0228] The word “label” when used herein refers 1o a detectable compound or composition which ig
corjugated directly or indirectly 1o the amibody so as 1o penerate & "labeled” antibody. The label may he
detectable by itself (e.g, radioisotope labels or fluorescent labels) or, in the case of an enzymaiic label, may
catalyze chemical alieration of a substrate compound or composition which is deteciable.

0229} The term "eytotoxic agent” as used herein refers 10 a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is imended 1o include radioactive isotopes (e.g.,
APH TR Y% RIS RIS gmiss g pR oo radioactive isotopes of Lu), chemotherapeutic agens e
methowexate, adriamicin, vines alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalar, mitomycin
C, chlorambucil. daunorubicin or other intercalating agents, enzymes and fragments thereof such as nucleolytie
enzymes, antibiotics, and wxins such as small molecule toxins or enzymatically active toxing of bacterial, fungal,
plant or animal erigin, including fragments andior varants thereof, and the various emtitumor or anticancer agents
disclosed below. Other cvtotoxic agents are described below. A tumoricidal agent causes destruction of tumor
cells.

f0230] A “wxin™ is any substance capable of having a detrimental effect on the growth or proliferation
of a cell.

[02311 A "chemotherapeutic agent” is a chemical compound vsefitl in the treatment of cancer,
regardiess of mechanism of action. Classes of chemotherapeutic agents include, but are not limited 1o; alkyating
agents, antimetabolites, spindle poison plam alkaloids. cyloxie/antimmor antibiotics, topoisomerase inhibitors,
antibodies, photosensitizers, and kinase inkibitors. Chemotherapeutic agents include compounds used in “targeted
therapy™ and conventional chemotherapy. Examples of chemotherapeutic agents imclude; erlotinib (TARCEVA®E,
Genentech/OS] Pharm.), docetaxel (TAXOTERE®R, Sanofi-Aventis), 5-FU (fluorouracil, 3-fluorouracil, CAS No.
51-21-8}, gemeitabine (GEMZAR®, Lilly), PD-0325901 (CAS No. 391210-10-9, Plizer), cisplatin (cis-
diamine,dichloroplatinam(IT), CAS No. }53663-27-1}), carboplatin (CAS No. 41 575-94-43, paclitaxe) (TAXOL®,

Bristol-Myers Squith Oncology Princeton, N.J.), wastuzumab (HERCEPTINE, Genentech}, temozolomide (4-

methyvi-5-oxo- 2.3,4,6,8-pemarabicycle [4.3.0] noua-2,7.9-1riene- 9-carboxamide, CAS No. §5622-93-1,
TEMODAR®, TEMODAL®, Schering Plough), tamoxifen ((Z)-2-[4-( 1,2—cﬁphenylbm»1-enyl}pheno Xy]-N N-
dimethyl-ethanamine, NOLVADEX:E, ISTURAL®, VALODEX®), and dexorubicin (ADRIAMY CIN®), Aki-

172, HPPD, and rapamyvein.
£



{0232} More examples of chemotherapeutic agents include: oxaliplatin (ELOXATING, Sanofi),
borezomib (VELCADE®, Millepnium Pharm.}, sutent (SUNITINIB®, SUL] 248, Pfizen), letrozole (FEMARAR:,
Novartis), imatinib mesylate {GLEEVEQ®R:, Novartis), XL-518 (Mek inhibitor, Exelixis, WO 2007/0445 153,
ARRY-886 (Mek inhibilor, AZD6244, Array BioPharma, Astra Zeneca), SF-1126 (PI3K inhibitor, Semafore
Pharmaceuticals), BEZ-235 (PI3K mbibitor, Novartis), XL-147 (PI3K inhibitor, Exelixisy, PTK787/ZK 227584
{Novartis), fulvestrant (FASLODEX S, AstraZenecal, leucovarin {folinic acid), rapamyein (sirolimus,
RAPAMUNE®, Wyeth), lapatinib (TYKERB®, GSK372016, Giaxo Srmith Klinc}, lonafarnib (SARASART™,
SCH 66336, Schering Plough), sorafenib (NEXAVAR®E, BAY43-9006, Bayer Labs), gefitinib (IRESSA®,
AstraZeneca), iriaotecan (CAMPTOSAR®, CPT-1 1, Pfizer), tipifarnib (ZARNESTRAT™ Johnson & Johnson),
ABRAXANE™ (Cremophor-free), elbumin-engineered nagoparticie formulations of paclitaxel { American
Pharmaceutical Partners, Schaumberg, I1), vandetanib (rINN, ZD6474. ZACTIMA®, AstraZencca),
chloranmbueil, AG1478, AGIS7] (SU 5271, Sugen), tlemsirolimus (TORISEL®, Wyeth), pazopanib
{GlaxoSmithKline}, canfosfamide (TELCYTA®E, Telik}, thiotepa and cvclosphosphamide {CYTOXANE,
NEQSAR®); alkyl suifonates such as busulifan. Improsulfan and piposulfan; aziridines such as benzodopa,
carboquone, meturedopa, and uredopa; ethylenimines and methylameiamines including aliretamine,
tricthylenemelamine, tiethylenephosphoramide, risthylensthiophosphoramide and wimethyvlomelamine:
acetogemns {especially bullatacin and bullatacinone); 2 campiothecin (inciuding the synthetic analog lopotecan};
bryostatin; callystatin; CC-1065 ¢ mcluding its adozeiesin, carzelesin and bizelesin synthetic analogs);
cryptophyeins {particularly cryplophycin 1 and cryplophycin 8); dolastatin; duccarmyein (mcluding the synthetic
analogs, KW-2189 and CB1-TM1}; eleutherobin: pancratistatin, 2 sarcodictyin; spongistating nitrogen mustards
such as ¢hlorambucil, chiomaphazine, chiorophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; mirosoureas such as carmusiine, chlorozotocin, folemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enedivne amtibiotics ( e.g.. calicheamicin, calicheamicin gammatl, calichcamicin omegall
(Angew Chem. Intl, Ed. Engl. (1994) 33:183-186); dynemicin, dvnemicin A; bisphosphonates, such as clodronate:
an esperamicin; 4s well as neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chrommophores), aclacinomysins, actinomyein. authramycin, azaserine, bleomycins, caclinomyein, carabicin,
carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-0x0-L -
aorkeucine, morpholino-doxorbicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxerubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomyein, mitomycins such as mitomyein C,
mycophenolic acid, nogatamycin, olivomycins, peplomycin, porfiromycin, puromvein, guelamyein, rodorubicin,
streplonigrin, streplozocin, tubercidin, ubenimex, zinostatin, zorubicin: anti-metabolites such as methotrexate and
5-fluorovracil (5-FU); folic acid analogs such as denopterin, methotrexate, pieropteria, Irimetrexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, ¢yiarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgers
such as calusierone, dromostanolone propionate, epitiostanol, mepitiostane, estolactone; anti-adrenals such as
atmnogiutethimide, mitotane, trilostane: folic acid replenisher such ag frofinic acid; aceglatone; aldophosphamide
givcoside; aminolevulinic acid; eniluracil; amsacring; bestrabucil; bisantrene; edatraxate: defofamine;
demccolcine; diaziquone; elfornithine; eliptinium acetate; an epothiione; eloglucid; gallinm nitrate; hydroxyures;

lentinan; lonidainine; mayiansinoids such as maytansine and ansamitocins; Mitoguazone; mioxantrons.
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mopidanmol; nitracrine; periostatin; phenamet; pirarubicin losoxanirone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK® polysaccharide complex (THS Natural Products, Eugene. OR); razoxane; rhizoxin; sizofiran;
Spirogermanium; tenuazonic acid; maziguone; 3.2’.2“—trichiomuéethylanﬁne,: trichothecenes (especially T-2
WX, verracunn A, roridin A and anguidine}; urethan; vindesine; dacarbazine, manmomusiine; mitobronitol;
mitolaciol; pipobroman; gacviosine; erabinogide ("Ara-C"}. evelophosphanide: thiotepa: 6-thioguanine:
mercaplopiring; methotrexate; platinmum analogs such as cisplatin and carbopiaun; vinblastine: etoposide (VP-16j;
ifosfamide; mitoxanitone; vineristing; vinorelbine {(NAVELRBINE®); novantrone; {eniposide; edatrexate:
daunomycie; aminopiering capecilabine (XELODA®, Roche); ihandronate: CPT-] L; wopoisemerase inkibitor RFS
2000; diftuoromethylornithing (DMFO): retinoids such as retinoic acid; and pharmacentically acceptable salts,
acids and derivatives of anv of the ahove,

[0233] Also included in the definizon of "chemotherapentic agent” are: (i) anti-hormanal agents that
act to regulate or inhibit hormone action on fumors such ag ant-estrogens and selecive estrogen recepior
modulators (SERMSs including, for example, amoxifen {including NOLVADEX®: {amoxifen clirate),
raloxifene, droloxifene, 4-hydroxviamoxifern, rioxifene, keoxifene, LY 17018, omapristone, and FARESTON®
(loremifine cirate); {ii) aromatase inhibitors that inhihit the enzyme aromatase. which regulaies esirogen
production in the adrenal glands, such as, for exampie, 4(5)-imidazoles, aminoglutethimide, MEGASE®
(megestrol acetale). AROMASING (exemestane: Plizer), formestanie, fadrozote, RIVISOR:E {vorozole).
FEMARA® (levrozole; Novartis), and ARIMIDEX® (anastrozple; AstraZeneca); (i) anti-androgens such as
fiutamide, nilutamide, bicalutamide, lenprolide, and goserelin; as well as roxacitabine (2 1 3-dioxolape
mcleoside cytosme anzlog); (iv) protein kinase mhibitors such as MEK inhibitors (WO 2007/044515Y; ¢v) Dipid
kinase inhibitors; (vi) antisense oligonucleotides, particularly those which inhibit expression of genes in signaling
pathways implicated m aberrant celi proliferation, for example, PKC-alpha, Ral and H-Ras, such as eblimersen
(GENASENSE®, Genta Inc.); (vii) ribozymes such as VEGF expression inhibitors (e.g., ANGIOZYME®) and
HERZ expression inhibitors; (viii) vaccines such as gene therapy vaccines. for example, ALLOVECTING,
LEUVECTIN®, and VAXID®; PROLEUKING' ril-2; topoisomerase 1 inhibitors such as LURTOTECAN®;
ABARELIX® rmRH; {ix) anti-angiogenic agenis such ag bevaciﬁumab {AVASTINE, Genentech); and
pharmaceutically acceptabie salts. acids and derivatives of any of the above,

[0234]  Also inciuded in the definition of “chemotherapeutic agent” are therapeutic antibodies such as
alemtuzumab (Campath), bevacizirmab {AVASTIN®, Genentech): cetuximab (ERBITUX®, Imelone):
panitumamab (VECTIBIX®. Amgen}, rituximab {(RITUXAN®, Genentech/Biogen Idec), pertuzumab
(OMNITARG™_ 2(4, Genentech), wrastuzumab {HERCEPTIN®, Genentech), tositumomab {Bexxar, Corixia),
and the antibody drug conjugate. gemtuzumab ozogamicin (MYLOTARG®, Wyeth),

[0235] A "growth ihibilory agent” when used hercin refers 10 a compound or composition which
nhibits growth of a cell, especially 2 CD79%-expressing cancer cell, either in virro o1 ir vivo. Thus, the growth
inhibitory agent may he one which significantly reduces the pereentage of CD79%-expressing cells in S phase,
Examples of growtl inhibitory agents include agemis that block cell eyvele progression {af a place other than §
phase}, such as agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the vincas
(vincristine and vinbiasting), taxanes, and lopoisomerase 1T inhibilors such as doxorubicin, epirubicin,
daurorubicin, etoposide, and bleomyein. Those agenis that arrest G1 aiso spill over into S-phase arrest, for

example, DNA alkylating asents such as tamoxifen, preduisone, dacarhazine, mechloretbamine, cisplatin,
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methotrexate. S-Huorouracil, and ara-C. Further information can be found m The Molecular Basis of Cancer

Mendelsohn and Israel, eds., Chapler 1, emitled "Cell cycle regulation, oncogenes, and antineoplastic drugs" by
Murakami et al, {WR Saunders: Phitadelphia, 1993}, especiailv p. 13, The taxanes (paclitaxel and docetaxel) are
anticancer drugs both derived from the yew tree. Docetaxel (TAXOTERE®, Rhone-Poulene Rarer), derived from
the European yew. is & sendsvnthetic anajogue of paclitaxel (TAXOL®E: Bristol-Mvers Squibb). Paclitaxel and
docetaxel promete the assembly of micrombules from wbulin dimers ang stabilize microtabules by prevening
depolymerization, which results in the inhibition of mitosis in celis.

[0236] *“Doxorubicin™ is an anthracycline amibiotic. The full chemical name of doxorubicin ig (8§
cisj-10-{ 3~amim>-2,3,6-¥ridcoxy-a-1.~iyxe-hexapyranosyl)oxy]—?.&{}. 10-tetrahydro-6,8.11 ~tribydroxy-8-
(hydroxyacetyl)-]1-methoxy-3,1 Z-naphthacenedione.

[0237] The wrm "cviokine” is a generic term for proteiss released by one ¢all population which act on
another cell as intercellufar mediators. Examples of such cytokines are iymphokines, monokines, and traditional
polypeplide hormones.  Included among the cylokines are growih hormone such us buman growth bormone, N-
methiony! human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin;
proinsulin; relaxin; prorelaxin; glycoprotein hormomnes such as follicie stimulating hormone {FSH), thyroid
stirutating hormone {TSH), and Inteinizing hormone (LHY hepatic growth factor; fibroblast growth facion;
prolactin; placental lactogen; tumor necrosis factor-g and -B; mullerian-inhibiting substance; ouse gonadoiropin-
associaled peptide: inhibin; activin: vascular endothelial growth factor; integrin; thrombopoietin (TPOY; nerve
growth factors such as NGF-p; platelet-growth factor; transforming growth factors (TGFs) suck as TGF-0 and
TGF-f; insulin-like growth factor-I and -II; erythropoietin (EPOY; osteonductive factors; interferoms such as
imterferon -a, -B, and -v; colony stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyie-
macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSEY; interieuking {ILs) such as IL-1, IL- la, iL-2, IL-3,
IL-4, 1L-5, IL-6, IL-7, 1L-8. IL-0, FL-11, IL-12; a mmor necrosis fctor such as TNF-o. or TNF-§; and other
polypeptide factors including LIF and kit ligand (KL) As used herein, the term ¢cytokine includes proteins from
natural sources or from recombinant cell cultire and biotogically active equivalents of the native sequence
cytokines.

[C238] The werms “package insert” is used o refer 1o instructions customarity included in commercial
packages of therapeutic producs, that contain mformation about the indications, usage, dosage, administration,
contraindications and/or warnings concerning the use of such therapeutic products.

[0238] The term “inwacelluiar metabolite” refers to & compound resulting from a metabolic process or
reaction Inside & cell on an antibody-drug conjugate {ADC). The membolic process or reaction may be an
enzymalic process, such s proteolylic cieavage of a peptide linker of the ADC, or hydrolvsis of 2 functional
group such as z hydrazone, esier, or amide. Intraceliniar melabolites include, but are not limited 10, antibodies

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

[G2407 The terms “mtraceliularly cleaved” and “intracellular cleavage™ refer 1 2 metabalic process or
reaction inside a cell on an antibody-drug conjugate (ADC) whereby the covalent attachment, Je. linkez, betwzen
the drug moiety (D) and the antibody (Ab) is broken, resuiting in the free drug dissociated from the antibody

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

[0241] The erm "bioavailability" refers 1o the systemic availability (ic., bleod/plasma levels) of a
@iven amount of drug administered 10 a patient, Bioavaitability is an absolute term that indicates measurement of
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both the time (rate) and total amount {extent} of drug thar reaches the general circulation from an administered

dosage [orm.

[G242] The term “cytotoxic acuvity” refers 10 a cell-killing, cytostatic or growth mnhibitory effect of an
ADC or an intracellular metabolite of an ADC Cytoloxic activity may be e¥pressed as the 10y, value. which ig

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

[U243] The term “alkyl" as used berein refors to a saturated [insar or branched-chain monovalent
hydrocarbon radical of one to 1welve carbon atoms (Ci=Cy;), wherein the alkyl radical may be optionally
substituted independently with one or more substituents described below. In another embodiment. an alkyl radical
is one 10 eight carbon atoms {C—Cg), or one 10 six carbon atoms {C-Cq). Bxampies of alkyl groups include. hut
are ot limited to, methyl (Me, -CHs), ethy! (Bt, -CH.CH;), 1-propvi (n-Pr, n-propyl, -CH,CH.CH;), 2-propyl (i-
Pr, i-propyl -CH(CH:).), 1-butyl (p-Bu, n-butyl, -CH,CHLCHLCHSY, Z-methyl-lpropyl (-Bu, i-buwyl, -
CH;CH(CH; ), 2-butyi (5-Bu, seburyl, -CH(CH; )CHL.CH,), 2-methyi-2-propvl (1-Bu, tbutvl, -CICH, 1, T-penty!
{(n-peatyl, <CH.CH,CH.CH.CH,), 2epentyl ( CH(CH; }CHACHLCH, 3-penty] (-CH(CH-CH1},), 2-methyt-2-butyl
(-C(CH3).CHLCH, ), 3-methyl-2-buty! {-CH{CHCH{CH, )), 3-methyl-1-butyi {-CHCH,CH{CH,; },), 2-methyl- -
butyl (-CH-CH{CH,)CH,CH,), 1-hexvl (-CH2CH;CH2CHLCHACH; ), 2-hexyt {-CH(CH; )CH2.CH,CHLCHL), 3-
hexvi (-CH{CH,CH,){CHCHLCH, ), Z-methyl-2-pentyl  (-C(CH; 1CH.CH.CH.), 3-methyl-2-pentyl (-
CH{CH;)CH{CH;)CH,CH.), 4-raethyl-2-pentyl (~CH(CH:;)CH,.CH(CH: ), 3-methyl-3-pentyl {-
C(CH;)(CH,CHs)}, 2-methyl-3-pentyl {-CH{CH.CH)CH{CH; ), 2.3-dimethyl-2-butv] {-CICH; CH(CH, ),
3,3-dimethyl-2-bury] (-CH(CH)C(CH; s, I-beptyl, L-octyl, and the like.

[0244] The term "alkenv!" refers 10 linear or branched-chain monovalent hydrocathon radical of two 10
eight carbon atoms (Co~Cg) with at least one site of unsaturation, ie., z carbon-carbon, spf double bond, wherein
the alkeny! radical may be optiomally substitited independently with one or more substituents described hersin,
and includes radicals having "cis" and "trans” orientations, or alternatively, "E” and "Z* onemations. Examples

include, but are not linited to, ethyieny! or vinyl (-CH=CH,), altyl (-CH,CH=CH,}, and the like.

{0245} The term "alkynyl" refers 1o 2 lincar or branched monovalent hydrocarbon radical of WO o
eight carbon awems (Co—Cyd with at least one site of unsaturation, e, a carbon-carbom, sp tripie bond, wherein the
atkyoyl radical may be optionally substituted independently with one or more substilents described herein

Examples inctude, but are not limited 1o, ethynyl (-C=CH), propynyl (propargyl, -CH,C=CH). and the like.

{0246] The terms "carbocycle™, "carbocyelyl”, “carboeyclic fng" and “cyeloallyl” refer 10 2
monovalen? nen-aromatic, saturated or partially unsamrated ring having 3 0 12 carbon atoms (C:—Ci2) as a
menocyclic ring or 7 to 12 carbon atoms as a bicyelic ring. Bicvelic carbocycles having 7 to 12 atoms can be
arranged. for example, as a bicyelo [4,5], [5,5], {2.6] or [6,6] system, and bicyclic carboeyeles having 9 or 10 ring
atoms can be arranged as & bicycle [5.,6] or [6.6] system, or 2s brideed systems such as bicvelo[2.2.1Theptane,
bicyclo[2.2 2Joctane and bicyclo[3.2.2nonane. Examples of monocyelic carboeyeles mclude, but are not fimited
to, cyclopropyl, cyclobutyl, eyclopentyl, l-cyvelopent-1-enyl, l-cyclopent-2-enyl, l-cyclopent-3-enyl, cyclohexyl,
1-cyclohex-l-enyl, I-cyciohex-2-enyl, I-cyelohex-3-enyl, cyelohexadienyl, cycloheptyl, cyclooctyl, cvclononyl,

cyclodecyl, cycloundecyt, cyclododeeyl, and the iike.

(5]
[9%]



[02471 "Aryl” meens a mionovalent aromatic hydrocarbon radical of 6-20 carbon atoms (Ce~Cap)
dertved by the removal of one hydrogen atom from 2 single carbon atom of a parent aromatic ring system. Some
aryl groups are represented in the exemplary structures as "Ar”, Aryl includes bicvelic radicals <omprising an
arpmatic ring fused 10 & salurated, partially unsaturated ring, or aromatic carbocyclic ring. Typical aryl gronps
include, but are not limited 10, radicals derived from benzene {phenvl). subsinted benzenes, naphthalene,
anthracene, biphenyl, indenyl, 1mctanyl, L.2-dibydronaphthalene, L2.3 4-tetrahydronaphibyl, and the fike. Arvi

groups are optionally substituied independently with one or more substituents described herein.

[0248] The wrms "heteroeycle,” “hetereyelyl”™ and "heterooyelic nng” are used imterchangeably herein
and refer 1o a saturated or a partially unsaturated (r.e., having one or more double and/or triple bonds withip the
ring) carhocvelic radical of 3 o 20 ring atoms in which at least one fng atom is a heleroatom selecied from
nitrogen, oxygen, phosphorus and suifir. the remaining ring atoms being C, where one or more ring atoms is
optionally substitited independently with one or more substitueis described below, A heterocyele may be a
maonocycle having 3 10 7 ring members (2 10 6 carbon atoms and 1 10 4 heteroatoms selected from N, O, P, and S)
or a bicycle baving 7 w10 rimg members (4 10 9 carhon aloms und 1 1o 6 heleroatoms selecied from N, O, P, and
3), for example: & bicyelo [4,5], [5.51, [5.6]. ar [6,6] system. Hetwrocycles are described in Paguetie, Leo A
"Principigs of Modern Heteroeyelic Chemistry" (W.A. Benjamin, New York, 1968). particuiarly Chapters 1, 3, 4,
6, 7. and 9; "The Chemistry of Hetcrocyelic Compounds, A serics of Monographs” (John Wiley & Sons, New
York, 1950 to present), in particular Volumes i3, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566,
"Heterocyelyl™ also inchides radicals where hewrooycle radicals are fused with a sawraled, partially unsaturated
ring, or aromatic carbocyelic or heterocyclic ring. Examples of heterocyclic rings include, but are not limited 1o,
pyrrolidinyl,  tetrahydrofuranyl, dibydrofiaranvi, tetrahydrothieny!,  tetrahydropyranyl, dibydropvranyi,
tetrabydrothiopyranyl, piperidino, morpholino, thiomorphokine,  thioxanyl, piperazinyl, homopiperazinyl,
axctidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, 1hiazepinyl, 2.
pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazotmyl, dithianyi,
dithiolanyl, dihydropyranyl, dibydrothienyl, dibydrofuranyt, pyrazolidinylimidazoiinyl, imidazolidinyl, 3-
azabicyco[3.1.0Thexanyt, 3-azabicyclof4.1.0Jheptanyt, azabicyclo[2.2.2]kexanyl, 3H-indolyl quineliziny! and N-
pyndyl ureas. Spiro moleties are also included within the scope of this definition. Examples of 2 heterocvelic
group wherein 2 ring carbon atoms are substituted with oxo (=0} moietics are pyrimidinony! and 1,1-dioxo-
thiomorpholinyl. The heteroeycle groups herein are opticnally substitwled indepeadently with one or more

substituents described herein.

[0249] The term "heteroaryl” refers o a monovalent aromatic radical of 3-, é-, or 7-membered Tings,
and includes fiised ring sysiems (a1 least one of which s aromatic) of 5-20 atoms, conaining one or more
heteroatoms independently selecied from nitrogen, oxygen, and sulfur. Exampies of hetcroaryl groups are
pyridinyl (including, for example, 2-hydroxypyridinyl), imidazoiy, mmidazopyridinyl, pyrimidinyl {mcluding, for
example, 4-bydroxypyrimidinyl), pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazolyl, 1sothizzolyl, pymolyl, quinolinyi, isoquinolinyl, indolyi, benzimdazolyl, benzofuranyl, cinnoliny,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, preridinyl, purinyl. oxadiazolvl, triazolyl,
thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyt, bcnmihiam%yh benzoxazoiyl, quinazolinyl,
quinoxalinyl, naphthyridingl, and furopyridinyl. Heteroaryl groups are optionally substituted mdependently with

one or more substituents deseribed herein,
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[0250] The heterocycie or heteroaryl groups may be carbon {carbon-iinked), or nivogen (nmitrogen-
hinked) bonded where such ig possible. By way of example and not imitation, carbon bonded heterocyeles or
heteroaryls are bonded af pesition 2, 3, 4, 5,01 6 of a pyridine, position 3. 4. 5. or 6 of a pyridazine, position 3, 4,
3. or 6 of a pyrimidine, position 2, 3, 5, or 6 of & Dyrazine, position 2, 3, 4, or 5 of & furan tetrabydrofuran,
thiofuran, thiéphenc. pyrrole or tetrabydropyrrole, position 2. 4. or 5 of ag oxazole, imidazole or thiazole, POsHion
3,4, or 5 of an isonazole, pyrazole, or isothiazole, position 2 or 3 of an azinidine, position 2, 3, or 4 of an aretdine,

postion 2, 3, 4, 5, 6, 7, or § of a quinoline or position 1, 3,4,5.6, 7. or § of an 1soguinoline,

[0251} By way of example and not limitation. nitrogen bonded heterocyeles or beteroaryls are bonded
at position 1 of an azindine, azstidine, pyrrole. pyrrelidine, 2-pyrroline, 3-pyrroline, imidazole, imidazolidine, 2-
imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole,
indoline. 1H-indazole, position 2 of a soindole, or isoindoline, position 4 of a motphotine, and position 9 of 2

carbazole, or B-carboline,

[0252] "Alkylene” refers w a saturated. branched or straight chain or cyclic hvdrocarbon radical of 1-18
carbon atoms, and having two monovalent radical centers derived by the removal of two hyvdrogen atoms from the
same or two ditferent carbon aloms of a parent alkane. Typical alkviene radicals include, but are not limrited to:
methyiene (-CH,-) 1 2-¢thyl {-CH,CH.-), 1.3-propy! (-CH.CH,CH.-), La-buryl (-CH,CHACH5CH.-), and the like.

(0253} A “C)-Cy alkylene” is 2 straight chain, saturaied hydrocarbon group of the formula (CH,),. 4.
Examples of a C)«Cy4 alkylene include methylere, ethylene, propylene, butylene, pentyiene, hexylene, heptvienc,

ocytylene, nonylene and decaiene.

[6254}  “Alkenviene™ refers o an unsaturated. branched or straight chain or cyclic hydrocarbon radical of2-
18 carbon atoms, and having ™wo monovalent radical centers derived by the removal of two hydrogen aloms from the
same or twa different carbon atoms of a parent alkene. Typical alkenyiene radicals include, but are not limized 10: 1,2-

ethylene {(-CH=CH-},

[0235]  “Alkynylenc” refers 1o an unsaturated, branched or straight chain or cyclic hydrocarbon radical of
2-18 carbon atoms, and having wo monovalent radical centers denived by the removal of twa bydrogen atoms from
the same or two different carbon atoms of & parent alkyne. Typical alkynviene radicals nctude, but are not limited to:
acetylene (-C=C-), propargyl (-CH,C=C-), and 4-pentyny! (-CHCH.CH,C=C-),

[0256] An “arylene” is an ary] groupr which has two covalent bonds and can be in the ortho, meta, or

para configurations as shown in the following structures:

Ja

aUs N §

+ o *

in which the phenyl group can be unsubstituted or substituted with up to four groups mcluding, but not limited 1o,
-Ci-Cy alkyl, -O-(C,-Cy alkyl), -aryl, -CEOIR", -OCIOIR", LR, -CL{OINH, . -C{OINHR, -C{OWN( R -
NHC{OJR', -S(O)LR". -S{OIR”, -OH, -halogen, -N; -NHy, -NH{R’), -N(R}; and -CN; wherein each R is

independently selected from H, -C,-Cx alkyl and aryl.
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[0257) "Arylalky!" refers to an acyclic alkyl radical in which one of the hydrogen atoms bonded o a
carbon atom, typically & lerminal or sp® carbon atom, is replaced with an aryl radical. Typical arylalky) groups
mchude, but are not limited to, benzyl, 2-phenylethan-] -yi, 2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-
b-vi, 2-paphthyiethen-i-yl, naphthobenzyl, 2-naphthophenviethan-1-yl and the Hke. The arylalkyl group
comprises 6 0 20 carbon aloms, e.g. the alkyl moiety, including alkanyl alkenyl or alkyny! groups. of the

arylalkyl group is 1 1o 6 carbon atoms and the aryl moiety is 5 1o 14 carbon atoms,

[0258] "Heteroarylalky!® refers to an acyelic alkyl radical in which one of the hydrogen sloms bonded
10 & carbon atom, typically a terminal or sp* carbon alom. is replaced with a heteroarvl radical. Typical
heteroarylallkyl groups include, but are not limited 10, 2-benzimidazotyimethyl. 2-firylethyl, and the like. The
heteroarylalkyl group comprises 6 to 20 carbon atoms, e.g the alkyl mosety, including alkanyl, alkenyl or alkynyt
groups, of the heteroarylalkyl group is 1 1o 6 carbon atoms and the heteroary! moiety is 3 to 14 carbon aloms and
I 10 3 heteroatoms selecied from N, O, P, and 5. The beteroaryl moiety of the heteroaryialkvl group may be a
monocyele baving 3 to 7 ring members (2 1o 6 carbon aloms or a bicycle having 7 1o 10 ring members (4 10 9
carbon aloms and 1 1o 3 beteroatoms selected from N, O, P, and S). for example: a bicyclo [4,5), {3.5], [5.6], or

[6.6] system.

{0259] The term "prodrug" as used in this appiication refers 10 a precursor of derivative form of a
compound of the invention that may be less cviotoxic to 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, 615t Meeting
Belfast (1986} and Stella et al, "Prodrugs: A Chemical Approach 1o Targeted Drug Delivery," Directed Drug
Delivery, Borchards et al, {ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but
are not limited 1o, phosphate-containing prodrugs, thiophosphate-containing prodrugs, sulfame -tomaining prodrugs,
peptide-containing  prodrugs, D-amino acid-modified prodrugs, ghycosviated prodrgs, B-lacam-comaining
prodrugs, optionally substituted phenoxyacctamide-containing prodrugs, opuonally substituted phenylaceiamide-
containing prodrugs, S-fuorocytosine and other S-fiucrouridine prodregs whick can be converted imo the more
active cytoloxic free drug. Examples of cytotoxic drugs that cap be derivatized into a prodrug form for use in this
mvention include, but are not limited 10, compounds of the invention and chemotherapemic agents such as

described above,

{6260] A "metabolite" is a product produced lhrough metabolism in the body of a specified compound
or salt thereof. Metabolites of a compoind may be idemified using routine technigues known in the art and their
aclivities determined using 1ests such as those described berein. Such products may result for example from the
oxidation, reduction, hydrolysis, amidation, deamidation, esterification, deesterification, enzymatic cleavage, and
the tike, of the administered compound. Accordingly, the invention includes metabolites of compounds of the
invention, including compounds produced by a process comprising contaciing a compound of this invention with

a mammal lor a period of time sufficient to vield a metbolic product thereol

[0261] A "Eposome™ 15 2 small vesicle composed of various iypes 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 a bitayer formation, similar 1o the lipid arrangement of biological membranes.
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[0262] “"Linker" refers 10 chemical moiety comprising a covalent bond or a chain of atoms that
covalenily anaches an anibody 10 a drug moiety. In various embodiments, linkers include a divalent radical such
as an alkyldiyl, an aryldivl, a heteroaryldivl, moieties such as: ~(CRLO(CR,) -, repeating units of alkvioxy fcg
potvethylenoxy, PEG, poiymeﬂﬁyienc:oxy} and alkvlaming (eg. pwlyerhyieneamino, Jeffamine™); ang diacid ester

and amides including succinate, sucenamide, digiveolate, malonate, and eaproamide.

10263} The werm "chiral® refers w0 molecules which have the property of pon-superimposability of the
mirror image pariner, while the term "achiral” refers to molecules which are superimposable on their mirrar image

partner,

[0264] The term "stercoisomers” refers 1 compounds which have identieal ¢themical constitution, but

differ with regard 10 the arrangement of the aloms or groups In gpace.

[0265) "Diasiereomer” refers 10 a stereoisomaer with two or more cemers of chirality and whose
molecules are not mirror images of one another. Diastereomers have different physical properties, e.g. mehing
points, boiling points, speciral propertics, and reactivities, Mixtures of diasteresmers may separale under high

resolution analytical procedures such ag electrophoresis and chromatography.

{0266} "Enantiomers" refer 1o TWo sierepisomers of a compound which are non-superimposable mirror

images of one another.

{02671 Stereochemical definitions snd conventions used herein generally foliow §. P. Parker, Ed.,
McGravw-Hill Dictionary of Chemicai Terms (1984) McGraw-Hill Book Company, New York: and Eliel, E. and
Wileg, §., Stereochemisory of Organic Compounds (1994) John Wiley & Sons, Inc., New York, Many oreanic
compounds exist in optically active forms. ie., they have the ability 10 rotate the plave of plane-polarized light. In
describing an opucalty active compound, the prefixes D and L. or & ang S, are used 10 denote the absolute
configuration of the molecule abou its chiral center(s). The prefixes d and | or (+} angd {-} are emploved 1o
designate the sign of rotation of planc-polarized hght by the compound, with (- or | meaning that the compound
is levorotatory, A compound prefixed with (+) or d ig dextrorotalory, For a given cherpical structure, these
slereoisomers are identical except that they are miror images of one another, A specific sterenisomer may aiso he
referred 10 as an enantiomer, and a mixture of such somers is ofien called an enantiomeric mixture. A 50:50
mixture of enantiomers is referred 10 ag a racemic mixture or a racemate, which may oceur where there hag heen
ne stereoselection or stereospecificily in a chemical reaction OT process. The terms "racemic mixture” and

"racemate” refer 1o an equimolar mixture of two enantiomeric species, devoid of optical activity,

[0268] The term "automer” or “tatomeric form™ refers 1o Structural isomers of difTerem energies
which are imerconveriible via a low energy barrier. For example, proton tawtomers (also known as prototropic
fawtomers) include imterconversions via migration of a proton, such as keto-enol angd Imine-enzmine

Isomerizations, Valepce lautomers inciude Interconversions by reorganization of some of the bonding electrons.

[0265] The phrase "pharmaceutically acceplable salt® as ysed berein, refers 1 pharmaceutically
accepiable organic or morganic salts of a compound of the invention. Exemplary salts include, but are not limited,
o sulfate, citrate, acetate, oxalate, chioride, bromide, iodide, niirate, bisulfate, phosphate, acid phosphate,
isomcotinate, lactaie, salicytate, acid cilrate, tartrate, oleate, tanmate, pantothenate, bitartrate, ascorbate, succinaze,
maleate,  gentisinaze, fumarase, gluconate, ghicuronaie, saccharate,  formate, benzoate, glutamate,
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methanesulfonate “mesylate”, ethanesulfonate, benzenesulfonate, proluenesulionate, and pamoste (ie. 1,1-
methylene-bis(2-hydroxy-3-naphthoate)) salis, A pharmaceutically acceplable salt may invoive the inciusion of
another molecule such as an acetate jon, a succinate ion or other counter ion. The counter ion may be any organic
or inorganic moiety that stabilizes the charge on the parent compound.  Furthermore, a pharmaceutically
aceeptable salt may have more than one charged atom in its structure. Instances where multiple chareed atoms are
part of the pharmaceutically acceptable salt can have muliipie counter jons. Hence, a pharmaceutically acceptable

sait can have one or more charged atoms and/or one or more counter ion,

f0276] If the compound of the invention is 2 base, the desired pharmaceutically acceptable sah may be
prepared by any sultable method available in the art, for example, reatment of the free hase with an inorganic acid,
such as hydrochloric acid. hydrobromic acid, sulfiric acid, nitric acid. methanesul fonic acid, phosphoric acid and
the like, or with an organic acid. such as acetic acid, rifluoroacetic acid. maleic actd, suceinic acid, mandelic acid,
fumaric acid, malonic acid, pyruvic acid, oxalic acid, glvealic acid, salicvlic acid, a pyranosidyl acid, such as
glucuronic #cid or galacturonic acid, an alpha hydroxy acid, such as cittic acid or tartaric acid, an amine acid,
such as aspartic acid or glutamic acid, en aromatic acid, such as benzoic acid or cismamic acid, a sulfomic acid,

such as p-tohuenesulfonic acid or ethanesulfonic acid, or the ke,

(02711 1f the compound of the invention is an acid. the desired pharmaceutically accepiable salt may he
prepared by any suitable method, for example, treatment of the free acid with an imorganic or organic base, such
as an amine (primary, secondary or tertiary), an alkali metal hydroxide or alkaline eartly metal hydroxide, or the
like, Hlustrative examples of suitable salts include, but are not limited to. orgamc salts derived from amino acids,
such as giycine and arginine, ammonia, primary, secondary, and fertiary amines, and cyclic amines, such as
piperidine, morpholine and piperazine, and morganic salts derived from sodium. calcium, potassium, magnesium,

manganese, iron, copper, Zine, aluminum and Hiloum,

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

mammal being weated therewith.

(02731 A “solvaie" refers to an association or complex of one or more solvent moiecules and 2
compound of the invemion. Examples of solvents that form solvates include, but are not limited 10, water,
1sopropanol, ethanol, methanol, DMSO, ethvi acetate, acetic acid, and ethanclamine. The term "hydrate” refers 1o

the complex where the selvent molecule is water,

[G274] The term "protecting group” refers 10 a substituent that is commonty emploved o block or
proiect a particular functionality while reacting other functional groups on the compound.  For example, an
“amino-protecling group” is a substituent attached 1o an amino group that blocks or profects the amino
fimetionality in the compound. Suitable amino-protecting groups include acetyl, trifiuoroacetyl, --buloxvearbonyt
(BOC), benzyloxycarbonyl (CBZ) and 9~f£uorcﬂyimethyIcnﬁxycar%mnyl {Fmoc). Similarly, a "hydroxy-
prolecling group” refers to a substiment of a hydroxy group that blocks or protects the hydroxy functicnality.
Suitable protecting groups 1nclude acetyl and silyl. A "carboxy-protecting group” refers to a substituent of the
carboxy group that blocks or protects the carboxy functionality, Common carboxy-prolecting groups include
phenvisul fonviethvl, evanoethyl, 2-(trimethylsilyljethyl, 2~{Timethyisilylethoxymethyl, 2-(p-
toluenesul fonylhiethyl, 2-(p-mirophenylsulfenyliethyl, 2-( diphenyiphosphino)-ethyl, nitroethyl and the like. Fora
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general description of profecting groups and their use, see T. W Greene, Protective Groups in Organic Synihesis,

John Wiley & Sons, New York, 1991,

[U275) “Leaving group™ refers to a functional group that can be substituted by another functional @oup.
Certain feaving groups are wall knows n the art, and examples include, but are not limited 10, 2 halide {eg.,
chloride, bromide, iodide), methanesulfonyl (mesyl), p-toluenesulfonyl (iosvl), zﬁﬂucmmcihylsummyl {inifiated,

and rifluoromethvisulfonate,

Abbreviations

(0276} LINKER COMPONENTS:

MC = 6-maleimidocaproyl

Val-Citor “ve¢™ = valine-citrulline fan exemplary dipeptide i a protease cleavable linker)
Curulfine = 2-amine-3-ureido pentanoic acid

PAB = p-aminobenzyioxycarbonyl {an example of g “self mmolative™ Hnker component)

Me-Val-Cit = N-methyi-valine-citrulline (wherein the linker pepride bond hag been maodified to prevent

its cleavage by cathepsin B}

MC(PEGY6-0OH = maleimidocaproy!- polyethylene glved! (can he attached 10 amibody cysicines).
CYTOTOXIC DRUGS:

MMAE = mono-methyl aurigtatin E (MW 71 &)

MMAF = varant of anristatin I (MMAE) with a phenylaiznine at the C-terminns of the drug (MW
731L.5)

MMAF-DMAEA = MMAF with DMAEA {dimethylaminoethylamine) 1 ap amide linkage to the C-
terminal phenylalanine (MW 801.5)

MMAF-TEG = MMAF with terracthylene glycol esterified to the phenyvlalanine

MMAF-N1Bu = N-i-butyl, attached as an amide 10 C -terminus of MMAF

DMI = N(L—"}-deacelyl-N(Z')—(S—mcrcapw-1-oxopr@pyl)-maylansine

DM3 = N(E'}—deacmyi-NE-(é—mercapz'o—1 -0X0penty] ;-maylansine

Dhi4 = N(Z'}—dcace1yl~N2-(4-mcrcapto-4wmelhyl-} -oxopentyl-maylansine

[0277] Further abbreviations are as follows: AE is auristatin E. Boe is N-{r-butoxycarbouyl), cit is
citrulline, dap is dolaproine, DCC is 1,3-djcyclohexylcarbodﬁmide, DCM i dichloromethane, DEA ig
dicthylaming, DFEAD diethylazodicarboxylate, DEPC s dicthylphosphoryleyanidate.  DIAD is
diisopropylazodicarboxylate, DIEA is N N-diisopropylethylamine,  dil s dolaisoleucine, DMA i
dimethylaceiamnide, DMAP is #-dimethylaminopyridine, DME is ethyleneglveol dimethy! ether (or 1.2.
dimethoxyethane}, DMF is N.N-dimethylformamide, DMSO is dimethyisulfoxide, doe is dolaphenine, dov is & M-
dimethylvaline, DTNB is 5,57-dithiobis(2-nitrobenzoic zcidl, DTPA is diethylenetriaminepentaacetic acid, BTT
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ig dithiotiwreitol, EDCI is 1-(3-dimethylaminopropyl}-3-ethylecathodiimide hydrochloride, EEDQ is 2-ethoxy-1-
ethoxycarbonyl -1.2-dihydroguinoline, ES-MS is electrospray mass spectrometry, EtOAc is ethyl acetate, Fmoc is
N-{9-fluorenylmethoxyearbonyl), gy is  glycine, BATU is O-(7-azabenzotriazol-1-v1)-N.N, N N -
teramethyhronium  hexafluoropbosphate. HOBt is 1-hydroxybenzotriezole, HPLC is gh pressure liquid
chromatography. ile is isolencine, lys is lysine, MeCN (CH;CN) is acetoniirite, MeOH is méihanol, Mtr is 4-
anisyidipbenylmethyl {or 4-methoxyeritvlinor is (75, 2Rj~{+}-norephedrine, PBS is phosphate-buffered saline (pH
7.4), PEG is polyethylene glyeol. Ph is phenyl, Pnp is p-nitrophenyl. MC is 6-maleimidocaproyl, phe is L-
phenylalanine, PyBrop is bromo nis-pyrrolidine phosphonium hexafluorophosphate, SEC is size-exclusion
chromatography, Su is succinimide, TFA is wrifluoroacetic acid, TLC is thin layer chromatography, UV is

uitraviolet, and val is valine.

[0278] A “[ree cysieine amino acid” refers to a cysieine amine acid residue which has been engineered
into & parent antibody, has a thiol functional group {-SH). and is not paired as an intramolecular or infermolecular
disulfide bridge.

[G279]  The term “thiol reacuvity value™ is a quantitative characterization of the reactivity of free
cysteine armno acids. The thiol reactivity value is the percentage of a free cysteine amne acid in 2 cysieine
engineered antibody which reacis with a thiol-reactive reagent, and converted fo a maximum value of 1. For
example, 2 free cysieine amino acid on a cysieine engineered antibody which reacts in 100% yield with a thiol-
reaclive reagent, such gs a biotin-maleimide reagent, to lorm a biotin-labelied aniibody has a thiol reactivity
value of 1.0. Another cysteine amino acid enginesred imo the same or different parent antibody which reacts in
80% yield with a thiel-reactive reagent has 2 thio] reactivity vaiue of 0.8, Another cysieine amuno acid
engineered into the same or different parent antibody which fails totally to react with a thiol-reactive reagent has
a thiol reactivity value of 0. Determination of the thiol reactivity value of a particular cysteine may be conducted
by ELISA assay, mass spectroscopy. liguid chromalography, awtoradiograply, or other quamtitative analytica!
lests.

[0280] A "parent antibody" is an amibody comprising an amino acié sequence frorn which one or more
amino acid residues are replaced by one or more cysteine residues. The parent amibody may comprise a native or
wild type sequence. The parent antibody may have pre-existing amine 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! a target antigen of interest, e.g. 2 biologically important polypeptide.
Antibodies directed against nonpoiypeptide antigens (such as tumor-associated glveolipid antigens; see 1JS

5091178} are also contemplated.
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#inchade <sidio b>
Hinclude <clype h>

#define MAXIMP
#adefine MAXGAP
#define JMPS
fdefine MX

fidefine DMAT
#define DMIS
#defige DINSO
#define DINSt
#define  PINSO
#define PINSI

struet jmp {
short
unsigned shore

t.
I

struet diag |
int
long
short
STEHCt Jmp

H

struct path {

Table | {cont™)

HY /¥ max jumps in a diag */
24 /* dom't continue to penalize gaps larger than this */
1624 /* max jmps in an path */

F=9

BN+ <R N S VY]

1 MAIMPT;
x[MARIMP):

SCOTE;
offser;
ijmp;

ip:

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

/* value of matching hases */

/* penalty for mismatched bases */
/* penalty for a gap %

/* penalty per base ¥/

#* penalty for a gap ¥/

/¥ penalty per residue */

* size of Jrp {neg for dely) */
{* base no. of jmp in seq x */
/¥ limits seq tor 2716 -1 */

/¥ score at last jmp */

/* offser of prev block */
/* current imp index ¥
/* list of jmps %/

it spe; #* number of leading spaces */
short  n[PMPST /* size of jmp (gap) */
int x[IMPSY. /* loc of jmp (iast clem before aap) ¥/
i
char *aiite; /¥ cutpat file name */
char *namexf2}; /* seq names: gelseqs() */
char *nrog; /* prog name for err msgs */
char *sequl2]; /* seqs: petseqsl) */
bt drmax; /* best diag: nw(} */
int dmax(; /* final diag */
int dna; /* set if dna; maain) */
int endgars, /* set if penalizing end gaps */
int £apx, gapy, /* total gaps in seqs */
nt fen0, lenl; /* geq lens #/
int Dgapx, ngapy; * 1otal size of gaps */
int SMIExK, /* max score: nw() */
int *xbm; /* bitmap for marching */
long offser; /* current offset n jmp file */
struct  diag *dx; #* holds diagonals ¥/
struct  path ppl2] /™ holds path for seqs */

char
char

Fealloe(), *malloct), *index(), *strepy();

*getseq(), *p_calloct);



Table 1 ¢eant’)

/* Needleran-Winsch alignment program
*

* usage: progs filel file?

* where file] and file? are r'wo dna or two prolein sequences.

The sequences can be in upper- or lower-case an may contain ambiguity
Any limes beginning witk '}", "> or '<* are ignored

Max file length is 65535 (limited by msigned short x in the Jmp struct)

A sequence with 1/3 or more of its elements ACGTU is assumed 10 be DNA
OCutput is in the file "align.our™

L T

*

* The program may create & vmp file in Amp 10 hold info abowt 1raceback.
* Original version developed under BSD 4.3 on a vax 8650

#1-‘

#include "nw h"

#nclude "day b"

static _dbval{26] = {
LI.213,004,1 LO0I2.03,15000568.87.90,100

[
I

static  _pbval[26] = |
L 2K I<<(DANKI<<ONAY), 4, 8, 16,37, 64,
128, 256, OxFFFFFFF, 1<<10, 1<<11, 1<<12, 1<<13, J<<]4,
1<<15, 1a<16, 1<<]7, 1], €19, 1220, 1<<2] J<20,
L3, <24, {<2S) 1 <<CECAN <L QAN

mainfac, av) main
int ag;
¢har *av(i;

=

prog = av[0};

if {ac =33 {
fprintfisiden,"usage: %s filel file2wn", prog);
Ipriniflsiderr,“where filel and file? are two dna or two protein sequences. n'y;
formtfisiders," The sequences can be in upper- or lower-casen™);
fprintfisiderr.” Any lines beginning with ' or "< are imoreda™);
fprintfisiderr, "Output is in the file Valign.out™n");
exit(1),

}

narnex|0] = avii};

namex{1] =av]2];

seqx[0] = getseqinamex| 0], &len0y:

seqwf 1] = getseq(namex|1], &lenl);

xbm = (dna)? dbval: pbval;

endgaps = 0, /* 1 o penalize endgaps */

oftie = "align.ouwt”; I* ouipur file */

nw(y; /¥ £ill in the matrix, get the possible jmps */
readimps(}; /* get the acual jmps */

prini(y; £ print stats, alignment */

cleanup(0}y; /* undink anv vmp files *7)

221
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Table 1 {cont)

/* do the alignment, retumn hest score: main}

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

* pro: PAM 230 values

* When scores are equal, we prefer mismaiches 1o any gap, prefer
* anew gap 10 extending an orgoing gap, and prefer a gap in seqx
*10 & pap in seq .

o

I

WL}

{
char *px, *pyn /* segs and pirs ¥/
int *ndely, *dely; /* keep mrack of dely *
it ndehx, delx; % keep wrack of delx */
nt *tmp, 7* for swapping row(), row] */
int mis; * score for cach type %/
int s, ingl; /* insertion penalties */
register id; " /* diaganal index */
register i1 /% jmp index %/
register *call, *coll; /* seore for curr, tast row %/
register XX, ¥  index into seqs ¥/

dx = (struet diag *)g_calloc("to get diags", len0+leni -1, sizeofistruer diag)y;

ndely = (int *)g_catloe("o get ndely”, lenl+1, stzeaf(int)};
dety = (int *jg_calloc(™o get dely”, lenl=1. sizesf{int}};
col0 = (int *)2_calloc("0 get cold)”, lenl =1, sizeoff nt)y;
coll = (it *1g_calloc("to get coll”, lenl+], sizeoftint)):
ins0 = {dna)? DINSO : PINSQ:
insl = (dna)? DINSI : PINS};
smax = -10000;
i (cndgaps) {
for (col0[G] = dely]0] = -ins0, Yy =L yy <=lenl; yy++) |
colyy} = delylvy] = col0[yy-1] - ins1:
ndelylyy] = yy:

i
coldfgi = 0; /* Waterman Bull Math Biol 84 */

else
for (yv = 1, yy <=lenl; yy+=)
delylvy] = -inst;
2 £ill in match matrix
*JI
for {px = seqx]0, xx = 1; xx <= len{): X, Xk §
* initjalize first entry in col

*/
H{endgaps) {
if (xx == 1)
coll[0] = delx = -{ins0~ing] );
eise
coll{0] = delx = col0{0! - ing {;
ndelx = xx:
}
else {
coll[0] = ¢
delx = -ins(y;
ndelx = 0
H

nw



Tabie 1 {cont’)

«a IW
for (py = seqxf1], yy = I yy <= lenl; py—, yy-+) {
mis = col0fyv-1];
if {dna)
mis == { xbm{ *px-'Al&xbm| *py-" A7 DMAT - DMIS:
else
mis == _day] *px-A'J *py-AT;
/* update penaky for del in x sex;
* favor new del over angang del
* ignore MAXGAP If weigiting endgans
i
if {endpaps || ndely{yv] < MAXGAP) {
H (col0fyy] - insG >= dely{vy]) |
delvivy] = colOfvy] - (insO+ins] %
ndelv{yy] = I;
teise |
delylvyl -= ins1;
ndelylyyi-+;
;
} elge |
i {coliyy] - (insO~ins]) »= delylvwl) |
delylyy] = col0lvy] - (insO-+ins1y
ndelyivy] = 1;
| else i
ndely[vyl—;
H
/¥ update penalty for del in v seq;
* favor new del over ongong del
x/
H (endgaps || ndetx < MAXGAP) {
i (collfyy-11 - insl »= dely) {
deix = collfyy-1] - (insO~ins1 I
ndelx = i:
else |
delx -= insl;
ndelx-+;
i
jelse !
If (coll{yy-1] - (insO-ins 1) »= delx) |
delx = colt{yy-i] - (insO+ing]
ndelx = 1;
| else
ndelx-++;
H
/* pick the maximum score: we're favoring
* mis over any def and delx over dely
*
e T

id=xx - vy =lenl - 1;
H (mis »= delx && mis >= delvivy])
coll [yy] = mis;



Table 1 {cont”)
else if (delx = delvivy])
cotlivy] =delx;
ij = dx(id].ijmp;
if (dx[id] jp.nf0] && (ldna || (ndelx == MASUMP
& xx = dxfid]jp x (3= MX) § mis > dx{id].score=DINSO); {
dxid]. jmp-;
H (rif == MANIMP) §
wiitejmps{id);
§ = dxfidLipmp = (3,
dx{id].offset = offset:
offset ~= sizeofistruet jmp) = sizeof; offscty;

}

!
dxfid).jp nfij] = ndeix;
dxl3dlip i} = xx;
dx[id].score = delx;
H
else §
colliyy] = dely]yy];
i = dx{id].iimp;
if (dx[id} jp.nf0] && (Idna | {ndeiy]yy] = MANIMP
e x> dxfid)jp x{H]+ M} | mis > dx|id] score~DINSO); §
dafid].ifmp—;
H (i >= MAXIMP) §
writejmps(idy;
ij = dxjidLipmp = 0;
dx{id].offset = offser:
offset == sizeof(struct jmp) ~ sizeof{offser);
¥
:
dxiid} jpofij] = -ndelyfvy];
dxfid].jp.xfij] = xx;
dx[id].score = delylyy]:
}
H (xx == len0 && yy <lent) |
/* last col
*/
if {endgaps)
colllvy? -= insl+ins] *(len| Yy
Hicolllyy] > gmax) {
smax = colliyy]:
dmax = id;

-

2

¥
;
if (endgaps && xx < lend)

colH{yy-1] -= insO+mst*/ enQ-m);
# ¢coll{yy-1] > smax) {

smax = coll|vyy-11;

dmax = id;
i

mp = coll; coll = colt: coll = tmp;
i

{void) fee(¢char *ndely);

tvoid) free(tehar *)dely);

(void} free({char ¥jcol0),

{void) free((char *)coll): H

€6
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&
*

* print() - only outine visible outside this module
*

* static:

* getmat() - trace back best path, count matches: pring)

* pr_align() -~ print alignment of described in array pi ] primi()

* dumphbock() - dump a block of lines with auinbers, suws: pralignd)
* nums(} -- pur ow a number line: dumpblock!)

* putline(} -- put out 2 line (name, [num], seq, Joum]): dumpblock(}

¥ stars(} - -put a line of stars: dumpblock()

* stripname() - strip any path and prefix from & seqname

*f

#inclede "nw h"

#aefine SPC 3

#define P_LINE 238 & maximum outpat line */
3

#define P_SPC * space between name or num and seq * _

extern  _dav[26][26];

int olen; /* set output line length */
FILE *fx; /* outpant file */
print(}
i
int Ix, 1y, firstgap, lasigap; /® overlap %

if ((fx = {open{ofile, "w™) == 0} {
fprintitstderr,"%s: can't write %os'n”, prog, ofile);
cleanup(l);

}

fprintf fx, "<first sequence: %s (length = %din", namex{0], lend);
forintf{ fx, "<second sequence: %hs ( lengih = %dyn", namex[1]. lenl);

olen = 640:

Bx = lenl)

Iy = leni;

firstgap = lastgap = 0

if {(dmax < lenl - 1) § leading gap inx %/

ppl].spe = firsigap = len! - dmax - |
ly = ppl¥lLspe:

H

else i (dmax > Jenl - 1) { /* leading gap in v %/
ppltlspe = firstgap = dmax -~ (lenl - 1)
Ix == ppf1lspe;

1

i

H (dmax0 < len0 - 1) { M trafling gap i x %/
lasigap = ten® ~ dimax? -1;
Ix = lastgap;

else if (dmax( > len0 - 1}{  /* railing gap in v ¥/
lastgap = dmax0 - (lend - 1);
Iy -= lastgap;

getmai(lx, by, fitsigap, lastgap);
pr_align(}; H

print
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’f*
* trace back the best path, count marches
hid
static
germat(x, 1y, firsigap, lastgap) getmat
int ix Iy /% "cote” {miimus endgaps) ¥/
ng firsigap, lastgap, ¥ leading trailing overlap */
{
int um, i0, 31, iz0, siz];
char ourx{32};
deubie et
register nQ, al;

register char *pl, *pl;
/* get total mawches, score
*

10 =41 =gigd =gzl =0,

PO = seqx[0] = pp{l]spe;

pl = seqxf 1]~ ppl€].spe;

nlt = ppfl]spe - 1;

ni =pp[llspc + I;

nm o=

while ( *p0 && *p1 ) ¢
if (siz0y {

pl==
ni==;
siz0--;

H

else if (s1z1) {
O,
=+,
§izl -]

H

else {

if (xbm! *pO- AMl&xbm *p 1A
-
If (nt=+ == pp| 0} x{i0])
§iz0 = pp[0] ufiG—];
if (nl+ == pp[11x[il])
sizi = ppftiafil+=];
pO—;

Pl
H
¥ pet homology:

* if penalizing endgaps, base is the shorer seq
* else, knock off overbangs and take shorter core

¥/
if (endgaps)
Ix = {ien0 < len1)? len0 : lenl;
else

o=k < vi? In: by,

pet = 100.% doublemm/(double)ix;

forintf fx, "™y,

Borintl fx, “<%d match%s in an overlap of %d: %.2f percent similarity'n”,
k. {pm == 17 "es® Ik, pat);

68



Table 1 {cont)
Iprintfl fx, “<gaps in first sequence: %6d", gapx}; -..getmat
H (gapx) {
{void) sprintfioutx, * (%ed Yastag)",
ngapx, {dna)? "hase" "residuc”, (ngapx == 1 y? SR
fprintfl fx,™%s", outx);
iprinf{ B, . gaps in second sequence: %d"™, gapyy;
H (zapy} {
{void) sprimBoune, " (%6d Yxes)",
ogapy, {dna}? "hase" Mresidue” (n DY == §7 gy

n

fprintfi e, "%6s". oulx);

}
if fdna}
forinef fx,
“m<seore: %d (match = %d, mismatch = %ad, gap penalty = %ad ~ %d per hase¥n",
smax, DMAT, DMIS, DINSG, DINS1):
eise
fprimi[{ fx,
“meseore: %ed (Davhoff PAM 256G mAtrix, gap penalty = %d = 95d per residusin®,
smax, PINSO, PINS1 )
if (endgaps)
fprinti fx,
"<endgaps penalized. lefi endgap: %d %as%s, right endgap: %d %65%swn”,
firstgap. (dna)? "base” - "residuc”, (firstgap == 1)7 " - ="
lastgap, (dna)? "base”™ : "residuc”, (lasigap == 3 ovgry,
else
fprintf(fx, "<endgaps not penalizedan™);
i
static nim; /* matches in core -- for checking ¥/
static Imax; /* lengths of stripped file names */
static 2% /™ smop index for a path */
static ncl2% #* number at start of current line */
static nif2}; /% current elem number — for gapping */
static §1z24 2);
static char *nsf2); /* pir 1o current element *
static char *nof21 /% ptr to next output char glot *
static char o] 2[P_LINEL  /* output line */
static char star[P_LINE #* set hy stars() #/
j*
* print alignment of described in strue: paths ppf]
*ft'
static
pr_align() pr_alion
f
int nn; /* char count */
imt more;
register i

for{i = 0, imax =0; ; <23

nn = sIIipname('namcx[i});

if {nn > imax)

Imex = nn;

nefi} = {:

nifi] = 1;

sizfi] = jifi} = 0;

psfi} = seqx[i]; .
' pafi] = owfi]; H
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for (mn = nm = G, more = | more; ) f
for (i =more = 0y, | < 2, =<} {
f*
* do we have more of this sequence”
*
I ("*psfi]y
continue;
MOre—+;
H{pplil.spc) { /* leading space */
*pofijr =7
pplil.spe-;

else if (siz[i]) { /*in a gap %/
*pofi}m =,
siz[i}—-;

else { /T we're putting a seq element
L
*poli] = *psii]:
if (islower(*ps[i]}
*ps[i] = toupper(*psfi};

pofij
pslif—;
ILd
" are we at aext gap for this seq”
*/
if (mifi] == pp{i].x[ij[i}}} ¢
i
* we need to merge all gaps
* at this {ocation
*f
siz[i] = pplil.afij[i]~~];
while (pifi] == ppli] x[ij[i}})
sizfi] == pp[iLafij[i]++;
;
nifi}~=+:
H
i
i {+nn == olen | Imore && mj §
dumpblock();

for (i=0; i< 2; j=)
poli] = out[i};
un = ()

—

* dump & block of lines, including numbers, stars: pr_align()

durapblock()

register i;
for (i=0;1<2; j+t)
*nofi}-- = "0

...pr_align

dumpblock
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(void) puicn’, &)
Tor (i =00 <2 sy

H (*outli] && (*out]i] 1="" | *pofi]) =Ty

if (== 03
mIms(i};

== 0&& *owm|l}
stars();

putling(i);

Hii==0&& *om/1]
Tpramf %, star),

if (i == 1}
nums(i);
}
H
(f*
* pUt ot & gumber line: dumpblocky}
wE
static
nums(ix)
int 1x; /* index in out]] holding seq Jine */
5
1
char nimefP_LINE];
register L
register char *pr, *px, *py;
for {(pn = niine, | = 0 i < Imax+P SPC; fe=, prpses)
*pn=t
for (i = nefix}, py = aut[ix}; *py; py—, pn—) §
H (*py == 1"l *py == 1)
*pn =t
else { .
H (%10 == 0 || (i == 1 && ncfix] 1= 1)) f
=M i g
far {(px =pn; j: § /= 10, DX~}
*pxo= 910 = 0
<oy
*px ="
}
clse
""pn =t l;
.
i
!
*pn = "0
nelix] =i
for (pu = nline; *pn; pn++)
{void) putc(*pn, fx);
tvoid) putc('w’, £);
H
!*
* put out a line (name, [numj, seq, [num ). dumphlack()
*i'
static
puiline(ix)

int

~J
fux}

-.dumpblock

nums

putline
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’,’ll

*
‘

static
stars(}

{

Table { (cont’)

int i
register char e

for (px = nawex[ix]. i = 0 *px && *px 1= " PR,
fvoid) putef*px, fx);

for (11 <lmax+P_8PC; j—)
(veid) purel" ', iy,

/* these count from 1
*ni{} is current element (from 1)
* ncl] is number a1 start of current kipe
“j‘
for (px = owt{ix); *px; px~er)
(void) purc(*prdtm 7F, fx),
(voidy puen’, fx);

* put a tine of stars (seqs always in out[0], outf 13): dumpblock()

int i
register char *pO, *pl, ox, *px;

HOmout[0] |} (*out]0] == " && *{(po[0]) == ") |
Moutf1] f(Foutf 1] == " & ¥(no[ 1]} == "))

return;

PN = star:

for (i = Imax~+P_SPC; i; jrer)
By =

for (p0 = out[0]. p1 = aut]1]; *p0 && *p1. pO—, pl~=) |
1 (isalpha(*p0) &4& isalpha(*p1)) ¢

If (xbm{ *pG-'A"Yexbm{ ¥p1 - A" {
cx ="
nny—+,

t

H
eise if (ldns &£& day] *pO- AT *p 1A > 0

cx = E
else
ox="'"
H
slse
cx=""
s = ox;
} -
*FX__,, = :-\ﬂ;;
*px = Y

-..putline

stars
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Ii

* strip path or prefix from pn, retum len: pr_aligm()
*7

static
sriprame(pn)
char *p1i; /* file name ¢may be path; */
{
register ¢char *px, *ny;
py =0
for (px = pn; *px: PR}
i {*px == 171
py=px- b
if (pv)
{void} sirepvipo, pyh
returndsirien(pn)};
}

stripname
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/%

* cleanup() — clesnup any tmp file

* getseq( } -- read in seq, set dna, ler, maxlen
* g_calloc() -- calloe() with error checkin

* rcadjmps( } =~ get the good jmps, from mp file if necessary
* writejamps() - write a filled array of jmps 10 a tmp file: nw()

*/

#include "nw h"

#include <cys/file b>

char *iname = "tmp/homg}XNXXXN ™ /% trp file for jmps %7

FILE I,

int cleanup(), /* cleanup mp fie %/

long Iseck(};

%

* remove any mmp file if we blow

*/

cleanup(iy cleanup
int i

{
if (f)

(void) uolink(jname:
oxi{iy;
]
i
* read, retirm pIr o seq, et dna, Ien, maxlen
* sicip lines smrting with 7', ‘<, ar >
* seq iz upper or lower cage

*/
char *
gelsegifile, len) ' getseq
char *ile; /* file name */
int *len, 7* seq len ¥/
£
t
char bl 10247, *pseq;
register char *nx, *py.
int natge, tlen;
FILE *

if ((fp = fopentfile, ’r")) === (3
Iprintfistderr,"6s: can't read Shean” , prog, file);
cxif(1):

tien = naige = 0
while (foets(ine, 10"4 b
if (*line == %" |f *line == "< || *line == B
centmm.._
for (px = line; *px I= "', pu—ty
if (isupper{*px} fi islower( ¥px))
tign-+;
!
if {(pseg = malioc((ansigned X tlen+6))) = = (1 {
fprintfisidery,"%s: malioc() failed to £e1 %od byies for %s'a”, prog, tlen+6, file e}
exit{1);
H
pseqi0} = pseq{ 1] = pseq[2] = psegf3] = "0,
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Py =pseq + 4;
*len = tlen:
rewind(fp);
while (fgetsiline, 1024, fp)) |
if (*ling == " [ *iing == '<' [ #line == ")

continne:
for (px = line; *px 1= "m?; Py f
if (isupper{ *px 2
Py =ty

else if (islower(*px)}
Py = toupper( *px);
if {index("ATGCU" *(py-1)))

natge~—;
}
¥
!
Py =0
*py =0
{void} feloselfp);
dria = natge > (tlen/3):
return{preg~4):
Y
char *
g_calloc{msg, nx, szj
char *mag; /* program, calling routine */
it ux, s7; /* immber and size of slements */
i
t
char *px, *calloc();
H{px= calloc{{ unsigned nx, ( unsigned)isz)) == 0) {

H (*msg) {
fprintfisiderr, "Sas: &_calloe() failed %s (n=%d, se=%ad¥n"”, prog, msg, we sz);
exiyi);

H

H
return(px);
H
.‘r*
* et final jmps from dx{] or mnp file, set pp[l, reset dmax: main()
L
readimps(}
{
int fd=-1;
inf siz, 0. il;
register i j, xx;
HG |

{void} fciose(fjy;

Y ((fd = open(jname, O_RDONLY, 0=y
fprintf{stderr, "os: can't open(} %sn”, prog, fname):
cleanup(l};

}

!

for (i=i0 =il =0, dmaxd = dmax, xx = fend; ; i~} [
while {1}
for (j = dx[dmax].ijmp; j >= 0 & & dxidmax].ip x{j] >= 3 )

H

...getseq

g calloc

readjmps
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-..readjmps
(<0 && dx[dmax].offzet &4 M
(void) Iseelf fd, dxfdmax].offser, 0);
{void) read({d, (char *yeidx|dmax] jp, steeofi struct Imp
{void) readifd, {char *J&edx [dmax Toffset, sizeofi dxfdmax] offset));
dx[dmax].ijmp = MAXIMP-1 }
else
break; H
H{}>=IMPS) {
Iprintfistderr, "%s: 100 mary gaps in alignmenta”, progy:
cleanup( 1};

}

(=0}
siz = dxdmax] jp.nfj};
xx = dxfdmax].jp.x[j};
dmax ~= siz;

ifisiz <0y { * gap in second seq ¥/
pplilnfil] = -siz;
KX = 5172
Ald=x - vy +lent - 1 ®/
Ppfliadil] = xx - dmax ~ len] - 1
gapy =

ngapy -= siz;
* ignore MAXGAP when doirg endgaps */
siz = (-siz < MAXGAP | endgaps)? -siz - MAXGAP:
1j+;
; P+
else if (siz>0) ! /* gap in firm seq ¥/
ppi0].nfi0] = siz;
pplO]x{io] = xx:
gapx-+;
ngapx += §iz.
7 ignore MAX GAF when doing endgaps™*/
$1z = (siz < MAXGAP | endgaps)? siz 1 MAXGAD:
30—

}
else

break;
;
/* reverse the order of jnps %/
for (j =0, i j < 10; j+t, -~} {
1=1pl01.afj); pp{0}-n(j} = pp{0].0[i0]; ppl0}.nfil] = iy
= pp[O].x[1): pp[0].%1i] = pp{0).x{i0]: ppl0] x[i0] = &

for (j =011 i <jl; j=, il--) f
b= ppli]nij%; ppl1]a{j] = pp(i1.a(i1]; pp{1)nfi1] = i
i=ppttLx{j}: ppl1 1501 = ppl1]xfi1); ppil)xfill =1,

1
H{fd>=0)
{void} close(Id}):
L RER
(veoid) unlink(name},
fi=0
offset = ();



%

*

Table I (cont™)

write a fiiled jmp siruet offset of the prev one (i any): aw{j

Writejmpstix}

¥
2

.

int ix;
char *mitemp );

if0) §
if émlemp(iname) < 0} {

fprimtf{stderr, "Sas; can't mktemp(} %sin”, prog, namie};

cleanup( 1);

i

if ((ff = fopen{iname, "w™)) == 0y {
fprintfistderr, "%s: can write %s'n”, prog, iname):
exit{ ]},

'

]
(void) fwritef{char *)d&dx{ix].jp. sizeofistruct map) 1, Bk
(void) furite(tehar *)&dx[ix].offset, sizeofidsixLoffset), 1. i},

~d
~J

writejmps



111 Compositions and Methods of the Invention

[G281] The invention provides amti-CD79b antibodies ar functionat fragments thereof, and their method
ol us¢ in the reatrseat of kemaiopoictic rumers.

(02821 In ome aspect, the invention provides an amibody which binds, preferably specifically, 1o any of
the above or below described poivpeptides. Optionally, the aniibody is 2 monocional antibody, amibody fragment,
mncluding Fab, Fab', Fiab", and Fv Fagment, diabody, single domain antibody, chimeric anlibody, humanized
antibody, single-chain antibody or antibody that competitively inhibitg the binding of an &n6-CD7%h polypeptide
antibody W its respective antigenic epitope. Antbodies of the present invention may optionally be conjugated 1o 2
growth inhibitory agent or SYloxic agent such as a toxin, including, for example. an auristalin, & maytansinoid, a
dolosiatin derivative or a calicheamicin, an antibiotic. a radivactive isotope. a micleolytic enzyme, or the fike, The
antibodies of the present invention may optionally be produced in CHO cells or bacterial celis ang preferably induce
death of 2 cell 10 which they bind. For detection purposes, the antibodies of 1he present invention may he delectahi ¥
labeled, attached 1o 2 solid support, or the like,

[0283] In one aspect, the mmveniion provides a humanized anti-CD70h antibody wherein the monovaient
affinity of the antibody to CD79b (e.g. affiity of the amtibody as a Fab fragment to CD79b) 15 substantially the
same as the monovalent affinity of 2 murine antibody (e.g. affinity of the murine antibody es a Fab fragment 10
CIY79%) or a chimeric antibody (e.g. affinity of the chimeric antibody as a Fab fragment 16 CD79b), comprising,
COnBISting or consisting essentialiy of a light ehain and heavy chain variable domain sequence as depicted in Figures
TA-B (SEQ I NO: 10} and Figures 8A-B (SEQ ID NO- i4).

[0284] In another aspect, the invenlion provides a humanized anti-CD7¢h antibody wherein the
monovalent affinity of the amibody 10 CD79b (e.g., affinity of the antibody as a Fab fragment 10 CD79b) ig iower,
for example at least [,2.3,4,5,6,7.8,9 10, 11. 12, 13, 14, 15, 16, 17,18, 19,20, 25, 30, 35, 40, 43, 30, 55 or 60-
fold lower, than the monovalent &ffinity of 2 murine antibody (e.g., affinity of the murine antibody as a Fah
fragment 10 CD79b) or a chimeric anibody (e.g. affinity of the chimeric antibody as a Fab fragment to CD79),
comprising, consisting or cousisting essentially of a light chain and heavy chain variabie domain Sequence as
depicted in Figures 7TA-R {SEQ D NO: 10) and Figures 8A-B {SEQID NO: 14),

[0285] In another aspect, the invention provides 2 humanized anti-CD79h antibody wherein the
monovalent affinity of the antibody to CD79b (e.g.. affinity of the anubody as a Fab fragmen: 10 CD79b; is greater,
for exampile at least 1, 2, 3, 4, 5, 6, 7. 8, 9 or 10-fold greater, than the monovalent affinity of a murine antibody (e.g.,
alfinity of the murine antibody as a Fab fragment 10 CD795) or a chimeric amtibody (e.g, affinity of the chimerc
antibody as a Fab fragment 1o CD79b), comprising, CODSISHNG Or consisting essentially of 2 light chain and heavy
chain varishie domain sequence as depicted in Figures 7A-B {SEQ ID NO: 10) and Figures §A-B (SEQ ID NO: 14y,

[0286] In one aspect, the invention provides & humanized ani;-CD79b antibody wherein the affinity of
the amibody in its bivalem form 1o CD79b (e.g affinity of the antibody as an IgG 15 CD79%) is substamially the
same as the affinity of a murine antibedy (e.g. affindty of the amtibody as an IgG to CD79b) or a chimeric antthody

{e.g. affinity of the chimeric aniibody as  Fab fragmem 1 CD79b) in i1s bivalen: form, comprising, congisting or



consisting essentially of a light chain and beavy chain variable domain sequence as depicted in Figures 7A-B (SEQ
ID NO: 10) and Figures 8A-B (SEQ ID NO: 143,

{0287]  In another aspect, the invemion provides a humanized ani-CD79h antibody wherein the affinity
of the antibody in its bivalemi form to CD7%h (e.g. affinity of the amibody as an IgG 10 CD79b) is lower, for
cxample 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, 50, 55 ar 60-fold
tower, as the affinity of a murine antibody (e.g. affinity of the anibody as an IgG (o CD795) or 5 chimeric antibody
{e.g. affinity of the chimeric amibody as an IgG fragment to CD790) in its bivalent form, comprising, consisting or
consisting essentiaily of a Heht chain and heavy chain variable domain sequence as depicted in Figures 7A-B {SEQ
1D NG: 107 and Figures 8A-B (SEQ ID NO: 14).

[0288] In another aspect. the invention provides a humanized anti-CD7% antibody wherein the affinity
of the antibody in its bivalemt form 1o CH79h {c.g. affinity of the antibody a8 a1 IgG 10 CD79b) is greater, for
example at least 1, 2, 3, 4, 5,6, 7. 8. 9 or 10-fold greater, than the affinity of a marine antibody (e.g. affinity of the
antiboady as an IgG 10 CND790) or a chimeric antibody (e.g. affinity of the chimeric antibody as an IgG fragment 1
CD7%b} n its bivalent form, comprising, consisting or consisting essentially of a light chain and heavy chaip
variable domain sequence as depicted in Figures 7A-B (SEQ ID NO: 10) and Figures 8A-B (SEQ ID NO: 14}

[0289] Ip another aspect, the invention provides 2 humanized ant-CD79% antibody wherein the affinity
of the antibody in #ts bivalent form to CD79h (e.g, affinity of the antibody as an 1eG 10 CD79b) is 0.4 nM. Jna
further aspect, the invention provides a humanized ant -CD79b antibody wherein the aflinity of the antibody in its
bivalent form to CD79b (e g., aflinily of the antibody as an L2 o CD79b) is 0.4 oM +/- 0.04.

{0290} In another aspect. the invemiion provides a humnarized anti-CD'79h antibody wherein the affiniry
of the antibody in its bivalent form to CD79h {e.g.. allinity of the antibody as an IgG 10 CD795) is 0.3 oM or betier,
In amother aspect. the invention provides a humanized anti-CD79% antibody wherein the affinity of the antibody ia
its hivalent form w0 CD79b (e.g., affinity of the antibody as an IgG o CD79h) is 0.32 oM or better, In another
aspect, the invention provides a humanized anti-CD79h antibody wherein the affinity of the antibody in 15 bivalen
form 1o CD79b (e.g., affinity of the antibody as an 1gG 1o CD79b) is 0.36 nM or better. Iz another aspect, the
invention provides a humanized anti-CD79h antibody wherein the affinity of the amibody in its bivalent form )
CD7% (e.g., affmity of the antibody as an 1gG to CD79b) is 0.4 oM or beticr. In another aspect, the mvention
provides 2 humanized anti-CD7%h antibody wherein the affinity of the antibody in its bivalent form fo CD79% (e.g.,
affinity of the antibody as an IeG 1o CD79b) is 0.44 M or better. In another aspect, the invention provides a
bumanized anti-CD79b antibody wherein the affinity of the antibody in its bivalent form 10 CD79% (e.g., affinity of
the antibody as an 1gG 1o CD79b} is 0.48 M or betier. In another aspect, the invention provides a humanized ant-
CD7% antibody wherein the affinity of the antibody m its bivalent form to CD79b (e.g.. affinity of ihe antibody as
an IgG 1o CD79h) is 0.5 nM or better. In another aspect, the invention provides 2 humanized anti-CD79h antibody
wherein the affinity of the antibody in its bivalent form to CD79h (e.g., affinity of the antibody as an IgG w
CI¥/9b) is between 0.3 oM and 0.5 oM. In another aspect, the invention provides & humanized anti-CD79h
antibody wherein the affinity of the antibody in i1s bivalent form to CD79h {e.g, affinjty of the antibody zs an 1gG
to CD79b) is between 0.32 oM and 0.48 nM. In another espect, the invention provides 2 humanized anti-CD79h
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aﬁ?ib@éy wherein the affinity of the antibody 1n its bivalent form 10 CD79h (e.g.. allimity of the antibody as an I1gG
16 CD79b) is between 0.36 1M and 0.44 M.

[¢291] In another aspect, the invemtion provides a humanized anti-CD79% aptibody wherein the affiniry
of the antibody in its bivalent form to CD79h fe.e., allinity of the antbody as an 1eG w0 CD79b) is 0.2 oM. In a
burther aspect, the invention provides a humanized anti-CD79b antibody wherein the affimsty of the antibody in its
bivalent form 10 CH7%h {e.g., affinity of the antibody as an 12G to CD79b) is 0.2 oM +- 0,02,

[0292] In another aspect, the invention provides a humanized ant-CD79% antibody wherein the affiniy
of the antibody in its bivatent form 1o CD79b (¢.g., affimity of the antibody as an g0 10 CD79b) is 0.1 1M or better,
In another aspect, the invention provides a humanized anti-CD7% amibody wherein the affinity of the antibody in
itg bivalen: form 10 CD79% (e.g.. affinity of the antibody as an igG 10 CD79b) is 0.17 oM or hetter. In another
aspect, the invention provides a humanized anti-CD79h antibody wherein the affimity of the antibody in its bivaien
form w0 CD79% {eg., affinity of the antibody as an IgG 10 CD79%) is 0.14 oM or better. In another aspeet, the
Invention provides & humanized a1i-CD79b antibody wherein the affimity of the antibody in its bivalen form 1w
CD7% (e.g., affinity of the anttbody as an 1gG 10 CD79b) is §.16 oM or betier. In another aspect, the invention
provides a bumanized ami-CD79b antibody wherein the affinity of the antibody in fis bivalent form 10 CD79% (e.g.,
affinity of the antibody as ap IgG w CD79%) is 0.18 oM or better. In another aspect, the invention provides a
humanized anti-CD76h zntibody wherein the aflinity of the antibody in its bivalent form 1o CD7%b (e g, affinity of
the antibody as an 1gG to CD79b) is 0.2 oM or better. In another aspect, the invention provides a humanized anti-
CB79b antibody wherein the affinity of the antibody in i1 bivalent form 1o CD79b (e.g., affinity of the antibody as
an IgG 10 CD79Db} is 0.22 nM or better. In another aspect, the invention provides 2 humangzed ant~CD79b amibody
wherein the affinity of the antibody in its bivalem form 10 CD79h (e.g., affinity of the amibody as an IeG w
CD79b) 35 0.24 oM or better. In another aspect. the invention provides a humanized anti-CD7%b antbody whersin
the affinity of the antibody in its bivalent form 1o CD79b (e.g., affimity of the antibody 25 an 1gG 10 CD79%) 5 026
oM or betler, In another aspect, the invention provides & humanized ami-CD79h antibody wherein the affinity of
the antibody 1t its bivalent form o CD79h (¢.g., atfinity of the antibody as an IgG o CD79b) is 0.28 oM or betier.
In another aspect, the invention provides  humanized anti-CD79b antibody wherein the affinity of the antibody in
its bivalem form o CD79h {e.g.. affinity of the antibody as an I2G 10 CD79b) is 0.30 aM or better. In anothar
aspect, the invention provides 2 humanized anti-CD79b antibody wherein the affinity of the anttbody in it bivalent
form to CD79b {e.g.. affinity of the antibody as an 1aG to CD79b) is between 0 1 aM and 0.3 pM. 1n another aspect,
the vention provides a humanized anti-CD79h antibody wherein the affinity of the antibody in i1s bivalent form 10
CD79% (e.g.. affinity of the amibody as an 1gG 1o CD79b) is between .12 M and 0.28 oM. In another aspect, the
invention provides a bumanized ami-CD70b antibody wherein the affiity of the antibody in its bivalent form o
CD7% (e.g., aflinity of the amibody as an Ig(i 10 CD79b) is between 0.14 nM and 0 26 oM. In another aspect, the
nvention provides a humanized ant-CD70b antibody wherein the affinity of the amibody in its hivalen! form 0
CD79 {2.g., affinity of the amibody as an IgG 1o CD79b) is between 016 oM and 0.24 nM. In another aspect, the
lnvention provides a humanized ani-CD79b antibody wherein the affinity of the antibody in its bivalens form 10

CD79 (e.g., affinity of the antibody as an IgG 1o CD79b) is between 0.1 8 nM and 0.22 nM,
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{0293} In another aspect, the invention provides & humanized anti-CD79b antibody whersin the affinity
of the antibody in its bivalent form 10 CD7%h (e.g., affimity of the antibody as an IeG 10 CD79h)is 0.5 M. Ina
firther aspect, the invention provides g humanized ani-CD79h antibody wherein the at"z.}nity of the antibody in i1s
bivalent form 10 CD79% (e.g.. affinity of the antibody as an 1eG 1 CD79b) is 0.5 o /- 0 1.

[0294] In snother aspect, the invention provides a humanized anti-CD79h antibody wherein the affiniry
of the antibody in its bivalent form to CD79h {e.g., aflinity of the antibody as an 1gG 10 CD79b) 15 0.4 oM or better.
Iz another aspect, the invention provides 2 humanized anti-CD7?9b antibody wherein the affinity of the antibody in
its bivalent form 1o CD79b (.. affinity of the antibody s an IgG 10 CD79b) is 0.3 nM or betier. In another aspect,
the invention provides « humanized anti-CTY7%h antibody wherein the affinity of the antibody in i1s bivalem form 1o
CD790 (e.g.. affinity of the amibody as an IgG 10 CD79b) is 0.6 1M or bener. In another aspect, the invenion
provides a humanized anti-CD79h anlibody wherein the affinity of the antibody I its bivalent form 1o CD79b (e.g.,
affinity of the amibody as an teG 1o CD79b) 1s 0.7 nM or better, In another aspeet, the invention provides a
bumanized anti-CD79%h antihody wherein the affinity of the anttbody in its bivaient form 10 CTI79h (e.g.. affinity of
the antibody as an TG 1o CD79h) is between 0.3 oM and 0.7 oM. [In another aspect, the invention provides a
bumanized anti-CI379b antibody wherein the affinity of the antibody in its bivalent form o CD79 (e.g., affinity of
the antibody as an 1gG to CD79b) is between 0.4 nM and 0.6 oM. In another aspect, the invention provides g
humanized anti-CD79b amibody wherein the affinity of the antibody in its bivalent form 1o CD7% (e.g., affinity of
the antibody as an IgG 1o CD79b) is between 0.5 oM and 0.35 nM.

[0295]  In one aspect, the monovalent affinity of the murine antibody 10 CD79b is subsiantially the same
as the binding affinity of 2 Fab fragment comprising variable domain sequences of SEQ ID NO: 10 (Figures 74-B)
and SEQ ID NO: 14 (Figures 8A-B). in another aspect, the monovalent affinity of the murine antibody to CD79b ig
substantially the same as the binding affinity of a Fah fragment comprising variable domain sequences of an
antibody generated Fom 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 HI311413
om Juty 20, 1993,

[0296] As is well-established in the ar, binding affinity of a ligand to its receptor can be determiped
using any of & variety of assays, and expressed in lerms of a variety of quantitative values. Accordingly, in one
embodiment, the binding affinity is expressed as Kd values and reflects intrinsic binding affinity (e.g.. with
minimized avidity effects). Generally and preferably, binding affinity is measured in virro, whether in a cell-free or
celi-assocrated setting.  Ag described in greater detall herein, fold difference in binding affinity can be quantified in
lerms of the ratio of the monovalent binding affinity value of 2 humanized antibody (e.g.. i Fab form) and the
monovalent binding affinity value of & reference/comparator antibody {¢.g., in Fab form) (e.g., a murine aniibody
having domor hypervariable region sequences), wherein the binding affinity values are determined 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} hes an affinity that is “3-fold lower than the affinity of a
reference antibody (M), then if the Kd value for A 15 3%, the Kd value of M would be 1x, and the ratio of Kd of A o
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 greater” than the affinity of a reference antibody (R}, then if the Kd value for C 15 1x, the Kd value of R
would be 3x, #ad the ratio of Kd of C 10 Ké of R would be 1:3. Avy of a number of assays known in the art,
including those described herein, can be used 10 obtain binding affinity measurements, meluding, for example,
Biacore, radiommunosssay (RIA) and ELISA
0287} Inone aspect, an amibody that binds 1o CD79h is provided, wherein the antibody COTPTiSEs:
{2} atleast one, two, three, four, five or six HVRs selected from the group congsting of:
(i) HVR-L1 comprising sequence Al ~AlS, wherein Al-Al5 ig KASQSVDYDGDSFLN (SEQ ID

NG: 131)
{13) HVR-L2 comprismg sequence B1-B7, wherein B1-B? 18 AASNLES (SEQ ID NO»: 132)
(i1} HVR-L3 comprising sequence C1-C9 wherein C1-00 ig QQSNEDPLT (SEQ ID NO» 1333
{ivy HVR-H! comprising sequence D1-DIG. wherein DI-D10 is GYTFSSYWI’E (SEQ ID NO:
134)

(v} HVR-HZ comprising sequence E1-E18, wherein E1-E18 is GEILPGGGDTNYNEIFKG {SEQ
ID NO: 135) and
(vi) HVR-H3 comprising sequence F1-F10, wherein FI-F10 IS TRRVPVYFDY (SEQ ID NO:
138},
In one embodiment, HVR-L1 of an antibody of the invention comprises the sequence of SEQIDNO: 131, In one
embodiment, HVR-L2 of ar antibody of the invention comprises the sequence of SEQ I NOu 132, in ome
embodiment, HVR-L3 of an antbody of the invention comprises the sequence of SEQ ID NO: 133 in one
embodiment, HVR-H1 of ap antihody of the ipvention comprises the sequence of SEQ ID NO: 134, In one
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 sequence of SEQ ID NO: 136, In one
embodiment, an antibody of the mvention comprising these seguences (in combination as described herein is
umanized or buman.
[0298] In one aspect, an antibody that binds fo CD79b is provided, wherein the antibody comprises:
{a} at least one, two, three, four, five or six HVRs selected from the group consisting of:
() HVR-L1 comprising sequence AL-AlS, wherein A1-A13 is KASQSVDYDGDSFLN (SEQ ID

NG: 131
() HVR-L2 comprising sequence BI-B7, wherein B1-B7 is AASNLES (SEQ IDNQ: 132)
(ii1) HVR-L3 comprising sequence (] -C9, wherein C1-C9 is QQSNEDPLT (SEQID N 133
{iv) HVR-H{ comprising sequesce D1-DI0, wherein Di-DIG is GYTFSSYWIE (SEQ ID NO:
134}

(v} HVR-H2 comprising sequence B1-E1§. wherein EI-FIR is GEILPGGGDTNYNEIFKG (SEQ
ID NO: 135} and
(vi) HVR-H3 comprising sequence F1-F10, wherein F1-F10 IS TRRVPVY, FDY (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 ID NOs: 131, 132, 133, 134, 135 or 136, in one embodiment, HVR-L] of
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an antibody of the nvention comprises the sequence of SEQ ID NO: 131, In one embﬁdimcni, HVR-L2 of an
anlibody of the invenion comprises the sequence of SEQ ID NO: 132 In one embodiment, HVR-L3 of an
antibody of the invention comprises the scquence of SEQ ID NO: 133, It one embodunent, HVR-H] of an
antibody of the invention comprises the sequernce of SEQ ID NG 134, in one embodiment, HVE-H? of ap
amiibody of the mvention cormprises the sequence of SEQ ID NO: 135, In one embodiment, HVR-H3 of an
anlibody of the invemion comprises the sequence of SEQ ID NO: 136, In one embodiment, an antibody of the
Invention comprising these sequences (in combination as deseribed herein) is humanized or jmzmar;

[0299] In one aspect, the invention provides an antibody comprising one, two, three, four, five or six
HVRs, wherein each HVR comprises, consists or consists essentially of & sequence selected from the group
consisting of SEQ 1D NOs: 131, 132, 133, 134, 135, and 136, and wherein SECQ I NO 131 corresponds 1o an
HVR-L!, SEQ ID NO: 132 corresponds o HVR-L2, SEQ ID NO: 133 corresponds v an HVR-L3, SEQ ID NO:
134 corresponds 1o an HVR-H I, SEQ ID NO: 135 corresponds to an HVR-H2, and SEQIDNO; 136 corresponds o
an HVR-H3. In one embodiment, an antibody of the invention comptises HVR-L1, HVR-L2, HVR-L3, HVR-H1,
HVR-HZ, and HVR-H3, wherein cach, in order, comprises SEQ ID NO: 131, 130, 133,134, 135 and 136,

[0300] Variant HVRs in an antibody of an invemtion can have modifications of one or more residues
within the HVR. In one embodiment, a HVR-L1 variam comprises one substitulion in the foliowing positions: A4
(K), AS (E or §) and A10 (A or 5). In one embodiment, a HVR-L2 vanant comprises 1-5 {1, 2, 3, 4, or 5]
substititions in any one or combinatior of the following positions: B2 (SorG), B3 (Ror G, B4 (K, R, Y. LLHeor
Q). B3 (R), B6 (G, K. A R Sor Lyand B7 (R, N, T or G}. In one embodiment, a HVR-L3 variam comprises §-4 (1,
2, 3 or 4} substitutions in anv one or combination of the following posiions: ] (NorDLC2NorP). C3 (Dor R},
CS KA QD Lo Gy, C6 (A B or Ny, C7 (A), T8 (R} and C9 (N). It one embodiment, a HVR-HI variant
comprises 1-7 (1, 2. 3. 4, 5, 6 or 7) substiwtion in any one or combination of the following positions: D1 (", D2
(F, D3(P, 5, Y, G or Ny, D4 (L or Vi.D5(T,R. N, K. C, G or P}, D6 (R T, Kor G), D8 (F), D% (V OR L) and
DIGE QO Nor D). Inon embodiment, a HVR-H3 variant comprises 1-3 (1, 2 or 3) substinrtions in any one or
combinalion of the following positions: F4 (R or 1. Fé (1or P}, F7 (K, G R, VorFy, F8 (L}, and F9 {5} Letter(s)
in parenthesis following each position indicates an ilustrative substinttion (i.e. replacement) amino acid; as wouid
be evident 10 one skilied in (he art, suitability of other amino acids a3 substitulion amino acids in the coniex!
described hersin can be routinely assessed using technigues known in the art andjor described herein, In one
embodiment, AS in a variam HVR-L] 1BE. Inone embodiment, F6 i 2 variant HVR-H3is! fnonpe embodiment,
F7 1o a variam HVR-H3 is R, In one embodiment, F8 in & variant HVR.H3 is L In one embodiment an antibody
ol the invention comprises & variant HVR-H3 wherein F6 is I, F7 is R and FRis L. In one embodiment an antibody
of the invention comprises a variam HVR-L] wherein A9 18 E and a variant HVR.H3 wierein F6 is I, F7 is R and
F& s L. In one embodiment, A9 in a vanan: HVR-LL s S In ane embodiment an artibody of the invention
comprises a varlant HVR-LI wherein A9 is S and a variamt HVR-113 wherein FoisLF7isRand FRis L.

{0301} In ome embodiment, an antibody of the invention comprises a variant.HVR-L1 wherein A4 15 K.
In some embodiments, said varanmt HVR-L: comprises HVR-L2, HVR-L3, HVR-H1, HVR-H2 and HVR-I3
wherein each comprises, in order, the sequence depicted in SEQ ID NOs: 132, 133, 134, 135 and 136. In some
embodiments, said variant HVR-L] antibody further comprises a HVR-L] variant wherein A9 is E or § andior A10
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IsA or S. In some embodiments, said variant HVR-L! antibody further comprises a HVR-L3 variant wherein C6 is
Eor Nandior C7 is A, In some embodiments. these antibodies further comprise & human subgroup 11 heavy chain
framework consensus sequence. In onme embodiment of these antbodies, the framework consensus sequence
comprises subsiitution at position 71, 73 andior 78, In some embodiments of these antibodies, postion 71 is A, 73
is T andior 78 is A. In one embodiments of these antibodies, these amibodies further comprise & human ! light
chain framework consensus sequence. In some embodiment of these antibodics, the framework human el faght
chain famework consensus sequence comprises substitution at position 4 andior 47, In some embodiments of these
anlibodies, position {of the human x] light chain framework consensus sequence) 4 is L andior 47 is F. In one
embodiment of these antibodies, the human subgroup I heavy chain framework COLSENSUS SSQUETICE comprises
substimtion at position 48, 67, 69, 71, 73, 75, 78 and/or %0, In some embodimems of these antthodies, position {of
the human subgroup I heavy chain framework consensus sequence) 48 is 1, 67 is A, 69 i F, 71 is A, 73 is T.7518
5,78 Aandor 80 s M. o some embodiments of these antibodies, these antibodies further comprise & human «]
light &hain framework consensus sequence. In one embodiment of these antibodies, the framework human «T 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 and/or 47 is F.

[0302] In one embodiment, an antibody of the invention comprises & variant HVR-L2 wherein B3 is R,
B4is K, B6 15 G and BY s & In cne embodiment, an antibody of the invention comprises a variant HVR-L2
wherein B3 is R, B4 is Y, B6 is K and B7 is R. In one embodiment, an antibedy of the invention COmIprises &
variant HVR-L2 wherein B3 is R B4 is K and B6 is G in some embodiments, said variam HVR-L2 antibody
further comprises HVR-L1, HVR-L3, HVR-HI, HVR-H2 and HVR-H3 wherein each comprises, in order, the
sequence depicted in SEQ ID NQs: 131, 133, 134, 135 and 1536. In some embodiments, said variant HVR-1.2
antibody further comprises a HVR-L} variant wherein A9 is E or § andfor A10 35 A or 5. In some embodiments,
said variant HVR-L2 antibody further comprises @ HVR-L3 variant wherein C6 is E or N andior C7 8 A. In some
embodiments, these amibodies further comprise 2 human subgroup 111 heavy chain framework consensus sequence,
In one embodiment of these amibodies, the framework consensus sequence comprises substitution at position 71, 73
and/or 78, Io some embodiments of these antibodies, position 71 is A, 7313 T andfor 78 1s A. It ome embodiments
of these antibodies, these antibodies further corprise a buman kI ight chain framework consensus sequence. In
some embodiment of these antibodies, the (ramework buman w1 light chain framework CONSETSUS  Sequence
comprises substitution at position 4 andior 47, In some embodiments of these antibodies, position (of the human kI
light chain framework consensus sequence} 4 is L andior 47 is F. In one embodiment of these antibodies. the
human subgroup I heavy chaim framework tonsensus sequence comprises substitulion at position 48, 67, 69, 71,
73,75, 78 and/or 80. In some embodiments of these antibodies, position (of the human subgroup I heavy chain
framework consensus sequence) 48 15 1, 67 is A, 69 s F, 7] ig A 75T, 7515 S, 781is A and or 80 is M. Insome
embodiments of these antibodics, these antibodies further comprise 2 human I light chain framework consensus
sequence. In one embodiment of these antibodies. the famework human I light chain framework CONSENSUS
sequence comprises substitution at position 4 andior 47. In some embodiments of these antibodies, position {of the

bumap «I light chain framework consensis sequence) 4 is L and/or 47 ig F.
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f0303]  In one embodiment, an antibody of the invention comprises a varisnt HVR-L3 wherein €5 1 K.
In ome embodiment, an antibody of the invention comprises a variant HVR-L3 wherein C5 is S In some
embodiments, said variant TVR-L3 antibody farther comprises HVR-L1. HVR-L2  HVR-HI, HVR-H? and HVE-
H3 wherein each comprises, in order, the sequence depicied in SEQ ID NQOs: I3}, 132134, 135 and 136. in some
embodimerss, said variant HVR-L3 antipody further comprises 2 HVR-L] vanant wherein AY is E or § andior AlQ
s A or 8. In some embodiments, said variant HVR-L3 antibody further comprises a HVR-L3 variant wherein C§ 18
EorNandiorC7is A In some embodiments, these antibodies further comprise a buman subgroup 111 heavy cham
framework consensus sequence. In one embodiment of these antibodies, the framework consensus sequence
comprises substitution at position 71, 73 andior 78, lo some embodiments of these autibodies, position 71 is A, 73
is T and/or 78 is A. In one embodiments of these antibodies, these antibodies further comprise & human I lighs
chais framework consensus sequence. In some embodiment of these antibodies, the framework human light
chain framework consensus Seqiience comprises substitution at position 4 and/or 47. In some emhodiments of these
entibodies, position (of the human wI Hght chain framework consensus sequence} 4 1s L andior 47 is F, Iy one
embodiment of these antibodies, the human subgroup HI heavy chain framework CONSTnsUS sequence comprises
substitwtion at position 48, 67, 69, 71.73. 75, 78 andior 80. In some embodiments of these antibodies, position {of
the human suberoup 111 beavy chain framework consensus scquence) 48351, 67 is A, 69 15 F, 71 ig A, 7318T,75is
S.78isAandor 86 s M. In some embodiments of these amibodies, these antibodies further comprise a human «
light chain fFramework consensus sequence. In one embodiment of thege antibodies, the framework human 1 light
chain framework consensus sequence comprises substitulion at position 4 and/or 47. In some embodiments of thege
antibodies, position (of the human w1 light chain framework consensus sequence} 4 is Loandior 47 35 F.

[0304] In one embodiment, an antibody of the invention comprises & variant HVR-H] wherein D3 s P,
D51 T, D6 is R and DI is N. In one embodiment, an antibody of the invention comprises a variant HFVR-H]
wherein D3 18 P, DS is N, D6 is R and D10 is N.  In some embodiments, said varian: HVR-I1] antibody further
comprises HVR-L1, HVR-L2, HV R-L3, HVR-H2 and HVR-H3 wherein cach 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-L! variant wherein A9 is E or § andior Allis A or 8. Insome embodiments, said variant
HVR-HI antibody further comprises a HVR-L3 variant wherein Cé is E or N andior C7 is A. n soine
embodiments, these antibodies further comprise 2 human subgroup IH heavy chain framework CONSERSUS SCQUEnce.
in one embodiment of these antibodies, the framework congensys sequence comprises substitution at position 71,73
and/or 78. In some embodiments of these antibodics, position 71 is A, 73 is T and/or 78 is A, In one embodiments
of these antibodies, these antibodies further comprise a himan I light chain framework consensus sequence. In
some embodiment of these antibodies, the framework human «1 fght chain framework COMSCNSUS Sequence
comprises substitnion at position 4 and/or 47, In some embodimens of these aniihodies, 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 I heavy chain framework consensus sequence comprises substitution a1 position 48, 67, 69, 71,
73,75, 78 and/or 80. In some embodiments of these antibodies, position {of the buman subgroup III beavy chain

framework consensus sequence) 48 s I, 67 is A, 69 ig F. 7] ISA. 73T, 7515 S, 78 is Aandor B0 is M. in some
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cmbodiments of these antibodies, these antibodies further comprise & human I lght chain framework COnNSensus
sequence.  In one embodiment of these antibodies, the framework humsan «l light chain framework consensus
seguence comprises suhstimtion ar position 4 andior 47. In some ¢mbodiments of these antibodics. position (of the
human I light chain framework consensus sequence) 4 is L andior 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, ﬁn one embodiment, an antibedy of the invention comprises a varjant HVR-H3 wherein F6 is LF7isR
and FE1s L. In some embodiments, said variant HVR-H3 antibody firther comprises HVR-L1, HVR-L2, HVR-L3,
HVR-H1 and HVR-H2 whersin each comprises, in order, the sequence depicted m SEQ ID NOs: 131, 132, 133,
134 and 135, In some embodiments. said vartant HVR-H3 antibody further comprises a HVR-LI variant wherein
A91sFor Sandior A0 is A or 8. In some embodiments, said variant HVR-H3 amibody further comprises 2 HVR-
L3 vaniant wherein C6 is E or N andior C7 is A. In some embodiments, these antibodies further comprise a hurnan
subgroup I heavy chain framework consensus sequence.  In one embodiment of these antibodies, the human
subgroup IH 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 III heavy chain framework consensus
sequence) 71 15 A, 73 is T and/or 78 is A, In one embodiment of these antibodies, the human subgroup HI heavy
chain framework consensus sequence comprises substituiion at position 48, 67, 69, 71, 73 and/or 78, In some
embodiments of these antibodies, position (of the human subgroup I heavy chain framework COTSETSUS sequence’
48351, 6715 A, 69 is F, 71 is A, 75 is T and/or 78 18 A. In one embodiments of these antibodies, these antibodies
further comprise a human ! light chain framewark consefisus sequence. In some embodiment of these antibodies,
the framework human «J light chain framework consensus sequence comprises substitution at position 4 and/or 47,
In some embodiments of these amibodies, position {of the human kI light chain framework consensus sequence) 4
5 L andior 47 is F. In one embodiment of these antibodies, the human subgroup IIT heavy chain framework
COMSensus sequence comprises substitution al position 48, 67, 69, 71, 73, 75, 78 and/or 80. In some embodiments
of these antibodies, position (of the human subgroup II1 heavy chain framework consensus sequence) 48 is 1, 67 is
A B9 F TIis A 731s T. 75is S, 78 is A and or RO is M. In some embodiments of these antibodies, these
antibodies further comprise a human I light chain framework consensus sequence. In one embodiment of these
antibodies, the framework human I light chain framework EonseRsus sequence comprises substitution at position 4
and/or 47, In some embodiments of these antibodies, position {of the human xI light chain framework consensus
sequence) 4 is L and/or 47 is F.

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

[0307] A therapeutic agent for use in 2 host subject preferably elicis little 1o no immunogenic response
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 expecied to elickt a human anti-
mouse aniibedy response (HAMAJ at a substantially reduced level compared to an antibody comprising the
sequence of SEQ ID NO: 10 & 14 in 2 host subject. In another example. the invention provides & humanized

antibody that elicits and/or is expected 10 elicit minimal or no human anti-mouse antibody response (HAMA). in
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one example, an antibody of the invention elicits anti-mouse antibody response that is al or fess than a climically-
acceptable level.

[0308] A humanized antibody of the invention may comprse one ot more human and/or human
Consensus non-hypervariable region (e.g. framework) sequences in itg heavy and/or light chain variable domain, in
some embodimens, one or more additional modifications arc present withnn the humer and/or human consensus
non-hypervariable region sequences. In one embodiment, the heavy chain variable domain of an antibody of the
Invention comprises a humar consensus framework sequence. which in one embodiment is the subgroup II1
comsensus ramework sequence. In one embodiment, an antibody of the invention comprises 2 variant subgroup 11
consensus framework sequence moedified at least one amino acad position.  For exampie, m one embodiment, a
variant subgroup I consensus framework SequUEnce may comprise s substitulion at one or more of positions 71, 73
and/or 78. In one embodiment, said substilution is R71A, N73T andior L78A in any combination thereol For
example, in one embodiment, a variam subgroup IIT heavy chain framework CODBSENISUS Sequence comprises
substitution at position 48, 67, 69, 71. 73 andior 78. In one embodiment, said substitution is V48L, F67A, 169F,
R7IA, N73T and/or L78A. For example, in one embodiment, a variant subgroup III heavy chain Framework
tomsensus sequence comprises substitution at position 48, 67, 69, 71, 73, 75, 7% and/or R6. In one embodiment,
said substitution is V481, F67A, 169F, R71A. N75T, K738, L78A andior LROM. In one embodiment, the light chain
variable domain of an antibody of the tnvention comprises a human consensus framework sequence, which in one
embodiment is the kI consensus framework seguence. In one smbodiment, an antibody of the invention COomprises
a variant ki consensus framework sequenced modified ai least one amtino acid position. For cxample, in one
embodiment, & variant I consensus framework sequence may comprise 8 substitulion . at position 4. In one
embodiment, said substitnion is M4L. For example, s one embodiment, a variant Kl comsensus framework
Sequence may comprise a substitution at position 4 and/or 47. In one embodiment, said substitution is M4L and/or
L47F.

[0309] As is known in the ar, and as deseribed in greater detail herein below, the amino acid
position/boundary delineating a hypervariable region of an antihody can vary, depending on the comtext and the
various definitions known in the art {as described below). Some positions within 2 variabie domain may be vieweg
as hybrid hypervariabie positions in that these posTions can be deemed 10 be within a bypervaniabie region under
one set of criteria while being deemed 1o be outside a hypervariable region under 2 different set of criteria. Ome or
more of these positions can also be found in extended hypervariable regions (as further defined below). The
mvention provides antibodies comprising madifications in these hybrid bypervariable positions. In one
embodiment, these hypervariable positions include one or more positions 26-30, 33-35B, 4749, 5765, 3, 94 and
101-102 in a heavy chain variable domain. In one embodiment, these hybrid hypervariable positions include one or
more of positions 2429, 35-36, 46-49. 36 and 97 in 2 light chain variable domain. In one embodiment, an aniibady
of the invention comprises & human variant human subgroup consensus framework sequence modified at one or
more iybrid hypervariable positions.

[0310} 1o one aspect, an antibody of the invention comprises & heavy chain varable domain comprising a
variant human subgroup I consensus framework 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 substitniion. In one embodiment,
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the antibody comprises a F27Y substiution. In one embodiment, the antibody comprises a T28P, S, Y,GorN
substtion. In one embodiment, the antibody comprises a F29L or F29V substiution. In one embodiment. the
antidody comprises a S30T. R, N, K. C. G or P substiution, In one embodiment, the antibody comprises a A3IW
or A33F subsuntion. In one embodiment, the antibody comprises a M341, V or L substitwtion. In one embodiment
S35E, Q. N or . In one embodiment, the amtibody comprises a V481 substimtion. In one embodiment, the
antibody comprises 5 549G substitﬁtian. In one embodiment, the antibody comprises a2 Y38N substitution. In one
embodiment, the antibody comprises a A60N substitution. In one embodiment, the antibody comprises a D61E
substiition.  in one embodiment. the antibody comprises a $621 substittzon. In one embodiment, the anlibody
comprises a V63F substitution. I one embodiment, the antibody comprises @ A93T substitution.  In onpe
embodiment, the antibody comprises 4 D101S substitution,

[0311] In one aspect, an anlibody of the invention comprises & light chain variable domain COMDTISING 4
variant human kappa subzroup I consensus framework sequenced modified at one or more of positions 24, 27-29,
56 and 97, In one embodiment, the amibody comprises 2 R24K substinttion. In one embodiment, the antibody
comprises a Q27K substitution.  In one embodiment, the antibody comprises a S28D or E substiuwtion. In one
embaodiment, the antibody comprises 2 129G, A or § subsiitution. 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 COTRPHSINg &
variant human subgroup ITF consensus framework sequance modified ar 1, 2, 3,4, 5,6, 7, &, 9, 10,11, 12, 13, 14, 13,
16 or all of positions 26-30, 33-35, 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 NJ F29L (V), 30T (R, N, K, C, G or P), A33W {F). M341
(V or L), S35E (Q, N ar D), V48L, $49G, V58N, AGON, D6IE, S621, V63F, A93T and DI01S. In some
embodiments of the invention, an antibody of the invention comprises a variant subgroup 11 consensus framework
sequence modified at position 48, 67, 69, 71, 73, 75, 78 and/or 80, In one embodiment, said substitution is V48L
F67A T69F, R71A, N73T, K758, L78A andior LEOM.

[0313] In one aspect, an antibody of the invention comprises a light chain varizblic domain comprising a
varian! human kappa subgroup 1 consensus framework sequence modified at L 2,3, 4, 5 or all of positions 24, 27-
29, 56 and 97. In one embodiment, modification is selecied from the group consistng of R24K, Q27K, S28D (),
I29G (A or S), 856R (N, T or G} and T97N. In some embodiments of the inventien, an antibody of the invention
cotnprises & variant < consensus framework sequenced modified at position 4 andior 47. In one embodiment, said
substitution is M4L and/or L47F.

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

[0315] In one aspect, an antibody of the mvention comprises & heavy andior light chain variable domain

comprising framework sequence depicted in SEQ ID NO: 9 (Figures 7A-B) andior 13 (Figures BA-B).
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[0316] In one zspect, ar antibody of the mvention is & humanized anti-CD79b antibody comugated t a
Cytotoxic agenl. in one aspect. the humanized anti-CB79h amibady conjugated 10 a cytotoxic agent inhibils wmor
Drogression in xenografts,

[0317) In one aspeet, both the humanized antibody and chimeric antibody are monovalent, In one
embodiment. both the humanized and chimeric amibody comprise a single Fab region linked to an Fe region. In
one embodiment, the reference chimeric antibody comprises variable domain sequences depicted in Figures 7A-R
(SEQ IDNO: 10) and Figures 8A-B (SEQID NO: 14} linked to 2 human Fe region. In one embodnnent, the human
Fe region is that of an 1gG {e.g, JpGL 2, 3 or 4}

[0318] In one aspect the invention provides an antibody comprising 2 heavy chain vardable domain
compnsmg the HVRI-HC, HVR2-HC and/or HVR3-HC sequence depicted in 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 depicied
m Figure 15 (SEQ ID NO: 160-163). In one embodiment, the antibody comprises CH! andior Fe sequence
depicted in Figure 13 (SEQ ID NO: 167 and/or 168). In one embodiment, an antibody of the invention CoTprises a
beavy chain variable domgin comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence {Figare 15, SEQ
I NO: 164-166), and the FR1-HC, FRZ-HC, FR3-HC andior FRA-FIC sequence (Figure 15, SEQ ID NO: 160-143).
In one embodiment, an antibody of the invention comprises a heavy chain variable domain comprising the HVR]-
HC, HVR2-H¢ andior HVR3-HC sequence (Figure 15, SEQ ID NO: 164-] 66}, and the CH1 and/or Fe sequence
depicied in Figure 15 (SEQ ID NO: 167 and/or 168) In one embodiment, an antibody of the invention COTIPriSes a
heavy chain variable domain comprising the HVR1-HC, HVR2-HC and/or BVR3-HC sequence (Figure 15, SEQ
ID NO: 164-166), and the FR1-HC, FRZ-HC, FR3-HC and/or FR4-HC sequence (Figure 15, SEQ ID NO: 160-163),
and the CHI and/or Fe {Figure 15, SEQ ID NC: 167 and/or 168).

[0319] In ome aspect, the invention provides an entibody comprising & light chain varishle domain
comprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depicted I Figure 15 (SEQ ID NO: 156-158). In
one embodiment, the variable domain comprises FRI-LC, FR2-LC, FR3.L(C and/or FR4-LC sequence depicted in
Figure 15 (SEQ ID NO: 152-155}. in one embodiment, the antibody comprises CL1 sequence depicted in Figure 15
(SEQ ID NO: 159}, In ome embodiment, the antibody of the invention comprises & light chain variabie domain
comprismg the HVRI.LC, HVR2-LC andior HVR3-LC sequence (SEQ ID NO: 156-158), and (he FR1-LC, FR2-
LEC, FR3-LC andior FR4-LC sequence (SEQ D NO: 152-153) depicted in Figure 15, In one embodiment, an
amibody of the invention comprises a light chzin variable domain comprising the HVRI-LC, HVR2-LC and/or
HVR3-LC sequence (SEQ ID NO:156-158), and the CLI sequence (SEQ D NO: 159) depicted in Figure I3, Ip
ome embodiment, an antibody of the invention comprises a light chain variable domain comprising the HVRI-LC,
HVR2-LL and/or HYR3-LC sequence (SEQ ID NO: 154-158), and the FRI-LC, FR2-LC, FR3-LC and/or FR4-LC
{SEQ ID NO: 152-155) seguence depicled in Figure 15, and the CL: sequence depicted in Figure 15 (SEQ 1D NO:
159).

[0320] in one aspect, the invention provides an antibody comprising a heavy chain varable domain
comprising the HVR1-HC, HVR2-HC andior HVR3-HC sequence depicied in Figure 16 (SEQ ID NO: 183-185).
In one embodiment, the variable domzin 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 antbody comprises CHI andior Fe sequence
depicted in Figure 16 (SEQ ID NO: 186 and/or 187} T one embodiment, &n antibody of the invention comprises a
heavy chain varizble domain comprising the HVRI-HC, HVR2-HC andior HVR3-HC sequence (Figure 16, SEQ
iDNO: 183-185), and the FR1-HC, FR2-HC, FR3-HC and/or FR4-HC sequence (Figure 16, SEQ ID NO- 179 82).
In one embodiment, an antibody of the invention comprises a heavy chain varable domain comprising the HVR]-
HC, HVR2-HC and/or HVR3-HC sequence (Figure 16, SEQ ID N 183-185), and the CH1 and/or Fc sequence
depicted in Figure 16 (SEQ ID NO: 186 and/or 187y In one embodiment. an antibody of the invention comprises &
heavy chain varable domain comprising the HVRI-HC, HVR2-HC endior HVR3.HC sequence (Figure 16, SEQ
ID NO: 183-183), and the FRI-HC, FR2-HC, FR3-BC and/or FR4-HC sequence (Figure 16, SEQ ID NO: 179} 82).
and the CHI and/or Fe {Figure 16, SEQ ID NO: 186 and/or 187).

-[0321] In ome aspect, the invention provides an antibody comprising a light chain variabie domain
comprising HVR1-LC, HVR2-LC andior HVR3-LC sequence depicted in Figure 16 (SEQ ID NO: 175177 In
one embodiment, the variable domain comprises FRI-LC, FR2-LC, FR3-LC and/or FRA-LC sequence depicied in
Figure 16 {SEQ ID NO: 171-174). In one embediment, 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 variabie domain
comprising the HVR1-LC, HVR2-LC andior 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 invention comprises a light ¢hain variable domain comprising the HVRI1-LC, HVR2-LC andior
HVR3-LT sequence (SEQ ID NO: 175-177). and the CL1 sequence (SEQ 1D NO: 178) depicied n Figure 16. in
one embodiment, an antibody of the invention comprises a lght chain variable domain comprising the HVRI-LC,
HVR2-LC and/or HVR3-LC sequence (SEQ 1D NO: 175-177), and the FRI-LC, FR2-LC, FR3-LC and/or FR4-LC
(SEQ ID NO: 171-174) sequence depicted in Figure 16, and the CL1 sequence depicted in Figure 16 (SEQ ID NO:
1783

[0322] In one aspect, the invention provides an antibody comprising a heavy chain variable domain
comprising the HVR1-HC, HVR2-HC andior HVR3-HC sequence depicted in Figure 17 (SEQ I NO: 202-204),
In one embodiment, the variable domain comprises PR1-HC, FR2-HC, FR3-HC and/or FR4-HC sequence depicted
in Figure 17 (SEQ ID NO: 198-201). In one embodiment, the antibody comprises CH1 and/or Fe sequence
depicied in Figure 17 (SEQ ID NO: 205 end/or 206). In one embodiment, 2n antibody of the invention comprises a
beavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVRS-HC sequence (Figure 17, SEQ
1D 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 embodiment, an antibody of the invention comprises a heavy chain varizble domain comprising the HVR]-
HC, HVR2-HC and/or HVR3-HC sequence (Figure 17, SEQ ID NO: 202-204), and the CHI andior Fe sequence
depicted in Figure 17 (SEQ ID NO: 205 and/or 206) In one embodiment, an zntibody of the invention comprises a
heavy chain variahle domain comprising the HVR1-HC, HVR2-HC andior HVR3-HC sequence (Figure 17, SEQ
IDNQ: 202-204), and the FRI-HC, FR2-HC, FR3-HC and/or FRA-IC sequence {Figure 17, SEQ ID NO: 198-2013,
and the CH1 and/or Fe {Figure 17, SEQ ID NO: 205 and/or 2063
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[0323] In ome aspect, the invention provides an antibody comprising 2 light chain variable domain
cemprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depicied v Figure 17 (SEQ ID NO- 194-196), In
one embodiment, the variable domain comprises FR1-LC, FR2-LC, FR3-LC andior FR4-L.C sequence depicied in
Figure 17 (SEQ ID NO: 190-193). In one embodiment. the amibody compnses CL1 sequence depicted in Flgure 17
{SEQ.ID NO: 197). In one embodiment, the antibody of the invention comprises & Hglt chain variable domain
compﬁéing the HVR1-LC, HVR2-LC andior HVRI-LC sequence (SEQ ID NO: 194-1963, and the FRI-LC, FR2-
LC, FR3-LC andior FRA-LC sequence (SEQ ID NO: 190-193) depicted in Figure 7. In one embodiment, an
antibody of the mvention comprises a light chain variable domain comprising the HVR!-LC, HVR2-LC andior
HVR3-LC sequence (SEQ ID NO: 194-196), and the CL1 sequence (SEQ ID NO: 197) depicled in Flgure 17 In
one embodiment, an aniibody of the invention comprises # light chain variabie domain comprising the HVRI.LC,
HVRZ-LC andfor HVR3-LC sequence ( SEQ ID NO: 194-196), and the FR1-LC. FR2-LC. FR3-LC and/or FR4-LC
(SEQ ID NO: 196-193) sequence depicied in Figure 17, and the CL] sequence depicted in Figure 17 {SEQ ID NO:
197y

[0324] 1n one aspect ihe invention provides an antibody comprising a heavy chain variable domain
comprising the HVRI-HC, HVR2-HC and/or HVR3-HC sequence depicted in Figire 18 (SEQ ID NO- 221-223),
In one embodiment, the variable domain comprises FRI-HC, FRI-HC, FR3-HC andior F R4-HC sequence depicted
in Figure 18 (SEQ ID NO: 217-220). In one embodiment, the antibody comprises CHI1 and/or Fe sequence
depicted in Figure 18 {SEQ ID NO: 224 and/or 225). In one embodiment, an antibody of the invention cormprises g
heavy chain variable domain comprising the HVR1-HC, HVR2-HC and/or HVR3-HC sequence (Figure 18, SEQ
ID NO: 221-223), and the FR1-HC, FR2-HC, FR3-HC andior FR4-HC sequence {Figure 18, $EQ ID NO: 21 7-2201.
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 ID NO: 221-723 3. and the CH1 andior Fe sequence
depicted in Figure 18 (SEQ ID NO: 224 and/or 225) In one embodiment, an antibody of the invemion COTIpTiSEs 2
heavy chain variable domain comprising the HVRI-HC, HVR2-HC and/or HVPS-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 NO: 21 72200,
and the CH1 and/or Fe (Figure 18, SEQ YD NO: 224 and/or 2253,

[0325] In one aspect, the invention provides an antibody comprising a light chain variable domain
comprising HVRI-LC, HVR2-LC andior HVR3-LC sequence depicted in Figure 18 (SEQ ID NO: 2]13-2151 In
one embodiment, the variable domain comprises FR1-LC, FR2-L.C, 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
comprising the HVRI-LC, HVR2-LC and/or HVR3-LC sequence (SEQ 1D NO: 213-215), and the FR1-LC, FR2-
LC, FR3-LC and/or FR4-LC sequence {SEQ ID NO: 209-212) depicted in Figure 18. In one embodimen:, an
antibody of the invemtion comprises 2 tght chain variable domain compriging the HVRI-LC, HVR2-LC and/or
HVR3-LC sequence (SEQ ID NO: 213-215), and the CL1 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 and/or HVR3-LC sequence ( SEQ ID NO: 213-215), and the FR1-LC, FR2-LC, FR3-1LC and/or FR4-LC
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(SEQ ID NO: 209-212) sequence depicted in Figure 18, and the CL1 sequence depicted in Figure 18 (SEQ ID NO:
216).

[0326] In one aspect, the antibodies of the irvention taclude cysieine engineered antibodies where one or
more amino acide of a parem antibody are replaced with a free cystelne amino acid as disclosed in
WO2006/034488; US 2007/0092940 (herein incotporated by reference in s entirety).  Any form of anti-CD79b
antibody may be so engmeered. i.e. mutated. For example. a parent Fab antibody fragment may be engineered to
form 2 cysweine engineered Fah, referred 1o herein as ““ThioFah Similarly, 2 parent monoclonal antibody may be
engineered 1o form 2 “ThioMab.” It should be noted that a single sile mutation vields = single engineered cysicine
residue in 2 ThioFab, while a single sile muation vields 1wo engineered cvsieine residues in a ThioMab, due 10 the
dimeric nature of the Ig(i antibody. The cysteine engineered and-CD79b antibodies of the imvention include
monocional amibodies. humanized or chimeric monoctonal antibodies, and amigembinding fragments of antibodies,
fusion polypeptides and analogs that preferentially bind cell-associated CD79 polypeptides. A cysteine engineered
antibody may alternatively comprise an antibody COmMPrising & cysieine al 2 position disclosed berein in the
amibody or Fab, resulting from the sequence design and/or selection-of the aniitbody, without necessarily altering a
parent antibody, such as by phage display antihody design and selection or throngh de novo design of light chain
and/or beavy chain framework sequences and constant regions. A cysteine engineered antibody comprises one or
more free cysieine amine acids having a thiol reaciivity vatue in the ranges of 0.6 10 10;07w 10er 0810 1.0, A
free cysieine amino acid is a cysteine residue which has been engineered into the parent antibody and is not part of 2
disulfide bridge. Cysteine engineered antibodies are useful for attachment of cylotoxic andior imaging compounds
al the site of the engineered cysteine through, for example, a maieimide or haloaceryl. The nucleophilic reactiviry
of the thiol functionality of a Cys residue to a maleimide group is abour 1000 times lugher compared 10 any other
anuno acid functionality in & protein, such as amino group of lvsine residues or the N-lerminal amine group. Thiol
specific functionality in iodoacety! and maleimide TCAZODES may reac! with aming groups, but higher pH (>9.0) and
longer reaction times are required (Cizrman, 1997, Non-Radioactive Labelling: A Practical Approach, Academic

Press, London).

[0327] Inoan aspect, a cysteine engineered anti-CD79h antibody of the invention comprises an engincered
cysteine al any one of the following positions, where the position is numbered according to Kabat et al, in the light
chairn {sec Kabat et al (1991} Sequences of Proteins of Immunological Inserest, 5th Ed. Public Health Service,
Nationat lnstitutes of Health, Bethesda, MD) and according o EU numibering in the heavy chain {(inciuding the Fe
region) (see Kabat et al. {19913, supra) , wherein the light chain constant region depicled by underlining in Figure
244, 25A, 26A, 27A, I8, 48A and 49A begins 2t pesition 109 (Kabat numbering} and the heavy chain constant
region depicted by underling in Figures 24B, 25B, 26B, 27B. 28B, 48B and 49B begins at position 118 (EU
numbering}. The position may also be referred 10 by its position in sequential numbering of the amine acids of the
fult length light chain or heavy chain shown in Figures 24-28, 48 and 49, According 10 one embodiment of the
mvention, an anti-CD79h antibody comprises an engineered cysteine at LC-V205C (Kabat number: Val 208;
sequentizl number 209 in Figure 274 and 494 engineered o be Cys at that position). The engineered cysteine in

the light chein is shown in bold, double underlined text in Figure 27A and 49A. According 1o one embodiment, an
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ant-CD79% antibody comprises an engineered cysieine at HC-A118C (EU number: Ala 118; Kabat number 114;
sequential number 118 in Figuse 24B, 25K, 26B, 28B or 48B engineered 10 be Cys at that position). The engineered
cysieine in the heavy chain 15 shown in bold, doubie underiined text in Figure 24B, 258, 26B, 28B or 488
According 10 one embodiment, an any-CD79h antibody comprises an cnginecred cysieine a1 Fe-S4000 {EU
number: Ser 400; Kabal number 396: sequentizl aumber 400 in Figure 248, 258, 16B. 288 or 488 engineered 10 be
Cys at that position). In other embodiments, the engineered cysieine of the beavy chain (inclading the Fe region) is
al any one of the fllowing positons {according 1o Kabat numbering with U numbering in parenthesis): 5, 23, 4,
112, 114 (118 BU numbering), 116 (120 EU numbering), 278 {282 EU numbering), 371 (375 U numbering) or
396 (400 EU pumbering). Thus, changes in the amino acid at these positions for & parent humanized anti-CD79h
amiihody of the invention are: V5C, AT3C, ARLC, 81120, Al 14C (A118C FU Numbering), T116C {T120C EU
numbering), VI78C (V2820 FU mmbering). §371C (S375C FU numbening} or S396C (S400C B numbering).
Thus, changes in the amino acid at these positiens for a parent chimeric anti-CD79% antibody of the invention are;
Q5C, K23C, SR4C, $112C, A114C (A]18C EU Numbering), T116C (T120¢ EU numbering), VI78C (V2820 EU
numbermg), S371C (S375C BU pumbering) or S396C (S400C EU numbering). Thus, changes in the amino acid ar
these positions for a parent anti-cynoCD79h antibody of the invention are: Q5C, T23C, SR4C, 81 12C, AY14C
(AL18C EU Numbering), T116C (T120C EU numbering}, V278C (V282C EU numbering), S371C (S375C FU
mumbering) or $396C (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 at these positions for a parent humanized anti-CD79% antibody of the invention are;
VISC, VII0C. S114C, S121C, 5127C. S168C, or V205C. Thus, changes in the amino acid at these positions for a
parent chimeric anti-CI379h amtibody of the invention are: LI5C, V110C, STi4C, s121C, S127C, S168C, or
V205C. Thus, changes in the amino acid ar these positions for a parem anti-cynoCD79 amibody of the invention
are: L15C, V110C, 8114C, S121C. $127C, S168C. or V2035C.

[0328] Ipome aspect, the invention includes a cysteine engineered anti-CD79h antibody comprises one or
more free cysicine amino acids wherein 1he cysteine engineered anti-CD79h amtibody binds to a2 CDH7%h
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 ope HVR sequence selecied from:

(a} HVR-L! comprising sequence Al-Al5, wherein Al-ALS ig KASQSVDYDGDSFLN {SEQ
NO: 131) or KASQSVDYEGDSFLN (SEQ 1D NQ: 137);

{b) HVR-L2 comprising sequence Bi-B7. wherein B1-B7 is AASNLES ( SEQID NO: 13y

(c) HVR-L3 comprising sequence 1 -C9, wherein C1-C9 is QQSNEDPLT (SEQ ID NO: 133)

(d} HVR-HI comprising sequence D1-I310, wherein D1-D10 is GYTFSSYWIE (SEQ ID NO- 1343

(e} HVR-H2 comprising sequence E1-E]8. wherein F1-E18 is GEILPGGGDTNYNEIFKG (SEQ ID
NQO: 133) and

{H HVR-H3 comprising sequence F1-F 1, wherein F1-F16 is TRRVPVYFDY (SEQ ID NO)- 136Yor
TRRVPIRLDY (SEQ ID NO: 138).



[0329] In a cerain aspect, the invemtion concerns a cysteine engineered anti-CD79h sntibody,
comprising an amino acid sequence having at least about 80% amine acid sequence identity, alternatively at least
about B1%, 82%, 83%, 84%. 83%, 86%, §7%, 88Y%. 899 90%, 91%, 92%, 93%, 94%, 05%, 96%, OT%. 98Y%, 99%
or )% amino acid sequence identity, to a cysieine engineered antibody having a full-length amino acid seglience
as disclosed berein. or 2 cystzine engincered antibody amino acid sequence lacking the signal peptide as disclosed

herei.

[0330] In a yet furber aspect, the invention concerns ap 1solated cysteine engineered anti-CD79b
antibody comprising an amino acid sequence that is encoded by # nucleotide sequence that hybndizes to the
complement of 2 DNA molecule encoding (a) a cysteine eagineered antibody having a fuil-length aming acid
sequenee as disclosed herein, (b) a cysteine engineered antibody amino acid scquence lacking the signal peptide as
disclosed berein, (¢) an exiracellufar domain of a ransrnembrane cysieine engineered antibody protetn, with or
without the signal peptide, as disclosed berein, (d} an amino acid sequence encoded by any of the nucleic acid
sequences disclosed herein or (e) any other specifically defined fragment of & full-length cysteine engineered

antibody amino acid sequence as disclosed hersin,

{0331] In & specific aspect, the mvention provides zn isolated cysteine engineered ani-CD795 antibody
without the N-terminal signal sequence andior without the mitiating methionine and is encoded by a nucleotide
scquence 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 celd comprising a vector which comprises the
appropriate encoding nucleic acid melecule under conditions suitable for expression of the Cysieine cngineered

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

f0332]  Another aspect of the invention provides an isolated cysteine engineered anti-CD79 antibody
which is either transmembrane domain-deicted or transmembrane domain-inactivated. Processes for producing the
same are zlso herein described, wherein those processes cotnprise culturing & host cell comprising & vector which
comaprises the appropriate encoding nucleic acid molecule under conditions suitabic for expression of the cysieine

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

f0333] In other aspects, the invention provides isolated anti-CD79b chimeric cysieine engineered
antibodies comprising any of the berein described cysteine enginesred antibody fused to a heterologous (non-
CD79b) polypeptide. Examples of such chimeric molecules comprise any of the herein described cysieine
engineered antibodies fused to a heterologous polypeptide such as, for example, an epitope tag sequence or z Fe

region of an immunoglobulin,

[0334] The cysteine engineered anti-CD79h antibody may be 2 monoclonal amtibody, antibody fragment,
chimeric antibody, humanized antibody, single-chain antibody or antibody that competitively inhibits the binding of
an anti-CD79% polypeptide antibody to its respective antigenic epitope. Antibodies of the present invention may
optionally be conjugated 1o 2 growth inhibitory agent or eytotoxic agent such as a toxin, including, for exampie, an
aunistatin, a maviansinoid, & dolostatin derivative or a calicheamicin, an amtibiotic, a radioactive isotope, a

nucleolylic enzyme, or the like. The amibodies of the present invention may optionally be produced in CHO cells
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or bacierial cells and preferably inhibit the growih or proliferation of or induce the geath of a cell to which they bind.
For diagnostic purposes. the amibodies of the present invention may be detectably labeled. attached 1o a solid

support, or the like.

{0335} In other aspects of the present invention, the invention provides vectors comprising DNA
encoding any of the herein described anti-CD79h antibodies and an4-CD79h cyswing engineered antibodics. Host
cells comprising any such veclor are also provided. By way of example, the host cells may be CHO cells, E. coli
cells. or veast cells. A process for producing any of the herein described polypeptides is further provided and
comprises culturing host cells under conditions snitble for expression of the desired polypeptide and recovering the

desired polypeptide from the cell cultue,

[0336] Cysteine engineered antibodies ey be useful in the treatment of cancer and melude anibodies
specific for cell surface and transmembrans receplors, and umor-associated antigens {TAA). Such aptibodies may
be used as naked antibodies {funconjugated 1w a drug or label moiety) or ag antibody-drug conjugates (ADC).
Cysteine engineered antibodies of the jnvention may be site-specifically and efficiently coupled with a thiol-
Teactive reagent. The thiokreactive reagent may be a mulifunctional {inker feagent, a capture label reagent, a
fluorophore reagent, or a drug-linker intermediate.  The cysteme engincered amtibody may be labeled with 2
detectable label, immobilized on a solid phase support andior comjugated with a drug molety. Thiol reactivity may
be generalized to any antibody where substitution of amino acids with reactive cysteine amino acids may be made
within the ranges in the lght chain sélected from amino acid ranges: 110120, L105-L1 15, L109-L119, L115-1.126,
L122-L.132, L163-L173, L200-L210; and within the ranges in the heavy chain selected from amino acid ranges:
HI-H10, H18-H28, H79-H%9, HI07-Hi17, HI09-B119, HI11-H121, and in the Fe region within the ranges
selected from H270-H280, H366-H376, H391-401, where the numbering of ammno acid positions begins at position
I of the Kabal numbering svstem (Kabat et al. (1991) Seguences of Proteins of Immunological Imerest, $ih Eq.
Public Health Service, National Instimutes of Health, Bethesda, MD) and continues sequentiaily thereafier ag
disclosed fn WOZ006034488: US 2007/0092940. Thiot reaclivity may also be generalized 10 centain domains of an
anubody, such as the light chain constamt domain {CL) and beavy chain constant domains, CHI, CH2 and CH3.
Cysteine replacements resulting in tHHol reactivity values of 0.6 and higher may be made in the heavy chaip constam
domains o, 8, ¢, v, and 1t of intact antibodies: IgA, Igh, IgE, 1eG, and TeM, respectively, including the 1eG
subclasses: 1gGl1, IeG2, IgG3, 12G4, JgA, and IgA2.  Such amtibodies and their uscs are disclosed in
WO2006/034488; US 2007/0092940.

{0337] Cysieine engineered antibodies of the invention preferably retain the antigen binding capability of
their wild type, parent amiibody counterparts.  Thus, cysieine ¢ngineered antibodies are capable of binding,
preferably specifically, 10 antigens.  Such antigens inciade, for exampie, tumor-associated amigens {TAA), cell
surface recepior proteins and other cell surface molecules, transmembrane proteins, signalling proteins, cell survival
regulatory factors, cell proliferation regulatory factars, molecuies associated with (for e.g., known or suspecied 1o
contribute functionally 1o) tissue developrmemt or differentiation, lymphokines, cytokines. molecules involved in cell
cyele regulation, molecules involved in vasculogenesis and molecules associated with {for e.g., known or suspected
10 contribute finctionaily 10) angiogenesis. The wmor-associated anligen may be & cluster differentiation factor
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(ie. a CD protein, including but not limited 1o CD79b).  Cysteine engineered anti-CD79h amiibodies of the
invention retain the anligen binding ability of their parent ant-CD79h amibody counterparts. Thus, cysieine
engineered anti-CI379b antibodies of the invention are capable of binding, preferabiv specifically, 10 CD79b
amtigens including buman anti-CD79b isoforms bets and/or aipha, inciuding when such antigens are expressed on

the surface of cells, including, withour imitation, B cells.

[0338] In one aspect, antibodies of the invention may be conjugated with any label moiety which can be
covalently attached 1o the antibody through a reactive moiety, an aciivaled molety, 07 a reactive cysteine thiol group
(Smngh et al (2002) Anal. Biochem. 304:147-15 : Harlow E. and Laze, D. (1999) Using Antibodies: A Laboratory
Manual, Cold Springs Harbor Laboraiory Press, Cold Spring Harbor, NY: Lundhiad R L (1991} Chemical
Reagenis for Protein Maodification, 2nd ecd. CRC Press. Boca Raton, ¥L). The attached lahol may function w: (i}
provide a detectable signal; (i) interact with a second label to modify the deteciable signal provided by the first or
sccond label, e.g. 10 give FRET (fluorescence resonance energy transfer): (iif) stabilize interactions or increase
affinity of binding, with antigen or ligand; (iv} affect mobility, e.g. electrophoretic mobility or celi-permeability, by
charge, hvdrophobicity, shape, or other physical parameters, or (v) provide a capture moicty, fo modulate ligand

affinity, antibody/antigen binding. or jonic complexation.

[0339] Labelled cysieine enginecred antibodies may be useful in diagnostic assays, e.g., [or detecting
expression of an antigen of interest in specific cells, lissues, or serum. For diagnostic applications, the antibody will
typically be labeled with a deteciable moiety. Numerous labels are available which can be generally grouped into

ihe following categories:

[0340] Radioisotopes (radionuclides), such as 2L e, e, B, B, B5g ey ®Ga, ¥y, P1¢, Mg, 1B
LB L e, Ly, Ay, or 2B Radioisotope labelled antibodies are useful in recepior targeted imaging
experimernts.  The antibody can be labeled with ligand reagents that bind, chelate or otherwise complex a
radigisotope metal where the reagen! is reactive with the engineered cysieine thiol of the antibody, using the
techniques described i Current Protocols in Frmunology, Volumes 1 and 2, Coligen et al, Ed. Wiley-Interscience,
New York, NY, Pubs. {1991}, Chelating ligands which may complex a metal ion inctude DOTA, DOTP, DOTMA,
DTPA and TETA (Macrocyclics, Dallas, T’() Radionuclides can be targeied via complexation with the antibody-
drug conjugates of the invention (W et al {2003) Nature Biotechnology 23(9):1137-1 146},

[0341] Linker reagents such as DOTA-maleimide (4~maleinﬁdebmtyramidohmzyi~DOTA_} can be
prepared by the reaction of aminobenzyl-DOTA  with 4-malemmidobutyric acid (Fluka) activated with
1sopropylchioroformate {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 cysieine amino acids of the cysteine engineered
antibodies and provide & meta] complexing ligand on the antibody (Lewis et al (1998) Biocory. Chem. 9:72-86).
Chelating linker labelling reagenls such as DOTA-NHS (I.4.?.EO»lstraazacyciadodecanw1,4,?,10~Letmacetic acid
mono (N-hydroxysuccinimide estery are commercially available (Macrocyelics, Dallas. TX). Receptor target
maging with radionuchide labelled antibodies can provide 2 marker of pathway activation by detection and
quantiiation of progressive accumulation of antibodies in fumor tissye (Albert et al (1998) Bivorg. Med. Chem., Lett,

8:1207-1210). The conjugated radio-metals may remain intraceliular following lysosomal degradation,
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[0342] Metal-chelate complexes suitable as antibody labels for imaging experiments are disclosed: US
3342606; US 3428155; US 5316757; US 5480990, US 5462725; US 542813%: US 5383893; US 5739294; 1J§
3750660; US 5834436; Huatowich et al (1983) 1. Immunol. Meathods 65:147-157, Meares et al (1984} Anal
Biochem. 142:68-78: Mirzadeh ot ai (1990} Bioconjugate Chem, 1:39-65; Meares e1 al (19903 |, Cancer990, Suppl.
16:21-26; Izard et al (1992) Biocomugate Chem. 3:346-330; Nikula et al (1995} Nucl, Med. Riol 2238700,
Camera et al (1993) Nucl. Med. Biol. 20:935-62; Kukis et al (1998} J. Nugi. Med. 39:2105-2) 10; Verel et al (2003)
I Nucl. Med. 44:1663-1670; Camera et al (1994) J. Nucl. Med. 21:640-646: Ruegg et al {1990} Cancer Res
50:4221.4026; Verel et al (2003) }. Nuel Med. 44:1663-1670; Lee et al {2001) Cancer Res. 61:4474-4482; Mitchell,
et al {2003} J. Nucl. Med. 44.:1105.1] 12; Kobayashi et al {1999} Biocorugate Chem, 10:103-1 11 Miederer et al
(2004} J. Nucl. Med. 45:129.137; DeNardo et al (1998 Clinicai Cancer Research 4:2483-90; Blend et a {2003}
Cancer Biotherapy & Radiopharmacemicals [8:333-363; Nikula et al (1999) J. Nucl. Med. 40:166-76; Kobayaghi et
al (1998} J. Nucl. Med. 39:829.36; Mardirossian ef ai (1993) Nucl, Med. Biol. 20:65-74; Roselli et al {199%) Cancer
Biotherapy & Radiopharmaceuticals, 14:209.2(.

[0343] Fiuorescent labels such as rare earth chelates (europium chelates), fluorescein tvpes including
FITC, S-carboxyflucrescein, 6-carboxy fluorescein; rhodamine types including TAMRA: dansyl; Lissamine;
cyanines: phycoerythrins, Texas Red: and anzlogs thereof The fluorescent labels can be comjugated 1o antibodies
using the techniques disclosed m Current Prowocols in Immunology, supra, for example. Fluorescent dyes and
fluorescent label reagents include those which are commercially available from Invirrogen/Molecular Prohes

(Eugene, OR) and Pierce Biotechnology. Inc. (Rockford, IL),

[U344]  Various enzyme-subsirate labels are available or disclosed (US 4275149} The enzyme generally
catalyzes a chemical alieration of 2 chromogenic subsirate that can be measured using various techmigues. For
example, the enzyme may catalyze a color chenge in 4 substrate, which can be measured spectrophotometrically.
Alerpatively, the enzyme may alter the [uorescence or chemiluminescence of the substrate Techniques for
quantifying a change in fluorescence are described above. The chemiluminescent substrate becomes electronically
exciied by 2 chemical reaction and may ther emit light which can be measured {using 2 chemiluminometer, for
cxample} or donates encrgy to a fluorescent aceeptor. Examples of enzymatic labels include luciferases (e.g..
firefty iucifersse and bacterial luciferase; US 4737456, luciferin, 2,5-dibydrophthalazinediones, wmalate
dehwdrogenase, urease, peroxidase such as horseradish peroxidase (HRP), alkaline phosphatase (AP), 8-
galactosidase, glucoamyiase, lysozyme, saccharide oxidases (e.g.. glucose oxidase, galactose oxidase, and glucose-
6-phosphate  dehydrogenase), heterocyelic oxidases (such ag uricase and xanthine oxidase), lactoperoxidase,
micToperoxidase, and the like, Techniques for conjugating enzvmes to antibodies are described in (YSullivan et al
(1981) “Methods for the Preparation of Enzyme-Antibody Conjugates for use in Evzyme Immunoassay”, in
Methods in Enzym. {ed I, Langone & H. Var Vunakis), Academic Press, New York, 73:147-166.

[0345]  Examples of enzyme-substrate combinations include, for example;

w0
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{i} Horseradish peroxidase (HRP) with hydrogen peroxidase as 2 substrate, wherein the hydrogen
peroxidase oxidizes a dve precursor {e.g.. orthophenylene diamine (OPD) or 3.3%.5, 5etramethylbenzidine
Bydrochloride (TMB)}:

{ii} alkaline phosphatase {AP) with para-nitrophenyi phosphate ag chromogenic substrate; and

(i1} B-D-galactosidase  (B-D-Gal) with a chromogenic  substrale  (e.g.. p-nitrophenyl-R-D-

galactosidase} or flucrogenic substrate 4-methylumbelliferyl-B-D-galactosidase.

{0346] Numerous other enzyme-substrate combinations are available  those skilled in the art. For a
general review, see US 4275149 and US 4318680

[0347] A label may be indrectly cotjugated with an amino acid side chain, an gclivaied amine 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 comjugated with avidin or sireptavidin, or vice
versa. Biotin binds selectively 1o strepravidin and thus, the label can be conjugated with the antibody in this indirect
manner. Alternatively, to achieve indirect conjugation of the iabel with the polypeptide variant, the polypeptide
variant is conjugated with a small hapien {e.g., digoxin) and one of the differem types of lahels mentioned sbove is
conjugated with an anti-haplen polypeplide variant (e.g., anti-digoxin antibody). Thus, indirect conjugation of the
label with the polypeptide variamt can be achieved {Eermanson, G. (1996} in Bioconjugate Technigues Academic

Press, San Diego).

[0348] The antibody of the present invention may be emploved @ any known assay method, such as
ELISA. competitive binding assays, direct and indirect sandwich assavs, and immunoprecipitation assays (Zola,
(1987) Menoclonal Antibodies: A Manual of Technigues, pp.147-158. CRC Pregs. Inc).

(0349} A detection label may be useful for localizing, visualizing, and quantitating a binding or
recognition event. The labelled antibodies of the invention can detect cell-surface receptors. Another use for
detectably labelled amibodies is a method of bead-based Immunocapture comprising conjugating a bead with a
{luorescent labelled antibody and detecting 2 fluorescence signal upon binding of a ligand. Similar binding
detection methodologies utilize the surface plasmon resomance {SPR) effect 10 measure and detect antibody-antigen

interactions.

[0350] Detection lzbels such as fluorescent dyes and chemiluntinescent dyes (Briggs et al (1997)
"Synthesis of Functionalised Fluorescent Dyes and Their Coupling 1o Amines and Amino Acids," J. Chem. Soc.,
Perkin-Trans. 1:1051-1038) provide a detectable gignal and are generally applicable for labelling antibodies,
preferably with the following properties: (i} the labelled antibody should produce a very high sional with low
background so that small quantities of antibodies can be sensitively detected in both cefl-free and cell-based assays,
and (ii) the labeiled antibody should be photostable so that the fluorescent signal may be observed, monitored and
recorded without significam photo bleaching. For applications mvolving cell swrface binding of labeiled antibody 10

mermbranes or cell surfaces, especially live cells, the labels preferably (i) have good walzr-solubility 1o achieve
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effective conjugate concentration and detection sensitivity and (iv) are non-toxic to living cells so as not w0 disrapt

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

[0351] Direct quamification of cellular fluorescence intensity and enumeration of fiuorescently labeiled
events. e.g. cell surface binding of peptide-dve conjugales may be conducted on an system (FMAT® B100 HTS
System, Applied Biosysterms, Foster City, Calif} that aytomaies mix-and-read, non-radioactive assays with live
cells or beads (Miraglia, "Homogeneous cell- and head-hased assays for high throughpus screening using
fnorometric microvolume assay lechnology”, (1999} J. of Biomolecular Screening 4:193-204). Uses of lgbelled
entibodies also include cell surface receptor binding  assays, Inmmunocapture assays, fluotescence linked
mmmunosorbent assavs (FLISA) caspase-cleavage (Zheng, "Caspase-3 controls both cvioplasmic and nuclear
events associaled with Fas-mediated EPOPLOSIs in vivo". {1998) Proe. Nafl Acad. Sci. USA 93:61823:; US
6372907), apoplosis (Vermes, "A novel agsay for apopiosis. Flow cvtometric detection of phosphatidylserine
TXPTCSsION on cwrly apoptotic cells using fluorescein labelied Annexip V" (1995} 1. Immunol. Methods 184:39-.51
and cylotoxicity agsays. Fluorometric microvolume assay lechnology can be used to wdentify the up or dewn
egulation by a molecule that is targeted to the cell surface {Swarizman, "A homogencous and muliipiexed
immunosssay for high-throughput screening using fluoromettic microvolume assay technology™, (1999) Anal

Biochem 277:143-51).

{6352] Labelied amibodies of the invention are useful as imaging biomarkers and probes by the various
methads and techniques of biomedical and molecular imaging such as: (i) MRI {magnetic resonance Imaging); (ii)
MicroCT (computerized lomography); (iii} SPECT (single photon emission computed fomegraphy); (v} PET
{positron emission tomography) Chen et al (2004) Bioconjugate Chem. 15:41-49; (vl bioluminescence; {vi)
Muorescence; and (vil) wlrasound. Irmmnunoscimigraphy is an imaging procedure in which amibodies labeled with
rachoactive substances are administered 1o an animal or human patient and a picture is taken of siies in the body
where the antibody localizes (US 65286243, Imaging biomarkers may be objectively measured and evaluated as an
indicator of pormal biological processes, pathogenic processes, or pharmacological responses 10 @ therapeutic
miervention. Bigmarkers may be of several types: Type 0 are narural bistory markers of a disease and correlate
iongitudinally with known clinical indices, ¢.2 MRI assessment of synovial inflammation in rheumatoid arthritis;
Type I markers capture the cffect of an intervention in accordance with 2 mechanism-of-action, even though the
mechanism may not be associated with clinical outcome; Type H markers function as swrogale endpoints where the
change in, or signal from, the biomarker predicis a clinical benefit 1o “validate” the targeted response, such as
measured bome erosion in rheumatoid arthritis by CT. Imaging biomarkers thus can provide pharmacodynamic
(PD)} therapentic information about: (1) expression of a targel protein, (if} binding of a therapeutic 1o the target
protem. ie. selectvity, and (ii} clearance and half-life pharmacokinetic data. Advantages of in vivo imaging
biomarkers relative 10 lab-based biomarkers include: non-invasive treatment, quantifiable, whole body assessment,
repetitive dosing and assessment, ie multiple time points. and potentially transferable effects from preclinical
(small animal} to clinical (human)} results. For some applications, bicimaging supplams or minimizes the number of

animal experiments in preclhinical shidies.
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[0353] Peptide labeliing methods are well known. See Heugland, 2003, Molecular Probes Handbook of
Fluorescem Probes and Research Chemicals, Molecular Prodes, Inc.; Brinkley, 1992, Bioconjugate Chem. 3:2:
Garman. (1997) Noo-Radioactive Labeliing: A Praciical Approach, Academic Press, London; Means (1990)
Bioconjugate Chem. 1:2; Glazer et al (1975) Chemical Modification of Prowins. Laboratory Techmiques in
Biochemistry and Molecular Biology (T. S. Work and E. Work, Eds.) American Elsevier Publishing Co., New
York; Lundblad, R. L. and Noves, C. M. (1984} Chemical Reagents for Protein Modification, Vois. T and 1L, CRC
Press, New York; Pfieiderer. G. (1985) “Chemical Modification of Proieins”, Modern Methods in Protein
Chemistry, H. Tschesche, Ed., Walter DeGryter, Berlin and New York; and Wong {1991) Chemisiry of Protein
Conjugation and Cross-linking, CRC Press, Boca Raion, Fla.), D2 Leon-Rodriguez of al { 2004) Chem Fur. J.
10:1149-1155; Lewis et al (200!} Bioconjugate Chern. 123204324, Li et al (2062) Bioconjugate Chere. 13:110-

113, Mier &1 al (2005) Bioconjugate Chem. 16:340-237,

[0354] Peptides and proteins labelled with two moicties. a fluorescent reporier and quencher m sufficient
proximity undergo {luorescence resonance ehergy transfer (FRET). Reporter groups are typically fluorescent dyes
that are excited by light at a certain wavelength and transfer Energy 1o aw accepior, or quencher, group, with the
appropriate Stokes shift for emission at maximal brightness. Fluorescent dves inciude molecules with extended
aromaticity, stch as flucresceln and rhodamine, and their derivatives. The flucrescent reporier may be partially or
significantly quenched by the quencher moisty in an intact peptide. Upon cleavage of the peptide by a peptidase or
protease, 2 delectabie increase in fluorescence may be measured (Knight, € {1995} “Fluorimetric Assays of

Proteolytic 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. Inhis
process, the fabelled anlibody is immobilized on a solid phase such & Sephadex resin or filler paper, using methods
well known in the art. The immobilized antibody is comacied with a sample containing the antigen 10 be purified.
and thereafier the support is washed with a suitable solvent that will remove substantially all the material in the
sarmple except the antigen 1o 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 the antigen from

the polypeptide variant.

[0356] Labelling reageats typically bear reactive functionality which may react (i) directly with 2
cysteine thiol of & cysieine engineered antibody 1o form the lahelled aniibody. (ii) with a linker reagent to form a
linker-label intermedia‘zé, or {iii) with a linker amibody © form the labeiled antibody. Reactive functionzlity of
labelling reagemis include: maleimide, haloaceryl, jodoacetzmide succimimidyl ester {eg. NHS, N-
hydroxysuccinimide), isothiocyanate, sulfonyl chloride, -.6-dichlorotriazinyl, pentafluoropheny! ester. and

phosphoramidite, although other fanctional groups can also be used.

{03577 An exemplary feactive functional group is N-hydroxysuccinimidyt ester (NHS) of 2 carboxyl
group substituent of a detectable label, e.g. bioiin or a 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 nucleophitic group
of av antibody. Typically, the carboxyl form of the iabcl is activated by reacting with some combination of 2

carbodiimide reagent, e.g. dicyclohexylcarbodiimide, dilsapropyicarbodiimide, or 2 proninm reagent, eg TSTU
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(O-(N—Succinimidyl}—N‘N.N’._N’—Leirammh}'mmnium tetrafluoroborate, HBTU {O-benzotriazol-}-y1)-N N, N N'-
tetramethyiuronium  hexafluorophosphate), or HATU (O-('fvazabenzotriazai—}—y[}-N.N*N‘.N‘-iﬁlramethylumnium
bexafloorophosphate), an aciivator, such as L-hydroxybenzotriazole (HOB, and N-hvdroxysuccinimide 10 @ve the
NHS ester of the label. In some cases, the label and the antibody may be coupled by in sitw activation of the lahe!
and reaction with the antibody to form the label-antibody conjugate in one step. Other activating and coupling
reagents include TBTU {2-{1H-benzotriazo-] -y1)-1-1,3 3-erramethyluronium hexaflluorophosphate), TFFH
(NN N" N etramethyluronium 2-fluoro-bexafluorophosphate), PYBOP (benzotrniazole-] -yl-oxy-iris-pyrrolidino-
phosphomum  hexafluorophospbate,  EEDQ :’-,-ethox‘y~1-ethoxycarb{myl—iJ‘;-dihydm-quinoline}, DCC
{dicycichexyicarbodiimide ), DIPCDH {ditsopropyvlcarbodiimide), MSNT {I-(mesntylene-2-sulfonyl }-3-nitrg- 1 H-

1.2 4-triazole. and aryl sulfony! halides, ¢ g. tritsopropylbenzenesulfony! ehloride.

Alburn bindine pepide-Fab compounds of the invenlion:

[0358] In one aspect, the antibody of the invention is fused 0 an albumin binding proein,  Plasma-
protein binding can be an effective means of myproving the pharmacokinetic properties of short lived molecules.
Albumin is the most abundant protein in plasma.  Serum albumin binding peptides {ABP) can alter the
pharmacodynamics of fused active domain proteins, inchiding alteration of tissue uptake, penetration, and diffusion,
These pharmacodynamic parameters can be modulzied by specific selection of the approprigle serum albumin
binding peptide sequence (US 20040001827). A series of albumin binding peplides were identificd by phage
display screening (Dennis et al. (2002) “Albumin Binding As A General Sumtegy For Improving  The
Pharmacokinetics Of Proteins”™ J Biol Chem. 277:35035-35043; WO 01/45746). Compounds of the mvention
include ABP sequences taught by: (i} Dennis et al (2002) J Biol Chemn. 277:35035-35043 at Tables 1Tl and IV . page
35038; (i) US 20040001827 a1 [0076] SEQ ID NOS: $-22; and (iit) WO 01745746 al 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 swoichiometric ratio (1 ABP / } Fab). It was shown that
agsociation of these ABP-Fabs with albumin increased antibody balf 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 vivo animal studies.

[6359 Exemplary albumin binding peptide sequences include, buf are pol Limited to the amino acid
sequences hsted in SEQ ID NOS: 246-250:

CDKTHTGGGSQRLMEDICLPRWGULWEDDF SEQ IDNO: 246
QRLMEDICLPRWGCLWEDDF SEQID NO: 247
QRLIEDICLPRWGCLWEDDF SEQID NO: 248
RLIEDICLPRWGCLWEDD SEQ ID NO: 249
DICLPRWGCLW SEQID NQ: 250



Antihodv-Drue Conjugates

[0360] In another aspect, the mvention provides immunoconjugates, or antibody-drug conjugates (ADC),
comprismg an amibody comugated o a cylotoxic agent such as a chemotherapewtic agent, a drug, a growth
inhibilory agent, & toxin (e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal orign, or
fragmens thereof), or a radicactive isotope (ie., & radioconjugate}. In another aspect, (he invention further provides
methods of using the immunoconjugates. In one 8SpECt, an MMMunoconjugate comprises any of the above ant-

CD79b antibodies covalently attached 10 a cyiotoxic agent or & detectable agent.

[0361] In ove aspect, a CD79b antibody of the invention binds to the semne epitope on CD79b bound by
another CD79 antibody. In another embodiment, a CD79 amibody of the invention binds to the same pitope on
CD79b bound by the Fab fragmen of, a monoclonal amibody generaied from bybridomas deposited with the ATCC
s HB11413 on July 20, 1993, a monoclonal antibody comprising the variable domains of SEQ ID NO: 10 (Figures
7A-B) and SBQ ID NO: 14 (Figures 8A-B) or 2 chimeric amibody comprising the varizble domain of ejther
antibody generated from HB11413 hybridomes deposited with the ATCC on July 20, 1993 and constant domains
from IgG1, or the variable domains of monaclonal antibody comprising the sequences of SEQ ID NO- 10 (Figures
7A-B) and SEQ ID NO: 14 (Figurcs 8A-B). In another embodiment, 2 D790 antibody of the invention binds 10
the samne epitope on CD79b bound by another CD79b antibody (ie., CB3.1 (BD Biosciences Catalog #555678; San
Jose, CA), ATI05-1 (AbD Seroiee Catlog #MCAZ208:; Raleigh, NC), AT107-2 (ABD Serotec Catalog
#MCAZ209), anti-buman CD79b antibody (BD Biosciences Catalog #357592; San Jose. CA).

[0362]  In another aspect, a CD79b antibody of the invention binds 1o an epitope on CD79h distinet from
an gpitope bound by another CD79b antibody. In another embodiment, a CD79% antibody of the invention binds 1o
an eptiope on CD79b distmet from an epitope bound by the Fab fragment of, monoclonal antibody generated from
HB1}413 hybridomas deposiled with the ATCC on July 20, 1993, monocional antibody comprising the varable
domains of SEQ 1D NO: 10 {Figures 7A-B) and SEQ ID NO: 14 (Figures 8A-B), or chimeric antibody comprising
the variable domain of either antibody generated fom HB11413 hybridomas deposited with the ATCC on July 20,
1993 and constant domains from lg(l, 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 embodment, a CD7%b antibody
of the jnventior binds 1¢ an epitope on CD79b distinet from an epiiope on CD79b bound by another CD79b
antibody (Le., CB3.1 (BD Biosciences Calalog #555678; San Jose, CA), ATI05-1 {(AbBD Serotec Canlog
#MCAZ2208; Raleigh, NC}, ATI07-2 (AbD Serotec Catalog #MCAZ209), anti-human CD79%h antibody (BD

Biosciences Catalog #557392; San Jose, CAY).

[0363] 1n another aspect, 2 CD79b antibody of the invention is distinct from (ie. it is not) & Fab
fragment of, the monoclonal antibody generated from kybridemas deposited with the ATCC as HE11413 on July 20,
1993, the monotional antibody comprising the variable domains of SEQ ID NO: 19 (Figures 7A-B) and SEQ ID
NQO: 14 (Figures 8A-B), or chimeric antibody comprising the variable domain of antibody generated from
hybridomas deposited with the ATCC 2s HB11413 on July 20, 1993 and constant domains -from g1, or ihe
variable domains of menoclonal antivody comprising the sequences of SEQ ID NQ: 19 {Figures 7A-B) and SEQ ID

NO: 14 (Figures 8A-B). In another embodiment, 2 CD7%H antibody of the invention is distingt Fom (i.e., it is nota
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Fab fragment of another CD79% antibody ((i.e., CB3.1 (BD Biosciences Catalog #535678; San Jose, CA). AT105-]
{AbD Serotec Caialog #MCA2208: Raleigh, NCJ, ATI107-7 (AbD Serotec Cawlog #MCAZ209), ant-human
D79 antibody (BD Biosciences Catalog #357592; San Jose, CA)).

[0364] In one aspect, an amibody of the invention specificaily binds to CD79b of 2 first animal species,
and does not specifically bind 10 CD79h of & second animal species. In one embodiment, the first animal species i
human andfer primate (e.g., cynomolgus monkey}, and the second animal species 1s murine (e.g., mouse) and/or
canine, In ore embodiment, the first animal species is human. I one embodiment. the first ammal species is
primate, for example cynomoleus monkey, In one embodiment, the second animal species is murine, for example
mouse. In one embodiment, the second animal Species is canine.

[0363] In ome espect, the invention provides compositions comprising one or more antibodies of e
invention and 2 carrier. In one embodiment, the carter is pharmaceutically accepiable.

{0366] In one aspect, the invention provides nucleic acids enceding a CD7% antibody of the invemion,

[0367] in one aspect, the invention provides vectors comprising 2 nucleic acid of the Invention.

[0368] In ope aspect, the invention provides host cells comprising 2 nucleic acid or 2 veetor of the
mvention. A vecior can be of any type, for example a recombinan! vector such as an expression vector, Any of a
variety of host cells can be used. In one embodiment, a hogt cell is a prokarvotic cell. for example, £, coli. In one
embodiment, 2 host cell is a eukaryotic cell, for example & mammalian celi such as Chinese Hamster Gvary {CHO)
cell.

[0369] It one aspect, the invemtion provides methods for making an antibedy of the inventipn. For
example, the invention provides a method of making a CD79b antibody (which, as defined herein meludes firll
tength and fragments thereof), said method comprising expressing in a suitable host cell 2 recombinant vector 01 the
invention encoding said antibody {or fragment thereof), and recovering said antibody.

[0370] In one aspect, the mvertion provides an article of manufacture comprising 2 container; and a
composition centzined within the container, wherein the COmposition comprises one or more CD79b antibodies of
the invention. In one embodiment, the COmPosilion comprises a nucleic acid of the invention. In one embodiment,
4 composition comprising an antibody further comprises a carrier, which in some embodiments ig pharmaceutically
acceptable.  In one embodiment, an article of manufaciure of the mvention further comprises instructions for
administering the composition (e.g., the antibody) to a subject.

[0371] 1In ome aspect, the invention provides 2 kit comprising a firs! contaimer COMPIising a compasition
comprising one or mare CD79h antibodics of the mvention; and a second container comprising a buffer. In one
embodiment, the buffer is pharmaceltically acceptable. In one embodiment, & composilion COmPrising an
antagonist antibody further comprises a carmier, which in some embodiments is pharmaceutically acceptable. In one
embodiment. a kit Further comprises mstructions for adminisiering the compositon (e. g., the antibody) 10 2 subject.

[0372] In one aspect, the invemion provides use of a CD79% antibody of the invention it the preparation
of 2 medicament for the therapeutic andior prophiylactic treatment of a discase, such as a cancer, 2 umor andior a
cell profiferative disorder. In one embodiment. cancer. wmor andior cell proliferatve disorder is selected from

lymphoma. non-Hodgkins lymphoma (NHL), ae garessive NHL, relapsed aggressive NHL, relapsed indolent NHL,
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refractory NHL, refractory indalent NHL, chronic lymphocytic leukemia {CLL), small lymphocytic tvmphoma,
teukemia, hairy cell leukemia (HCL), acute lvmphocytic leukemia {ALL}, and mantle cell tymphoma.

[0373] In ome aspect, the mvention provides use of a nucleic acid of the invention in the preparation of &
medicament for the therapeutic and/or prophylactic treatment of a disease, such as a cancer, a twmor and/or 2 ceil
proliferatve disorder.  In one embodiment. cancer. tumor andior cel prolifezative disorder is selecied from
lymphoma, non-Hodgkins tvmphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indotent NHL,
refractory NHL, refractory indolent NIIL. chronic lymphocytic leukemia (CLL), small lymphocvtic lymphoma,
leukemia, hairy cell leukemia (HCL). acute fvmphocytic leukemia (ALL), and mante cell lymphoma.

[0374] In one aspect, the mvention provides use of an expression vector of the mvention in the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a disease, such as g cancer, a
wmor and/or  cell profiferative disorder. In one embodiment, cancer, tuthor andor cell proliferative disorder is
sclected from lymphoma, non-Hodgkins iymphoma (INHL). aggressive NHL, relapsed aggressive NHL, relapsed
indolent NHL, refractory NHL, refractory indolent NHL, chronic lymphocyiic leukensa (CLL), small Tymphocytic
lymphoma, feukemia, bairy cell leukemia (HCL), acute lymphocviic levkemia (ALL), and mantle celf lymphoma,

[0375] In ome aspect, the invention provides use of 2 host cell of the invention in the preparation of a
medicament for the therapeutic and/or prophylactic teatment of a discase, such as a cancer, a umor and/or a cell
probierative disorder. In ome embodiment, cancer, tumor endior cell proliferative disorder is selected from
tymphome, pon-Hodgking lymphoma (NHL}, aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL,
refractory NHL, refractory indolent NHL, chronic iymphoeyiic leukernia (CLL), small lymphoeytic lymphoma,
ieukemia, bairy cell teukertia (HCL), acute lvmphocytic leukemia {ALL), and mante cell Iymphoma,

[0376] In one aspect, the mvention provides use of ap article of manufacture of the mvention in the
preparation of a medicamem for the therapeutic andior prophylactic treatment of & disease, such as a cancer, 2
tmor and/or a cell proliferative disorder. In one embodiment, cancer, tumor andlor cell proliferative disorder is
selecied from lymphoma, non-Hodgking Iymphoma (NHL). aggressive NHL, relapsed aggressive NHL, relapsed
indolent NHL, refractory NHL, refractory indolent NHL, chronic tymphocyte leukemia (CLL), small lymphoeytic
tymphoma, leukemia, hairy cel! leukemia (HCL), acute tymphocytic leukemia (ALL), and mantie cell tymphoma,

[0377) In one aspecl, the invention provides use of a kit of the invemtion in the preparation of &
medicament for the therapeutic and/or prophylactic treatment of a disease, such as a cancer, 2 mmor and/or a cell
proliferative disorder. In one embodiment, cencer, wmor and/or cell proliferative disorder is selected from
lymphoma, non-Hodgkins lymphoma (NHL), aggressive NHL, relapsed aggresgive NHL, relapsed indolent NHL,
relraclory NHL, refractory indelent NHL, chromice Eymphocyléc leukemia (CLL), small tymphocytic lymphoma,
leukemia. hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL), and mantle cell lymphoma.

[0378] In one aspect, the mvention provides & method of mhibiting the growth of & cell that expresses
CD79b, said method comprising contacting said cell with an antibody of the invention therehy causing an hibition
ol growth of said cell. in one embodiment, the antibody is conjugated 1o a cytoloxic agent. In one embodiment, the
antibody is conjugated 10 a growth inhibitory agent.

[0379] In ome aspect, the invention provides a method of therapattically treating 2 mammal having =
cancerous mor comprising a cell that expresses CD79b, said methed comprising administering to said mammal &
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therapemtically effective amount of an antibody of the invention, thereby effectively treating said mammal. n one
embodiment. the antibody is conjugated 10 a cylotoxic agent. In ome embodiment, the antibody is conjugated © &
growth inhibitory agent.

[0380] 1In ome aspect, the nvention provides @ method for ireating 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 amourt of an antibody of the invention, thereby effectively Ireating or preventing said
cell proliferative disorder. In one embodiment. said proliferative disorder is cancer. I one embodiment, the
antibody is cormjugated to a ¢ylotoxic agent. In one embodimen, the antibody is conjugated 10 a growth inhibitory
agent

[0381] In one aspect, the invention provides a method for mhibiting the growik of  cell, wherein growth
of said cell is a1 least in part dependent upon a growth potentiating effect of CD79h, said method COMpPTISINg
comacting said cell with an effective amount of an antibody of the invemion, thereby mkbibiting the growth of said
cell, n one embodiment, the antibody is conjugated w 2 cyotoxic agent. In one emhodiment, the antibody 1s
conjugated 1o a growth inhibitory agent.

[U382) In ome aspect, the invention provides a method of therapeutically weating 2 tumor in a mammal,
wherein the growih of said tumor is at least in part dependent upon a growth Dotentiating effect of CD79b, said
methed comprising contacting said cell with an effective amount of an antibody of the invention, thereby effectively
Lreating said tumor. In one embodiment, the antibody is comugated 10 a CY1010XiC agent. In one embodiment, the
antibody 1s conjugated o & growth mhibitory agent.

[U383] In one aspect, the invention provides & method of treating cancer comprising administering 10 a
patient the pharmaceutical formulation comptising an immunoconjugate described herein, acceptable diluent,
carmier or excipient. In one embodiment. the cancer is seiected from the lymphoma, non-Hodgking lyvmphona
(NHL)}, aggressive NHL, relapsed aggressive NHL., relapsed indolent NHL, refractory NHL, refractory indolemt
NHL. chronic lymphocytic leukemia (CLL), small lymphocytic iymphoma, leukemia, hairy cell leukemia (HCL),
acule lymphocytic leukemia (ALL) and mantle cell lymphoma. In one embodiment, the palient 13 administered a
CYIOoXIC agent in combination with the antibody-drug conjugate compound.

{03841 In one aspect, the invention prevides a method of inhibiting B cell proliferation comprising
exposing 2 cell to an immunoconjugate comprising an antibody of the invention under conditions permissive for
binding of the immunoconjugate 1o 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, relraclory indolent NHL., chronic lymphocyiic leukemia (CLL). small lymphoewiic lymphoma, leukenia,
hairy cell leukemia (HCL), acute lymphocytic leukemia (ALL) and mantle cell iymphoma. In one embodiment, the
B cell is a xenografi. In one embodiment, the expasing takes place in vitro, In one embodiment, the exposing 1axes
place in vivo.

[0385] Ip one aspect, the inveniion provides a method of defermining the presence of CD70h in 4 sample
suspecied of containing CD79b, said method comprising exposing said sample 10 an amibody of the invention, end
determining binding of said antibody to CD790 in said sample wherein binding of said antibody to CD79b in said

sample is indicative of the presence of said protein in said sample. In one embodiment, the sample is 2 biological

o
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sarmple. In a further embodiment, the biological sample comprises B cells. In one embodiment. the biological
sampie is from 2 mammal experiencing or suspected of experiencing a B cell disorder and/or a B cell proliferative
disorder inchuding, bul not limited 10, {ymphoma. non-Hodgkin's tymphoma (NHL), aggressive NHL. relapsed
aggressive NHL, relapsed imdolemt NHL. refractory NHL. refractory indolent NHL, chronic tymphocytic leukemia
(CLL). smail lympbocytic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphoceyiic leukemia (ALL} and
mantie cell lymphoma.

{0386] In ome aspect. a method of diagnosing 2 cell proliferative disorder associated with ap ncrease 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 amibodies; determining the level of amibody bound 10 test cells in the sample by
detectmg binding of the antibody to CD79b; and comparing the level of antibody bound o cells in 2 control sampie,
wherein the level of amibody bound s normalized o the number of CD7%b-expressing cells in the test and contro}
samples, and wherein a higher level of antibody bound in the test sample as comnpared fo the control sample

indicates the presence of & cell proliferative disorder assecimed with cells expressing CID79b,

[0387] In one aspect, & method of detecting soluble CD79b in blood or serum. the method COmprising
contacting a test sample of blood or serum from & mammal suspected of expeniencing a B cell proliferative disorder
with an anti-CD79b antibody of the invention and defecting a increase in soluble CD79 in the test sample relative
1o 2 control sample of blood or serum from a normal mammal. In an embodiment, the method of deteciing is useful
as 2 method of diagnosing a B cell proliferative disorder associated with an increase in soluble CD79h 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 CD79h,
said method comprising coptacting said cell with an antibody of the invention. In vne embodiment, the anibody is
conjugated to a cyiotoxic egent. In one embodiment, the antibody is conjugated to a growth inhibitory agent,

[0389] Methods of the invention can be usad 1o affect any suitzhle pathological state, for example, cells
and/or tissues associated with expression of CD79b. In one embodiment, a cell that is targeted i & method of the
mnvention is @ hematopeietic cell. For example, a hematwpoietic cell can be one selecied from fhe group consisting
of a lvmphocyte, leukocyte, platelet, erythrocyte and naturai killer cell. In one embodiment, a cell that is targeted in
a method of the invention is a B cell or T cell. In one embodiment, a cell that 15 targeted i a method of the
invention is a cancer cell. For example, a cancer cell can be one selected from the group consisting of a lymphoma
cell, leukemia cell, or myeioma eell

{0390} Methods of the invention can further comprise additional treatment steps. For example, in one
embodiment, & method further comprises a step wherein a targeted cell and/or tissue {e.g., a cancer cell) is exposed
1o radiation treatment or a chemotherapeutic agent.

{03911  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.z., a cancer cell} is one 0 which CD79b is
expressed as compared 1o 2 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 1o 2 normal non-cancer cell of the same tissue wpe. In

one embaodiment, 2 method of the invention causes the death of a targeted cell.
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[0392] 1In other aspects of the present mvention, the Inventon provides vectors comprising DNA
encoding any of the herein deseribed antibodies. Host cell compnsing any such vector are also provided. By way
of example, the host celis may be CHO cells, £ coli celis. or yeast cells. A process for producing any of the herein
described amibodies 1s further provided and comprises culturing host cells under conditions suitable for expression
of the desired antibody and recovering the desired antibody from the cell eultwre.

[0393] Ina still further aspect, the invention concerns a composition of matter comprising an anti-CD79
antibody as described herein, in combination with a carrier, Optionally, the carrier is 2 pharmaceutically acceptable
carrier,

[0394]  Another aspect of the presemt invemtion is directed o the use of ap anti-CD79b polypeptide
antihody as described herein, for the preparation of a medicament useful m the weatment of a condition which i
responsive 1o the anti-CD79b polypeptide antibody.

[0395}  Another aspect of the invention is 2 COMmPOSIlion comprising a mixture of antibody-drug
compounds of Formula I where the average drug loading per antibody is about 2 1o about 5. or about 3 to about 4.

[0396] Another aspect of the invention is & pharmaceutical composition including a Formula I ADC
compound, a mixiure of Formuia I ADC compounds, or 2 pharmaceutically acceptable salt or soivate thereof, and 2
pharmaceutically acceptable diluent, carrier, or excipient,

[0397] Another aspect provides & pharmaceutical combination comprising a Formula I ADC compound
and a second compound having anticancer preperties or other therapeutic cffects.

[0398]  Another aspect is & method for killing or mhibiting the proliferation of tumor cells or cancer cells
comprising treating the cells with an amoum of an antibody-drug covjugate of Formuia L or a pharmaceutically
acceptable salt or solvate thereof, being effective 1o kill or inhibit the proliferation of the wmor cells or cancer celis,

[0399] Asnother aspect is 2 method of irealing cancer comprising administering 1w a natient a

. therapeutically effective amount of z pharmaceutical composition including & Formuta I ADC.

[0400]  Another aspect includes articies of manufacume, ie. kits, comprising an antibody-drug conjugate,
a container, and a package insert or label mndicating a ircaiment.

[0401]  An aspect of the invention is a method for making a Formula I antibody drug conjugate
compound comprising the sieps of: (a) reacting an engineered cysteine group of the cysteine engineered antibody
with 2 linker rezgent o form antibody-linker intermediate Ab-L; and (b} reacting Ab-L with an activated drug
molety D; wherehy the antibody-drug conjugate is formed: or comprising the steps of: (¢} reacting a nucleophilic
group of a drug molety 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 conjuga is formed.

[0402]  An aspect of the invemtion is an assay for detecting cancer cells comprising: (aj exposing cells to
a cysieine engineered anti-C79b antibody-drug conjugate; and (b) determining the extant of binding of the

cysteine engineered anti-CD7%b antibody-drug conjugate compound 10 the cells.



A Ani-CD79b Antthodies

{403} In one embodimen, the presem Invention provides anti-CD79b antibodies which may find use

herein as therapeutic agents, E xemplary antibodies melude polyclonal, monoclonal, humanized, bispecific, and
heteroconjugate antibodies,

1. Potvclonal Antibodies

{0404} Polyclonal antibodies are preferably raised in animals by multipie subcuteneous (sc) or
intraperfioneal (ip) injections of the relevam antigen and an adjuvant. It may be useful w0 conjugate the relevant
antigen (especialiy when syathetic peplides are used) to 2 protein that is immunogenic in the species 10 be
immmmnized. For example, the antigen can be conjugated 1o kevhole limpet hemocyarin { KLH), serum albumin,
hovine thyroglobulin. or sovbean trypsin nhibitor. using & bifunctional or denvatizing agent, e.g..

maieimidobenzoyl sulfosuceinimide ester ¢ conjugation through cysteine residues), N- -bydroxysucemimide (through

lysine residues). glutaraldehvde, succinic anbydride, SOClz, or R N—C—NR, where R and R are diff Terent alkyl
groups.

[0405] Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, €.g.. 100 ug or S ug of the protein or conjugate (for rabbits or mice, respectively) with 3 volumes of
Freund's complete adjuvam and imjecting the solution intradermally at multiple sites. One month later, the animals
are boosted with 1/5 10 1/10 the original amount of peptide or conjugate in Freund's complete adjuvant by
subcutaneous injection at multiple sites, Seven to 14 days later, the animals are bled and the serum 1s assayed for
antibody titer. Animals are boosted unt! the tjter plateaus. Conjugates also can be made in recombinant cell
culture as protein fusions. Also, aggregating agents such as alum are suitably used 16 enhance the immune TespoTse.

2, Monoclonat Amibadies

[0406] Monoclonal antibodies may be made using the hybridoma method first described by Kobler et al,
Nature, 256:495¢1973), or may be made by recombinant DNA methods {U.S. Patent No. 4.816,567).

[0407) In the hybridoma method, a mouse or other appropriate host znimal, such as a hamster, is
immunized as described above 1o aljcit lymphocytes that produce or are capable of producing antibodies that will
specifically bind 10 the protein used for imsmunization. Allernatively, lymphocytes may be immunized in viro.
Alfier immunization, lymphocyies zre isolated and then fused with a myeloma cell line using z suitable fusing agent,
such as polyethylene glycol, o form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice,
pp-59-103 (Academic Press, 1986)).

[0408] The hybridomsa cells thus prepared are seeded and grown in 2 suitable culture medium which

medium preferably contains one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells (also referred 10 25 fision pariner). For example, if the parental myeloma cells lack the enzyme
bypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the selective culture medium for the
hybridomas typically will include hypoxanthine, aminoplerin, and thymidine (HAT medium), which substances
prevem the growth of HGPRT-deficient cells.

[0409} Preferred fusion partner myeloma cells are those that fuse cfciently, support stable high-level
production of entibody by the selegied antibody-producing cells, and are sensitive 10 4 selective medium that selects

against the unfused parental cells. Preferred myeloma cell ines are murine myeioma lines, such as those derived
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from MOPC-21 and MPC-11 mouse mmors availabie from the Salk Tnstitute Cell Dismibution Center, San Diego,
California USA. and SP-2 and derivatives €.g.. X63-Ag8-653 cells available from the American Type Culmre
Collection, Manassas, Virginie, USA. Human myeloma and mouse-human heteromyeloma cell lines alse have

been desceribed for the production of human monoclonal antthbadies (Kozbor, ] Immunol., 133:3001 (1984): and

Brodeur et al, Monocional Antibody Production Techpigues and Apphications, pp. 51-63 (Marcel Dekker, Inc.,
New York, 1987)).

[(410] Culture medium in which hybridoma eslis are growing is assayed for production of monoclonal

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced by
hybridoma celis is determined by immimoprecipitation or By an in vivro binding assay, such as radioimmunoassay
{RIA) or enzyme-tinked immunosarbent assay (ELISA).

[0411] The binding alfinity of the monoclonal antihody can, for exampie, be delermined by the

Scatchard analysis described in Munson et al., Apal. Bigghem., 107:220 (1980).

[0412] Once hybridoma cells thar produce antibodies of the desired specifieity, affinity, and/or activity
are dentified, the clones may be subclomed by limiting dilution srocedures and grown by standard methods {Goding,

Monocional Antibodies: Principles and Practice. pR.59-103 (Academic Press, 1986)), Suitable culture media for

this purpose include, for exampie, D-MEM or RPMI-1640 medinm. In addntion, the hybridoma cells may be grown
fri vivo as ascites mmors in ap animal .2, by ip. injection of the celis into mice,

[0413] The monoclona! antibodies secreted by the subclones are suitably separaied from the culiure
medium, ascites fluid, or serum by conventional amibody purification procedures such as, for example, affinity
chromatography (e.g., using protein A or protein G-Sepharose) or ion-exchange chromatography, hydroxyiapasise
chromatography, gel electrophoresis, dialysis, ete.

{04]14] DNA encoding the monocional anxibodies is readily isolated and sequenced using conventiona)
procedures {e.g., by using oligonucleotide probes that are capabie 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. Onee
1solated, the DNA may be placed inte expression veciors, which arc then transfected nto host cells such as £ coli
cells, simian COS ceils, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise produce
antihody protein, to obtain the synthesis of monoclonal antibodies in the recombinant host celis, Review articles on
recombinant expression in bacteriz of DNA encoding the antibody include Skerre et al.. Curr, Opinion in Jmmumol.
5:236-262 (1993) and Plickthun, Immupol. Revs. 150:151-188 (19923,

[0415] In a further embodiment, monoclonal antibodies or antibody fragments can be isolated from

antibody phage libraries generated using the technigues described in MeCafferty et al, Nature, 348:552.554 {1990,
Clackson et al., Nature, 352:624.628 (1991} and Marks et al., 1. Mol. Biol, 222:581.597 {1991) describe the

isotation of murine and human amibodies, respectively, using phage Libraries, Subsequent publications describe the
production of high affinity (nM range) human antibodies by chain shuflling (Marks ef al, Bio/T: echnology, 10:776-
783 (1992)). as well as combinatorial infection and i vivo recombination as & swategy for constructing very large

phage libranes (Waterhouse et al, Nuc, Acids Res 2102652266 (1993)). Thus, these wechniques are viahle

alternatives to traditiona! monoclonal aniibody bybridoma technigues for isolation of monoclonal amtibodies.
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{0416] The DNA that encodes the aniibody may be modified to produce chimeric or fusion antihody
polypeptides, for example, by substituting human beavy chain and Light chain constani domsin {Cy and C)

sequences for the bomolegous murine sequences (U.S. Patent No. 4,816.567; and Morisorn, et al., Proc. Natl Acad.

Sci. 1ISA, BLi6BST (1984, or by fusing the immunegiobulin coding sequence with all or part of the coding
sequence for a non-immunoglobubin polypeptide ( heterologous polvpeptide}. The non-immunoglobulin polypeptide
sequences can substitute for the constant domains of an antibody, or they are substituted for the varabie domains of
one antigen-combining site of an antibody fo create a chimeric bivalent antibody comprising one antigen-combining
site having specificity for an antigen and another antigen-combining site having specificity for a different amigen.

3. Human and Huomanized Antibodies

[0417] The anti-CD79 antibodies of the invention may further comprise bumanized antibodies or
human antibodies. Humanized forms of non-human {e.g.. murine} antibodies are chimeric immunoglobulins,
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-human immunoglobulin, Humanized antibodies
include buman immunoglobulins (recipient antibody; in which residues from a complementary determining region
(CDR) of the recipient are replaced by residues from 2 CDR of a non-fuman 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 antibodies may also
comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework
sequences. In geperal, the bumanized amibody will comprise substantially all of at least one, and typically 1wo,
variable domains, in which 2} or substantiaily all of the CDR regions correspond 1o those of a pon-Tuman
immunoglobulin and all or substantially all of the FR regions are those of & human immunoglobuiin consensus
sequence. The humanized antibody optimally also will compise at keast a porfion of an immunogiobulin constant
region (Fc}, typically that of a human immuznoglobulin [Jones et al., Nature, 221:522-525 (1986); Riechmenn et al.,
Nature, 332:323-329 (1988); and Presta, Curr. On. Struct. Biol . 2:593-356 (1992)].

[(0418] Methods for humanizing non-human antibodics are weil known in the art Generally, a

himanized antibody has one or more amino acid residues introduced imo it from a source which is non-human,
These non-human amino acid residues are often referred 1o as “import” residues, which are typically taken from an
“itnport™ variable domain  Humanization can be essentially performed foliowing the method of Winter and co-

workers [Jones et al,, Nature, 321:522-525 (1986); Riechmann et al., Natre, 332:323-327 {1988); Verhoeyen e1 al,

Science, 239:1534-1536 (1988)], by substituting rodent CDRs or CPR sequences for the corresponding sequences
of a human antbody, Accurdingly, such "humanized” antibodies are chimeric antibodies (1S, Patent No.
4.816,567), wherein substantially less than an intct human variable domain has been substituted by the
corresponding sequance from 2 nop-human species.  In practice, humanized antibodics are wypically humap
antibodies in which some CDR residues and possibly some FR residues are substituted by residues from analogous
sites m rodent antibodies,

(0419} The choice of buman variable domains, both tight and heavy, 1o be used in making the bumanized
antibodies is very important to reduce antigenicity and HAMA response (human anti-mouse antibody) when the
antibody is intended for humarn therapeutic use. Reduction or ctimination of a HAMA response is a significant
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aspect of clinical development of suitable therapeutic agents. See. ¢.g.. Khaxzaeli et al,, ] Natl. Cancer Inst. (1988),
RO:937; Jaffers et al, Transplantation (1986}, 41:372; Shawier et a1, J. bnmunal. {1985). 135:1530,; Sears et al., I
Biol. Response Mod. (1984), 3:138; Miller et al.. Blood (1983}, 62:98%8; Hakimi er al., J. Immunel. (1991 N

147:1332; Reichmann et al., Natre {1988}, 332:323; Junghans & al., Cancer Res, (1980G), 50:1495.  As deseribed

a

herein, the invention provides antibodies that are humanized such that HAMA response is reduced or eliminated,
Variants of these antibodies can further be obtained using rémine methods known in the art, some of which are
further described helow. According 10 the so-called "best-fit" method, the sequence of the vaniable domain of a
rodent antibody is screened against the entire library of known human variable domain sequences. The human V
domain sequence which is closest 10 that of the rodent is identified and the human framework regmon {FR} within #

accepted for the humanized antibody (Sims et al, J Imrnunol 1512796 (1993); Chothia ef al., | Mol Biol.,

196:901 (1987)). Another method uses a particular framework region derived fom the consensus sequence ol 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, Na1l Acad. Sei USA, 89:4285 (1992} Presta ot al.. J_Immunol.
151:2623 (19931,

{04207  For example, an aming acid sequence from an antibody as described herein can Serve s & starling

{parent) sequence for diversification of the framework and/or hypervariable sequence(s). A selecied framework
sequence to which a starting hypervariable scquence is linked is referred 1o herein as an acceptor buman framework,
While the acceptor buman fameworks may be from, or derived from. a hyman immunoglobulin (the VL and/or VH
regions thereof), preferably the acceplor human frameworks are from, or derived from, a human consensus
framework sequence as such frameworks have been demanstrated to have minimal. or a0, Immunogenicity in
human patients,

[0421] Where the acceptor is derived from a buman immunoegiobulin, one may oplionally select a human
framework sequence that is selected based on its homology 1o the doner framework sequence by aligning the donor
[ramework sequence with varions human framework sequences in a collection of human framework sequences, and
scleet the most homologous framework scguence as the accepior.

[0422]  In one embodiment, human consensus frameworks herein are from, or derived from, VH
subgroup 11 and/or VL kappa subgroup I consensus framework sequences.

[#423] Thus, the VH aceeptor human framework ray comnprise one, two, three or all of the following
framework sequences:

FRI comprising EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 143),

FR2 comprising WVRQAPGKGLEWY (SEQ ID NO: 144,

FR3 compriging FR3 comprises RFTISX ,DXESKNTXEYLQMNSLRAEDTAVYYC (SEQ IDNQ: 147), wherein
X isAOrR, X.isTor N, and X isAorL,

FR4 comprising WGQGTLVTVSS {5EQ 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: 109-11 Ik
kumar VH subgroup Il consensus framework minus Kabat CDRs (SEQ 1D NO- 112y
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human VH subgroup If consensus framework minus exiended hypervariable regions (SEQID NOs: 113-115);
human VH subgroup 111 consensus framework minus Kabat CDRs (SEQ ID NO» 116},
buman VH subgroup IIf consensus framework minus extended hypervariable regions (SEQ ID NO: 1171 AR
hurpan VH accepior framework minus Kabat CDRs (SEQ ID NG: 1200
human VH aceeplor framework minus extended bypervariable regions ( SEQ ID NOs: 121-122);
boman VH accepior 2 framework minus Kabat CDRs {(S5EQ ID NO: 123); or
human VH acceptor 2 framework minus extended bypervariable regions ¢ SEQIDNOs: 124-126),

{0425]  In one embodiment, the VH acceplor human framework comprises one, two, three or all of the
following framework Sequences:
FRI comprising EVQLVESGGGLVOPGGSLRLSCAAS (SEQ ID NO: 143,
FRZ comprising WVRQAPGKGLEWYV {SEQ ID NO: 144y,
FR3 comprising RFTISADTSKNTAYLOMNSLRAEDTAVYY C(5EQ D NO: 145),
RFTISADTSKNTAYLQMNSLRAEDTAVYYCA {SEQ ID NO: 148),
RFTISADTSKNTAYLQMNSLRAEDTAVYYCAR {S5EQ ID NO: 149,
RFTISADTSKNTAYLQMNSLRAEDTAVYYCS {SEQ D NO: 150), or
RFTISADTSKNTAYLQMNSLRAEDTAVYYCSR ( SEQ D NO: 151)
FR4 comprising WGQGTLVTVSS (SEQ ID NO: 148},

[0426] The VL acceptor human framewark may comprnse one, tweo, three or all of the following
framewozk sequences:
FRI comprising DIQMTQSPSSLSASVGDRVTITC ¢ SEQ ID NO: 1393,
FR2 comprising WYQQKPGKAPKLLIY ¢ SEQ ID NQO: 1409,
FR3 comprising GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC {(SEQ ID NO: 141},
¥R4 comprising FGQGTKVEIKR (SEQ ID NO: 142},

[0427] Examples of VL consensus frameworks include:
human VL kappa subgroup I consensus framework {SEQ ID NO: 127);
human VL kappa subgroup I consensus framework {SEQ IDNQO; 128
buman VL kappa subgroup 1! consensus framework (SEQ ID NC: 1293 or
buman V1 kappa subgroup IV consensus framework (SEQ ID NO: 1307

(04287 While the acceptor may be identical in sequence 1o the buman framework sequence selecied,
whether that be from a human mmmuneglobulin or a human consensus framework, the present invention
contemplates that the acceplor sequence Inay cOmprise pre-existing amino acid substitztions relative 10 the human
immunoglobulin sequence or human consensus framework sequence. These pre-eXisting substitutions are
preferably miinimal; usually four, three, two or ome amino acid differences only refative 10 the buman
mmmunoglobulin sequence or consensus framework sequence.

[0429] Hypervariable region residues of the non-human antibody are incorporated into the VL andior VH
acceptor human frameworks, For example, one may incorporate residuss corresponding 1o the Kabat CDR residues,

the Chothia hypervariable loop residues, the Abm residues, andior comaet residues. Optionally, the extended
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hypervariabie region residues as follows are ncorporaled: 24-34 {L.1), 30-36 {L2) and 89.97 (L3}, 26-35B (H1), 50-
65, 47-63 or 49-65 (H2) and 93-102, 94-102, or 93-102 (H3).

[0430]  While “incomporation’ of bypervariable region residues is discussed herem, it will be appreciated
that this can be achieved i various ways, for example, mucleic acid encoding the desired amino acid SEQuence can
be generated by mafating nucleic acid encoding the mouse varizhle domain sequence so that the framework
residues thereof are changed 10 acceptor human framework residues, or by mutating nucleic acid encoding the
human variable domain sequence so that the hypervariable domain residues are changed 1o non-human residues, or
by synthesizing nucleic acid encoding the desired sequence, et

[0431] I the exampies hercip. bypervariable region-grafied variants were generated by Kunkel
matagenesis of nucleic acid encoding the human acceptor sequences, using a separate oligonucieotide for each
bypervariable region. Kunkel er al, Methods Enzvmol. 154:367-380 (1987).  Appropriate changes cun he
introduced within the framework and/or hypervariable region, using routine techniques, 10 correct and re-establish
proper hypervariable regior-anti gen imeractions,

[0432]  Phage(mid) display (also referred lo herein as phage display in some contexts) can be used as a
convenient and fast method for generating and screening many different poteniial variant antibodies in 2 library
generated by sequence randomvization. However, ather methods for making and screening aliered antibodies are
available to the skilled person.

[0433) Phage(mid) display technology has provided & powerful ool for generating and sclecting novel
proteins which bind fo a ligand, such as an antigen.  Using the techniques of phagetmid) display allows the
generation of large libraries of protem variants which can he rapidly sorted for those sequences (hat bind 10 a targer
molecule with high affinity. Nugleic acids encoding variant polypeptides are generally fused 1o 2 nucleic acid
sequence encoding a viral coat protein, such as the gene I protein or the gene VIII protein. Monovalent phagenid
display systems where the nucleic acid sequence encoding the protein or polypeptide is fused to @ nucleic acid
sequence encoding a portion of the gene T prowein have been developed. (Bass, S. Proweins, 8309 (1990y,
Lowman and Wells, Methode: 4 Companion 10 Methods in Enzvmology, 3:205 (1991}}. In a monovalent phagemid
display system, the gene fusion is expressed at low levels and wild type gene IH proteins are also expressed so thai
mnfectivity of the particles is retzined. Methods of generating peptide libraries and screening those libraries have
been disclosed in many paterts (e.g. U.S. Patent No. 5,723.286, U.S. Patent Ne. 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 antiger: binding polypeptides have been prepared in 2 number of ways
including by altering a single gene by inserting random DNA sequences or by cloning a amily of relaled genes,
Methods for displaying amibodies or antigen binding fragments using phage{mid) dispiay have been described in
U.S. Patent Nos. 5,.750.373, 5,733,743, 3. 37.242, 5969108, 6,172,197, 5,580,717, and 3,658,727, The library is
then screened for expression of amibodies ar antigen binding proteins with the desired characteristics,

[0435] Methods of subgtituting an amino acid of choice into a wemplate nucleic acid are well established
irr the art, some of which are describad herein. For example, hypervariable region residues can be substituted using

ke Kunkel method, See, ¢. g.. Kunkel er al, Methods Enzymol 154:367-382 {1987).



[0436] The sequence of oliganucleotides includes one or more of the designed codon sets for the
bypervariable region residues 1o be aliered. A codon set is a set of different nucleotide Iriplet sequences used io
encode desired variant amino acids. Codon sets can be represented using svmbols to designate particular
nucleotides or eguimolar mixtures of nuc leotides as showzn in below according o the TUB code.

IUB CODES

[0437} G Guanine

A Adenine

T Thymine

C Cyvtosine

RiAorG)

YiCorTy

M{AorCy

K(GorTy

SCarG)

W(AorT)

HiAorCorT)

B{CorGorT)

VAaCod)

D{AerGorTH

NA{AoaCorGorT)

{0438] For example, in the codon set DVK, D can be nucleotides A or G or T, Veanbe A or G or C; and
K canbe G or T. This coden set can present 18§ different codons and can encode aming acids Ala, Trp, Ty, Lys,
Thr, Asn. Lys. Ser. Arg, Asp, Ghy, Gly, and Cys.

194397 Oligonucleotide or primer sels cap he synthesized using standard methods. A set of
ohigomucleotides can be synthesized, for cxample, by solid phase synthesis, contaming sequences that represent all
possible combinations of nucleotide triplets provided by the codon set and that will encode the desired group of

L]

amino acids. Svnthesis of oligonucieotides with seiected nucleotide degeneracy” al 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 Technoiogies, Rackville, MDy}. Therefore. a set of oligomucleotides synthesized having a
particular codon set will typically include « plurality of oligomucieotides with different sequences, the differences
established by the codon set within the overall sequence. Oligonucleotides, as used according 1o the invention, have
sequences that allow for bvbridization 10 a variable domain aucleic acid tempiate and also can include resticiion
enzyme sites for cloning purposes.

[0440] Iz one method mucleic acid stquences encoding variant aming acids can be created by
oligonucleotide-mediated mutagenesis. This technique is well known in the ar as described by Zolier er ai. Nuclgic
Acids Res. 10:6487-6504(1987). Briefly, nucleic acid Sequences encoding variant amine acids are created by
bybridizing an oligonucleotide set encoding the desired codon sets 10 a DNA lemplate, where the template is the
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singie-stranded form of the plasmid containing a variabie region nucleic acid lemplate sequence, After hvbridization,
DNA polymerase is used 1o symhbesize an entire second complementary strand of the template that will thus
incorporate the oligonucleotide primer, and will comtain the codon sets as provided by the oligonucleotide set.

(0441} Generally, oligonucleotides of at least 25 nucleotides in length are used  An optimal
oligonucleotide will have 12 1o 13 nucicotides that are completely complementary to the template on either side of
the nucleotide(s} coding for the mutationds). This ensures that the oligonucleotide will bybridize properly 1o the
singie-siranded DNA template molecule, The oligonucleotides are readily synthesized using technigues knowr in
the art such zg that described by Crea el al., Proc. Nar'l Acad. Sci, USA, 75:53765 (1978),

[0442] The DNA template 1s generated by those vectors that are either derived from bacteriophage M13
veetors (the commercially available MI3mpi8 and M1 3mp 19 vectors are suitable), o7 those vectors that comain a
stgle-siranded phage origin of replication as described by Viera er ad., Meth. Enzvmol, 1533:3 (1987). Thus, the
DNA that is 10 be mulated can be inseried 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 e al., ahove,

[0443] To alter the native DNA sequence, the oligonucleotde is hybridized 10 the single siranded
template under suitable hybridization conditions. A DNA polymerizing enzyme, usually T7 DINA, polymerase or
the Klenow fragment of DNA polvmerase I, is then added 10 synthesize the complementary strand of the template
using the oligonucleotide as 2 primer {or synthesis. A heteroduplex molecule is thus formed such that one strand of
DNA encodes the mutated form of gene 1, and the other strand (the original templae) encodes the native, unaltered
sequence of gene 1. This heteroduplex molecule is then transformed into 2 suitable hogt cell, usually a prokaryote
such as L. coli IM101.  After rowing the cells, they are plated onlo agarose plates znd screened using the
oligonucleotide primer radioiabelled with a 32-Phosphate to identify the bacterial colonies that contain the mutated
DNA.

[0444] The method described immediately above may be modified such that a homoduplex molecule 15
created wherein both strands of the plasmid contain the mination(s). The modifications are as follows: The single
stranded oligonucleotide s anncaled 1o the single-siranded template as described above. A mixture of three
deoxyribonueleotides. deoxyriboadenosine (JATP), deoxyriboguanosine (dGTP), and deoxyribothymidine {(dTT), is
combined with a modified thiodeoxyribocyviosine called dC TP-(aS) {which can be obtained from Amersham). This
mixture 18 added to the template-oligonucleotide complex. Upon addition of DNA polymerase 1o this mixture, a
strand of DNA identical 1o the template except for the mutated bases is generated. In addition. this new strand of
DNA will comain dCTP~(a8) instead of dCTP, which serves 1o protect it from reswiction endonuclease digeston.
Afier the template strand of the double-siranded keteroduplex is nicked with an appropriate Testriction enzyme, the
template strand can be digested with Exolil nuclease or another approprizie muclease past the region that contains
the site(s} o be mutagenized. The reaction is then stopped 1o leave a molecule that is onty partially single-srended.
A complete double-stranded DNA homodupiex is then formed using DNA polymerase in the presence of all four
deoxyribonucieotide triphosphates. ATP, and DNA ligase. This homeduplex molecule can then be transformed into
& suitable host cel.

[0445]  As indicated previously the sequence of the oligonucleatide set is of sufficient iength 1o hybridize
i the 1emplate nucleic 4cid and may also, but does not necessarily, contain restriction sites. The DNA emplate can
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be generaied by those vectors that are sither derived from bacteriophage M13 vectors or vectors that contain a
single-stranded phage origin of replication as described by Viera er al. Meth. Enzvmol., 153:3 (I987). Thus, the
DNA that is to be mutated must be inserted into one of these veciors in order 1o generate single-stranded tempiae.
Production of the single-stranded lemplate s described in sections 4.21-4 41 of Sambrook er af., supra.

[0446] According 10 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, 2003),
The method includes incorporaling non-human hypervariable regions onto an acceptor framework and further
imroducing one or more amino acid substitutions in one or more hypervariable regions without modifying the
acceptor framework sequence. Alternatively, the ntoduction of one or more amino acid substituiions may be
accompanied by modifications in the acceptor framewortk sequence.

[0447]  According 1o 2nother method, a library can be gencraled by providing upstream and downstream
ofigonucieotide sets, each set heving 2 plurality of oligonucleotides with different sequences, the different
sequences established by the codon sets provided within the sequence of the oligonucleotides. The upsream and
downstream oligonucleotide sets, along with a variable domain template nucleic acid sequence, can he used in a
polymerase chain reaction to generate a “library” of PCR products. The PCR products can be referred to as
“mucleic acid cassetles™, as they can be fused with other related or unrelated nucleic acid sequences, for example,
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
accessibie and highly diverse positions in a hypervariable region. As described ahove, 4 codon set is a set of
different nucleotide triplet sequences used (o encode desired variant amino acids.

[0449] Amtibody selectants that mest the desired  ¢rteria, a3 selecied through  appropriate
screening/selection steps can be isolated and cloned using standard recombinant lechniques.

[0450]  Ttis further important that antibodies be humanized with retention of igh binding aflinity for the
antigen and other favorable hiological properties. To achieve this goal, according to a preferred method, humanized
antibodics are prepared by a process of analysis of the parental sequences and various conceptual humanized
products using three-dimensional models of the parental and humanized sequences.  Three-dimensional
mmunoglobulin modeis are commonly available and are familiar o those skilled n the art. Computer programs
are available which illustrate and display probabie fhree-dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the residues
in the functioning of the candidate mmunoglobulin sequence, ie., the analysis of residues that influence the abiliry
of the candidate immunogiobulin 1o bind its antigen. In this way, FR residues can be selecled and combined from
the recipient and import sequences so that the desired antibody characteristic, such as increased affinity for the
mrgel antigen(s), is achieved. In general, the bypervariable region residues are directly ané most substantially
mvotved @ influencing antigen binding.

[0451] Various forms of a humanized ami-CD79%b amiibody are comtemplated.  For example, the
bumeanized antibody may be an aniibody fragment, such as a Fab, which is optionally conjugated with one or more
cyioloxic agenl(s) in order to generate ap immunm;onjugatc. Alternatively, the humanized aniibody may be an

intact antibody, such as an intact 1eGG1 amibody,

ot
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[0432]  As an alernative 1o humanization, human antibodies can be generated. For example, 1t is now
possible 10 produce transgenic animals {e.g., mice) that are capabic, upon immunization, of producing a fulj
repertorre 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 resuits in complete inhibition of endogenous antibody production, Transfer of the human germ-
tine immunoglobulin gene array inlo suck germ-ine mutanm mice will result in the production of human antibodies

upon antigen chailenge, See, e.g., Jakobovits et al ., Proc, Natl Agad. Sci. USA, 9G:2551] (1993}; Jakobovits et al.,

Nawre, 362:255.258 (1993); Bruggemann et al, Year in Immuno. 7:33 {19933 U.S. Paent Nos. 5,545,806,
3,569 825, 5501 669 {al) of GenPharm; 55345 807, and W 97/17852

[0453]  Alwernatively, phage dispiay technology ( MceCafferty et al, Natre 348:557.553 [1996]) can he

used to produce human antibodies and amibody fragments in virro, from immuneglobulin variahle (V } domain gene
repertoires from unimmunized donors, According 10 this technique, antibody V domain genes are cloned in-fFrame
into either 2 major or minor caar proein gene of 2 filamentous bacteriopbage, such as M13 or fd. and displaved as
functional amibody fragments on the surface of the phage particle. Because the Glamentous particie contains 2
singie-stranded DNA copy of the phage genome, szlections based on The funciional properties of the antibody also
Tesult in selection of the gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of
the properties of the B-ceil. Phage display can be performed in a vanety of formats, reviewed i, e.g., Johnson,

Kevin 8. and Chiswell, David L. Qurrent Opirdon in Stmetural Bioloev 3:564-571 (1993). Several sources of V-

gene segments can be used for phage display. Clackson et al., Nature, 352:624-628 (1991} isolated a diverse array
of ami-oxazolone antibodies from a small random combinatorial library of V genes derived from tbe spleens of
immunized mice. A repertoire of V genes from unimmunized human donors can be construcled and amithodies 10 4
diverse array of antigens ( including seif-antigens) can be isolated essentially foliowing. the tcchniths described hy
Marksetal, J Mol Biol 22158%597 (1991}, or Griffith et al, EMBO 1 12:775-734 (1993}, See, aiso. 1.S. Patent

Nos. 5,565,332 and 5,573 .905.

[0454]  As discussed above, human antibodies may also be generated by in vitro activated B cellg {see
U.S, Patents 5,567,610 and 5.229.2758).

4. Antibodvy fracments

[0455] In certain circumstances there are advantages of using antibody fragments, rather than whole
antibodies. The smaller size of the fragments allows for rapid clearance, and may lead to improved access to solid
Tumors.

{0456] Various technigues have been developed for the production of antibody fragments. Traditionally,
these fragments were derived via proteolyviic digestion of intact antibodies {see, e.g., Morimoto et al., Joumal of

Biochemica! and Bionbvsical Methods 24:107-1 17 (1992); and Brennan et al., Science, 229:81 ( 1983)). However,

4 —
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these fragmenis can now be produced directly by recombinant host cells. Fab, Fv and ScFv antibody fragments cap
alf be expressed in and secreted from £ coll, thus allowing e facile production of large amounts of these

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

Fab'-SH fragments can be directly recovered from E coli and chemically coupled 10 form F(ab')y fragments (Carter
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et al, Big/Technology 10:143-167 (19923}, According fo another approach. F(abty fragments can be isolated

direcily from recombinant host cell culiure, Fah and F(ab')y fragment with increased in vivo half-life comprising a
salvage recepior binding epitope residues are described in 1.5 Patent No. 5.869.046, Orther technigues for the
production of antibody fragmems will be apparent 10 the skilled practitioner. In other embodiments, the antibody of
choice is a singie chain Fv fragment (scFv). See WO 93/16185; U.S. Patem No 5.571.894; and U.S. Patem No,
5,587,458, Fvand sFv are the only specizs with intact combining sites that are devoid of constant regons; thus,
they are suitable for reduced ronspecific binding during in vivo use. sFv fusion proieins may be constructed 0

vield fusion of ap effector protein at either the aming or the carboxy terminus of an sFv, See Antihody Engineering,

ed. Borrebaeck, supra. The antibody fragment may alse be a “lincar antibody™, e.g, as deseribed in U S, Patent
3,641,870 for example. Such linear antibody fFagments mav be monospecific or bispecific.

5. Bispecific Antibodies

{0457} Bispecific amibodies are antibodies thatl have binding specificities for at leagt two different
epitopes.  Exemplary bispecific antibodies may bind to two different epitopes of & CD79b protein as described
kerein,  Other such anihodies may combine a CD79 binding site with a binding siie for another profein.
Alternatively, an anti-CD79b arm may be combined with an am which binds 10 a triggering molecule on a
leukocvie such ag a T-cell Tecepror molecule (e.g. CD3), or Fe receplors for 1gG (FevR), such as FcvRI (CD64),
FeyRII (CD32) and FeyRIN (CD16), so as w focus and localize cellular defense mechamsms 1w the CD79h-
expressing cell, Bispecific antibodies may also be used 10 localize cyiotoxic agenis o cells which express CD790.
These antibodies possess a CD79%-binding arm and an arm which binds the cviotoxic agent (e.g., saporin, ant-
interferon-t, vinoa alkaloid, ricin A chain, methotrexate or radivactive isotope hapten). Bispecific antibodies can be
prepared as full length antibodies or antibody fragments (e.g., F(ab")» bispecific antibodies).

[0458] WO 96/16673 describes a bispecific anti-ErbB2/ani-FeyRIT; antibody and U.S. Patemt No.
5.837.234 discloses  bispecific anti-ErbB2/anti-FeyRT antibody. A bispecific anti-ErbB2/Fon antibody is shown in
WOP8/02463. U.S. Patent No. 5,821,337 teaches 4 bispecific anti-ErbB2/anti-CD3 antibody.

[0459]) Methods for mzking bispecific antibodies are known in the art. Traditional production of fyl]
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 et al., Nature 305:537-539 (1983)). Because of the

random assortment of immunoglobulin heavy and light chains, these hybridomas {guadromas) produce a poteniial
mixture of 14 different antibody molecules, of which only one has the correct bispecific structure. Purificasion of
the correct molecule, which ig usualiy done by affinity chromatography steps, is rather curnbersome, and the
product yields are low. Similar procedures are disclosed in WO 93108829, and in Traunecker et al., EMBO 1
10:3635-365% (1991).

[0460] According  a different approach, antibody varizble domains with the desired binding
specificities (antibody-antigen combining sites) are fused to mmunoglobulin constant domamn sequences,
Preferably, the fusion is with an lg heavy chain constant domain, comprising a1 least part of the hinge, Cp2, and
Cy3 regions. It s preferred 10 have the first heavy-chain counstant region (Cyl) contaming the site necessary for
light chair bonding, present in at least one of the fusions. DNAs encoding the immunoglobulin heavy chain fusions
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and, if desired, the immunoglobulin light chain, are nserted mlo separaie expression veetors, and are co-transfected
into a switable host cell. This provides for greater flexibility in adjusting the mutual proportons of the Three
polypepude fragments in embodiments when unequal ratios of the three polypepide chams used in the construction
provide the optimum vield of the desired bigpecific antibody. It is. however, possibic 10 insert the coding sequences
for two or all three polypeptide chains inte a single expression veclor when the expression of at least wo
polvpeptide chains in equal ratios resuits in high yields or when the ratios have no significant affect on the yield of
1he desired chain combination.

[6461] In a preferred embodiment of thig approach, the bispecific antibodies are composed of & hybrid
mmunogiobulin beavy chain with a firgl binding specificity in one arm. and 2 hybrid immunoglobulin heavy chain-
g chaip pair (providing & second binding specificity) m the other arm. It was found thar this asvmmetnc
structwre facilitaws (he separstion of the desired bispecific compound from unwanted immunoglobulin chain
combinations, as the presence of an immunogiobulin light chain in only one half of the bispecific molecule provides
for & 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 in Frrvmoloov PI1:216 (1986),

{(462)  According 1o another approach described t U.S. Patem No. 3,731,168, the interface hetween a
perr of antibody molecules can be engineered 10 maximize the percemtage of heterodimers which are recovered from
recombinant cell culture. The preferred interface comprises al least & part of the Cy3 domain. In this method, one
or more small amino acid side chaing from the interface of the first antibody molecule are replaced with larger side
chains (e.g., tyrosine or ryplophan). Compensatory "cavities” of identical ar similar size 1o the large side chain(s}
are ereated on ihe interface of the second antibody molecule by replacing large amino acid side chains with smaller
ones {e.g., alanine or threonine). This provides 2 mechanism for increasing the yield of the heterodimer over other
unwanted end-products such as homoditners,

[0463] Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For example, one of
the antibodies in the heteroconjugate can be coupied to avidin, the other 1o biotin. Such antibodies have, for
example, been proposed o larget immune system cells 10 unwanted cells (U.S. Patent No. 4,676,980, and for
weatment of HIV infection (WO 91/00360. WO 927200373, and EP 03089). Heteroconjugate antibodies may be
made using any convenient cross-linking methods. Suitable cross-linking agents are well known in the art, and are
disciosed in U.S. Patent No. 4,676,980, along with a numher of cross-Hnking technigues,

{0464] Techniques for generating bispecific antbodies from antibody fragments have alse been
described in the Hieratare, For example, bispecific antibodies cap be prepared using chemical linkage. Bremnan et

al., Scienge 229:81 (1985) describe a precedure wherein intact antibodies are proteolytically cleaved to gencrate

F{ab'}s fragments. These fragments are reduced in the presence of the dithio! complexing agent, sodium arsenite. o
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments generated are then
convenied o thionitrobenzoate (TNB) derivatives, Oue of the Fab-TNB derivatives is then reconveried to the Fab'-
thiol by reduction with mercaptoethylamine and is mixed with an squimolar amount of the other Fab.TNE
derfvative 1o form the bispecific antibody. The bispecific amibodies produced can be used as agenis for the

selective immobilization of CIIZVINSS,



[0465]  Recent progress has faciitated the direct recovery of Fab'-SH fragments from £. cofi, which can
be chemically coupled w0 form bispecific antibodies. Shalaby e1 al., L. Fxp. Med. 175: 217-225 (1992} describe the
production of a fally humanized bispecific amibody Flab’s molecule. Each Fab' fragment was separately secreted
from £ coli and subjected w0 directed chemical coupling i virre tw form the bispecific antibody. The bispecific
anibody thus formed was able to bind 1o cells overgxpressing the ErbB2 receptor and normal human T cells, as
well as trigger the Ivtic activity of human eviotoxic lymphooyies against human breast iumeor argets,

[0466] Various techniques for making and isolating hispecific antibody fragmemts directly from
recombinant cell culture have also heen described. For example, bispecific antibodies have heen produced using
lencine zippers. Kostelny & al., J. Immunol. 148{5):1547-1553 {1992}, The leucine zipper peptides from the Fos
and Jun protems were linked 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 utitized for the production of antibody homodimers, The "diabody"
lechnology described by Hnlimg.er et al, Proc. Natl, Acad, Sci USA 90:6444-6448 (1993} has provided an

alternative mechanisin for meking bispecific antibody fragments. The fragments comprise a Vg connecied to a Vi
by a linker which is 100 short 1o allow pairing between the two domains on the same chain, Accordingly, the Vg
and Vi domains of one fragment are forced to pair with the complementary Vi and Vy domains of another
fragment, thereby forming two antigen-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, ] Immunol, 132:5368 {1994}
[0467]  Amtibodies with more than Two valencies are contemnplated. For example, trispecific antibodies
can be prepared. Tutt et al., I Immupol 147:60 {1991},
6. Heteroconjuoare Antinodies
[0468] Heweroconjugate antibodies are also within the scope of the present invention. Heteroconjugate
antibodies are composed of two covalently joined antibodies. Such antibodies have, for example, been proposed 1o
targe! immune system cetls 1o unwanted celis {U.S. Pzient No. 4,676,980], and for treatmen: of HIV nfection [WQ)
S1/00360; WO 92/200373; EP 030897, Itis contemplated that the amibodies may be prepared in vitro using known
methods in synthetic protein chemistry, meluding those involving crosslinking agents. For example, immunotoxins
may be constructed using a disulfide exchange reaction or by forming a thioether bond. Exemples of suitable
reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for
example, in U.S. Patent No. 4,676,980,
7. Multivalent Antibodies

[0469] A muluvalent antibody mav be internalized (and/or catabolized) faster than a bivalent antibody by
a cell expressing an anticen 1o which the antibodies bind. The antibodies of the present invention can be
multivalent antibodies (which are other thap of the IgM class) with three or more antigen binding siies (e.g o
tetravalent antibodies), which can be readily produced by recombinam expression of nucleic acid encoding the
polypeptide chains of the antibody. The multjvalent antibody can comprise 2 dimerization domain and three or
more antigen binding sites. The preferred dimerization domain comprises {or consisis of) an Fe Iegion or & hinge

region. In this scenario, the antbody will comprise an Fe region and three or more anitgen binding sites amino-
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terminal 1o the Fe region. The preferred multivalent antibody herein comprises {or consisis of) three 10 about eight,
bt preferably four, antigen binding sites. The mubivalent antibody comprises a1 ieast one polypeptide chain (and
preferably two poiypeptide chains), wherein the polypeptide chain(s; comprise two or more variable domains. For
instance, the polypeptide chain(s) may comprise VD1-(X1j5-VD2«X2),-Fc, wheremn VDI is a [irst variable domain,
VD2 is 2 second vanable domam, Fo is one polypeptide chain of an Fe region. X1 and X2 represent an amino acid
or polypeptide. and nis 0 or 1. For instance, the polypepude chain(s) may comprise: VH-CHI -flexibie linker-VH-
CHI-Fe region chain; or VH-CHI-VH-CHI-Fc region chain. The multivalent amibody herein preferably further
comprises at least two (and preferably four) light chain variahle domain polypeptides. The multivalent antibody
herein may, for instance, comprise from about two to about eight light chain vanable domain polypeptides. The
light chain variable domain polypeptides contemplated here comprise a fight chain variable domain snd, optionally,
further comprise 2 CL domain,
8. Effecior Function Engineering
[04707 1t may be desirable 1o modify the aniibody of the invention with respect to effecior function, e g,

§0 as 10 enhance antigen-dependent cell-mediated eyotoxicity (ADCC) andior complement dependent cvioloxicity
(CDC) of the antibody.  This may be achieved by mtroducing one or more amino acid substitutions in an Fc region
of the antibody. Alternatively or additionall Iy, cysteine residue(s). may be introduced in the Fe region, therchy
allowing interchain disulfide hond formation in this region. The homodimeric antibody thus generated may have
mmproved internalization capability and/or increased complement-mediated cell killing and antibody-dependent
celiutar cytotoxicity (ADCC). See Caron et al. 1. Exp Med, 176:31191-1195 (1 992) and Shopes. B. 1. Immunol.
148:2018-2922 (1992}, Homodimeric antibodies with enbanced anti-tumor activity may also be prepared using

heterobifunctional cross-linkers as described i WolfT et al., Cancer Research 53:2560-2565 (1993). Ahernatively,

an antibody can be engineered which has dual Fe regions and may thereby have enbanced complement Tysis and

ADCC capabilities. See Sievenson et al., Anti-Cancer Drue Desien 3:219-23G (1989). To increase the serum half

life of the antbody, one may incorporate a salvage receptor binding epitope into the antibody (cspeciaily an
antibody fragment) as described in U.S. Patent 5,739,277, for example. As used herein, the 1erm "salvage recepor
binding epitope” refers 10 an epitope of the Fe region of an 1gG molecule (e.g., 12Gy, IgGa, TgGa, or 1gGy) that is
responsibie for increasing the in vivo serum half-life of the leG molecule.

9. Immanoconiveates

[0471] The invention also pertains to immunoconjugales {interchangeably referred 1o as “antibody-drug
conjugates,” or “ADCs”) comprising an antibody conjugated to 2 cylotoxic agent such as a chemotherapeutic agent,
2 growth inhibitory agent, a toxin (e.g.. an enzymatically active toxin of bacterial. fungal, plant, or znimal ongin, or
fragments thereof), or & radioactive isotope (ie. a radioconjugale).

[0472] In cerain embodiments, an immunoconjugate comprises an antibody and = chemotherapeuiic
agenl or other toxin.  Chemotherapeutic agents useful in fhe generaton of such immunocorjugates have heen
described above. Enzymatically active toxins and fragments thersof that can be used include diphtheria A chain,
nonbinding active fragments of diphtheriz toxin, exotoxin A chain {from Preudomonas aeruginasa), ricin A chain,
abrin A chain, modecein A chain, alpha-sarcin, 4leurires Jordif proteins, dianthin proteins, Phyiolaca americana

protins {PAPI, PAPIL, and PAP-S), momordica charantia inhibitor, curein, crotin, sapaonaria officinalis inhibitor,
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gelonim, mitogellin, restrictocin, phenomycin, enomycin, and the wicothecenes, A variety of radionuclides are
34

B, Y, and "®Re.

Conjugates of the antibody and cvtotoxic agent are made using a variety of bifunctional profein-coupling agemts

available for the production of radioconjugated antibodies. Examples include **Bi, ¥,

such as N-succinimidyl-3-(2-pyridyidithiol) propionate {SPDP), iminothioline {IT). bifunctional derivatives of
imidoesters (such as dimethy! adipimidate HCL). éctive csters (such as disuccinimidvl suberate), sldehydes (such as
glutareldebyde), bis-azido compounds {such as bis (p-azidobenzovl} hexanediamine), bis-diszonium dervatives
(such as bis—(p-diazoniumbcnzoyi}-cthylenediamine), ditsocyanates {such as loiyene 2.6-ditsocyanaie), and bis-
aclive fluorine compounds (such as 1.S-diﬂuero-2,4—dinj1robeuzene}. Yor example, a ticin immunotoxie can be

prepared as described in Vitelia er al., Sgience, 238: 1098 ¢ 1987}, Carbon-14-labeled I-sothiocyanatobenzyl-3-

methyldiethylene triaminepemascetic acid (MX-DTPA} is an exemplary chelating agent for coniugation of
radionucleotide o the antibody. See WO92/] 1026,

[06473] Conjugates of an antibody and one or more small molecule oxms, such as a calicheamicin,
auristatin peptides, such as monomethylaurisiatin (MMAE) {synthetic amlog of dolasaun), maytansinoids, such ag
DM, a wichothene, and CC1065, ard the derivatives of these loxins that have toxin activity, are also contemplated

herein.

Exemplarv Immunoconingates — Antihodv-Drug Conjuuates

{04741 An immunoconjugate (or “antihody-drug conjugate” (“ADC")} of the invention may be of
Formuia I, below, wherein am antibody is conjugated (ie., covalently attached} 1o one or more drug moietics (M

tirough an optional linker (L), ADCs may inctude thioMAb drug conjugates CTDC™.

Ab—(L-D), 1

[0475]  Accordingly, the aniibody may be conjugated 10 the drue either directly or viz a linker. In
Formuda L p is the average number of drug moieties per antibody, which can range, e.g., from about I to about 20
drug moieties per antibody, and in cenain embodiments, from | 1o about & drug moieties per amibody, The
nvention includes 2 composition comprising & mixtre of antibody-drug compounds of Formula | where the

average drug loading per antibody is about 2 10 about 5, or about 3 1o about 4.

a. Exemplary Linkers

[0476] A linker may comprise one or more linker comporents. Exemplary linker components include 6-
maleimidocaprovl (“*M{™Y, maieimidopropanoy] (“MP"), vaiine-citrulline (*val-cit” or *ve™), slanine-phenyvialanine
(“ala-pbe™), p-aminobenzyloxycarbonyl (a “PAB™), and those resulting from conjugation with Linker reagents; N-
Sucemimidyl 4-(2-pyridylthio) pemtanoate ("SPP”), N-succinimidyl 4-(N-mateimidomethyl} cvelohexane-1
cerhoxylate (“SMCC”, also referred 10 herein as “MCC™), and N-Succinimidyl {4-iodo-acetyl) aminobenzoate

(“SIAB”). Various linker components are known in the art, some of which are described below.
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{0477} A linker may be a “cleavabie linker,” facilitating relfease of a dreg in the cell. For example, an
acid-labile linker (e.g.. hydrazone), protease-sensitive (e.g., peptidase-sensitive) linker, photolabile linker, dimethy}
finker or disuiﬁd&oom'aiumg hnker {Char; et al., Cancer Resesrch 52:127.131 (1992); U8, Patent No. 5,208.026)

may be used.

[G478] In cerin embodiments, a linker is as shown i the following Formula I3
— AW, —Y,~

wherein A is a strelcher unit, and a is an Integer from O 1o 1; W is an amino acid umt, and w is an integer from 0 1o

H

120Y 15 2 spacer unit. and v is 0, L. or 2 and Ab, I, and p are defined as above for Formulz T Exemplary
embodiments of such linkers are described in US 250238649 AL which s expressiy incorporated herein by

reforence.

[0479] In some embodiments, a linker component may comprise a “streteher unit” that links an antibody
1o another linker componemt or to a drug moiety, Exemplary streicher units are shown below (wherein the wavy

line indicates sites of covalent attachment to an antibody):

oy
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[0480) In some embodiments, a linker COTIPOTEDRT may comprise an amino acid unit.  In one such
embodiment, the amino acid unit allows for cleavage of the linker by a protease, thereby facilitaiing release of the
drug from the immunocon UZale upon exposwre 10 mtracellular proteases. such as lysosomal enzymes. See, e a.
Doronina et al. (2003} Nat Biotechnol 21778784, Exemplary amino acid unit mclude. but are not Hmiwd to, a
dipeptide, 2 iripeptide, a letrapeplide. and a pentapeptide, Exempiary dipeptides inchude: valine-citrulline (v or
val-cit), atanine-phenylalanine {af or ala-phe); phenylalanine-lvsine (fk or phe-lys}; or N-methvi-valine -citrulline
(Me-val-cit). Exemplary tripeptides include: giveine-valine-citrulline {gly-val-cit) and glyeine-glycine-glveine
{giv-gly-gly}. An amino acid unit may comprise ammo acid residues that oceur naturally, as well as minor zmipo
acids and non-naturally oceurming amine acié analogs. such as citrlline, Amino acid units can he designed and
optimized in their selectivity for enzymatic cleavage by a particylar enzyme, for example, 2 tumor-associaled

protease, cathepsin B, C and D, or z plasmin protease.

[0481} In some embodiments, a linker COmPOTEnt may comprise a “spacer” unit thaf links the antibody o
a drug moiety, cither directly or by way of z stretcher unit and/or an amino acid unit. A spacer unit may he “self-
immolative” or a “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., proteolyiic cleavage of the ADC. Examples of
non-self-immolative spacer units include, but are not imited to, a glycine spacer unit and a glycine-glycine spacer
uwit.  Other combinations of peptidic spacers susceptible to sequence-specific enzvmatic cleavage are also
contemplated.  For example, enzvmatic cleavage of an ADC comtatmng a glycine-glveine spacer umt by a tumor-
cell associated protease would result in release of 2 glycine-glyeine-drug moiety from the remainder of the ADC. in
one such embodiment, the glveine-glycine-drug moiety is then subjected 1o a separate hydrolysis step in the nunor

cell, thus cleaving the alycine~glycine spacer unit from the drug moiery.

[0482] A “sell-immolative” spacer unit allows for release of the drug moiety without a separate
bydrolysis step. In certain embodiments, a spacer unit of a linker comprises a p-aminobenzyl unit. In one such
embodiment, a praminobenzy! alcoho! is attached 1 an amino acid unit via an amide bond, and a carbamate,
methylearbamate, or carbonale is made between the benzyl alcohol and a evtotoxic agent. See, e.g., Hamann ¢1 al,
(2003} Expert Opin. Ther. Patents (2005) 15:31087-1103. I one embodiment, the spacer umit is p-
aminobenzyioxyearbonyl (PAB). In ceriain embodiments, the phenyiene portion of a p-amino benzyl unit is
substituted with Qm, wherzin Q 15 «C-Cy alkyl, O -Cy alkyl), -halogen,- niro or -tvano; and m is an inieger
ranging from 0-4. Exampies of self-immolative spacer units further include. b are not limited 10, aromatic
compounds that are electronically simitar to p-amuinobenzy! aicohol (see, eg., US 2005/0256030 A1}, such as 2-
ammoimidazol-5-methanol derivatives (Hay et al, (1999) Bivorg., Med Chem Len 9:2237) and ortho- or para-
anunobenzylacetals. Spacers can be used that underge cyclization upon amide bond hvdrolysis, such as substitied
and unsubstinted 4-aminobutyric acid amides {Rodngues et al, Chemisiy Biology, 1995, 2, 223} appropriately
substituied bicyelo[2.2.1] and bicyclo[2.2.2] ring systems ¢ Storm, et al.. .J Amer. Chem. Soc., 1972, 94, 5815); and

2-aminophenylpropionic acid amides (Amsberry, et al., .. Org. Chem., 1990, 55, 3867). Eliminaticn: of amine-
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coutaining drugs that are substituted at the a-position of glycine (Kingsbury, etal., J. Med. Chem., 1984, 27, 1447)

are also examples of seli-mmolative spacers useful in ADCs.

[0483] lo one embodiment, a spacer unit is 2 branched bis(hydroxymethyljstvrene (BHMS) unit as

depicted below, which can be used 10 incomorate and release maltiple drogs.

enzymatic
cisavage

2 drugs

wherein Q 1s -C,-Cy alkyl, -O~(C;-Cy alkyl), -halogen, -nilro or -cvano: m is an integer ranging from 0-4; 1 is O or 1;

and p ranges raging from 1 to abhout 26,

{0484}  In another embodiment, linker L may be 2 dendrtic type hinker for covalent attachment of more
than one drug moiety through a branching, mulifuncrional Linker moiety 0 an antibody (Sun et al (2063)
Bioorgamc & Medicinal Chemistry Letters 12:2213-2215; Sun et al (2003} Bioorganic & Medicinal Chemistry
11:1761-1768). Dendritic binkers can increase the molar ratio of g 10 antibody, ie. loading, which is related 10
the potency of the ADC, Thus. where a cysieine engineered antibody bears only one reactive cysteine thiol group. a
muititude of drug moieties may be attached through a dendritic linker.

[0485] Exemplary linker components and combinations thereof are shown helow in the context of ADCs
of Formula 1L

l—|1
N
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[0486] Linkers corapoments, including stretcher, spacer, and amino acid units, may be synthesized by

methods known in the art, such as those deseribed in US 2005-0238640 A,
b. Exemplary Drue Moicties

(1} Mayiansine and mayransinoids

[0487]  In some embodiments, an immunoconjugate comprises o antibody conjugated o one or more
maylansinoid molecules. Maytansineids are mitototic inhibitors which act by mhibiting whulin polvmerization.
Maytansine was first isolated fom the east African shrub Maytenus serrata {{J.S. Patent No. 38961 1.
Subsequently, 1t was discovered that certain microbes also produce maytansinoids, such as maytansinol and C-3
maylansinot eslers (U.S. Paient No. 4,151,042). Symihetic mayunsinel 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:
4.307.016; 4,308,268, 4.308.26%; 4,300,428, 4.313,946; 4,315.929, 4,317,821, 4,322,348; 4,331,598; 4.361,650;
4.364,866; 4,424,219, 4 430,254, 4,362.663; and 4,371,533,

[0488] Maytansinoid drug moicties are attractive drug modeties in antibody-drug conjugates because they
are: (i) relatively accessible 1o prepare by fermentation or chemical modification or derivatization of fermentation
products, {i1) amenable to derivatization with functional groups suitable {or conjugation through disulfide and non-

disulfide linkers to antibodies, (iii) stable in pfasmaz, and (1v) effective against 2 variety of tumor cel] lines.

[0489] Maytansine compounds suitable for use as maytansinoid drug moieties are well known in the art
andd can be isolated from natural sources according to known methods or produced using genctic engineering and

12¢



fermentation technigues (US 6790932 US 2005/0170475; Yu et al (2002) PNAS 99:7968-7973). Mavtansino! and

maytansmol analogues mey also be prepared synthetically according 1o known metbods,

104901  Exemplary maylansinoid drug moicties include those having 2 modified aromatic ring, such as:
C-18-dechioro (US Pat. No. 4256746) (prepared by Hibium aluminum hydride reduction of ansamytocin P2} €-20-
hydroxy {or C-20-demethyi +/-C-19-dechloro (US Pal. Nos. 4361650 and 4307016) (prepared by demethylation
using Stepromyees or Actinomyees or dechlorination using LAH); and C-20-demethoxy, C-20-acyloxy (-OCOR),
+/-dechioro (U.S. Pat. No. 4.294.757) (prepared by acvlation using acy! chiorides). and those having modifications

a1 other positions.

[0491] Exemplary mayiansinoid drug moieties also include those baving modifications such ag: C9-SH
(LS Pat. No. 442421%) {prepared by the reaclion of mayviznsing] with H:S or P.Ss); C-14-
alkoxymethyl{demethoxy/CH, ORXUS 4331598} (-] 4-hydroxymethyl or acyloxymetby! (CH,OH or CH.OQAL)
(US Pat. No. 4450254} (prepared from Nocardia); C-15-bydroxy/acyloxy (US 4364866) (prepared by the
conversion of maytansinol by Streptomyees); C -15-methoxy (US Pat. Nos. 4313946 and 4315929) disolated from
Trewia midiflora); C-18-N-demethyl (US Pat. Nos. 4362663 and 4322348} (prepared by the demethylation of
maylansinol by Streptomyces); and 4,5-deoxy (US 4371533) (prepared by the titanium trichloride/LAH reduction
of maytansinol},

[0492] Many positions on maylansine compounds are known 10 be useful as the tinkage position,
depending upon the type of link. For example, for forming an ester linkage, the C-3 position having a hydroxyl
group. the C-14 position modified with hydroxymeihyl, the C-15 position modified with a bydroxy! group and the
C-20 position having a hydroxyl group are all sustable (US 5208020; US RE39151; US 6913748; US 7368565: US
2006/0167245; US 2007/0037872).

[0493] Maytansinoid drug moieties include those having the siructure:

(CR)p—S5—$

where the wavy line indicates the covalent attachment of the sutfur atom of the maytansinoid drag moiety 10 a
linker of an ADC, R may independently be H or a C,~C; elkyl. The alkylene chain attaching the amide oroup o
the sulfur atom may be methanyl, ethanyl. or propyl, i.e., mis 1,2, or 3 (US 633410, US 5208020; US 7276497;
Chari et al (1992) Cancer Res. 52:127-131; Liu et al (1996) Proc. Natl. Acad. Sci USA 93:861 8-8623).
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[0494]  All stereoisomers of the maylansinoid drug moiety are contemplaied [or the compounds of the
mvention, i.¢. any combination of £ and S configurations at the chiral carbons of D, In one embodiment, the

maylansinoid drug moesety will have the following stereochemisiry:

CRo)m—8—3

CH,0

[0495] Exemplary embodiments of maytansinoid dmg moieities include: DM1; DM3; and DM4, having

the structures:

DM
CH0




OM3

CHj
HsC CHoCHyCm— G §

CHs

DM4
CH;0

wherein the wavy line indicates the covalent atiachment of the sul

antibody-drug conjugate. (WO 2005/037992; US 2005/02 76812 AT

fur atom of the drug 1 a linker (L} of an

[0496] Other exemplary mayiansinoid antibody-drug comjugaies have the following structures and

abbreviations, (wherein Ab is amibody and pis 1 to abow §)



CHa0

Ab -SPP-DMI]

Ab-SPDB-DM4

Ab-SMCC-DMI
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[0457] Exemplary antbody-drug conjugates where DM is linked through & BMPEO linker o a thiol

w@roup of the antibody have the structure snd abhreviaion:

&;\,o\c/\ohi?— st Ab

HiC CH,CH.S

CHLG

where Abis antibody; nis 0, 1, or 2;and pis 1, 2, 3, or 4.

[0498] Immunoconjugates 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; 11.S. Paient Nos. 3,208,020,
5,416,064, US 2005/0276812 A1, and European Patent EP 0 425 235 Bl, the disclosures of which are hereby

expressly incorporated by reference.

[0499]  Antibody-maytansinoid conjugates are prepared by chemically linking an antibody 10 =
mayiansingid molecule withouwt signiﬁ_c:mﬂy diminishing the biological activity of either the antibody or the
maylansinoid molecule.  See, e.g, U.S, Patent No. 5.208,020 (the disclosure of which is hereby expressty
ncorporated by reference). Maytansinoids can be synthesized by known techniques or isolated fronmm natural
sources.  Suitable maytansinoids are disclosed, for example, in U.S. Patem No. 5208020 and in the other patents
and nonpatent publications referred to hercimbove, such ag maytansimol and maytansinol analogues modified in the

aromatic ring or at other positions of the maytansinol molecule, such as various mayiansino! esters.

[0500] There are many linking groups known in the arl (or making antibody-maytansinoid comjugates,
meluding, for example, those disclosed in U.S. Patent No. 5208020 or EP Patent 0 425 235 B1; Chari et al. Cancer
Research 52:127-131 (1992); and US 2005/016993 Al, the disclosures of which are hereby expressly incorporated
by reference. Antibody-maytansinoid comjugates compnsing the linker component SMCC may be prepared as
disclosed in US 2005/0276812 Al, “Antibody-drug comjugates 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 berem.

{05011 Conjugaies of the antibody and mavtansinoid may be made using & variety of bifinctional protein
coupling  agents  such as  N-succinimidyl-3-(2 -pyridyidithio) propionate  {SPDP), succinimidyi-4-(N-

maleimidomethyl) eyclohexane-1-carboxylate (SMCC), iminothiolane ( IT), bifunctoral derivatives of imidoesters
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(sach as dimethyl adipimidate HCI), acive esters (such as disuccinimidy! suberate), aldebydes (such as
ghnaraldehvde), bis-azido compounds {such as big {p-azidobenzoyl) hexanediamine), bis-diazonium derivaives
(such as bis-{p-diazoniumbanzoyl}-ethyienediamine), diisocyanates (such as toluene 26-diisocvanate), and bis-
active fluorine compounds (such as 1.5-diftuoro-2,4-dinitrobenzene). in certain embodiments, the coupling agent is
N-suceinimidyl-3-(2-pyridyldithio) propionate (SPDP) (Carlsson et al.. Biochem. J 173:723-737 (1978%) or N

succinimidyl-4-(2-pyridylthiojpentanoate (SPP) 10 provide for 2 disullide linkage.

[0502] The linker may be attached 1o the mayransinoid molecule a1 various positions, depending on the
type of the hnk For example, an ester linkage may be formed by reaction with a bydroxyi gZroup using
conventional coupling techniques. The reaction may oceur at the C-3 position having a bydroxyl group, the C-14
position modified with hydroxymethyl, the C-15 position modified with a bydroxyl grovp. and the C-20 position
kaving a hydroxy! group. In one embodiment, the Imkage is formed at the C-3 positien of maytansinol or a

maytansing! analogue.

(2} Auristating and dolastating
[0503] In some embodiments, an immunoconjugate comprises an antibody conjugated 10 dolastatin or a
dolastatin peptidic analog or derivative, ¢.g, an auristaiin {US Pat. Nos. 5635483; 3780588). Dolastatins znd
auristating have been shown to inierfere with microtubule dynamics, GTP hydrolysis, and nuclear and cellular
division (Woyke et ai (2001} Aniimicrob. Agents and Chemother. 45(12):3580-3584) and bave anticancer (US Pat,
No.5663149) and antifongal actvity (Petiit et al (1998) dmimicrob, Agenls Chemother. 42:2961-2965). The
dolastatin or aurisiatin drug moiety may be attached 1o the antibody through the N (amino} wrminus or the €

(carboxyl) terminus of the peptidic drug moiety (WO 02/0881 723

[0504] Exemplary auristatin embodiments include the N-terminus Hnked monomethylauristatin drug
moietes DE and DF (US 2005/0238649, disclosed in Senter et al, Proceedings of the American Association for
Cancer Research, Volume 45, Absiract Number 623, presented March 28, 2004, the disciosure of which is expressty

meorporated by reference in its entirety),

[0505] A pepridic drug moiety may be selected from Formulas Dg and Dy below:

R7
/< Kf ﬁgt A
R* R® R® O
CHj TQ 0
;"f\ /JY %L N i‘ N\(“\Z/RH
R RE O 10

b
L¥S]
B3



wherein the wavy line of D and Dy indicates the covalent attachment site 1o an antibody or antibody-linker

component, and mdependently at each location:
R’ is seleeted from H and C,-Cy alieyl;

R' is selecied from H, C,-Ce abkvl, CpCy carbocycle, aryl, C-Cy alkvi-arvl, C-Cy alkyl{Ca-Cy

carboeycle), C3-Cy heterocvele and C-Cy alkyl-(C3-Cy heterocyele);

R is selected from H, Ci-Cy alkyl, C-Cys carbocycle, arvi, Ci-Cy alkylearyl, C-Cy alkyl«(Cs-Ce
carbocyele), C:-Cy heterocvele and C-Cy alkyl-{(Cs-Cs heterocyeley;

R* is selected from H and methyi;

or R* and R* jointly form a carbocyelic ring and have the formuia “CR*R"),- wherein R® and R® are

independently selected from H, C,-Cy alkyl and C-Cy carbocycle and 1 is selected from 2, 3, 4. 5 and 6;
RY is selected from H and Ci-Cy alkyl;

R’ is selected from H, Ci-Cy alkyl, Cs-Cy carbocycie, arvl, C;-Cy alkyl-aryl, C;-Cq aliyl(Cy-Cy
carbocycle}, C:-Cs heterocycle and C1-Cy atkyl-(Ci-Ce heterocyelel;

eack R%is independently selected from H, OH, C,-Cy alkyl, C-Cs carbocycle and O-(C,-Cy alkyl);

R%is selected from H and C,-Cy alkyl.;

R is selected from aryl or C3-Cy heterocycie:

Zis O, §, NH, or NR¥, wherein R™ is C;-Cy alkvi;

RY is setected from H, C,-Cy alkyl. arvl, C;-Cy heterocycle, -(RPO,-R™, or -(RP0),-CHR ),

m I8 an integer ranging from 1-1000;

R™ is Co-Cy alkvl:

R™is Hor C,-Cq alkyl;

each octwarence of R' is independently H. COOH, ~(CHa)-N(R'%),, ~{CHz)p-8O:H., or ~(CH,),-$0:-C
Cy alkyvi;

each oceurrence of R is independently H, C,-Cy alkyl, or —(CH, }-COOH;

R™ is selected from ~C(R®)~C{R®)z-aryl, —C(R)-CR*p(Cs-Ce heterocyele), and ~C(R¥)~C(R®),~(Cs-
Ci carbogcycle); and

1 is an mieger ranging Gfom 0 w0 6.

[0506] In one embodiment, R, R* and R7 are independently isopropyl or sec-buryl and R is —H or

methyl. In an exemplary embodiment, R* and R* are each isopropyl, R*is -H, and R’ is sec-butyl.

[0507} In yet another embodiment, R? and R® are each methyl, and R® is -H.
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[0508] In siill another embodiment, each occurrence of R is -OCH 3

L0509]  In an exemplary embodiment, R” and R* are each isopropyl, R® and R are each methyl, R is -H,

R is sec-butyl. each ocourrence of RY is -OCH;, and R” is -H.
{05101 In one embodiment, Z is -0- or -NH-.
[0511] In one embodiment, R’ is aryl.
[0512] Inan exemplary embodiment. R’ is -phenyl.
{0513 Iuan exemplary embodiment. when 7 is O-, R 45 -1, methyl or t-butyl.

_ [0514]  TIn one embodiment, when 7 15 -NH, RV {5 -CH(R'™,, wherein RY ig -{CHa)o-N(R' ), and R is -
C;-Cs alkyl or (CHa},-COOH. '

[0515]  In anotber embodiment. when Z is -NH. R is -CH(R "*)a, wherein R™ is (CHy),-SO:H.

f0516] An exemplary auristatin embodiment of formula Dz 1s MMAE, wherein the wavy line indicates

the covalent allachment 1o a linker (L) of an antibody-drug conjugate;

[0517] An exemplary auristatn embodiment of formula Dy is MMAF, wherein the wavy line indicates
the covalent attachment 10 a linker (L) of an antibody-drug conjugate (see US 2005/0238649 and Doromnina et al.
(2006} Bioconjugate Chem. 17:114-124}:

O
H H
f\f\I(Nm,- %%Nr@
e N ON 0 P o

0518] Other exemplary embodiments include monomethylvaline compounds baving phenylalanine
= ¥

MMAF

carboxy modifications at the (-terminus of the pentapeptide auristatin drug moiety (W¢ 2007/008848) and
monomethylvaline compounds having phenyialanine sidechain modifications at the ¢ -terminus of the pentapeptide
auristatin drug moiety (WO 2007/008603).

[0519] Orher drug moieties mclude the following MMAF derivatives, wherein the wavy line indicales

the covalent attachment 16 a linker (L) ol an antibody-drug conjugate:
134
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SO4H

o]
~ © o7 NH
HOOGC
COOM and
0
i ¥
N, .
Y ﬁi QYLY ~
i i
0 o © Lol I
™~ o NH
]
S
NH

[0520] In ome aspect, hydrophilic groups including but not Hmted ta, wiethyiene giveol esters (TEG), as
shown above, can be attached to the drug moiety ar R'. Withowt being bound by any particular theory, the

hydrophilic groups assist in the internalization and nen-agglomeration of the drug moiety,

[0321] Exemplary embodiments of ADCs of Formula | comprising ap aurislatin/dolasiain or derivative
thereof are described in UJS 2005-0238649 end Doronina et al. (2006) Bioconjugate Chem. 17:114-124, which is

expressly incorporated herein by reference. Exemplary embodiments of ADCs of Formula I comprising MMAE or
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MMAF and various linker components have the following structures and abbreviations {wherein “Ab™ 15 an
antibody; pis 1 1o about 8, “Val-Cit” or™wvc” is a valine-citrulline dipeptide; and “S” is a sulfir aom, It will be
noted that n certain of the structural descriptions of sulfur linked ADC herein the antibody is represented as “Ab-§”
merely 1o indicate the sulfur link feature and not 1o indicate that a pasticular suifir atom bears multiple linker-drug
moieties. The left parentheses of the following structures may also be placed to the icfl of the sulfiir atom, between

Ab and S, which would be an equivalent description of the ADC of the invention described thronghout herein

s O 8 e .
\ o oNTY ?,\!’Y\“@/H,NE \
N\/\/\)\Va!—c:t-ﬂN o AT 60 o dom j
o p
Ab-MC-ve-PAB-MMAF
Ab-S O™ i 0N OH
S NN CAA 8 UG s grar iy
N\/\/\/E\Val-Cith O A Q.0 (oNle] i /
Q p
Ab-MC-ve-PAB-MMAE
Ab-8 o
Q H ¢ OH
N\/\/\A,\IWNH.@&%MH
O e AN 0. 0 O_ 0
p
Ab-MC-MMAFE
Ab-8 o
0 H O H
N\/\/\/L-fi\} N/K\PS\I N N \
O. 0
O OH / D
Abh-MC-MMAF

[0522} Exempiary embodimens of ADCs of Formmla | comprising MMAF and various linker
components further include Ab-MC-PAB-MMAF and Ab-PAB-MMAF. Interestingly, immumoconjugates
comprising MMAF attached to an antibody by & linker that is not protectytically cleavable have been shown 1o
possess activity comparable to immunoconjugates comprising MMAT attached 10 an antibody by a protealviically
cleavable inker. See, Doronina et al. (2006} Bioconjugaie Chem. 17:114-124. In such mnstances, drug release is

believed to be effected by antibody degradation in the cell. Jd

[05231 Typically, peptide-based drug moieties 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 to the
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liguié phase synthesis method (see. E. Schroder and K. Libke, “The Peptides”, volume 1, pp 76-136, 1965,
Academic Press) that is well known in the field of peptide chemistry. Aurisiatin/dolastatin drug moieries may be
prepared according to the methads of: US 2005-023864% A1, US Pat. No 3635483, US Par, No 57803568 Peni: et
al (1989)J. 4m. Chem. Soc. 111:5463-5465; Pentit 1 al (1998) Anti-Cancer Drug Design 13:243-277; Peuit, G.R.,
et al. Svathesis, 1996, 719-725; Penit et al (1996} /. Chem Soc. Perkin Trans. | 5:859-863; and Doronina {2003)
Nat, Biotechnol. 21(7):778-784.

[0524] In pariicular, auristatin/dolastatin drug moieties of formula D, such as MMAF and denvatives
thereof, may be prepared using methods described in US 2005-0238649 Al and Doronina ef al {2008)
Biocmgmgaré Chem. 17:114-124.  Awisatin/delastaun drog moietes of formulz Dg. suchk as MMAE and
derivatives thercof, may be prepared using methods deseribed in Doroning of al, (2003) Nai. Bioteck. 21:778-784.
Drug-linker moieties MC-MMAF, MC-MMAE, MC-ve-PAB-MMAF, and MC-ve-PAR-MMAE may be
convenienily synthesized by rowtine methods, ¢.g.. as described m Doronimg ef al. ¢ 2003} Nar. Biotech. 21:778-784,
and Patent Application Publication No. US 2005/0238649 A1, and then conjugated to an antibody of interest.

(3) Calicheamicin

[0525] In other embodiments, the immunoconjugate comiprises an antibody conjugated ic 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 family, see 1.5,
Pal. Nos. 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710, 5,773,001, 5877.296 (all 1o
Amencan Cyanamid Company). Swuctural anzlogsues of calicheamicin which may be used include, but are not
limited 10, 7", &, o', N-acetyl-v,'. PSAG and 0'; (Hinman et al,, Cancer Research 53:3336-3342 (1993}, Lode et
al., Cancer Research 38:2923-2028 (1998), and the aforementioned U.S. palents 10 American Cyanamid).
Another anti-tumor drug to which the antibody can be conjugated is QFA, which is an smifplate. Both
calicheamicin and QF A have intraceliular shes of action and do not readily cross the plasma membrane. Therefore,

cellular uprake of these agents through antibody-mediated inemalization greatly enhances their cytoioxic effects,

¢. Other cytotoxic agents

[0526] Other antitumor agents that can be comjugaied 1o an antibody include BCNU, streptozocin,
vincristine and S-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. 5.877.296),

[0527] Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain,
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosal. ricin A chain,
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phviolaca americana
proteins (PAPL PAPIL, and PAP-S), momordica charantia inhibitor, curein, crotn, sapaonaria officinakis inhibitor,

732

gelonin, mitogellin, restrictocin, phenomycin, enomycin and the wicothecenes. See, for example, WO 9321232

published Ociober 28, 1993,
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[0528]  The present invention further contemplates an maamoconjugate formed between an antibody and
a compound with nueleolytic activity (e.g., a ribonuciease ar a DNA endonucicase such as a deoxyribonucleasc;
DNased.

{05291 In certain embodiments, an mmmunoconjugate may comprise a highly radicactive atom. A variery

of radioactive isotopes are available for the production of radiocomugated amibodies. Examples include Y 1!
¥ Y% Re'™ Re'™, Sm'®, Bi* P®, Ph¥™? and rediosctive 1sotopes of Lu. When the immunoconjugate is used
for detection, it may comprise a radioactive atom for seintigraphic smdies, for example 17" or I', or & spin label
for nuclear magnetic resonance (NMR) imaging (also known zs TRgEREc Tesonance imaging. mril, such as iodine-

123, lodine- 131, indium-111, fluorine-19, carbon-13, nifrogen-15, oxygen-17, gadolinium, manganese or fron,

[0530G] The radio- or other iabels may be mcorporated in the immunoconjugate in known ways., For
example, the peptide may be biogynthesized or may be synthesized by chemical amino acid synrhesis using
suitable amino acid precursors involving, for example. fluorine-19 in place of hvdrogen. Labels such as 1> or
I, Re™, Re'™ and In'"' can be attached via & cysteine residue in the peptide. Ynrjum-90 can be attached via a
lysine residue. The IODOGEN method (Fraker ef al (1978} Biochem. Binphyvs. Res. Commun. 80 49-57 can be
used to incorporate jodine-123. “Monocional Antibodies in Immunoscintigraphy” (Chatal, CRC Press 19%9)

describes other methods in detail.

[0531] In certain embodiments, an immunoconjugate may comprise an antibody conjugated 10 a prodrug-
activating enzyme that converis a prodrug (e.g., a peptidyl chemotherapeutic agent, see WO 81/01145 } 1o an active
drug, such as an anti-cancer drug. Such immunoeconjugatss are ugefud in antibodv-dependent enzyme-mediated
prodrug therapy (“ADEPT”). Enzymes thal may be conjugated 1o an antibody include, but are pot Hmited 1o,
alkaline phosphatases, which are useful for converting phosphate-containing prodrugs into free drugs;
arylsulfatases, which are useful for converting sulfate-containing prodrugs into free drugs; cylosine deaminase,
which is useful for converting non-toxic 5-fluorccytosine inlo the anti-cancer drug, 5-fluorouracil; proteases. such
as serratia protease, thermolysin, subtilisin, carboxypeptidases and cathepsins (such as cathepsins B and L), which
are usefu! for converting peptide-containing prodrugs inte free drugs; D-alanylearboxypeptidases, which are usefu!
for convening prodrugs that contain D-amino acid substituems; carbohydrate-cieaving enzymes such as B-
galactosidase and neuraminidase, wiich are useful for converung glycosylated prodrugs into free drugs; f-
lactamase, which is useful for convening drugs derivatized with B-lactams into free drugs; and penicillin amidases,
such a8 penicillin 'V amidase and penicillin G amidase, which are useful for converting drugs derivatized at their
anune nitrogens with phenoxyaceryl or phenviacetyl groups, respectively, into free drugs. Enzymes may he
covalently bound 10 antibodies by recombinan? DNA techmiques 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 rumber of drug moieties per antibody in 2 molecule
of Formula I. Drug loading may rapge from | 10 20 drug moieties (D) per antibody. ADCs of Formula I include

collections of amibodies comjugated with a range of drug mojeties, from 1 10 20. The average numnber of drog
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moicties per antibody in preparations of ADC from conjugation reactions may be characterized by conventional
means such as mass spectroscopy. ELISA assay. and HPLC. The quantitative digiribmion of ADC in terms of p
may also be determimed. in some instances, separation, purification. and characterization of homogeneons ADC
where p 15 & certain value Fom ADC with other drug loadings may be achieved by mezns such as reverse phase
HPLC or elecrophoresis. Pharmaceutical formulations of Formula I antibody-drug conjugaies may thus be a

heterogensous mixture of such conjugates with antibodies linked 1o 1. 2,3, 4, or more drug moieties.

[U533] For some antibody-drug conjugates, p may be limited by the pumber of attachment sites on the
antibody. For example, where the attachment is & cysteine thiol, as in the exemplary embodiments above, an
antibody may have only one or several cysieine thiol groups, ot may have only one or several sufficiently reactive
thiol groups through which a linker may be attached. In cenain embodiments, higher drug toading, c. 2 p>5, may
cause aggregation, mnsolubility, wxiciry, or loss of cellular permeability of certain antibody-drug corjugates. In
certamm embodiments, the drug loading for an ADC of the invention ranges from | w about 8: from abow 2 i
about 6; or from about 3 to about 5. Indeed, # bas been shown that for ceriain ADCs, the optimal ratio of drug
moieties per antibody may be less than 8, and may be about 2 to abowt 3. See US 2005-0238640 Al

[0534] In certain embodiments, fewer than the theoretical maximum of drug moicties are conjugated 1o
an antibody during a conjugation reaction. An amtibody may contain, for example, tysine residues that do not react
with the drug-tinker inlermediate or linker reagent, as discussed below. Generally, antibodies do not contain many
free and reactive cysieine thio! groups which may de linked 10 2 drug moiety; indeed most eysteine thiol residues
i antibodies exist as disulfide bridges. In certain embodiments, an antibody may be reduced with a reducing
agent such as dithiothreiiol (DTT) or tricarbonyiethylphosphine (TCEP), under partial or total reducing conditions,
0 generale reactive cysieine thiol groups. In certain embodiments, an antibody is subjecied 10 denaturing

conditions w 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 reagen relative to amibody, (i) limiting the
comjugalion reaction lime or temperalure, and (ii) partial or limiting reductive conditions for cysteine thiol

modification.

[0536] Tt is to be understood that where more than one nucleophilic goup reacts with a drug-linker
mtermediate or linker reagemt followed by drug moiety rezgent, then the resuiling product is a mixtiure of ADC
compounds with a distgbution of one or more drug meieties artached to an antibody. The average number of
drugs per antibody may be caleniated om the misture by a dual ELISA antibedy assay, which is specific for
emibody and specific for the drug.  Individual ADC molecules may be idemtified in the mixture by mass
spectroscopy and separated by HPLC, c.g, hvdrophobic imieraction 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, K1, et al. “Effect of drug loading on the pharmacology, pharmacokinetics, and tokictty of an anti-CD30
amibody-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., et al, “Controliing the

location of drug attachment in antibody-drug comjugates,” Abstract No. 627, American Association for Cancer
14¢



Rescarch, 2004 Annpual Meeting, March 27-31, 2004, Proceedings of the AACR, Volume 43, March 2004). In
cerain embodiments, a homogeneous ADC with a single Joading vaiue may be isolated from the conjugation

ixTre by electrophoresis or chromatography.

e. Certain Methods of Preparing Immunconjugates

[(537] An ADC of Formula I may be prepared by several roufes employing organic chemistry reactions,
conditions, and reagents known to those skilled in the art, including: {1} reaction of a nucleophilic group of an
antibody with a bivaient linker reagent 10 form Ab-L via a covalent bond, followead by reaction with a drug moiety
D; and (2} reaction of a nucleophilic group of a drug meiety with a bivelent linker reagent, 1o form D-L, via a
covalent bond, lollowed by reaction with a nucleophilic group of an antibody. Exemplary methods for preparing
an ADC of Formula | via the latter route are described in US 2005-0738649 A1 whick is expressiy incorporated

herein by reference.

[0538] Nucieophilic groups on antibodies include, but are not limited to: (i) N-terminal amine groups, (i}
side chain amine groups, e.g. lveine, (1) side chaiﬁ thiol groups. e.g cysteine, and (iv) sugar hvdroxyl or amino
groups where the amibody is glycosylated. Amine. thiol, and hydroxyl groups are nucleophilic and capable of
reacting 10 form covalent bonds with electrophilic groups on linker moieties and linker reagents including: {3)
active esters such as NHS esters, HOB1 esters, haloformates, and acid halides; (i} alkyl and benzyl balides such s
hatoacetamides; (iii} aldehvdes, keiones, carboxyi, and maleimide groups. Certain antibedies have reducible
interchain disuifides, Le. cysweine bridges. Antibodies may be made reactive for eonjugation with linker reagents
by treatment with a reducing agent such as DTT (dithiothreitol) or tricarbonylethyiphosphine (TCEP), such that
the amibody is fully or partially reduced  Each cysteine bridge will thus form. theoretically, two reactive thicl
micleophiles.  Additional nucleophilic groups can be introduced imo antibodies through modification of iysine
tesidues, e.g. by reacting lvsine residues with 2-iminothiolane (Traut's reagent), resuiting in conversion of an
amine inio a thiol. Reactive thiol groups may be introduced into an antibody by introducing one, two, three, fouz,
or more cysieine residues (e.g., by preparing variant antibodies comprising one or more non-native cysieine amine

acid residues).

{0539] Antibody-drug coniugates of the invention may aiso be produced by reaction beiween an
electrophiiic group on an amibody, such as an zldehyde or ketone carbony! group, with z nucleophilic group on a
imker reagent or drug. Usefual nucleophilic groups on a linker reagent include, but are not limited 10, hydrazide,
oxime, amino, hydrazine, thiosemicarbazone, hydrazine carboxviate, and arylhvdrazide. In one embodiment, an
amibody is modified to introduce electrophilic moieties that are capable of reacting with mucleophilic substituents
on the linker reagent or drug. In znother 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
Imker reagents or drag moieties. The resulting imine Schiff base groups may form a stable linkage, or may be
reduced, ¢z by borohvdride reagents to form stable amine tnkages. In one embodiment, reaction of the
carbohydrate portion of a glycosylaied antibody with either galactose oxidase or sodium mela-periodate may yield

carbony! {aldebyde and ketone) groups in the antibody that can react with appropriate groups on the drug

\E
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(Hermanson, Bioconjugate Technigues). In another embodiment, antibodies containing N-terminal serine or
threonine residues can react with sodinm meta-periodae, resulting in production of an aldehyde in place of the
first amine acid (Geoghegan & Stroh. (1992) Biocomjugare Chem. 3:138-146; US 3362852). Such an aldehvde

can be reacted with a drug moiety or linker nucieophile.

{0540] Nucleophilic groups on a drug moiety include, bul are not Hmited i0: amine, tlnol. hydroxyl,
hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide groups cazpable of
reacting 1o form covalent honds with electrophilic groups on linker moieties and linker reagenis inciuding: (i)
active eslers such as NHS esters, HOBt esters, haloformates, and acid hahdes; (11} alkyl and benzy! halides such as

haloacetamides; (1) aldebvdes, ketones, carboxyl, and maleimide Sroups.

{0541] The compounds of the invention expressly comemplate, but are not lmited w0, ADC prepared
with the following cross-linker reagemts: BMPS. EMCS, GMBS, HBVS, LC-SMCC . MBS, MPBH, SBAP, SIA,
SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS. suifo-KMUS, sulfo-MBS. sulfo-SIAB, sulfo-SMCC,
and sulfo-SMPR, and SVSB (succinitmidyl-(4-vinylsulfone)benzoase) which are commercially avaiiable (e.g., from
Pierce Biotechnology, Inc., Rockford, IL., U.S.A; see pages 467-498, 2003-2004 Applications Handbook and
Catalog.

[(1342]  Immumoconjugates comprising an antibody and a cyloloxic agenl may also be made using a
variely of bifunctional protein coupling agems such as N-succinimidyl-3-(2-pyridylditkio) propionate (SPDP),
succinimidyl-4-(N-maleimidomethyl) cyclobexane-1-carboxylate (SMCC), iminothiolane {IT), hifuncrional
derivatives of imidossters (such as dimethy! adipimidate HCI, active esters {such as disuccinmmidy] suberate),
aldehydes (such as ghitaraldehyde), bis-azido compounds (such as bis {p-azidobenzoyvl) hexanediamine), bis-
diszonium derivatives (such as bis-{p-diazoniumbenzoyl)-ethylenediamine), diisocvanates (such as toluene 2.6-
diisocyanaie), and bis-active fluorine compounds {such as 1.5-diftuoro-2 4-dinitrobenzene). For example, a ricin
immunotoxin can be prepared as described in Vilela et al., Science 238:1098 (1987}, Carbon-14-labeied 1-
isothiocyanatobenzyl-3-methyldicthylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent

for conjugation of radionucleotide to the antibody. See W(O94/11026.

[0543] Aherpatively, 2 fusion protein comprising an amtibody and & cytoioxic agent may be made, e.g.,
by recombinant techniques or peplide synthesis. A recombinant DNA molecule may comprise regions encoding
the amibody and cytotoxic portions of the conjugate either adjacent 1o one another or separated by a region

y 3 p Jug £ Cpy y g

encoding a linker peptide which does not destroy the desired properties of the conjugate.

[0544] In yet anotber embodiment, an antibody may be conjugated to a “recepior” (such as streptavidin)
for wilization in tumor pre-targeting wherein the antibody-receptor comjugaie s 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 conjugated 1o a cytotoxic agent {e.g.. a radionucieotide).



Exemplarv Immunoconineates - Thio-Antibody Drue Conijugates

a. Preparation of Cysteine Engineered Anti-CD79b Antibodies

[(545] DNA encoding an amino acid sequence variant of the cysieine engineered anti-C D795 antibodics
and parent anti-CD7%b antibodies of the invention is prepared by & variety of methods which include, but are not
iimtied to, isolation from 2 natural source (in the case of naturally ocewrning amine acid sequence VATIZTS),
preparation by site~directed (or oligonucieotide-mediated) mutagenesis (Carter (1983} et al Nucleic Acids Res.
13:4431-4443; Ho et al (1989) Gene (Amst) 77:51-39; Kunkel et al (1987) Proc. Nati. Acad. Sci. USA 82488,
Liu et al (1998} 1. Biol. Chem. 273.20252-20260). PCR mutagenesis (Higuchi, (1990) in PCR Protocols, pp.177-
183, Academic Press; Tio of &l {1991} Gene 102:67-70, Bembard et al (1994} Bioconjugawe Chem. 5:126-132; and
Vallette et al (1989) Nuc. Acids Res. 17:723-733), and cassetie mutagenesis (Wells e al (1983} Gene 34:315-323)
of av earlier prepared DNA encoding the polypeplide. Muwtagenesis protocols, kits, and reagenis are commercially
aveilable, e.g. QuikChange® Muiti Site-Direct Mutagenesis Kit (Stratagene, Lz Jolla, CA). Single mutations are
also generated by oligonucleotide direcied mutagencs:s using double stranded plasmid DNA as template by PCR
based mutagenesis (Sambrook and Russel, (2001) Molecular Cloning: A Laboratory Manual, 3rd edition: Zoller et
al (1983) Methods Enzymol. 100:468-500; Zoller, M.Y. and Smith, M. {1982} Nucl. Acids Res. 10:6487-6500).
Vanants of recombinant antibodies may be constructed also by resmiction fragment manipulation or by overlap
extension PCR with synthetic oligonucleotides. Mutagenic primers encode the cysteine codon replacement(s).
Standard mulagenesis lechniques can be employed w generate DNA encoding such mutant cysteine engineered
antibodies (Sambrook et al Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboraiory Press, Coid
Spring Harbor, N.Y., 1989; and Ausubel ef al Curremt Protocols in Molecular Biology, Greene Publishing and
Wiley-Interscience, New York, NY, 1993).

[0546] Phage display technology (McCafferty et al ( 1990 Nature 348:552-533} can be used 10 nroduce
anti-CI79b human antibodies and antibody fragmenis i vito, from immmseglebulin variable (V) domain gene
reperioires from unimmunized donors. According to this lechaique, antibody V domain genes are cloned in-frame
inio either @ major or minor coat protein gene of a filamenious bacwriophage, such as M13 or fd, and displayed as
functional zntibody fragments on the surface of the phage particle. Because the flamentous particle comtaing a
single-stranded DNA copy of the phage genome, selections based on the functional properties of the antibody also
result in selection of the gene encoding the antibody exhibiting those propertes. Thus, the phage mimics some of
the properties of the B-cell (Johnson et al (1993} Current Opimion in Strucmural 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, U5 5565332, US 5573%05; US 5567610; US 5229275).

{0547} Anii-CD79b antibodies may be chemnically syathesized using known oligopeptide  synthesis
methodology or may be prepared and purified using recombinant techmology. The spprapriaie amino acid sequence,
or portions thereof, may be produced by direct peptide synthesis using solid-phase technigues (Stewart ot al., Solid-
Phase, Pepiide Svnthesis, (1969)YW.H. Freeman Co., San Francisco, CA; Merrifield, {1963} J. Am. Chem, Soc.,
83:2149-2154).  fn viro protin synthesis may be performed using manual techniques or by awomation.

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 Biosysiems Peptide Synthesizer (Foster City, CA) using manufacturer’s instructions.
Varipus portions of the anti-CH79b antibody or CD79% polypeptide may be chemiczlly synthesized separaiely and
combed using chemical or enzymatic methods 10 produce the desired anti-CD79h antibady or CD79b polypeptide.

[U548]  Vanous wechnigues have been developed for the production of antibody fragments. Traditionally,
these fragments were derived via proteotytic digestion of intact antibodies {(Mormmoto et al (1992) Journal of
Biochemicai 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 ani-CD79h antibody fragments can all be expressed in and secreted
from £. coli, thus allowing the facile production of large amounts of these Fragmerms. Antibody fragments cap be
isulated from the amtibody phage Hbraries discussed herein. Alernauvely, Fab'-SH fragments can be directly
recovered from £ coli and chemically coupled 1o form Flab’), fagments (Carter et al (19%2) Bio/Technology
10:163-167), or solated directly rom recombinant hosi cell culture. The anti-CD79h antibody may be & (scFv)
single chain Fv fragment (WO 953/161835; US 5571894; US, 5587458). The anti-CD79b amibody fragment may
also be 2 “linear antibody” {US 5641870). Such Lnear amibody fragmenis may be monospecific or bispecific.

[0549] The description below relates primarily to production of ani-CD79b antibodies by culturing cells
transformed or ransfected with a vector comaining ant-CD7% an!.ibodgf-cncoding nycleic acid. DNA encoding
anti-CD79% antibodies may be obtained from a ¢cDNA library prepared from tissue believed 1o possess the anti-
CD79 antibody mRNA and 1o express it at 2 detectable level, Accordingly, human anti-CD79b antibody or
CD79b polypeptide DNA can be conveniemtly obizined from a cIINA library prepared from buman tissue. The
anti-CD79b antibody-encoding gene may also be obtained from a genomic iibrary or by kmown synthetic
procedures (c.g., antomated nucleic acid synthesis).

{0550] The design. selection, and preparation methods of the invention enable cysleine engineered anti-
CD79% anmtibodies which are reactive with electrophilic functionality. These methods further enable antibody
conjugate compounds such as antibody-drug conjugate (ADC) compounds with drizg molecules at desigmated,
designed, selective sites.  Reactive cysteine residuss on an antibody surface allow specificaliy conjugating a dmg
moicty through a thiol reactive group suck as malsimide or haloacetyl.  The nucleophilic reacivity of the thio]
functionzality of a Cys residuc to a maleimide group is about 1000 times higher compared 1o any other amino acid
functionality in a protein, such as amino group of lysine residues or the N-ierminal amine group. Thiol specific
functionality in jodoacetyl and maleimide reagents may react with amine groups, but higher pH (>9.0) and longer
reaction times are required {Ganman, 1997, Non-Radicaciive Labelling: A Practical Approach, Academic Press.
London}. The amount of free thiol in a protein may he estimated by the standard Eliman’s assay. Immunoglobulin
M is an example of a disullide-linked pentamer, while immunoglobulin G is an example of # protein with internal
disulfide bridges bonding the subunits together. In proteins such as this, reduction of the disulfide bonds with 2
reagent such as dithiothreitol (DTT) or seleno! (Singk et al {2002y Anal Biochem. 304:147-136) is required to

generate the reactive free thiol. This approach may result in loss of antibody tervary structure and antigen binding
specificity.
[0551] The PHESELECTOR (Phage ELISA for Selection of Reactive Thiols) Assay allows for detection

of reactive cysieine groups in anibodies in an ELISA phage format thereby assisting in the design of cysieine

engineered antibodies (Junutila, 1R et al {2008) J Immunol Methods 332:41-32; WO 2006/034488: 1S
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2007/0092940). The cysieme engineered antibody is coated on well surfaces, foliowed by incubation with phage
particles. addition of HRP labeled secondary antibody, and absorbance detection. Mutant prowems displaved on
phage may be screened in 2 rapid, robust. and high-throughput manmer. Librarics of cvsieine engimeered antibodies
can be produced and subjecled o binding selection using the same approuch to wdentify appropriately reactive sites
of free Cys incorporation from random protein-phage libraries of antibodies or other proteins.  This 1echnique
mcludes reacting cysterne mutamt proteins displaved on pbage with an affinity reagent or reporier group which is

also thiol-reactiive.

[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 scarched 1o identify
more ThioFab variams with reactive thiol groups. A parameter. fractional surface accessibility, was emploved o
identify and quaniitate the accessibility of solvent 1o the amine acid residues in 2 polypeptide. The surface
accessibility can be expressed as the surface arca (A7) that can be contacted by a solvent molecule, e.g. water. The
occupied space of water is approximated as a 1.4 A radus sphere.  Software is freely available or licensable
(Secretary 10 CCP4, Daresbury Laboratory, Warringlon, WA4 4AD, United Kingdom, Fax: (+44) 1925 603825, or
by internet: www.cepd.ac.uk/dist/biml/INDEX himl) as the CCP4 Suite of crystallography programs which employ
algorithms 1o calculate the surface accessibility of each amino acid of a prowin with known x-ray crystallography
derived coordinates (“The CCP4 Suite: Programs for Protein Crystallography” (1994) Acta. Cryst. D5G;760-763),
Two cxemplary sofiware modunies that perfonm surface accessibility calculations are “AREATMOL” 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 2 probe sphere (representing a solvent
molecule) 2s 1t rolls over the Van der Waals surface of the protein. AREAIMOL calculates the solvent accessible
surface area by generating surface points on an extended sphere abowt each atom {at a disiance from the atom centre
equal to the sum of the atom and probe radii), and climinating those that lie within equivalent spheres associated
with neighboring atoms.  AREAIMOL finds the solvent accessible arez of atoms in a PDB coordinate file. and
surmarizes the accessible area by residue, by chain and for the whole molecule, Accessible areas (or area
differences) for individual atoms can be written 10 a pseudo-PDB output fzle. AREATMOL assumes a single radius

for each element, and only recognizes a limited number of different elements,

{0553} AREAIMOL and SURFACE report absolute accessibilities. i.e. the uumber of square Angstroms
{A}. Fractiona! surface accessibihity is calculated by reference to & standard state relevant for an amino acid within
a polypeptide. The reference state is tripeptide Gly-X-Gly, where X is the amino acid of interest, and the reference
stale should be an ‘extended’ conformation, i.¢. like those in beta-strands. The extended conformation axinizes
the accessibility of X. A calculated zccessible area is divided by the accessible arez in a Gy-X-Gly mipeptide
reference state and reports the quotient, which is the fractional accessibility. Percemt accessibility is fractional
accessibility muhiplied by 100. Another exemplary algorithm for caleulating surface accessibility is based on the
SOLV module of the program xsae (Broger, C., F. Hoffman-LaRoche, Basel) which caiculates fractional

accessibiiity of an amino acid residue 10 a water sphere based on the X-ray coordinates of the polypeptide. The
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fraciional surface accessibility for every amino acid in an antibody may be catculated using zvailable crvstal
structure informaton (Eigenbrot et al. (1993 ] Mol Biol 229:965-9935),

[0554] DNA encoding the cysteine enginecred antibodies is readily isolated and sequenced using
conventional procedures (e.g.. by using oligonucleotide probes that are capable of binding specifically 10 genes
encoding the heavy and light chains of murine antibodiesy, The bybridorna cells serve as 2 source of such DNA.
Once isolated, the DNA may be placed into expression vectors, which are then tramsfected i inlo host cells such as E.
voli cells, sitnian COS zells, Chinese Hameter Ovary (CHQOY eelis, or other mammalian host celis, 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 amibodics m the recombinant host cells.

[0355] After design and selection. cysteine engineered antibodies, e.g. ThioFabs, with the engineered,
highly reactive unpaired Cvs residucs, “free cysieine amino acids”, may be produced by: (1) expression in a
bacterial. €.g. E. coli, system (Skerra et al (1993) Curr. Opimon in Immunol. 3:256-262; Plickthun {1992} Immunoi.
Revs. 130:151-188) or a mammalian cell culture system {WQ 01/00243), e.g. Chinese Hamster Ovary cells (CHOY:
and (i) purification using common prolein purification techniques (Lowman e al (1991) J. Biol. Chem.
266(17):10982-10988).

[0556] The engincered Cys thio! groups react with electrophilic linker reagemts and drug-linker
mtermediates w0 form cysteine engineered antibody drug comjugsies and other Izhelled cysteine engineered
antibodies. Cys residues of cysteine engineered antibodies, and present in the parent antibodies, which are paired
and form interchain and intrachain disulfide bonds do not have any reactive thiol groups (unless treated with a
reducing agen() and do pot react with electrophilic linker reagents or drug-linker intermediates. The newly
engineered Cys residue, can remain unpaired, and able to react with, i.e. conjugate lo, ar elecirophilic linker reagent
or drug-linker intermediate. such as 2 drug-maleimide. Exemplary drug-linker intermediates include: ME -MMAE,
MC-MMAF, MC-v¢-PAB-MMAE, and MC-ve-PAB-MMAF. The structure positions of the engineered Cys
residues of the heavy and hight chaing are numberad according to a sequential numbering sysiem. This sequential
numbering system is correlated 1¢ the Kabat numbering system (Kabat et al., (1991) Sequences of Protems of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD) starting a1 the
N-terminus, differs from the Kabat numbering scheme (botiom row) by msertions noted by a,b.c. Using the Kabat
numberning system, the actual Hpear amino acid sequence may conmin fewer or additiomal amino acids
corresponding to a shorlening of, or imsertion inte, 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.

[055"}'} In ove embodiment, the cysteine engineered ami-CD79% antibody is prepared by a process

COMPrising:
{a} replacing one or more amino acid residues of a parent ani-CD79b antibody by cysieine; and
(b} determining the thiol reactivity of the cysteine engineered anti-CD79b antibody by reacling the cysieine

engineered antibody with a thiel-reactive reagent.



{0558] The cysteine engineered antibody may be more reactive than the parent antibody with the thiol-

reaclive reagent.

[0559} The free cysteine amino acid residues may be located in the heavy or light chains, or 1o the
consiant or vanable domains. Aatibody fragments, e.g. Fab, may also be enginecred with one or more cysteine

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 cvstsine

engineered anti-CD79b antibody, comprising:

{a} introducing one or more cysieine amino acids into a parent anti-CD79% amibody in order 1o

generate the cysteine enginesred anti-CD70h antibody; and
(b} determining the thio! reactivity of the cysieins engineered antibody with a thiol-reactive reagent;
wherein the cysizine engineered antibody is more reactive than the parent antibody with the thiol-reactive reagent.

Step (a) of the method of preparing a ¢ysieine engineered antibody may comprise:

1) mutagenizing a nucleic acid sequence encoding the cysieine engineered antibody;
(i1} expressing the cysleine engineered antibody; and
(i) isotating and purifying the cysteine engineered antibody.

{0561} Step (b) of the method of preparing a cysieine engineered antibody may comprise expressing the

cystemme engineered antibody on a viral particie selected from a phage or a phagemid particle.
[0562]  Step (b} of the method of preparing a cysteine engineered antibody may aiso comprise;

(i} reacting the cysieine engineered antibody with a thiol-reactive aifinity reagent to generate an

affinity labelled, cysieine engincered antibody; and
(1) measuring the binding of the affinity labelled, cysteine engineered amibody to 2 capture media.

{0363] Another emabodiment of the invention is a method of screemng cysteine engineered antibodies

with highly reactive, unpaired cysieine amino acids for thiol reaclivity comprising

{a) muroducing one or more cysieine amino acids inio a parcat antibody in erder 10 generae a

cysieine engineered antibody;

{b} reacting the cysteine engineered antibody with a thiol-reactive alfinity reagent 1o generaw an

affmity labelled, cysteine engineered antibody; and

{c) measuring the bindmg of the affinity labelied, cysieine engineered antibody to a capiure media;
and
(&) determming the thiol reactivity of the eysicine engincered antibody with the thiol-reactive reagent.

[0564] Step (a) of the method of screening cysteine engincered antibodies may comprise:
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(i} mutagenizing a nucleic acid sequence encoding the cvsteine engineered antibody;

(ii) expressing the cysieing engineered antibody; and
{i1i} isotating end purifving the cysteine engineered antibody.

{0365] Step (b} of the method of screening cysteine engineered antibodies may comprise expressing the

cysteme engineered antibody on 2 viral particle selected from « phage or a phagermd particle.
f0566)  Step (b} of the method of screening cysteine engineered sntibodies may also COTIprise!

(i) reacting the cysleine engineered antibody with & thiol-reactive aflinity reagent 10 gencrate an

affinity labetled, cysieine engineered antibody; and
(11) measuring the binding of the affinity labelled, cysteine engineered amtibody 10 a capture media,
b. Cysteine Engineering of Anii-CD79h 12 Variants

[0567] Cysteine was introduced af the beavy chaimn 118 (EU numbering) {equivalent 10 heavy chain
position 118, sequential numbering) site into the full-length, chimeric parent monoclonal anti-CD79b antibodies or
at the light chain 205 (Kabat numbering) (equivalent 10 light chain position 209, sequential numbering) site into the
fuli-length, chimeric paremial monoclonal 2nti-CD79b antbodies by the cysieine engineering methods described

herein.

[0368] Cysteine enginecred amibodies with cysteine at heavy chain 118 (EU numbering) generated were;
(2) thie-MA79b.v17-HC{A118C) with heavy chain sequence (SEQ ID NO: 228} and light chain sequence (SEQ ID
NO: 229}, Figure 24; (b) thio-MA79b.v18-HCIAI18C) with heavy chain sequence (SEQ ID NO: 230) and ght
chain sequence (SEQ ID NO: 231), Figure 25; (c) thio-MA79b.v28-HC(A118C), with heavy chain sequence {SEQ
1D NOx: 232) and light chain seguence {SEQ 1D NO: 233}, Figure 26; (d) thio-MA79B-HC(ATI8C) with heavy
chain sequence {SEQ ID NO: 236) and light chain sequence (SEQ ID NO: 237), Figure 28; and {e) thio-ani-
¢ynoCD79b-HC(A118C) with heavy chain seguence ( SEQ ID NO: 244) and light chain sequence {(SEQ 1D NO:

245}, Figure 48,

[0569] Cysteine engineered antibodies with cysteine at tight chain 205 (Kabat mumbering) generated
were: (a) thio-MA79b-LC(V205C) with heavy chain seguence (SEQ ID NO: 234) and light chain sequence (SEQ
1D NO: 233), Figure 27 and (b) thio-anti-cynoCD79b(ch10D10)-LCIV205C) with heavy chain seguence (SEQ ID
NO: 299} and light chain sequence (SEQ 1D NO: 300, Figure 49,

[0570] These cysteine engineered monoclonal antibodies were expressed in CHO (Chinese Hamster

Ovary} cells by ransient [ermentation n media conlaining 1 mM cysteine.

[0571] According to one embodiment, humanized MA795 cysleine engineered apti-CD79% antibodies
comprise one or more of the following heavy chain sequences with a free cysteine amine acid (SEQ ID NQOs: 251-

159, Table 2).



Tahle 2. Comparison of heavy chain Sequential. Kabat and EU numbhering for humanized MAT9b

gvsieine eneineered anti-CD79h amibodv varians
S A s R e R bl S D L TR A MUY VaTidTleh

SEQUENCE SEQUENTIAL. KABAT EUNUMBERING | SEQ ID NO:
NUMBERING NUMBERING
EVQLCESGGG VEC Vag 251
LRLSCCASGYT RZ3C BZ3C 257
MHNSLRCEDTAV ABBC AB4C 253
TLJTVES%STF 51162 Slizc 254
VIVSSCETKGE E1:8C Al:4C AlLIET 255
VS55A8CKGPSV TL20C Til&C T120C 256
WYVDG_(;EVHNA V282C VZT8C V282C 257
KGFYPCDIAVE S375C S371C §375C 258
PPVLDCDGSER 5400¢C 5398C 34500 259
[0572} According 10 one embodiment, chimeric MA79h cysteine engineered anti-CD79b antibodies

comprise one or more of the following heavy chain sequences with a free cysteine aming acid (SEQ ID NOs; 260.

268, Table 3).

o




Table 3: Comparison of heavy chain Sequential. Kabat and EU numbering for chMA79b cysieine

engineered ami-CD79b antihody varianis:

SEQUENCE SEQUENTIAL KABAT EUNUMBERING | SEQID NO:
NUMBERING NUMBERING
EVQLCOSGAE {5¢C Q5C 260
VHISCCATGYT RZ3C R23¢ 261
LSSLTCEDSAV §588C 884C 262
TSVTVCSASTE S116C s§1lizc 263
VIVSSCSTRGP R1LEC E114C A11EC 264
VSSASCKGPSV T120C T1162 TI20C 265
WYVDGCEVENA v282C vzr8s v282C 266
KGFYPQD:A‘JE 53750 S371C S5375C 267
PPVLDCDGSEF $400C | 83%6C $400¢ 268

{0573} According 10 one embodiment, anti-cynoCD79b(chiODI0) cysteine engineered anti-CD79%
antibodies comprise one or more of the following heavy chain sequences with a free cysieme amino acid {SEQ ID

NOs; 269277, Table 4).



Table 4: Comparison of heavy chain Sequential, Kabat and EU numbening for ami-eynoCD79b(ch 10D 10

cysieme engineered anti-CD79 antibody varianis:

SEQUENCE. SEQUENTIAL KABAT EU NUMBERING | SEQ ID NO:
NUMBERING | NUMBERING
EVQLCESGPG o5C osc 269
LSLTCCVTGYS T23C TZ23C 270
LNSVTCEDTAT s88¢C $84¢ 271
TTLTVCSASTK §111C siizc 272
LTVSSCSTKGE A113C A114C A118C 273
VSSASCKGPSY T115C TL16C T120C 27¢
WYVDGCEVHNA vzg2r VZ78C V2B2C 275
KGFYPCDIAVE $370C 5371C 5375C 276
PPVLDCDGSEF §395¢C 3396C 5400C 277

[0574]  According 10 one embodiment, bumanized MA795 cysteine-enginecred ani-CD79h antibodies
comprise one or more of the following light chain sequences with 2 free cysteine amino acid (SEQ ID NOs: 278-

284, Table 3).
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Table 5: Comparison of light chain Sequential and Kaba numbering for humanized MA79b cysicine

engineered anti-CD79h antibody varianis

SEQUENCE SEQUENTIAL KABAT SEQ ID NO:
NUMBERING NUMBERING
SLSASCGDRVT VIisC V15C 278
EIKRTCAAPSY VilaC | V116 279.
TVAAPCVFIFP | SH18C S114C 280
FI’FPPQDEQLK S12sC S121C 281
DEQLKCGTASV S131C S127C 282
VTEQDCKDSTY S172C S168C 283
GLSSPMC:T KSFN V208C V203C 284

[0575] According 10 omc embodiment, chimeric MA79b cysteine-engineered anti-CD79b antibodies
comprise one or more of the following light chain sequences with a free cysteine amino acid (SEQ ID NQOs: 285-

291, Table A}
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Table 6: Comparison of light chain Seguential and Kabat nﬁmbering for chimeric MA79% cysicine

engineered anti-CD79b antibody variants

SEQUENCE SEQUENTIAL KABAT SEQ ID NC:
NUMBERING NUMBERING
SLAVSCGQRAT | LISC ) L1sC 285
ELKRTCAAPSV | V114C v1i0C 286
TVAAPCVFIFP S118C §114C 287
FIFPPCDEQLK | S125C $121C 288
DEQLKCGTASV | 8i31C $127C 289
VTEQDCKDSTY | §172C S168C 290
GLSSPCTKSFN V209C V205C 291

[0576] According to one embodiment, anti-cynoCDD79hchiOD10) cysigine-engincered  ami-CD79
antibodies comprise one or more of the following lght chain sequences with & fee cysteine ammo acid (3EQ ID

WNOs: 292-268, Table 7).



Table 7 Comparison of light chain Sequential and Kabar aumbering for anti-cynoCD79b(ch10D16)

cysieine engingered anti-CD79h emibody varants

SEQUENCE SEQUENTIAL KABAT SEQ ID NO: ]
NUMBERING | NUMBERING
SLAVSCGQRAT | L15C LisC 292
EIKRTCAAPSV V1140 VI10C 293
TVAAPCVEIFP 5118C S114C 294
FIFPPCDEQLK . | §125C 5121C 295
DEQLKCGTASV | §131C 5127C 296
VIEQDCKDSTY | §172¢ S168C 297
GLSSPCTKSFN V209C V205C 298

t. Labelled Cysteine Enginecred Anti-CD79b Antibodies

[0377] Cysieine engineered anti-CD79b antibodies may be site-specifically and efficiently coupled with
a thiol-reactive reagent. The thiol-reactive reagent may be a multnfunctional linker reagent, a capuire, ie. affinny,
label rcagent {c.g a biotin-linker reagent), s delection label (e.g. = [fuorophore rcagent), a solid phase
immobilization reagent (e.g. SEPHAROSE™, polystyrene, or glass), or a drug-tinker intermediate. One example of
a thiol-reactive reagent is N-ethy! maleimide (NEM), Ig an exemplary embediment, reaction of & ThioFab with a
biotin-linker reagent provides a biotinvlaied ThioFab by whick the presence and reactivity of the engineered
cysieme residue may be detected and measured. Reaction of @ ThioFab with & nuftifunctional linker reagent
provides a ThioFab with a functionalized linker which may be further reacted with a dug moiety reagent or other

label. Reaction of & ThioFad with a drug-linker intermediale provides a ThioFab drug conjugate.

[0578] The exemplary methods described here may be applied generally to the identificaton and
productior: of antibodies, and more generally, 10 other proteins through application of the design and seresning steps
described herein.

{05791 Such an approach may be applied 10 the comjugation 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 Fluorescen Probes and Research Chemicals,

Molecular Probes, Inc.; Brinkley, 1992, Bioeonjugate Chem. 3:2; Garman, 1997, Non-Radioactive Labeliing: A
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Pracucal Approach, Academic Press, Londom; Means (1990} Biocowjugate Chem. 1:2; Hermanson G. in
Bioconjugate Technigues (1996} Academic Press. San Diego, pp. 40-55, 643-67}). The thiol-reactive reagent may
be a drug moiety, a fluorophore such as a fluorescent dve ike fiuorescein or rhedamine, a chelating agent for an
inaging or 'radiotherapeutic metal. a peplidy! or nou-peptidy! label or detection tag, o1 a clearance-modifying agent
such as vanious isomers of polyethviene glycol. a peptide that binds to a third component, or another carbohvdraie

or lipophilic agent.
d. Uses of Cysteine Engineered Anti-CD79b Antibodies

[0580] Cysweine engineered anti-CD79b antibodies, ané conjugates thereof may find use as therapeutic
and/or diagnostic agents. The present ivention further provides methods of preveniing, managing, treating or
ameiiorating one or more symptoms associated with a B-cell related disorder. In particutar, the present mvention
provides methods of prevemting, managing, treating, or ameliorating one or more sympioms associated with a cell
proliferative disorder, such as cancer, e.g., lvmphoma. non-Hodgking lymphoma (NHL), agoressive NHL, relapsed
aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolem NHL, chronic lymphocytic leukemia
(CLL), small lymphocytic lymphoma, leukemia, hairy cell leukemia (HCL), acute tymphocoytic leukernia (ALL),
and mantle cell lymphoma. The present mvention still further provides methods for diagnesing 2 CD79b related
disorder or predisposition 10 developing such z disorder. as well as methods for ientifying antibodies, and antigen-

binding fragmemts of antibodies, that preferentiaily bind B cell-associated CD79% polypeptides.

Another embodiment of the present inventior is directed 1o the nse of a cysteine engineered anti-CD79b antibody
for the preparation of 2 medicament usefir! in the reatment of z condition which is responsive to 2 B cell related
disorder,
¢. Cysteine Engineered Antibody Drug Conjugates (Thio-antibody Drug
Conjugates (TDCs))

[OS8I] Another aspect of the invention is an antibody-drug conjugate compound comprising a cysteine
engineered anti-CD7% antibody (Ab). and an auristatin drug moiety (D) wherein the cysteine engineered amibody
is attached through one or more fres cysieine amino acids by a bnker moiety (L) to 1), the compound having

Formuia L
Ab-(L-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 3 parent anti-CD79b antibody by one or more free cysteine aming acids.

[0582] Another aspect of the invention is a COmMPposition cowprising 2 mixture of antibody-drug

compourds of Formula I where the average drug loading per antibody is about 2 10 about 3, or abou 3 0 abowi 4.

[0583] Figures 24-28 and 4849 show embodiments of cysieine engineered anti-CD7% antibody drug
comjugates (ADC) where an auristatin drug moiety is anached fo an engineered cysieine group in: the light chain

{LC-ADC) or the heavy chain {(HC-ADCh



[0584] Potential advaniages of cysteine engineered anti-CD79b antibody drug conjugates include
mmproved safety (larger therapentic index), improved PK parameters, the antibody inter-chain disulfide honds are
retained which may stabilize the conjugate and retain its active binding conformation, the siies of drug conjugation
are defined, and the preparation of cystzine engmeered antibody drug conjugates from conjugation of cvsicine

engineered antibodies 1o drug-linker reagems results in a more homgogeneous product,
Linkers

[0585] “Linker”, “Linker Unit”, or “link” means 2 chemical molety comprising a covalent bond or a
chain of atoms that covalently attaches zn amibody 1o a drug moiety. In various embodiments. a Linker ic specified
as L. A “Linker” (L} is 2 bifunctional or multfunctionsl moiety which can be used to link one or more Dirug
moicties (D} and an amtibody unit {Ab) to form anttbody-drug conjugates (ADC) of Formula 1. Antibody-drg
conjugates (ADC) can be convemiently prepared using 2 Linker having reactive funciionality for binding 10 the
Drug and 1o the Amibody. A cysteine thiol of 2 cysteine engineered amibody (Ab) can form 2 bond with an

ciectrophilic functional group of & linker reagent, 2 drug moiety or drug-linker intermediate,

[0586] In one aspect, a Linker has & reactive site which has an el cirophilic group that is reactive 10 a
nucleophtlic cysteine present on an antibody. The cysteine thiol of the antibody is reactive with an electrophilic
group on 2 Linker and forms 4 covalent bond 10 a Linker, Usefil electrophilic groups include, but are not Limited 10,

maleimide and haloacetamide groups.

I6587} Linkers include a divalent radical such as ap alkyldiyl. ap arviene, s heieroarvlene, moieties such
as: —{CR,):O(CR,),—, repeating units of alkyloxy (e.g. polvethylenoxy, PEG, polymethvleneoxy) and alkvlamine
{e.g. polyethylencamino, Jeffamine™); and diacid ester and amides inchiding succinate, succinamide, diglycolate,

malonate. and caproamide,

[0588] Cysteine cnginecred antibodies teact with linker reagonts or drug-linker mtermediates, with
electrophilic fumetional groups such #s maleimide or a-hala carbonyl, according to the conjugation method at page

766 of Klussman, et 2l (2004), Bioconjugate Chemisiry E5(4%:765-773, and according 1o the protocol of Example 6.

[0389]  The linker may be composed of one or more linker components. Exemplary linker components
mciude 6-maleimidocaproyl ("MC"), maleimidopropanoyi ("MP"), valine-citmiline ("val-cit" or “vc™), alanine-
phenylalanine  ("ala-phe” or “af, p-aminobenzyloxycarbonyl ("PAB"), Nesuccinimidyl  4-(2-pyridylihio)
pentanoate ("SPP"), N-succinimidy] 4-(N-maleimidomethy!) cyclohexane-1 carboxylate {("SMCC"), N-Succinimidyl
{4-lodo-aceryl) aminobenzoats { "SIAB"), ethvlencoxy -CH,CH.O- 25 one or more repeating unils CEO or “PEQO™).

Additional linker components are known in the art and some are described herein.

[0590] In one embodiment, linker L of an ADC has the formula:

—A;—W,,—Y,—

wherein;
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-A- 1s a Swreicher unit covalently attached 1o a cysteine thio! of the antibody (Ab);
gi8Oorl;

gach -W- s independently an Amino Acid unit;

w 18 independexntly an integer ranging from C o 12;

~Y - is a Spacer unit covalently attached to the drug moicty; and

visO Iorl

Sugicher unit

(0591} The Sweicher unit {-A-), when present, is capable of linking an anibody unit 1 an amino acid
unit (-W-}1. In tids regard an antibody (Ab} has & functional group that can form a bond with a functional group of a
Sweicher.  Useful fimctioral groups that can be present on an antibody, ecither naturally or via chemical
manipulation inclide, but are not Hmited to, sulfhydryl (-SH), amino, bydroxyl, carboxy, the anomeric bydroxyl
group of a carbohydrate, and carboxyl. In one aspect, the antibody functional groups are sulfbydryl o1 amino.
Sulfhydryl groups can be generated by reduction of an intramolecular disuifide bond of an antibody.” Alernatively,
sutfhvdryl groups can be geperated by reaction of an amino group ol a lysine moiety of an amibody using 3-
iminothielane {Traut's reagent) or another sulfhydryl generating reagent. In .onc cmbodiment, an antibody (AD) has
a free cysteine thiol group that can form a bond with an electrophibic functional group of & Stretcher Unit,
Exemplary stretcher units in Formule | conjugates are depicied by Formulas I1 and I, wherein Ab-, -W-, -Y-, -D,
w and v are as defined above, and RY7 is 2 divalent radical setected [rom (CH.), Ci-Cy carbocyelyl, O—(CH,),,
arylene, (CH,)~arylene, -aryiene—~(CH,}—, (CH3;—(C5-Cq carbooyelvl), (C3-Cy carboeyelyl)—(CH.), C5-Cy
beterocyelyl,  (CH2)—~(Ci-Cx  heterocyelyl),  ~(Ca-C s heterocvelyl)~(CH, ), —~(CH,), CIOYNRY(CHa)~,
~(CHaCHZ0)-, ~(CHCH.0),~CH.—, —-(CH:),.C(G}NR"’(CHQCHZO);_, —(C-Hz)_-C(O)NRE’{_CHECHgO)rCHg-,
~(CH:CH,03.C(OINR (CH,CHA0),~, ~{(CHCH O3 C(OMNR(CHLCH,0),~CHy -, and
~(CHyCHAO) CIOINRY(CH, ).— : where R® is H, C;-Ce alkyl, phenyl. or benzyl; and r is independently an integer

ranging from 1-16.

[0592] Aryiene inciudes divalent aromatic hydrocarbon radicais of 6-20 carbon atoms derived by the
removal of two hydrogen atoms from the aromatic ring systen. Typical arylene groups include, but are not Limited

10, radicals derived from benzene, substinned benzene, vaphthalene, anthracene, biphenyl, and the like.

{0593} Heterocyslyl groups include a ring sysiem in which one or more ring atoms is & heleroatom, e.g.
nitrogen, oxygen, and suifur. The heterocyele radical comprises 1 10 26 carbon atoms and 1 10 3 heteroatoms
selecied from N, O, P. and S. A heterocyele ﬁ;ay be 2 monecycle having 3 to 7 ring members (2 1o 6 carbon zloms
and | 10 3 heteroatoms selected from N, O, P, and 5) or a bicycle baving 7w 10 ring members (4 10 9 carbon atoms
and 1 10 3 beteroatoms selected from N, O, P, and $), for cxample: a bicycle [4,5], [3.5], [5,6]. or [6,6] sysiem.
Heterocycles are described in Paquetie, Leo A.; “Principles of Modern Heterocyelic Chemistry™ (W A. Benjanin,

New York, 1968). particularly Chapters 1, 3, 4, 6, 7. and 9; “The Chemistry of Heterocyelic Compounds., A series
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of Monographs™ {John Wiley & Sons, New York, 1950 1o presert}, in particular Volumes 13, 14, 16, 19, and 28;
and I Am. Chem. Soc. {19607 82:5366.

[0594]  Examples of heterocycies include by way of example and not limitavion pyridvi, dihydroypyridvi,
tetrabydropyridyl (piperidyl}). thiazolyl, tetrabhydrothiophenyl, sulfir oxidized etrahydrothiophenyl, pyrmidiny,
furanyl, thienyl, pyrrolyl. pyrazolyl, imidazolvl, letrazolvl, benzoluranyl, thiznaphthalenyl, indolyl, indolenyl,
quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pymrohdonyl, pyrrolinyl,
tetrahydrofuranyl,  bis-tetrahydrofuranyl, letrahydropyranyl, bis-retrabydropyranyl, tetrahydroguinetiny,
tetrahvdroisoquinolinyl, decahvdroquinolinyl, octabydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2.5-thiadiezinyi,
2H.6H-1.5.2-dithiazinyl, thienyl, thianthrenyl, pyranyl, 1sobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-
pyrrolyl, isothiazolyl, isoxazolyl pyrazinyl, pyridazinyl, indolizimyl, isoindolyl, 3H-mdotyl, 1H-indazolyl, purinyl,
4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pleridiny!, 4Ab-carbazolyl,
carbazolyl, P-carholinyl, phenanthridinyl, acridiny, pyrimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
furazanyl, pkenoxazinyl, isochromanyl, chromanyl, imidazoliding, mmidazolinyl, pyrazolidinyl, pyrazolinyl,
piperazinyl, ndolinyl, isoindelinyl, quinuclidinyl, morpholinyl, oxazolidinyl. benzotriazolyl, benzisoxazolyl,
oxindolyl, benzoxazolinyl, and isatinoyl.

-

[0595] Carbocyclyl groups include a saturated or pnsaturated ri;sg baving 3 to 7 carbon atoms as a
manocycle or 7 to 12 carbon atoms as a bicycle. Monocyelic carbocveles have 3 to 6 ring awms, still more
typically 5 or 6 ring atoms. Bicyclic carbocveles bave 7 10 12 nng atoms, e.g. arranged as a bicyclo [4,5], [3,5],
[5.0] or [6,6] svsierm, or 9 or 10 ring aioms arranged zs a bicyclo [5,6] or [6,6) system. Exampies of monoeyclic
carbocyeles include cyclopropyl, cyclebutyl, cyclopentyl, I-cyciopent-l-enyl, l-cyclopent-2-enyl, I-cvclopent-3-

enyl, cyvcichexyl 1-cyclohes-1-enyl, Icyclobex-2-enyl, J-cyclohex-3-enyl, cycloheptyl, and cvelooctyl.

[0596] Iiis w be undersiood from all the exemplary embodiments of Formula 1 ADC such ag II-VI, that
even where not denoted expressly, from I to 4 drug moieties are linked o an antibody ( p = 1-4), depending on the

number of engineered cysteine residues.

0
Ab—S N=R7-G(O)—Wy——Y,-D
0
P II
Ab~——8 CszcONH-R1?—C(O)--WW-Y>,-E}
P HI

[0597}  An illustrative Formula II Stretcher unit is derived from maleimido-caproyl (MC) wherein RV is -
{CHabs-



%ff«vvwﬁ

{0598]  An illustrative Stretcher unit of Formula I1, and is derived from maleimido-propanoy] (MP)
wherein R is «(CHy),-:

gqf‘/\»& y

MC

MP
[0599]  Another ilfustrative Stretcher unit of Formule [T wherein R'7 is SCHCH.O03,-CH, -and ris 2:
O
§ ' N/\/O\/\O/\H/R"A
O
O

[0600] Another illustrative Stretcher unit of Formuie 11 wherein R¥7 is
~(CH2CLOINR (CHACH,0),~CH,~ where R® is H and each r is 2-

E—Q"‘”\/iv/\”\/\of\f‘

MPEG

[0601]  An illustrative Stretcher unit of Formula Il wherein R' is «(CH,)e-!

3 \jig?i/\/\/w(ii

[0602] In another embodiment, the Stretcher unit is linked to the cysieine engineered anti-CD79b
entibody via a disulfide bond between the engineered ¢ ysteine sulfur atom of the antibody and a sulfiur atom of the
Stretcher wnit. A representative Stretcher unit of this embodiment is depicted by Formmula TV, wherein R, Ab-, -W-,
Y-, -D, wand y are as defined ahove.
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Ab—S S*-R”mC(O)MWW%meD
p ;

L

[0603]  In yet another embodiment, the reactive group of the Stretcher contains a thiol-reactive functional
group that can form a bond with 2 free cysteine thiol of an antibody. Exampies of thiol-reaction functional groups
include, but are not linuted te, maleimide, o-haloacetyl, activated esters such as suceinimide esters, 4-nitrophenyl
esters, pemafiuoropheny! esters, tetrafluoropheny! esiers, anbydrides, acid chiorides, 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 ahove;

Ab—-—3 C(O)NH—-*R"T"-C(O)——"WWWYYM D

P Va

Ab—— 8T C(SINH—R " —C(Q)—W,;—Y,— D
P Vb

[0604] In another embodiment, the linker may be a dendritic type linker for covalent attachment of more
than ope drug moiety through a branching, multifunctional linker molety 1o an amibody (Sun et al (2002)
Bioorganic & Medicinal Chemistry Letters 12:2213-2215; Sun et al {2003) Bioorganic & Medicinal Chemistry
11:1761-1768; King {2002} Tetrahedron Letters 43:1987-1990). Dendritic linkers car merease the molar ratip of
drug 1o antibody, ie. loading, which is related 10 the potency of the ADC. Thus, where a cysieine engineered
amibody bears only one reactive cysieine thiol group, a multitude of drug moietics may be attached through a
dendritic inker.

Armune acid unit

[0605] The linker may comprise amino acid residues. The Amino Acid unit (-W.~), when present, inks
the antibody (Ab) to the drug moiety (D) of the cysicine engineered antibody-drug conjugate (ADC) of the

invention.

[0606] -W,- is a dipeptide. tripeptide, tetapeptide, pentapeptide. hexapeptide, heptapeptide, octapeptide,
nonapeplide, decapeptide, undecapeptide or dodecapeptide unit, Amino acid residues which comprise the Amino
Acid unit include those occurring naturaily, as well as minor amino acids and nop-naturally occurring aming acid
analogs, such as citruiline. Each -W- unit independently has the formula denoted below in the square brackets, and

w is an integer ranging fom 0 to 12;



" O
8%

wherein R is hydrogen, methyl, isopropyl, isobutyl, sec-butyl, benzyl, p-bydroxybenzyl, -CH.OH, -
CH(OH)CH;,  -CH.CH.SCH:,  -CH,CONH,, -CH.COOH,  -CH.CH.CONH,, -CH.CH.COOH. -
(CH:NHC(=NH)NH,. «(CH.):NH,, -(CH,):-NHCOCH,, -(CH21:NHCHO, -(CH:) NHC(=NHNH., -(CH,LNH-, -
(CH:p:NHCOCH;,  «(CHa L, NHCHO, “(CH:zNHCONH,;,  «CH:NHCONHS,, ~CH.CHCHIOMICH,NH,, -

pyridyimethyl-, 3-pyridylmethy!-, &pyridyimethryl-, phenvl, cyelohexyl,

“1{\/@ ,%{\/@O}f “%L
CC
; , %’, O

%'*CH ) or éﬁCHz
g B A SO

H

[0607]  When R* is other than: hydrogen, the carbon alom 1o which R’ i attached is chiral, Bach carbon
atom 1o which R* s attached is independently in the (S) or (R) configuratior. or 2 racemic mixture. Amino agid

units may thus be enantiomerically pure, racemic, or diastereomeric.

[0608] Exemptary -W,- Amine Acid units include a dipeptide, a tripeptide, a tetrapeptide or a
pemapepiide. Exemplary dipeptides include: valine-citrulline {ve or vai-cit), atanine-phenylalanine (af or ala-phe),
Exemplary wipeptides include: glycine-valine-citrulline (gly-val-cit) and glycine-glycine-giycine {gly-gly-gly}.
Amino acid residues which comprise an amino acid linker component include those occurring naturaliv, as well as

miner aming acids and non-naturally occlrTing aming acid anaiogs, such as citrulline.

[0609] The Amino Acid unit can be enzymatically cleaved by one or more enzymes, ncluding z mmor-
associated prolease. 1o liberate the Drug moiety (-D), which in one embodinemn 15 protonated in vivo upon release

10 provide a Drug (D). Amino acid linker components can be designed and optimized in their selectivity for
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euzymatic cleavage by a particutar enzymes, for example, 2 umor-associated protease, cathepsin B, C and D, or &

plasmin profease,

Shacer umit

[0610] The Spacer umit (~Y,~}, when present (y = | or 2}, binks an Amino Acid unit (=W -} to the dmg
moiety {D) when an Amino Acid unit is present (w = 1-12). Alwernately, the Spacer umt links the Stretoher unit o
the Drug moiety when the Amino Acid unit is absent. The Spacer unit also links the drug moiety 10 the antibody
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 self-immotative. A non self-immolative Spacer unit is one in which part or all of the
Spacer umt remains bound 1o the Drug moiety after cleavage, particularty enzymatic, of an Amino Acid unit from
the amibody-drug conjugate or 1he Drg moiety-linker. When an ADC containing g glycine-glyeine Spacer unit or
& glycine Spacer unit undergoes enzvmatic cleavage viz a tumor-cell associated-protease, a cancer-cell-associated
protease or & lymphocyle-associated protease, a glycine-glyeine-Drug meiety or a giyeine-Dirug melety is cleaved
fom Ab-A,-Ww-. in one embodiment, an independent hydrolysis reaction iakes place within the target cell,

cleaving the glycine-Drug moiety bond and liberating the Drug.

[6611] In another embodiment, -Yy- 18 a p-aminobenzyicarhamoy] (PAB) unit whose phenylene portion
is substituied with Q, wherein Q is ~CCy alkyl, ~O-(C-C4 alkyl}, -halogen,- mitro or -cvano; and m is an integer

ranging from 04,

[0612]  Exemplary embodiments of 2 non self-immolative Spacer unit (-Y-) are: ~Gly-Gily- ; ~Cily-  -Ala-
Phe- ; -Val-Cit-

[0613] In one embodiment, a Drug moiety-linker or ar ADC is provided i which the Spacer unit is

absem (y=0), or a pharmaceutically acceptable salt or solvate thereof

{0614] Alternatively, an ADC containing 2 seif-immolative Spacer unit can release D In ome
embodiment, -Y- is 2 PAR goup that is Hnked 10 -W,~ via the amino nitrogen alom of the PAR group, and

connecied directly to -1 via a carbonate. carbamate or ether group, where the ADC has the exemplary structure:

/ iy \
Ab—-*\-AamWw-—-NH@ﬁo —b

1l
b

wherein Q is -Cy-Cy alkyl, -0-(C,-C alkyl), -balogen, -nitro or -cyano: m is an integer ranging from 0-4;
and p ranges from | 1o 4.

{6615] Other examples of self-immolative spacers include, but are not lmited to, aromatic compounds
that are electronicaliy similar to the PAB group such as Z-aminoimidazol-5-methanol derivatives {Hay et al. {1999)
Bicorg. Med. Chem. Letr. 9:2237), heterocyclic PAR analogs (US 200540256030}, bete-ghicuremide (WO

2007/411968), and ortho or pars-aminobenzylacetals.  Spacers can be used that undergo evelization wpon amide
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bond lbydrolysis, such as substituted and unsubstimied 4-apunobutyric acid amides {Rodrigues et al (1993)
Chemistry Biology 2223}, appropriately substinged bieyclo[2.2.1] and bicycio[2.2.2] ring systems (Stomm et al
(1972y 1. Amer. Chem. Soc. 94:5815) and Z-aminophenvlpropionic acid amides {Amsherry, ¢t al (1990) J. Org,
Chem, 55:5867). Elimination of anune-containing drogs that are substitted a glveine (Kingsbury et al (19847 J

Med Chem, 27:1447) are also examples of self-immolative spacer useful in ADCs.

f0616] Exemplary Spacer units (-Y,-} are represented by Formulas X-XII:
H
§—N

OY‘ZL‘L
O

X
§ —HN-—CH,—CO—§

X1
%mNHCHzc(O)-NHCHZC(O)— g

Xni

Dendrinie Linkers

[0617] In another embodiment, linker L may be a dendritic type linker for covalent attachment of more
than one drug moiety through 2 branching, multifunctional linker moiely 10 an amtibody (Sun et zl (2002}
Bioorganic & Medicinal Chemistry Letters 12:2213-7215: Sun et al (2003) Bioorganic & Medicinal Chemistry
11:1761-1768). Dendritic linkers can increase the molar ratio of drug ie antibody, i.e. loading, which is related 10
the potency of the ADC. Thus, where 2 cysieine engineered antibody bears only one reactive cysieine thiol group, a
muititude of drug moicties may be attached through a dendritic Tinker. Exemplary embodiments of branched,
dendritic iinkers include 2.6-bisthydroxymethyl)-p-cresol and 2.4.6-ris{hydroxymethyl)-phenol dendrimer units
(WO 2004/01953; Szalaj et al (2003} 1. Amer. Chem. Soc. 125:15688-15689; Shamis et al (2004) 1. Amer. Chem.
Soc. 126:1726-1731; Amir et al (2003) Angew. Chem. i, Bd. 42:4494-4496),

[0618] In one embodiment, the Spacer unif is a branched bis(thydroxymethyljstyrene (BHMS), which can

be used 1o incorporate and release multiple drugs, having the structure;

CHg(OC)R-—D
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comprising a 2-(4-aminobenzytidens)propare-1,3-dio! dendrimer unit (WO 2004/043493; de Groot et al

(I003) Angew. Chem. Int. Ed 42:4490-4494), whersin Q is -GGy alkyl, O-(C-Cy alkyl), -halogen. -nitro or -

Cyano; m is an integer rangmg fFom 0-4; nis 0 o1 1; end p ranges ranging from 1 10 4.
[0619] Exenmplary embodiments of the Formula ! antibody-drug conjugate compounds include XIMa

(MC), XIIib (val-ciz), XITie (MC-val-cit). and XIId (MC-val-cit-PARS:
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{06201 Orher exemplary embodimems of the Formuls la antibody-drig conjugate compounds include
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and R is independently H or C;—Cq alkyl; and nis § 10 12,

[0621] In another embodiment. a Linker has a reactive functional grouﬁ which bas 2 aucleophilic group

that is reactive to an electrophilic group present on an amibody. Useful electrophilic groups on an antibody incinde,
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but are not limited 10, aldehvde and ketone carbonyl groups. The heteroatom of a mcleophilic group of a Linker can
react with an electrophilic group on an antihody and form 2 covalent bond to an antibody unit. Useful nucleophilic
groups on & Linker include, but are not limiied to, hydrazide. oxime. amino, hydrazine, thiosemicarhazone,
bydrazine carboxylate, and aryihydrazide The elecwophilic group on an amibody provides z convenient site for

attachsent to a Linker.

[0622] Typically. peptide-tvpe 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 to the liquid
phase synthesis method (E. Schrdder and K. Liibke (1965) “The Peplides™, volume 1, pp 76-136, Academic Press)
which s well known in the field of peptide chernisiry.  Linker imermediales may be assembled with any
combmation or sequence of reactions including Spacer. Streicher, and Aming Acid umts. The Spacer, Strewcher,
and Aming Acid unils may employ reactive funclional groups which are electrophilic, nucleophilic, or free radical
In pature.  Reactive functional groups include, bwt are not limited o carboxvis, hydroxyls, para-

nitrophenylearbonate, isothiocyanate. and leaving groups, such as G-mesyl, O-tosyl, -Cl, -Br, -1; or maleimide.

[0623] For example, a charged substituent such 25 sulfonate (-50%7) or ammonium, may increase water
solubitity of the reagent and facilitate the coupling reaction of the linker reagent with the anlibody or the drug
moiety, or facilitate the coupling reaction of Ab-L {amibody-imker imtermediate) with D, or D-L (drug-linker

intermediate) with Ab, depending on the synthetic route cmployed to prepare the ADC,
Linker reagents

[0624] Conjugates of the antibody and auristatin may be made using a variety of bifunctional hinker
reagems such as Nesuccinimidyl-3-(2-pyridyidithio) propionate {(SPDP), succinimidyl-4-(N-maleimidomethyl)
cyclohexane-1-carboxylate (SMCC), iminothiolane (IT), bifunctional derivatives of imidoesters {such as dimethyl
adipimidaie HCI}, active esters (such as disuccinimidyl suberate). aldehydes {such as glutaraldehvde), bis-azido
compounds {such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivalives (sach as bis-(p-
diazontumbenzoyl-ethvienediamine), diltsocyanates (such as ioluene 2.6-diisocvanate}, and bis-active fluorine

compounds (such as [.5-difluoro-2,4-dinitrobenzene).

[0623] The snvibody drug comjugates may also be prepared with linker reagents: BMPEQ, BMPS, EMCS.
GMBS, HBVS, LC-SMCC, MBS, MPBH, SBAP?. SIA, SIAB. SMPB, SMPH, sulfo-EMCS, sulfo-GMRBS, sulfo-
KMUS,  sulfo-MBS,  sulfo-SIAB,  sulfo-SMCC,  and sulfo-SMPB, and  SVSB  (succinimidyl-(4-
vinylsuifonzbenzoate), and including bis-maleimide reagemis: DTME, BMB, BMDB, BMH, BMOE, 1,8-his-
maleimidodiethyleneglveol (BM(PEO).), and L 11-bis-maletmdotriethyvieneglveol  (BM(PEQ);3, wiich are
commercially available from Pierce Biotechnology, Inc., ThermoScientific, Rockford, IL, and other reagen
suppliers. Bis-maicimide reagents allow the attachment of the thiol group of a cysieine engineered antibody 10 2
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 & cysleine engineered antibody. drug moiety,
label, or linker intermediate inelude jedoacetamide, bromoacetamide, vinyl pyridine, disulfide, pyridyl disulfide,

isocvanaie, and isothiocyanate,
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[0626] Useful lnker reagents can also be obizined via ather commercial sources, such as Molecular
Biosciences Inc (Boulder, CO}, or synihesized in accordance with procedures deseribed in Toki et ai (20021 ], Cre.
Chem. 67:1866-1872; Walker, MLA. (1995) ], Org. Chem. 60:5352-5355; Frisch ¢t al (1996) Bioconjugate Cherm,
T180-186; US 6214343, W (12/088172: US 2003130189, US2003096743; WO O3/26577;, WO 03/043583; and
WO 044132828,

[0627] Swewhers of formula (1liz) can be introduced into a Linker by reacting the foliowing linker

reagents with the Neterminus of an Amino Acid unit:

o 0
| N—(CH)-C(O)~0—N

O O

where n is an integer ranging from 1-10 and T is -H or -SO.Ng;

dmm

where 1 is an integer ranging fom 0-3;
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[0628] Swuetcher units of can be nroduced mfo a Linker by reacting the fotlowing bifunctional reagents

with the N-terminus of an Amine Acid unit;

o Q O o Q o @
Z 3—@* O—Nb i\)LHN-@J\o—;] X\/U\O-N::l
O
O O

O
O o Q N o Q

where X is Bror L.

[0629] Stretcher units of formula can also be imroduced into a Linker by reacting the following

bifunctional reagents with the N-terminus of an Amine Acid pnit;
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[0630] Ar exemplary valine-citrulline (val-cit or ve) dipeptide linker reagent having a maleimide

Stretcher and a para-aminobenzylearhamovl (PAR) self-immolstive Spacer has the structure:

O
CH g\ © ’40
e 3 \/?LN = ONOz

Frooc—N : H
H

O \
K
HNT©
[0631] An exempiary phe-lys(Mur, mono-4-methoxytrityl) dipeptide linker reagem having a maletrnide

Strelcher unit and a PAB sell-immolative Spacer unit can be prepared according 10 Dubowchik, et al. (1997)
Tewrahedron Letters, 38:5257-60, and has the soructure:

OH

HN—Mtr

Preparation of cysieine enoineered anti-CD7% antibodv-drue comingaies

[0632] The ADC of Formula I may be prepared by severa! routes, employing organic chemistry reactions,
conditions, and reagemts known te those skilled in the art, including: (1) reaction of a cysieine group of a cysieing
engineered antibody with & linker reagent, 1o form antibody-linker mtermediate Ab-L., via 2 covalent bond, followed
by reaction with an activated drug moiety I3; and (2) reaction of a nucleophilic group of a drug moiety with a linker
reagent, o form drug-linker intermediate D-L. via a covalent bond, followed by reaction with a cysteine group of a
cysieine engineered antibody. Conjugation methods (1) and {2) may be emploved with a variety of cysieine

enginecred antibodies, drug moieties, and linkers to prepare the amiibody-drug conjugates of Formula 1.

[0633] Antibody cysteine thiol proups are nucleophilic and capable of reacting 10 form covalent bonds
with electrophilic groups on linker reagents and drug-linker intermediates including: (1) active esters such ag NHS
esters, HOBt esters, haloformates, and acid halides; (i} alkyl and benzyl halides, such as haloacetamides; (i}
aldehydes. kewnes, carboxyl, and maleimide groups; and (iv) disulfides, including pyridy! disulfides, via guifide
exchange. Nucleophilic groups on a drug moiety include, but are not limited to: amine, thiol, hydroxyl, hydrazide,
oxime, bvdrazing, thicsemicarbazone, hydrazme carboxylate, and aryihydrazide groups capable of reacting to form

covalent bonds with electrophilic groups on linker moieties and linker reagents,
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0634] Cysteine engineered antibodies may be made reactive for conjugation with limker reagents by
Y L 2 ¥

treatment with 2 reducing agent such as DTT (Cleland's reagent. dithiottreatol) or TCEP  (wris{2-

MA), followed by reoxidation 1o reform mterchain and intrachain disulfide bonds {Example 3). For example, full
length, cysteine engineered monoclonal antibodies (ThioMabs) expressed in CHO cells are reduced with about 2 30
fold molar excess of TCEP for 3 hrs at 37 °C w reduce disulfide bonds in cysteine adducts which may form between
the newly introduced cysteine residues and the cysteine present in the culture media. The reduced ThioMab is
diluied and loaded onto HiTrap § columz in 10 mM sodjur;fl acetate, pH 3, and eluted with PBS comaining 0.3M
sodium chioride. Disulfide bonds were reesiablished between cysteine residues present in the parent Mab with
dilute {200 nM) agueous copper sulfate {CuSOs) at room lemperaure, overnight. Alternarively, dehydroascorhic
acid (DHAA) is an effective oxidant 10 reesiabiish the intrachain disulfde groups of the cysleine engineered
antibody after reductive cleavage of the cysteine adducts. Other oxidants, ic. oxidizing agents. and oxidizing
conditions, which are known in the art may be used.  Ambient air oxidation is aiso effective. This mild, partial
reoxidation step forms intrachain disulfides efficiently with high fidelity and preserves the thial groups of the newty
introduced cysicine residues. An approximate 10 foid excess of drug-linker intermediate, €. g. MC-ve-PAB-MMAE,
was added, mixed, and let stand for about an hour at room temperatire 10 effect conjugation and form the anti-
CID79% antibody-drug conjugate. The conjugation mixture was gel filtered and loaded 2nd eluted through a HiTrap

S column to remove excess drug-linker intermediate and other impurities,

[0635] Figure 23 shows the general process to prepare 2 cysieine engireered antibody expressed from
cell culture for conjugation. When the cell culture media containg cysieine, disulfide adducts can form berween the
newly introduced cysteine amino acid and cysieine from media. These cysteine adducts, depicted as a cirele in the
exemplary ThioMab (left) in Figure 23, must be reduced to generate cysieine enginecred amibodies reactive for
comjugation, Cysteine adducts, presumably along with various interchain disulfide bonds, are reductively cleaved o
give a reduced form of the antibody with reducing sgents such as TCEP. The imerchzin disulfide bonds between
paired cysleine residues are reformed under panial oxidation conditions with copper sulfate, DHAA, or exposure 1o
ambient oxygen. The newly introduced, engineered, and unpaired cysieine residues remain available for reaction
with tinker reagents or drug-linker intermediates 1o form the antibody conjugaies of the ipvention. The ThioMabs
expressed in mammalian cell lines result in externally comjugated Cys adduct to an engineered Cys through -§-§-
band formation. Hence the purified ThioMabs are treated with the reduction and reoxidation procedurss as
deseribed in Example 5 0 produce reactive ThioMabs, These ThioMabs arc used to conjugate with maleimide

containing cytotoxic drugs, fluorophores, and other labels.

10. Imnunoliposomes
[0636] The anti-CD79b antibodies disclosed herein may also be formulated s immunoliposomes. A

"Hiposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which is yseful
for delivery of a drug 1o &« mammal, The components of the liposome are commonly arranged in & bilayer formation.,
similar 10 the lipid arrangement of biological membranes. Liposomes containing the antibody are prepared by
methods known in the art, such as deseribed in Epstein et al,, Proc. Natl Acad. Sci USA £2:3688 (1985), Hwang
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et al, Proc Natl Acad. Sci. USA 77:4030 (1980); U.8. Pat, Nos. 4485045 and 4,544,543, and WQS7/38731

published October 23, 1997. Liposomes with enhanced circulation time are disclosed in U8, Patent No. 5,013,356
[0637] Particularly usefal 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 yield liposomes with the desired diameter.
Fab' fragments of the antibody of the present invention tan be conjugaied to the liposomes as deseribed in Martin et

al.. I Biol. Chem, 257:286-288 (1982} via a disuifide interchange reaction. A chemotherapeutic agent is optiopally

contained within the liposome. See (abizon et al.. ] National Cancer Inst. BI{1911484 (1989},
B. Certain Methods of Makine Antihodies
1. Screening for Anii-CIY79b Antibodies With the Degired Properties

[0638] Techniques for generating amibodies that bind (o CD790 polypeptides have been described above.
One may further select antibodies with certain biological characteristics. as desired.

{0639} The growth mhibitory effects of an anti-CD79h antibody of the invention may be assessed by
methods known in the ar, e.g., using cells which express a CD79h polypeptide either endogenously or following
transfection with the CD79b gene.  For example, appropriste tumor cell lines and CD79-transfecied cells may be
treated with an anti-CD79b monoclonal antibody of the invention at various concentrations for a few days (e.g., 2-
7} days and stained with crystal violet or MTT or analyzed by some other colormmetric assay. Another method of
measuring proliferation would be by comparing an‘ahymidme uptake by the cells treated in the presence or absence
an anti-CI79b antibody of the invention. Afier treatment, the cells are harvesied and the amount of radioactivity
incorporated o the DNA quatitated in a scintiliation counter. Appropriale positive controls include treatment of
a selected cell line with 4 growth inhibitory antibody knowr to inhibit growth of that cell line. Growth inhibiion of
tumor cells in vivo can be determined in various ways kpown in the art. The mor cell may be one thar
overexpresses a CD79b potypeptide. The anti-CD79b antibody will inhibit cell proliferation of a CD79b-expressing
tumor eell in virro or in vive by about 25-100% compared Lo the untreated tumor cell, more preferably, by about 30-
100%, and even more preferably by abouwt 50-100% or 70-100%. in one embodiment, at an antibody concentraiion
of about 0.5 10 30 pg/ml. Growth inkibition can be measured at an antibody concentration of about 0.5 10 30 pg/m
or about 0.5 oM 1o 200 nM in cell culture, where the growth inhibition is determined 1-10 days after exposure of the
fumor cells t the amibody. The antibody is growth mhibitory in vive i administration of the ami-CDH 79 aribody
at about 1 pg/kg to about 100 mg/ke body weight results in reduction in tumor size or reduction of twmor cell
profiferation within about $ days to 3 months from the first administration of the antibody, preferably within about 5
1o 30 days.

[0640] To select for an anti-CD79b amibody which induces cell death, loss of membrane integrity as
indicated by, e.g., propidium iodide (PI). wypan blue or JAAD uptake may be assessed relative 10 control. A PI
uptake assay can be performed in the absence of complement and immune effector cells. CD79% polypeptide-
expressing tumor cells are incubated with medivm zlone or medium comaining the eppropriate anti-CD79
amtibody (e.g, at about I0pg/mi). The cells are incubated for s 3 day time period. Following eack weatment, cells
are waghed and aliquotled inlo 35 mm strainer-capped 12 x 75 wbes (1ml per tube, 3 tubes per treatment group) for

removal of celi clumps. Tubes then receive PI {10ug/ml). Samples may be analyzed using a FACSCAN® flow
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eytometer and FACSCONVERT® CeliQuest software {Becton Dickinson). Those anti-CD79b antibadies that
induce statistically significant levels of cell death as determined by P1Luptake may be selected as cell death-inducing
anu-CD79b antibod:ies.

06411 To screen for antibodies which bind 1o an epitope on a CD79b poiypeptide bound by an anibody

of interest. a routine cross-blocking assay such as that described in Antibodies, A Laboratory Mapual, Cold Spring
Harbor Laboratory, Ed Harlow and Ddavid Lane ( 1588}, can be performed. - This assay can be used 1o determine ifa
test aniibody binds the same site or epitope as 2 known anti-CD79h amtibody. Alternatively, or additionally, epiiope
miapping can be performed by methods known in the art . For exampie, the antibody sequence can be mitlagenized
such as by alanine scanning, to idemify contaet residues. The mutant antibody is initally tested for binding with
polyclonal antibody 1o ensure proper folding. In # differem method, peplides corresponding to ditferem regions of &
CBH79 polypeptide can be used it competition assays with the test antibodies or with 2 fest antibody and an
antibody with a2 characierized or known epitape.

2 Cerain Librarv Screenineg Methods

[0642]  Anti-CD79b antibodies of the invention can be made by using combinasorial libraries 1o screen
for antibodies with the desired aciivity or activities. For example, a variety of methods are known in the art for
generating phage display libraries and screening such librares for antibodies possessing the desired binding
characteristics. Such methods are described generally 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 1.
Mol Biol. 340:1073-1093.

[0643] In principle. syuthetic antibody clones are selected by screening phage libranes containing phage
that display various fragments of antibody variable region (Fv) fused 1 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 antigen and thus separaied from the ren-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-CD79h antibodies of the invention can be obtained by designing 2
suiteble antigen screening procedure 1o selegt for the phage clone of interest followed by construction of a full
iength anti-CD79b amibody clone using the Fv sequences from the phage clone of interes! and suitable constant
region {Fc) sequences described in Kabat et al, Sequences of Proteins of Immunological Interest, Fifth Editon,
NIH Publication 91-3242, Bethesda MD (1991}, vois. 1-3,

{0644] In certain embodimens, 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 complememarity-determining regions (CDRs). Variable domains can be displayed
functionelly on phage, either as singie-chain Fv {scFv) fragmems, in which VH and VL are covalently linked
through a shori. flexibie peptide, or as Fab fragments, in which they are ecach fised 10 a constant domain and
interact non-covalently, as described in Winter e1 al. Ann Rev. Immunol., 12: 433-455 (1994), As used herein,
scFv encoding phage clones and Fab encoding phage clones are collectively referred o as "Fv phage clones® or "Fv

clones "



[G645] Reperioires of VH and VL genes can be separai¢ly cloned by polymerase chain reaction (PCR}
and recombined randomly in phage libraries. which can then be searchked for antigen-binding clones as described in
Winter et al., Ann. Rev. Immunol., 12: 433-455 (1994). Libraries from immunized sources provide igh-affimry
amibodies w0 the immumogen withow the requirernent of constructing hybridomas, Aliernatively, the naive
repertoire can be cloned w provide 2 single source of human antibodies to & wide range of non-s2lf and also self
antigens withoul any immunization as described by Griffiths et al, EMBO J, 12: 725-734 (1993). Finaily, naive
librartes can alse be made synthetically by cloning the unrearranged V-gene segments from stem cells, and using
PCR primers containing random sequence 10 encode the highly vartable CDR3 regions and to accomplish

rearrangement in vitro as described by Hoogenboom: and Winter, I Mol Biol, 227: 381-388 (1992).

[0646] In certain embodiments, Glamentous phage is used 1o dispiay amtibody fragmems by fusion e the
minor coat protein plI. The antibody fragments can be dispiayed as single chain Fv fragments, in which VH and
VL domains are connected on the same polypeptide chain by a flexibie polypeptide spacer. c.g. as described by
- Marks et al,, J. Mol. Biol,, 222: 581.597 {1991}, or ag Fab fragments, in which one chain is fused to pil and the
other is secreted info the baclerial host cell periplasm where assembly of a Fab-coat protein structure which
becomes displayed on the phage swrface by displacing some of the wild type coat proteins, e.g. as described in
Hoogenboom =t al., Nucl. Acids Res., 19 4133-4137 £1991).

[0647] In general nucleic acids encoding antbody gene fragments are obtained from immune cells
harvested from humans or amimals. If a iibrary biased in favor of anti-CD79b clones is desired, the subject is
immunized witk CD79b to generate an antibody response, and spleen cells andior circulating B celis other
peripheral blood lymphocytes (PBLs) are recovered for library construction. In a preferred embodiment, a human
antibody gene fragment lbrary biased in favor of ani-CD79% clones is obtained by geperating an anti-CD79b
antibody response in transgenic mice carrying a functional human nnmunogiobulin gene array (and lacking a
functional endogenous amtibody production system) such that CD79h immunization gives rise to B cells producing

buman antibodies against CD7%. The generation of human antibody-producing transgenic mice is deseribed below,

[0648] Additional enrichment for anti-CD79b reactive cell populations can be obtained by using a
suilable screening procedure 1o isolate B cells expressing CD7%b-specific membrane bound antibody, e.g., by cell
separation using CD795 affinity chromatography or adsorption of cells to fluorochrome-labeled CD79h foilowed by

flow-aciivated cell sorting (FACS).

[0649}  Alternatively, the usc of spleen cells and/or B cells or other PBLs from an unimmunized donor
provides a betler representation of the possible antibody repertoire, and also permits the construction of an antibody
library using any animal (buman or non-human) species in which CD79b is not antigeric.  For libraries
mcorporating in vitro antibody gene construction, stem celis are harvested from the subject 1o provide nucleic acids
encoding unrearranged antibody gene segments. The immune cells of Inlerest can be oblained fom a variety of
animai species, such as human, mouse, rat, lagomorpha, luprine, canine, feline, potcine, bovine, eguine, and aviap

species, ote,



[0630] Nucleic acid encoding antibody variable gene segments {including VH and VL segments) are
recovered from the cells of interest and amplified. In the case of rearranged VH and VL gene libraries, the desired
DINA can be obuained by isolating genomic DNA or mRNA fom lymphocytes followed by polvmersse chain
reaction (PCR) with primers matching the 5'and 3' ends of rearranged VH and VL genes as deseribed 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 cDNA and genomic DNA, with back primers af the 5 end of the exon encoding
the mature V-domain and forward primers based within the J-segment as descrihed in Orlandi et al (1989) and in
Ward et al., Nature, 341: 544-346 (1989). However, for amplifyiag from ¢DNA, back primers can also be based in
the leader exon as described in Jones et al.. Biotechnol., 9: 88-89 (1991). and forward primers within the constant
region as deseribed i Saswy et al, Proc Natl. Acad. Sci {USA), B6: 3728-5732 (1999), To maximize
complementarity, degeneracy can be incorporated in the primers as described in Orlandi ef al, {1989) or Seswry er al.
(1989}. In certain embodiments, library diversity is maximized by usmg PCR primers targeted 1o each V-gene
family in order to amplify all available VH and VL arrangemems present in the immune cell nucieic acid sampie,
e.g. as described in the method of Marks et al., F. Mol. Biol., 2272: 581-597 (1991} or as described in the method of
Orum et al, Nucieic Acids Res., 21: 4491-4498 (1993), Far cloning of the amplified DNA into expression vectors.
rare resiriction sifes can be introduced within the PCR primer as a tag at 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 Tombinson et al, J. Mol. Biol,
2270 776-798 (1992)), and mapped {reporied in Matsuda ot al, Nature Genet,, 3: 88-94 (1993); these cloned
segments (including all the major conformations of the H1 and H2 loop) can be used 10 generate diverse VB gene
repertoires with PCR primers enceding H3 loops of diverse sequence and length as deseribed m Hoogenboeom and
Wintez, ;. Mol Biol., 227. 3B1-388 (i992). VH reperioires 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 (1592). Humen Vk and V2 segments have been cloned and sequenced (reported in Willkams and Winter, Fur.
J. Immunol., 23: 14561461 {1993)) and can be used {o make synthetic light chain reperioires.  Synthetic V gene
repertoires, based on a range of VH and VL folds, and L3 and H3 lengths, will encode amtibodies of considerable
structural diversity.  Following amplification of V-gene encoding DNAs, germiine V-gene segments can be

rearranged in vitro according to the methods of Hoogenhoom and Winter, §. Mol. Biol.. 227 381 -388 (1992).

[0632] Repertoires of antibody fragments can be consiructed by combining VH and VL gene reperioires
wgether m several ways. Each reperioire can be created in different veciors, and the vectors recombined i vilra,
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., Nuel. Acide Res., 21; 2263-2266 {1993y, The in vivo recombinaiion
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 ate cloned separately, one into a phagemid and the other

v

into a phage vector. The two libraries are then combined by phage infection of phagemid-containing bacieria so
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that each cell containg a different combination and the library size is limited oniy by the number of celis present
(about 107 clones). Both vectors comain in vive recombipation signais g0 that the VH and VL genes are
recombined onw a single replicon and are co-packaged into phage virions. These huge libraries provide large

numbers of diverse antibodies of good afTimity (K. of abour 107 M3,

[0653] Alternatively, the reperioires may be cloned sequentially i the same veclor, ¢.g. as described in
Barbas 2t 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 he used to join VH and
VL DNAs with DNA encoding a flexibie peptide spacer 1o form single chain Fv {scFv} reperioires. In vet another
wehnique, "m eell PCR assembiy” is used 1o combine VH and VL genes within lvmphocyvies by PCR and then

clone reperioires of linked genes as described in Embleton ¢t al.. Nuel. Acids Res., 20: 38313837 (1992),

[0654] The sntibodies produced by naive libraries (either natural or synthetic) can be of moderaie affinity
(K" of abow 1010 107 M), but affiniry maturation can aiso be mimicked in viwo by constructing and reselecting
from secondary libraries as described in Winter et al. { 1994}, supra. For example, muzation can be inroduced at
rapdom In vitro by using error-prone polymerase (reported in Leung et al., Technigue, 1: 11-15 (1989Y) in the
method of Hawkins ot al., 7. Mol. Biol., 226: 889-896 (1997) or in the method of Gram o1 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 carrving random sequence spanning the CDR of interest, n selected individual
Fv clones and screening for higher affinity clones. WO 9607754 {published 14 March 1996} described a method
for inducing mutagenesis in 2 complementarity determining region of an immunoglobulin light chain 1o create 2
library of light chain genes. Another effective approach is 10 recombine the VH or VL domains selected by phage
display with reperioires of paturalty occurring V domain variants obtained from ummimunized donors and screen for
higher affinitv in several rounds of chain reshuffling as described m Marks et al., Biotechnol., 10: 779-783 (1992).

This technigue allows the production of antibodies and antibody fragmenms with affinities of about 10° M or less,

[0655] Screening of the libraries can be accomplished by various technigues known in the art. For
exampie, CD79b can be used to coat the wells of adsorption plates, expressed on host cells affixed 1o adsorption
plates or used in cell soning, or conjngated to biotin for capture with strepiavidin-coated beads, or used in any oiber

metbod for parming phage digplay libraries.

[6656] The phage library samples are contacted with immobilized CD79b under conditions suitablie 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 1o mimic physiological conditions. The phages bound to the sohd
phase are washed and then cluted by acid, c.g. as described in Barbas et al., Proc. Natl. Acad. Sci USA, BE: 7978
7982 (1991). or by alkali, e.g. as described in Marks et al., J. Mol. Biol., 2272: 581.597 (1991}, or by CD79b antigen
competition, €.g. in a procedure similar o the antigen competition method of Clackson et al, Natare, 352: 624-628
(1991). Phages can be enriched 20-1,000-fld in a single round of selection. Moreover, the enriched phages can he

grown in bacterial culture and subjected to Farther rounds of selection,



[0657] The efficiency of selection depends on many faciors, inciuding the kinetics of dissociation during
washing, and whether multiple antibody fragments on 2 single phage can sinmlianeously engage with antigen.
Amibodies with fast dissogiation kinetics (and weak binding affinities) can be retained by use of short washes,
muitivatent phage display and high coating density of amigen in solid phase. The high density not only stabilizes
the phage through multivalent interactions, but favors rebinding of phage that has dissociated. The selection of
antibodies with slow dissociation kinetics (and good binding affinities) can be promoted by use of iong washes and
monovalent phage display as described in Bass et al.. Proteins. 8: 309-314 (1990) and in WG 92/09690, and a iow

coating density of aniigen as described in Marks et al., Biotechool, 10: 779-783 (1992).

[0658] It is possible o select between phage antibodies of different affinities, even with affinives that
differ slightly, for CD79b. However, random mutation of 2 sclecied anitbody (c.g. a5 performed in some affinity
maturation techniques) is likely 10 gve rise 1 many mutems, most binding to antigen, and a few with higher
affinity. With limiting CD79b, rare high affinity phage could be competed out. To retain all higher affinity mutants,
phages can be incubated with excess biotinylased CD79h, but with the biotinylated CD79b at a concentration of
lower molarity than the target molar affinity constant for CD79h. The high affinity-binding phages can then be
captured by strepiavidin-coated paramagnetic beads, Such “equilibrium capture" allows the antibodies to be
selected according to their affinities of binding, with sensitivity that permits isolation of mutam clones with as litfle
as two-fold higher affinity from a great excess of phages with lower affinity. Conditions used in washing phages

bound 1o a solid phase can also be manipulated 1o discriminate on the hasis of dissociation kineties.

[0639] Anu-CD79% clones may be selected based on activity. In certain embodimenis, the imvention
provides anti-CD79 antibodies that bind to living cells that naturally express CD79. In one embodiment, the
invention provides anti-CD79 antibodies that block the binding between 2 CD79b ligand and CD79b, but do ot
block the binding between 2 CD79b ligand and 2 second protein.  Fv clones comresponding 10 such anti-CD79%
antibodies can be selected by (1) isolating ami-CD79b clones fom a phage library as described above, and
optionally amplifying the isolated populstion of phage clones by growing up the population in a suitable bacterial
host; (2} selecting CD79b and a second protein against which blocking and non-blocking activity, respectively, 1g
desired; (3) adserbing the amti-CD79h phage clones 1o immobilized CD79b; (4) using an excess of the second
pretein o eluie any undesired clones that recognize CTY79b-binding determinants which overiap or are shared wilh
the binding determinants of the second proié‘in; and (5) eluting the clones which remain adsorbed following step (4).
Optionally, clones with the desired blocking/mon-blocking prepenties can be further enriched by repeating the

selection procedures described herein one or more times.

[0660] DNA encoding hybridoma-derived monocional antibodics or phage display Fv clones of the
invention s readily isolaled and sequenced using conventionai procedures (e.g. by using oligonucleotide primers
designed 10 specifically amplify the heavy and light chain coding regions of interest from hybridoms or phage DNA
template). Once isolated, the DNA can be placed imto expression vectors, which are then transfected into hos! cells
such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise

produce mmunoglobulin protein, to obtain the synthesis of the desired mopoclonal antibodies in the recombinant
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host cells. Review articles on recombinant exXpression 1o bacieria of antibody-encoding DNA include Skerra et al.,

Curr. Opinion in Immunol, 5; 256 ( 1993) and Pluckthun. Immunol. Reve, 130: 131 (1992,

[0661} DNA encoding the Fv clones of the invention can be combmed with known DNA sequences
encoding heavy chain and/or light chain constant regions (e.g. the appropriate DNA sequences can be obtained from
Kabat et al., supra) 10 form clopes encoding full or partial length heavy and/or light chains H will be appreciated
that constant regions of any isotyne can be used Tor this purpose, mcluding [eG, IgM, IgA, IgD, and IgE constant
regions. and that such constant regions can be obtained [rom any human or animal species. An Fv clone derived
from: the variable domain DNA of one animai I (such as humar) species and then fused to constant region DNA of
another animal species 10 form coding sequencel(s) for "hybrid." full length heavy chain andior Light cham is
mcluded in the definition of "chimerie™ and "hybnd" antibody as used herein. In cortain embodiments, an Fv clone
derived from human variable DNA is fused to humen constant region DNA 1o form coding sequence(s) for full- or

partial-length buman heavy znd/or light chains.

{0662] DNA encoding apti-CD79h antibody derived from a hybridoma can also be modified, for
example, by substimting the coding sequence for human heavy- and Hght-chain constam domains in place of
homologcus muring sequences derived from the hybridoma clong (e.g. as in the method of Momison et al., Proc.
}\xatl Acad. Sci. USA, 81: 6851-6855 (1984)), DNA encoding a hybridoma- or Fv clone-derived amibody or
fragment can be further modified by covalently joining to the immunoglobulin coding sequence zali or part of the
coding sequence for a nop-immunogiobulin poiypeptide. 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. Antibody Dependent Enzvme Mediated Prodrue Therapy (ADEPT)
[0663] The antibodies of the present invention may also be used in ADEPT hy conjugating the antibody

lo & prodrug-activating eazyme which converls a prodrug (e.g., a peptidyt chemotherapentic agent, sec
WOEL1/01145} 10 an active anti-cancer drug. See, for example, WO 88/07378 and U 3. Patent No., 4,975,278,

[9664] The enzyme component of the mmmunoconjugate useful for ADEPT includes any enzyme capable
of acting on 2 prodrug in such z way so as o covert i into its more sciive, cyfotoxie form

[0665] Enzymes that are useful in the method of this invention include, but are not lmited 1o, alkaline
phosphatase useful for converting phosphate-containing prodrugs into free drugs; arylsulfatase useful for converting
sulfate-contining prodrugs into free drugs; cytosine deaminase useful for comverting non-toxic S-fluorocyiosine
mto the anti-cancer drug, S-fuorouracil; proweases, such as serratia protease, thermolysin, subtilisin,
carboxypeptidases and cathepsing {such as cathepsins B and L), thar are useful for comvening peptide-comaining
prodrugs inte free drugs; D- ~glanylearboxypepidases, useful for conve ring prodrugs that comtain D-amine acid
substituents; carbohydrate-cleaving enzymes such as B-galactosidass and neiraminidase useful for copvering
glycosylated prodrugs into free drues; B-lactamase usefil for converting drugs derivatized with B-lactams into free
drugs; and penicillin amidases, such as peniciliin V amidase or peniciliin G armidase, useful for converting drugs
derivatized at their amine nitrogens with phencxyacetyl or phenyi acetyl @woups, respectively, into frec drugs.

Altlernatively, antibodies with enZymatic activity, also knowsn in the ant as "abzymes”, can be used 1o conver! the
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prodrugs of the invention into free active drugs (see, e.g., Massey, Nalure 328:457-458 (1987)). Amibody-abzyme

conugates can be prepared as described herein for delivery of the abzyme fo a tumor ¢ell population.

[0666] The enzymes of this invention can be covalently bound to the ami-CD79b antibodies by
echniques well known in the art such as the use of the heterobifimetional crosshinking reagents discussed above,
Aliernatively, fusion proteins comprising at least the antigen binding region of an antibody of the inveniion linked
10 a1 least a functionally active portion of an enzyme of the invention can be constructed using recombinan DNA
technigues well known in the art (see, €.2., Neuberger el al. Nature 312:604-608 (1984}

b. Anti-CD79h Anibody

[0667] In addition to the anti-CD79b aniibodies described herein, it is contermplated that and-ChH79b

amibody varients can be prepared.  Anti-CD79b antibody varianis can be prepared by miroducing appropriate
nucleotide changes into the encoding DNA, and/or by synthesis of the desired antibody or polypeptide. Those
skitled in the art will appreciate that amino acid changes may alter post-transiational processes of the anti-CD79h
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 berein, can be made, for example, using any of
the technigues and guidelines for conservative and non-conservative mutations set forth, for instance, in 11.5. 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 & change ir 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 amine acid in one
or more of the domains of the anti-CD7%b antinody, Guidance in determining which amino acid residue may be
mserted, substitwied or deleted without adversely affecting the desired aclivity may be found by comparing the
seguence of the ani-CD79% antibody with that of homologous known protein molecules and minimizing the
number of amino acid sequence changes made in regions of high hemology. Aming acid substitutions can be the
tesult of replacing one amino acid with another amino acid having similar structural andior chemical properties,
such as the replacement of a leucine with & serine, ie., comservative amino acid replacements.  Insertions or
deletions may optionally be in the range of abowt 1 10 5 amino acids. The variation allowed may be determined by
systematically making insertions, defetions or substifutions of anuno zcids in the sequence and lesting the resulting
variants for aciivity exhibited by the full-length or mature native sequence.

[0669] Ami-CD7% 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 amibody.

[0670]  Ami-CD79b amibody 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, e.g., by treating the prowin with an enzyme known o cleave
proteins &t sites defined by perticular amine acid residues, or by digesting the DNA with suitable restriction
enzymes and isoiating the desired fragment. Yet another suitable wehnique involves isolating and amplifying a
DNA fragment encoding a desired amibody 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 §' and 3' primers in the
PCR. Preferably, anti-CD79b antibody fragments share at least ong biological and/or immunoiogical acivity with
the native anti-CD79b antihody disciosed herein,

[0671] In paricular embodiments. conservative substitutions of inmcrest are shown in Table & under the
beading of preferred substitutions. If such substirtions resuif in a change v biological activity, then more
substantial changes, denominated cxempiary substitutions in Table 8, or as further deseribed below in reference to

amino acid classes, are introduced and the products screened.

Tahle &
Omginal Exemplary Preferred A
Residue Subsntutions Substitutions
Ala {A) val; ley; ile val
Arg (R} lys; gin; asn iys
Astn (N) gln; his; lys; arg aln
Asp (D} glu gl
Cys i) ser ser
Gln (Q} asn asn
Gle (B) asp asp
Gy (G) pro; ala ala
His (H) ast; gln; lys; arg arg
He (I} lew; val; met; ala; phe;

nozrleucine jeu
Leu (L} norleucine; ile; val;

met; ala; phe ile
Lvs (K} arg; gln; asn arg
Met (M) lew; phe; ile leu
Phe (F) leu; val; ike; alas 1yr len
Pro (P} ala ala
Ser (S) thr thr
Thr {T) ser ser
Trp (W) Tv1; phe tyr
Tvr (Y} trp; phe; thr; ser phe
Val (V) ile; lew; met; phe;

ala; norleucine len

[0672] Substential modifications in function or immunological identity of the anti-CD7%b antibody are
accomplished by selecting substitutions that differ significantly in their effect on maintaining (a2} the stmuchire of the
poiypeptide backbone in the area of the substitution, for exampic, as a sheel or helical conformation, (b) the charge
or hydrophobicity of the molecule at the targst site, or (¢} the bulk of the side chain, Naturally oceurring residues
are divided into groups based on common side-chain properties:

{1} bydrophobic: norleucine, met, ala, vai, lew, ile;

(2) neutral bydrophilic: cys, ser, thr;

{3} acidic: asp, ghy;

{4) basic: asn, gin, his, lys, arg;

(3] residues that influence chair orientation: gly, pro; and

{6} aTomatic: trp, tyr, phe,
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{0673] Non-conservative substitutions will entail exchanging a member of one of these classes for
another class. Such substitwied residues also may he introduced into the conservative substitition sites Or, ore
preferably, into the remaining (non-conserved) sites.

[0674] The variations can be meade using methods known in the art such ac oligonucleotide-mediated
(site-direcied) mutagenesis, alanine scamning, and PCR mutagenesis. Site-directed mutagenesis [Carier e al., Nucl,

Acids Res,, 13:4331 (1986) Zoller et al., Nucl, Acids Res., L10:6487 (1987)], cassette mutagenesis [Wels ¢1 al,

Gene. 34:315 (1983)], restriction selection mutagenesis [Wells et al.. Philos, Trans. R. Soc. London SerA, 317:415

{1986}] or other known techmigues can be performed on the cloned DNA 1o produce the anu-CD79b antibody
variant DNA,

f0675] Scanming amine acid analysis can also be emploved W identify one or more amino acids along a
contignous sequence.  Among the preferred scanning aming acids are relavively small, neviral amino acids. Such
aminc acids include alanine, giyeine, serine, and cysteine. Alamine is typically 2 preferred scanning amino acid
among this group because 11 eliminates the side-chain bevond the beta-carbon and is jess hkely to alter the main-
chain conformation of the variant [Cunningham and Wells, Science. 244:108]1-1085 (1989)]. Alanine is also
typically preferred because it is the most common amino acid.  Further, it is frequently found in hoth buried and
exposed positions {Creighton, The Proteins, (W.H. Freeman & Co., N.Y.); Chothiz. J. Mol Bial.. 150:1 (1976Y). If

alanine substitution does not vield adequate amounts of variant, ap isoleric anino acid can be used.

[0676] Any cysteine residue not involved in maintaining the proper conformation of the anti-CD79h
antibody also may be substituted, generally with serine, 1o improve the oxidative stability of the molecule and
prevent sberrant cresslinking  Conversely, cysteine bond(s) may be added to the ant-CIY719% antibody to improve
its stability (particularly where the antibody is an antibody fragment such as an Fv fragment).

[0677) A particutarly preferred type of substinmional variam imvolves substituting one or more
bypervariable region residues of a parent antibody (e.g., a humamized or human anlibody). Generally, the resulting
variani(s) selected for further development will have improved biological properties relative to the parent amibody
from which they are generated. A convenient way for generating such substitutional variants involves affinity
maturation using phage display, Briefly, several hypervariable region sites {e.g.. 6-7 sites) are mutated to generale
all possible amino substitutions at cach site. The antibody varianis thus generated are displayed in & monovalent
fashion from filamemtous phage particies as fusions to the gene HI product of M13 packaged within each particle.
The phage-displayed variants are then screened for their biological activity (e.g.. binding affinitv} as herein
disclosed. In order to identify candidate hypervariable region sites for modification, alanine scanming mulagenssis
can be performed fo identify hypervariable region residues contributing sigmificantly to antigen binding.
Alternatively, or additionally, #t may be beneficial to analvze a crystal stucture of the antigen-antibody complex to
iderify contact points between the amtibody and CD79b poiypeptide. Such contact residues and neighhoring
residues are candidates for substitution according to the techniques elaboratied herein, Omce such varants are
generaied, the panel of variants is subjected 10 screening as described herein and antibodies with SUPETIOF properies
in one or more Televant assays may be selected for further development,

[0678] Nucleic acid molecules encoding amine acid sequence varians of the anti-CD79b antibody are
prepared by a variety of methods known in the art. These methods include, but are not limited fo, isolation from a
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natural source (1p the case of naturally occurring amino acid sequence vanants) or preparation by oligonucieotide-
medialed (or sile-directed) mutagenesis, PCR mutagenesis, and casselle mutagenesis of an sarlier prepared varian
OT & mon-variant version of the ani-CIy7oh antibody,

E. Modifications of Anti-CD79h Antibodies

[0679]  Covalem modifications of anti-CD79b antibodies are included withiz the scope of this invention.
One type of covalent modification includes reacting targeted amine acid residues of an anti-CI¥79% antibody with
an organic demvatizing agent that is capable of reacting with selected side chains or the N- or C- ierminal residues
of the anti-CD7% antibody. Derivatization with bifunctional agents 15 useful, for mstance, for crossbinking ant-
CD79b antibody to 2 water-insolubie suppont matrix or surface for use in the method for purifying ant-CD7%
amtibodies, and vice-versa. Commonly used crosshinking agenis inciude, e.g.. 1.]-bist diazoacervl)-2-phenyiethane,
glutaraldehyde, N-hydroxysuccinimide esters, for exampic, esters with 4-azidosalicvlic acid, homobifunctional
imidoesters, including disuccinimidvl esters such  as 3.3‘~dithiobis(succinimidyipropianate), bifunctional
maleimides such as bis-N-maieimido-1,8-octane and agems such as methyl ~3-{{p—azidophényl)dizhio}pmpéoims‘date.

[0680] Other modifications include deamidation of glutaminyl and asparaginy! residuss w0 the
corresponding glutamnyl and asparty? residues, respectively, hydroxylation of proline and lvsine, phosphorylation of

hydroxyl groups of sery! or threonyi residues, methytation of the o-amino groups of lysine, argirune, and histidine

side chaing [T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. Freaman & Co., San Francisco, pp.
79-86 (1983)], acetylation of the N-terminal amine, and amidation of any C-terminal carboxyl group.

[0681] Another type of covalent modification of the anti-CD7%% antibody included within the scope of
this invention comprises altermng the mative glycosylation pattern of the amibody or polypeptide. "Altering the
native giycosylation pattern” is imlended for purposes herein 10 mear deleting one or more carbohydrate mojeties
found in native seguence anti-CD79h antibody (either by removing the undertying glycosylation site or by deleting
the glycosylation by chemical and/or enzymatic means). and/or adding one or more glycosylation sites that are not
present in the native sequence anti-CD7%b antibody. In addition, the phrase includes qualitative changes in the
glycosylation of the mative proleins, involving a change in the nature and proporuons of the various carbohydrate
medeties present,

[(682] Glycosylation of antbodies and other polypeptides is typically either N-linked or O-tinked, N-
linked refers 1w the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide
sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except proline, are the
Tecognition seguences for enzymatic atachment of the carbohydraie moiety 1w the asparagine side chain, Thus, the
presence of either of these tripeptide sequences in a polypeptide creales & polential glycosvlation site. Q-linked
glycosylatior: refers 10 the attachment of one of the sugars N-aceylgalactosamine, galactose, or xvlose to a
bvdroxyamine acid, most commonly serine or threonine, although 5-hydroxyproline or S-hydroxylysine may also
be used. _

[0683] Addition of glycosyiaton sites o the anti-CD7%h 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-iinked glvcosyiation sites). ‘The aiteration may also be made by the additien of, or substitution by, one or more
serine or threonine residues to the sequence of the original anti-CD79b antibody {for O-linked gtycosviation sites),
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The anti-CD7% antibedy amino acid sequence may optonaily be aliered through changes at the DNA level,
particularly by mutating the DNA encoding the anti-CD79h antibody at preselected hases such that codons are
generated that will rranslate 1o the desired amino acids.

[0684]  Another means of increasing the number of carbohydrate moieties on the ami-CD79h antihody is
by chemical or enzymatic coupling of elycosides o the polypeptide. Suck methoeds are described in the art. e.g., in
WO 87/05330 published 11 September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem., pp. 25%-306
{1981).

[0685] Removal of carbohydrate moieties present on the anti-CD79b antibody may be accomplished

chemically or enzymatically or by muational substitition of codons encoding for amino acid residues that serve as
targets for glycosylation. Chemical degiveosylation techniques are known in the art and described, Tor instance, by

Hakimuddin, et al., Arch. Biochem. Biophvs,, 2359:52 (1987} and by Edge et al., Anal Biachem., 118:131 (1981).

Enzymatic cleavage of carbobydrate moieties on polypeptides can be achieved by the use of & variety of endo- and

exo-glycosidases as described by Thotakura et a1, Meth Enzymel., 138:350 (1987).

[0686]  Another type of covalent modification of anti-CD7%h antibody comprises linking the antibody 10
one of a variety of nonproleinaceous polymers, e.g., polyethiviene glycol (PEG), polypropylene glycol, or
polyoxyalkylenes, in the manmer set forth in U.S. Patent Nos, 4,640,835; 4,496,689, £.301,144; 4.670,417;
4.791,192 or 4.179.337. The amibody also may be entrapped i microcapsules prepared, for example, by
coacervalion lechnigues or by imterfacial polymerization {for example, hydroxymethyleciiulose or gelatin-
microcapsules and poly-(methylmethacylate) microcapsules, respectively), in colloidal drug delivery sysiems (for
example, liposomes, albumin microspheres, microemulsions. nano-particies  and nanocapsules), or in
macroemulsions. Such iechniques are disclosed in Remingion's Pharmaceutical Sciences, 16th edition, Oslo, A,
Ed., (19803,

[0687] The ami-CD79b amtibody of the present invention may also be modified in 2 way to form

chimeric molecules comprising ap anti-CD79b antibody fused to another, heterologous poivpeptide or amino acid
sequence,

[0688] In one embodiment, such a chimeric molecule comprises a fiusion of the anti-CD79b antibody
with a tag polypeptide which provides an epitope to which an ant-tag antibody can selectively bind. The epitope
1ag is generally placed at the amino- or carboxvl- terminus of the anti-CD79b anlibody. The presence of such
epitope-tagged forms of the anti-CD79b antibody can be detected using an antibody against the tag polvpeptide.
Also. provision of the epitope tag enables the anti-CIY79b antibody 1o be readily purified by affinity purification
using an anti-tag antibody or another 1ype of affinity matrix tha: binds to the epitope tag. Various tag polypeptdes
and their respective antibodies are welt known in the art, Examples mclude poly-histidine {(poly-his} or poly-
histidine-giycine (poly-his-gly) 1ags; the flu HA 1ag polypeptide and its antibody 12CAS [Field et al., Mol. Cell
Biol., 8:2159-2165 (1988)]; the c-mve tag and the §F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto [Evan etal,
Molecutar and Cellular Biology, 5:3610-3616 (1983)]; and the Herpes Simpiex virus glyeoprotein D {gD) tag and

its amibedy [Paborsky et al.. Protein Engineering, 3(6):347-553 {19903 Other tag polypeptides inciude the Flag-

peptide [Hopp et al, BioTechnologv, 6:1204-1210 (19883]; the KT3 epimpe peptide [Martin et al, Science,
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255:192-194 (1992)]; an o-tubulin epitope peptide [Skinmer et al., 1. Biol Chem., 266:15163-15166 (1991)]; ang

the T7 gene 10 protein peptide tag [Lutz-Freyermuth et al., Proc. Natl Acad. Sci USA. 87:6393-6397 (19901,

[0689] In an aliernative embodiment, the chimeric molecule may comprise z fusion of the anti-CH76h
antibody with an immunogiobulin or 2 particular region of an immunoglobulin. For 2 bivalem form of the chimeric
molecule (also referred 10 as an “immunoadhesin™), such a fusion could be 1o the E¢ region of an IgG molecule.
The lg fusions preferably include the substintion of a soluble (transmembrane domain deleied or inactivatedi form
of an anti-CD79 antibody in place of at ieast one variable region within an Ig molecule, Ina partictilarly preferred
embodiment, the immunogiobulin fusion inciudes the hinge, CH, and CH,, or the ange, CH,, CH, and CH; regions
of an 1gG1 molecule. For the production of immunoglobulin fusions see aiso US Patent No. 5.428.130 issued June
37,1993

F. Preparation of Ani-CD79h Amibodies

[0690] The description below relates primarily 10 production of anli-CD79b antibodies by culturing cells
transformed or transfected with a vecior containing anti-CD79b antibody-encoding nueleic acid, It is, of course,
comempiated that aliernative methods, which are well known i the art, may be emploved 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., Stewart et al, Solid-Phage Pentide Svnthesis, W.H.
Freeman Co., San Francisco, CA (1969); Merrifield, 1. Am. Chem. Soc.. 83:2149-2154 (1963)]. In vitro prowein

synthesis may be performed using manual techniques or by automation. Automated synthesis may be accomplished,
for instance, using an Applied Biosystems Peptide Synthesizer (Foster City, CA) using manufacturer's instructions.
Various portions of the ant-CD79b antibody may be chemically synthesized separately and combined using
chemical or enzymatic methods to produce the desired anti-CD79h antibody.
1. Isolation of DINA Encodine Anti-CID79h Antibody
[0691] DNA encoding ami-CD79b antibody may be obtained from a cDNA library prepared from lssue

believed 10 possess the ami-CD79b antibody mRNA and 1o express it at a detecuable level. Accordingly, human
anti-CD79b antibody DNA can be convenicntly obtained from 2 ¢DNA library prepared from human tissue. The
anti-CD79% antibody-encoding gene may also be obmined from a genomic library or by known syathetic
procedizes (e.g., automated mcleic acid synthess).

[0692] Libraries can be screened with probes (such as oligonucleotides of at least about 20-80 bases)
designed to identify the gene of interest or the protein encoded by i Screening the ¢<DNA or genomic library with
the selecied probe may be conducted using standard procedures, such as described in Sambrook et al., Maoleenlar

Cloming: A Laboratory Manual (New York: Cold Spring Harbor Lahoralory Press, 1989). An shemative means 1o

isolate the gene encoding anti-CD79b antibody is to use PCR methodology {Sambrook et al.. supra; Dieffenbach et

ak., PCR Primer; A Lahoratorv Manual (Cold Spring Harbor Laboratory Press, 1995)1.

[0693] Techmigues for screening a ¢cDNA library are well known in the art. The oligoﬁucieoﬁde
sequences selected as probes should be of sufficienm length and sufficiently unembiguous that false positives are
minimized. The oligonucicotide is preferably labeled such that it can be detected upon hybridization i0 DNA in the
tibrary being screened. Methods of labeling are well known in the art, and include the use of radiolabels like *¥P-

ot
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labeled ATP, biotinylation or enzyme labeling. Hybridization conditions, including moderate siringency and high
stringency. are provided in Sambrook ef al., sunra.

[0694] Sequences identified inm such library screening methods can be compared and aligned 1o other
known sequences deposited and availabie in public databases such as GenBank or other private seguence databases.
Sequence identity (at either the amino acid or nucleotide ievelj within defined regions of the molecule or across the
fizll-length sequence can be determined using methods known in the art and as described herein,

[0693] Naucleie acid having protein coding sequence may be obtained by screening selected ¢DNA or
genomic [ibraries using the deduced amino acid sequence disclosed herein for the first vime, and, if necessary, using
conventional primer exiension procedures as described in Sambiook et al., supra, to detect precursors and
processing intermedizies of mRNA that may not have been reverse-ranseribed into cDNA.

it Selection and Translormation of Host Celig

[0696] Host cells are ansfected or ransformed with expression or cloning veciors described herein for
anti-(CD79b antibody production and culwred in conventional murient media modified as appropriate for inducing
promoters, selecting transformants, or amplifying the genes encoding the desired sequences. The cultare conditions,
suck as mediza, temperature, pH and the like, can be selecied by the skilled artisan without undue experimentation.
In general, principles, protocols, and practical techniques for maximizing the productivity of cell cultzres can be

found in Mamnalian Cell Biotechnology: a Practical Approach. M. Butler, ed. {(IRL Press, 1991) and Sambrook et

al., supra.
[0697] Methods of eukaryolic cell tramsfection and prokaryotic cell wansformation, which means

introduction of DNA into the host so that the DNA is replicable, either as an extrachromosomal or by chromosornal
miegrant, are known to the ordinarily skilled artisan, for exampie, CaCls, CaPQ., lipesome-medizted, polvethylene-
gyeol/DMSO and electroporation. Depending on the host cell used. wansformation is performed using standard
techmigues appropriate to such cells. The calcium treatment employing caleium ehloride, as described in Sambroak
et al,, supra, or eleciroporation is generally used for prokeryotes. Infection with Agrobacierium wmefaciens 15 used

for transformation of certain plant ceils, as described by Shaw et al, Gene, 23:315 (1983} and WO 89/05859

published 29 June 1989, For mammalian celis without such celi walls, the calcium phosphate precipitation method
of Graham and van der Eb, Virology. 52:456-457 {1978) can be employed. General aspects of mammabian cell host
system transfections have been described in U.S. Patent No. 4,399,216, Transformations info yeast are typically
carried ot according to the method of Van Solingen et al., J. Bact,, 130:946 (1977} and Hsiao et al.. Proc, Nail
Agad Sci (USA), 76:3829 (1979). However, other methods for introducing DNA into cells, such as by nuclear

microinjection, electroporation, bacierial protoplast fusion with intact cells, or polycations, e.g., polvbrene,
polyornithine, may also be used. For various iechniques for wansforming mammalian cells, see Keown et al.,

Methods in Epzvmology, 185:527-337 (1990} and Mansour ¢t al., Nature, 336:348-332 (1988},

[0698] Suiubie host celis for cloning or expressing the DNA in the vectors herein mclude prokaryote,

veast, or higher eukarvote cells.



a. Prokaryotic Host Cells

[0699]  Suitable prokaryotes incinde but are not limited 10 archaehacieria and eubacieria, such as Gram-
negative or (ram-positive organisms, for example. Enterobacieriaceae such as £ coif. Varjous E. coli sirains are
publiciy available, such as £. coli K12 sirain MM294 (ATCC 31,4463 E. coli X1776 (ATCC 31,3373, E. coli gtrain
3110 {(ATCC 27,325) and K5 772 (ATCC 53,635).  (Orher suitable prokaryotic host cells include
Enterobacteriaceze such as Escherichia, e.g., L coli, Emterabacier, Erwinia, Klebsteila, Proteus, Saimonelia, e.g.,
Salmonella typhimurium, Serratia, ¢.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subrilis and
B. licheniformis (e.qx., B. licheniformis £1P disclosed it DD 266,710 published 12 April 1989), Pseudomonas such
as P, aervginusa, Rhizsobia. Vireoscilla, Paracoecus and Strepiomyces. These examples are illustrative rather than
hirpiting.  Strain W3110 is ove particularly preferred host or parent host because i 1s a common host sirain for

recombinant DNA product fermentations. Preferably. the host cell secretes minimal amounts of proieolytic

enzymes. For example, strain W3110 (Bachmann, Cellular and Molecular Biology, vol. I (Washingion, D.C.:
American Society for Microbiology, 1987}, pp. 1190-1219; ATCC Deposit Ne. 27,3253 may be modified 1o effect s
genelic mutation in the genes encoding proteins endogenous 1o the bost, with examples of such hosts including F
coli W3110 strain 1A2, which has the complete 2enotype fond ; E coli W3110 strain 9E4, which has the complete
genotype fond pir3; E. coli W3110 swain 27C7 (ATCC $5,244), which has the complete ocﬁotype tonA pir3 phod
E15 (argF-lac)169 degP ompT kar', E. colf W3110 strain 37Dé, which has the complete genotype jonAg Pl phod
EI5 (argF-lac)]69 degP ompT rbs7 ilvG kan'; E. coli W3110 strain 40B4, whick is strain 3716 with 2 pop-
kanamycin resistant deg? deletion mutation; £. coli W3] 10 strain 3303 having genotype W3116 Afhud (Atond)
pir3 lac Ig lacl8 AompTA(nmpe-fepEl degP4} kan® (.S, Pat. No. 5,639.635) and an E. colf strain having muant
periplasmic protease disclosed in .S, Patent No, 4,946,783 issued 7 August 199G, Other straing and derivatives
thereof, such as . coli 294 (ATCC 31.446), E. coli B, £ coli, 1776 (ATCC 31337y and E. coli RV3OR(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 e al., Proteins, 8:309-314 (1990%. It is generally necessary 1o seiect the appropriate bacieria taking into

consideration replicability of the replicon in the cells of a bacterium For example, E. coli, Serratia, or Salmonella
species can be suitably used as the host when well known plasmids such as pBR322, pBR325, pACYC177, or
PKN41€ are used to supply the replicon. Typically the host cel] should secrele minimal amounts of proteolvic
enzymes, and additional protease inbibitors may desirably be incorporaied in the cell culture. Aliernativel V. in vifro
methods of cloning, e.g., PCR or other aucleic acid polymerase reactions, arc suitable.

[0700] Full jength antibody, antibody fragmenmts, and antibody fusion proteins can be produced in
bacteria, in particular when glycosylation and Fe effector function are not needed. such as when the therapemtic
antibody is conjugated 1o a evioloxic agent (e.g., a woxin) and the immunoconjugate by itself shows elfectiveness in
wmor cell destruction.  Full length antibodies bave greater half Life in cireulation, Production in E. cobi is [aster
and more cost efficient  For expression of antibody fragments and polypeptides in bacteria, see, eg, 11§,
5,648,237 (Carter et al), U.§. 3,789,199 (Joly et al), and U.S. 5.840,573 (Simmons et al.) which describes
trapslation initiation regio (TIR} and signal sequences for opimizing expression and secrctibn, these patents
incorporated hetein by reference. After expression. the antbody 1s isoiated from the E. coli cell pasie in & soluble
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fraction and can be purified through, e.g., 2 protein A or G column depending on the isotype. Final purification can
be cayried out similar 1o the process for purifving antibody exprcssec’:ﬂ e.g,. i CHO cells.
b. Eukarvotic Host Cells

[0761] In addition to prokarvates, eukarvotic microbes such as filamentous fung or veast are suitable
cloning or expression hosts for anti-CD79b antibody-encoding veciors. Saccharomyces cerevisiae is a commonly
used lower eukarvotic host microorganism. Others include Schizosaccharomyces pombe (Beach and Nurse, Nature,
290: 140 [1981]; EP 139,383 published 2 May 1985); Kiluvveromvces hosts (U.S, Patent No. 4,943,529, Fleer et al.,
BioTechnology, 9:968-975 (1991} such as, e, K lactis (MWOS-8C, CBS683, CB84574; Louvencourt et al., L
Bacieriol.. 154(2):737-742 [1983)). K fragilis (ATCC 12.424), K bulgaricus (ATCC 16,045y, K. wickeramii
(ATCC 24.178), K. waltii (ATCC 56,306, K. drosophilarum (ATCC 36.906: Van den Berg et al.. Bio/Techmolagy,
8:133 (1990)), K thermotolerans, and K. marvianus; varrowia (EP 401226}, Pichia pasioris (EP 183.070;
Sreekrishna et al, 1. Basic Microbiol, 28:265-278 [19881y: Candida: Trichoderma reesia (BEP 244,234y,

Neuraspora crasse (Case et al, Prog. Natl. Acad Sci. USA, 76:5259.5263 {1979)); Schwanniomyees such as

Schwanniomyees occidentalis (EP 394.53% published 31 October 1990}, and filamentous fungl such as, eg.,
Neurospora, Penicillium, Tolypociadium (WQ 91/00357 published 10 January 1991}, and Aspergillus hosts such as
A nidulans (Ballance et al., Biochem Biophvs Res. Commurn., 112:284.289 {1983]; Tilbwmn et al., Gene, 26:205-
227 {1983]; Yeiton et al, Proc Natl Acad Sci USA. 8i: 1470-1474 [1984]) and A niger (Kelly and Hynes,

EMBO I, 4:475-479 [1985]). Methylotropic yeasts are suitable herein and include, but are not limited to, veast
capable of growth on methano! selected from the genera comsisting of Hansenula, Candida, Kloeckera, Pichig,
Saccharomyces, Torulopsis, and Rhodoiorula. A list of specific species that are exemplary of this class of yeasts

may be found in C. Anthony, The Biochemisirv of Methviotrophs. 269 {19823,

[0702} Suitable host cells for the expression of glycosylated anti-CD79h antibody are derived from
multiceliular organisms. Examples of inveriebrate cells include insect cells such as Drosophila 52 and Spodoptera
S, as well as plam cells, such as cell culures of cotion, com, poiato, soybean, petunia, omato, and obacco.
Numerous baculoviral strains and varians and corresponding permissive inscct host cells from hosts such as
Spodopiera frugiperda (caterpillar), Aedes aegypfl (mosquite). Aedes albopictus {mosquilo), Dirosophila
melanogaster (Tuithyy, and Bombyx mori have been identified. A variery of viral swains for transfection are
pubiicly availlable, e.g., the L-1 variant of dwtographa californica NPV and the Bm-5 strain of Bombyx mori NPV,
and such viruses may be used as the virus herein according 1o the present invention, particuiarty for transfection of
Spodoptera frugiperda cells,

[0703] However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in
culture {tissue culture} bas become a rowtine procedure. Exampiés of useful mammalian host cell lines are monkey
kidney CV1 line wansformed by SV40 (COS-7, ATCC CRL 1651); buman embryonic kidney line {293 or 293 cells
subcioned for growth in suspension culture, Graham et al., J. Gen Virol. 36:59 ( 1877)}; baby hamsier kidney cells
(BHK, ATCC CCL 10); Chinese hamsler ovary eells/-DHFR (CHO, Uriaub et al, Proc. Natl Acad Sci USA

77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod, 23:243-251 {1980}); monkev kidney cells (CV1
ATCC CCL 70); African green monkey kidney cells (VERQ-76, ATCC CRL-1587); human cervical carcinoma
cetts (HELA, ATCC CCL 2); canine kidney cells (MDCE, ATCC CCL 34Y, buffalo rat liver cells (BRL 3A, ATCC
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CRL 1442); human lung cells (W138, ATCC CCL 75): human liver cells (Hep G2, HB 8065}, mouse mamrnary
tmor (MMT 060362, ATCC CCL51): TR celis (Mather et al. Annals N.Y. Acad. Sci, 383:44-68 (1982)): MRC 5

cells; FS4 cells: and & human hepatorna line (Hep G2).

(0704] Host cells are transformed with the above-described expression or ¢loming vectors for anii-CD79h
antibody production and cultured in conventional nutrien: media modified as appropriate for inducing promoters,
seiecting transformants, or amplifying the genes encoding the desired sequences.

3. Selection and Use of a Replicable Vector

[6705] For recombinam production of an aniibody of the invention. the nucleic acid {e.g., cDNA or
genomic DNA) encoding 1t is isolated and inserted mto & replicable vector for further cloning (amplification of the
DNA} or for expression. DNA encoding the anptibody is readily isolated and sequenced using convemtional
procedures (eg., by using oligonucleotide probes that are capable of hnding specifically W genes encoding the
beavy and light chains of the antibody). Many vectors are available. The choice of vecior depends in part on the
host cell 0 be used. Generally, preferred host cells are of either prokaryotic or eukarvotic {(generally mammalian)
origin.

{0706} The vecior may, for example, be in the form of a plasmid, cosmid, viral particle, or phage, The
appropriate nucleic acid sequence may be inserted into the veetor by 2 variety of procedures. In general, DNA is
inserted into an appropriate restriction endonuclease site{s) using techniques known in the art. Veclor components
generally include, but are not limited 10, one or more of & signal sequence, an origin of replicalion, one or mere
marker genes, an enhancer element. & promoier, and a transcriplion termination sequence. Construction of suitable
vectors contaiaing one or more of these components employs standard ligation techniques which are known o the
skilled artisan

[0767] The CD79b may be produced recombinantly not ouly directly, but also as & fusion polypeptide
with a heterologous polypeptide, which may be a signal seguence or other polypeptide having a specific cleavage
sile at the N-1erminus of the matire protem or polypeptide. In general, the sigual sequence may be a componest of
the vector, or it may be a part of the anti-CD79h antibody-encoding DNA that is inserted into the veetor. The signal
sequence may be a prokaryotic signal sequence selected, for exampie, from the group of the alkaline phosphatase,
peniciliinase, Ipp, or heat-stable enterotoxin ¥ leaders. For veast secretion the signal sequence may be, c.g, the
veast mvertase leader, alpha factor leadsr (including Sacckaromyees and Khwyveromvees o-factor leaders, the latter
described in U.S. Paient No. 5,010,182), or acid phosphatase leader, the € albicans glucoamylase leader (EP
362,179 published 4 April 1990), or the signal described in WO 90713646 published 15 November 1990, In
mammabian cell expression, mammalian signal sequences may be used to direet secretion of the protein, such as
signal sequences from secreted polypeptides of the same or related species, as well as viral secretory leaders.

a. Prokaryotic Host Cells

{0708] Polynucleotide sequences encoding polypeptide components of the aniibody of the invention can
be obtained using standard recombinant techmiques.  Desired nolynucleotide sequences may be isolaied and
sequenced from amibody producing cells such as bybridoma cells.  Alternatively, polynucicotides can be
synthesized using nucleotide synthesizer or PCR tecknigues. Omnee obtained, sequences encoding the polypeptides
are inserted into a recombinamt vector capable of replicating and expressing heterologous polymicleotides in
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prokaryotic hosts. Many vectors that are available and known in the art can be used for the purpose of the present
mvention. Selection of an appropriate vegior will depend mainly on the size of the micleic acids 1o be inseried o
the vector and the partieular host cell to be transformed with the vector. Each vector contains various components,
depending on its function (amplification or expression of heterologous potynucleotide, or both) and its compatibility
with the particuiar host cell in which it resides.

[0709] In general, plasmid vectors contaming 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
contain a nucleic acid sequence that enables the vector to replicate in one or more selecied host cellg, as well as
marking sequences which are capable of providing phenotypic selection i transformed cells, Such sequences are
well known for a variety of bacteria, veast, and viruses, The ongin of repication from the plasmid pBR322, which
contains genes encoding smpicilin {(Amp) and wiracyeline (Tet) resistance and thus provides casy means for
identifying wansformed eelis, is sujtable for most Gram-negative bacteria, the Zu plasmid origin is suitable for veast,
and various viral origins (SV40, polvoms, adenovirus, VSV or BPV) are usefut for cloning veciors in mammalian
cells. pBR322, its derivatives, or other microbial piasmids or bacteriophage may alse contain, or be modified w0
contain, promoters which can be used by the microbial orgamism for expression of endogenous proteins. Examples
of pBR322 derivatives used for expression of particular antibodies are described m detail in Caner et al, U.S.
Patent No. 5,648,237,

{6710} In addition, phage veclors comtaining replicon and control sequences that are compatible with the
host microorganism can be used as sransforming vectors in connection with these hosts. For example, bacleriophage
such as AGEM.TM.-11 may be utilized in making & recombinant vector which can be used 10 wansform suscepible
host cells such &s £ colf LE392.

H7LE] The expression vector of the invention N2y comprise twWo Or more promoter-cistron Dairs,
encoding each of the polypeptide components, A promoter is an untransiated regulatory sequence located upstream
(5"} to & cistron that modulates its expression. Prokaryotic promoters typically fall into two classes, inducible and
comstitetive. Inducible promoter is a promoter that imitiates mereased levels of transcription of the cistron under its
control in response 1o changes in the culture condition, e.g. the presence or absence of a nuirient or a change in
lemperature,

[0712] A large number of promoters recognized by & variety of potential host cells are well known, The
selected promoter can be operably linked 1o cistron DNA encoding the light or heavy chain by removing the
promoter from the source DNA via restriction cnzyme digestion and ingerting the isolated Promoter sequence into
the vector of the inventon Both the native promoter sequence and many heierologous promoters may be wed o
direct amptification and/or expression of 1he largel genes.  In some embodiments, heterologous promoters are
utilized. as they generally permit greater transcription and tigher yields of expressed targes gene as compared to the
nalive target polypeptide promoter.

{0713] Promoters recognized by a variety of potential host cells are well known. Promoters suitable for
use with prokarvotic hosts inchzde the PhoA promoter, the B-galactamase and lactoss promoter systems [Chang et
al, Napie, 275:615 (1978); Goeddel et al., Nature, 281.544 {1979)], alkaline phosphatase, 2 tryptophan (ip}
promoter system [Goeddel, Nucleic Acidg Reg,, 8:4057 (1980); EP 36,776] and hybrid promoters such as the fac
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[deBoer et al,, Prog, Natl Acad. Sci. USA, 80:21-25 (1983)] or the e promoier. Promolers for use in bacierial
sysiems also wili contain & Shine-Dalgarno (8.I).) sequence operably linked te the DNA encoding anu-CD7%h
antibody. However, other promoters that are functional in bacteria (such as other knows bacterial or phage
promoters) are suitzble as well. Their nucieotide sequences have been publisked, thereby enabling & skilled worker
operably 1o higaie them fo cistrons encoding the target light and heavy chains (Sicbenlist et al. ¢ 1986y Cell 26: 269)
using linkers or adaptors to supply any required restriction sites,

[0714] in onc aspect of the invention, each cistron within the recombinant vector comprises a secreton
signal sequence component that directs translocation of the expressed polypeptides across 2 membrane. In general.
the signal sequence may be a component of the vector. or it may be a part of the target polypeptide DWNA that is
mseried mio the vector, The signal sequence selecied for the purpose of this invention should be one that ie
recogrized and processed (Le. cleaved by a signal peptidase) by the hast cell, For prokaryotic host cells that do not
recognize and process the signal sequences native 1o the heterologous polypeptides, the signal seguence is
substinted by a prokaryotic signal sequence selected, for example, from the group consisting of the alkaline
phosphatase, pemicillinase, Ipp, or heat-stable enterotoxin 11 (STII) leaders, LemB, PhoE, PelB, OmpA and MBP,
In one embodiment of the invention, the signal sequences used in both cistrons of the £Xpression sysiam are ST
signal sequences or variants thereof.

[0715] In another aspect, the production of the immunogiobuling according 1o the invention can occur in
the cytoplasm of the host cell, and therefore does nol require the presence of secretion signal sequences within each
cistron.  In that regard, immunoglobulin light and heavy chains are expressed, folded and assembled to form
fimetional immunoglobuling within the cytoplasm  Ceriain host strains {eg. the E coli rxB siralns) provide
¢ytoplasm conditions that are favorable for disulfide bond formation, fhercby permitting proper foiding and
assembly of expressed proiein subunits.  Proba and Pluckihun Gere, 159:203 (1995),

t0716] The present invention provides an expression system in which the quantitative ratio of expressed
polypeptide components can be modulated in order w maximize the vield of secreted and properly assembled
antibodics of the invention.  Such modulation is accomplished at Icast in part by simultaneously modulating
translational strengths for the polypeptide components,

{67171 One technique for modulaiing transiational strength is disclosed in Simmons ¢t al. U.S. Pat. No.
5,640,523, It utilizes vanants of the translational initiation region {TIR) within a cistron. For 2 given TIR, a senes
of amino acid or mucleic acid sequence variants can be created with a range of transtational strengths, thereby
providing a convenient means by which 1o adjust this factor for the desired exprassion level of the specifie chain.
TIR variants can be generated by conventional mutagenesis techaiques that resull in codon changes which can alter
lhe amino acid sequence, although silent changes in the nucleotide sequence are preferred. Alterations in the TIR
can include, for example, alierations in the number or spacing of Shine-Dalgamo sequences, along with alterations
in the signal sequence. One method for generating mutant signal sequences is the generation of & "codon bank™ at
the beginming of a coding sequence that does not change the amino acid seguence of the signal sequence (i.e., the
changes are silent). This can be accomplished by changing the third mucleotide position of each codon: additionally,

some amuno 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 15 deseribed in deail in Yansura et al {1902)
METHODS: 4 Companion 10 Methods in Enzvmol 4:151-158.

[0718] Preferably, a set of vectors is generated witk a range of TIR swrengths for each cistron therein
This limited set provides a companson of expression levels of each chain as well as the yield of the desired
amibody products under various TIR strength combinations. TIR strengths can be determined by quantifying the
expression level of a reporier gene as described in detail in Simumons et al. U.S. Par No. 5, 840,523, Based on the
translational strength comparison, the desired individual TIRs are selected to be combined in the expression veclor
constructs of the invention.

b. Eukarvouic Host Cellg

[0719] The vector components generally include, but are not limited 1o, one or more of the following: a
signal sequence, an origin of replication. one or more marker genes, ap enhancer element, 2 prometer, aad &
transcription iermination sequence.

{1) Signal seguence component

[0720] A vector for use in a eukarvotic host cell mey aiso coniain a signal sequence or other polypeptide
having a specific cleavage siie at the N-terminus of the mature protein or polypeptide of interest. The heterologous
stgnal sequence selected preferably is one that is recognized and processed (i.e., cleaved by a signal peptidase) by
the bost cell, Tv 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 nol needed for mammalian expression veciors.

For example, the SV40 origin may typically be used only because it contains the early promoter.

(3} Selection gene component

[0723] Expression and cloning veciors wilf typically contain 2 selection gene, also termed z selectable
marker, Typical selection genes encode proteins that (a) confer resistance w antibiotics or other toxins, e.g.,
ampicillia, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (¢) supply critical
nuirients not available from compiex media, e.g., the gene encoding D-alanine racemmase for Barill.

[0724] One example of a selection scheme tilizes 2 drug 1o arrest growth of a host cell. Those cells that
are successtully transformed with a heterologous gene produce a protein conferring drug registance and thus survive
the sclection regimen. Examples of such dominant selection use the drugs acomycin, mycophenolic acid and
bygrdmycin.

[0725] An example of suitable selectable markers for mammalian cells are those that enable the
identification of cells competent to 1ake up the anti-CD79%h antibody-encoding nucleic acid, such as DHFR or
thymidine kinase. metallothionein-l and -II, preferably primate metaliothionein genes, adenosine deaminase,
ornithine decarboxylase, erc.  An appropriate host cell when wild-type DHFR is employed is the CHO cell line
delicient in DHFR activity (e.g.. ATCC CRL-9096), prepared and propagated as deseribed by Urlaub et al, Proc,
Natl, Acad. Sei. LISA, 77:4216 (1980, For example, cells transformed with the DHFR seiection gene are first

idemified by culturing all of the wansformants in a culwre medium that contains methotrexate (M), a competitive
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amagonist of DHFR. Alternatively, host cells {particularly wild-type hosts that contan endogenous DHFR)
wansformed or co-transformed with DNA sequences encading an antibody, wild-type DMFR proicin, and another
seleciable marker such as aminoglvcoside 3-phosphotransferase (APH) can be selecied by cell growth in medium
containing a selection agent for the selectable marker such as an aminoglycosidic antibiotic, e.g., kanamvein
neomycin, or G418, See ULS. Patent No. 4,965,199

[0726] A suitable selection gene for use yeast is the wpl gene preserr in the veast plasmid YRp7
[Stinchcomb et al., Nature, 282:39 (1979); Kmgsman et al.. (epe, 7:141 (1979); Tschemper et al., Gene, 10:157

(1980)}. The mp! gene provides a selection marker for a mutant suain of yeast lacking the ability 1o ZIOwW in
trypiophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics, £5:12 (1977)].
{4} Promaier Component

[0727] Expression and cloning veclors usually comtain a promoter operably linked 16 the anii-CD7%h
antibody- encoding nucleic acid sequence 1o direct mRNA synthesis. Promoters recognized by a variety of
poential host cells are well known.

[0728] Virtzally allevkaryotic genes have an AT-rich region located approximately 25 to 30 bases
upstream from the site where transcription is initiated. Another sequence found 70 to 80 bases upsirearm from the
start of transcription of many genes is 2 CNCAAT region where N may be any mucleotide. At the 3' end of most
eukaryotic genes is an AATAAA seguence 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.

(6729 Examples of suitable promoting sequences {or use with veast hosts include the promoters for 3-

phosphoglycerate kinase [Hitzeman et al., J_Biol. Chem. 255.2073 (1980)] or other glycolyric enzymes [Hess et al.,
J.Adv. Enzvme Ree., 7:149 (1968); Holiand, Biochermistry, 17:4900 {1978})], such as enolase, glyceraldehvde-3-

phosphate  dehydrosenase, hexokinase, pyruvate decarboxylase, phosphofruciokinase, glucose-6-phosphate
somerase. 3-phosphoglycerate mulase, pyruvate kinase. triosephosphate isomerase, phesphoglucose isomerase, and
glucokinase,

[0730] Other yeast promoters, whick are inducible promoters having the additional advantage of
transeription conwolled by growth conditions, are the promoter regions for alcohol debydrogenase 2, isocylochrome
C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein, ghyceraldehyde-3-
phosphate dehydrogenase, and enzymes responsible for mattose and galactose utilization. Suitable vectors and
promoters for use in veast expression are further described in EP 73.657,

{4731} Anu-CD79 amibody transcription from vectors in mammalian host cells s controlled. for
example, by promoters oblamed from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2.211.504
published 5 July 1989), adenovirug (such as Adenovirus 2}, bovine papilloma virus, avian sarcomas virus,
cylomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (8V40), from heterologous mammalian
promoters, e.g., the actin promoter or an immunogiobulin 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 convensenitly obtained as an SV40 resiriction
fragment that aise cemaiﬁs the S5V40 viral origin of replication. The immediate early promoter of the human
cylomegalovizus is conveniently obtained as 2 HindII E resiriction fragment. A system [or expressing DNA 1o
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mammalian hosts using the bovine papilioma virus as a vector is disclosed in U.S. Patent No. 4419446, A

modification of this system is described in U.S. Patemt No. 4.601.978. See also Reves et al., Nanure 297:598-601

{1982) on expression of human B-imerferon cDNA in mouse cells under the control of 2 thymidine kinase promoter

from herpes simplex virus. Aliematvely, the Rous Sarcoma Virus long terminal repeat can be used as the promaoier.
{3) Enhancer Element Component

[(4733] Transcription of a DNA encoding the anti-CD79b antibody by higher eukaryotes may be
increased by inserting &n enbancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually
zbout from 10 1o 300 bp, that act on a promoter 10 increase iis transcription. Many enhancer sequences are now
known from mammalian genes {globin, elastase, albumin, o-fetoproteir., and insulin). Typicatly, however, one will
use an enhancer from a eukaryotic cell virus. Pxamples include the SV40 enbancer on the late side of the
replication origin {bp 100-270}, the cytomegalovirus early promoler enhancer. the polvoma enbancer on the late
side of the replication origin, and adenovirus enhancers. See also Yaniv, Namre 297:17-18 (1982) on enhancing
elements for activation of eukarvotic promoters. The enbancer may be spliced into the vector at a position 3' or 3'
to the apti-CD79% antibody coding sequence, but is preferably located at 2 site 5' from the promoler,

{8} Transcription Termination Component

[0734] Expression vectors used i eukarvotic host cells (veast, {ungi, insect, plant, amimal, human, or
nucleated cells from other multicellular organisms) will also contain sequences necessary for the lermination of
ranscription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and, occasionally
3', uniranslated regions of eukaryotic or viral DNAs or ¢cDNAs.  These regions comtain tucleotide segments
transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding anti-CD79b antibody,
Omne useful transcription termination component is the hovine growth hormone polyadenylation region. Sec
WO94/1 1026 and the expression vector disclosed therein,

[0735} Sull other methods, vectors. and host cells suitable for adaptation io the synthesis of anti-CD795
antibody in recombmant vertebrate cell culture are deseribed in Gething et al, Nawre, 293:620-625 (1981}; Mantej
et al., Nature, 281:40-46 (1979); EP 117.060; and EP 117.058.

4, Colminng the Host Cells

[4736] The host cells used 10 produce the anti-CD79b antivody of this nvention may be cultured in a
variety of media,

a. Prokaryotic Host Cells

[0737] Prokaryotic cells used 1o produce the polypeptides of the imvention are grown in media known in
the art and suitable for enlure of the selecled host celis, Exampies of suitable media include luria broth (LB) pius
necessary nutricnt supplements. In some embodiments, the medie also contains 2 selection agent, chosen based on
the construction of the expression vector, to selectively permit growth of prokaryotic cells containing the expression
vector. For example, ampicillin is added 10 media for growth of cells expressing ampicillin resistant gene.

{0738] Any pecessary supplements besides carbon, nitrogen, and inorganic phosphate sources may also
be included at appropriate concentrations inroduced alone or as a mixture with another supplement or medium such
as a complex nitrogen source. Optionally the culture medium may comtain one or more reducing agents selecied
from the group consisting of glutathione, cysteine, ¢ysiamine, thiogtycollate, dithioerythritol and dithiothreitol.
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{0739] The prokaryotic host cells are cultured at suitabie temperatures. For E. coki growth, for example,
the preferred 1emperature ranges from abowt 20°C to about 39°C, more preferably from about 25°C 1o about 37°C,
even more preferably at about 30°C. The pH of the medium may be any pH ranging fom abow 3 10 about 9,
depending mainly on the hest organism. For E. coli, the pH is preferably from about 6.8 1o shout 7.4, and more
preferabiy about 7.0.

[0740] If an inducible promoter is used in the expression vector of the invention, protein expression is
induced under conditions suitable for the activation of the promoter. In ane aspect of the invemion, PhoA
promoters are used for controlling transcription of the poiypeptides. Accordingly, the transformed host celis are
cultured in a phosphate-limiting medium for induction. Preferably, the phosphate-limiting medium is the CRAP
medium {see, ¢.g.. Simmons et al.. ./ Immunol. Methods (2002), 263:133-147). A variety of other inducers may be
used, according 10 the vector construct emploved. as is known in the art.

[0741] In one embodiment, the expressed polypeptides of the present invention are secreted into and
recovered from the periplaste of the host cells. Protein recovery typically involves disrupting the microorganism,
generally by such means as osmotic shock, sonication or Jysis. Once cells are disrupted, cell debris or whole cells
may be removed by centrifugation or filtration. The proteins may be further purified, for exampie, by a{finity resm
chromatography. Alternatively, proteins can be wransported into the cuiture media and isolated therein. Cells may
be remaved from the colture and the cutture supernatant being fillered and concentrated for further purification of
ihe proteins produced. The expressed polypeptides can be further isolated and identified using commonly known
methods such as polyacrylamide gel electrophoresis (PAGE) and Western blot assay.

{0742} in ome aspect of the invention, amtibody procuction is conducted in iarge quantity by &
fermentation process. Various large-scale fed-batch fermentation procedures are available for production of
recombinant prowns. Large-scale fermentations have at least 1000 liters of capacity, preferably ahout 1,000 to
160,000 Titers of capacity. These fermentors use agitator impellers 1o distribute 0Xygen and mutriems, especially
glucose (the preferred carbon/energy source). Small scale fermentation refers generally 1o fermentation in &
fermemior that is no more than approximately 100 liters in volumetric capacity, and can range from about 1 liter 1o
about 100 Hters,

[0743] In a fermemtation process, induction of protein expression is typically initiated afier the cells have
been grown under suntable conditions 1o a desired density. e.g., an ODsg of about 180-220. at which stage the cells
are in the early stationary phase. A variety of inducers may be used. according 1o the vecior construct emploved, as
is known in the art and described above. Cells may be grown for shorier periods prior 1o induction. Cells are
usually fnduced for about 12-56 hours, aithough longer or shorter induction time may be used.

[0744] To improve the production yield and quality of the poiypeptides of the invemion. varous
fermentation conditions can be modified. For example, 1o improve the proper assembly and folding of the secreted
antibody polypeptides, additional veciors averexpressing chaperone proteins, such as Db proteins (DshA, DsbB,
DsbC, DsbD and or Dsb(G) or FkpA (a peptidyiprolyl cis.trans-isomerase with chaperone activity) can be used to
co-transformn the host prokaryouc cells. The chaperone proieins have been demonstrated to facilitate the proper
folding and solubility of heterologous proteins produced in basterial host cells. Chen et al. (1999 J Bio Chem
274:19601-19605; Georgiou et al, U.S. Patem No. 6,085,715, Georgion et al, U.S. Patent No. 6,027,888,
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Bothmann and Pluckthun (2000) J. Biol. Chem. 275:17100-1710%; Ramm and Pluckthun (2000} J. Biol Chem
275:17106-17113; Atie et al. (2001} Mol Microbiol 39:199-210

{0745] To minimize proteolysis of expressed bewerologous  proteins (especially those that are
proteolylically 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 genelic mitation(s) in the genes encoding known bacterial
proteases such as Protease III, OmpT, DegP, Tsp, Protease I, Protease Mi, Protcase V, Prolease VI and
combinations thereof. Some E. cofi protease-deficient strains are available and described in, for exampie, Joly et al.
(1998), supra; Georgiou et al, .S, Patent No. 3.264,365; Georgiou et al., U.S. Patent No. 5,508,192; Hara e1al,,
Microbial Drug Resistance, 2:63-72 {1996,

{0746] In one cmbodiment, £. coli strains deficient for profeolylic enzymes and transformed with
plasmids overexpressing one or more chaperone proleins are used as host cells in fhe expression system of the
invention.

' b. Bukaryotic Host Cells

[0747] Commercially available mediz such as Ham's F10 {S1gma}), Minimal Essential Medium {(MEM),
{Sigrma), 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 in Ham et al.. Meth, Enz. 58:44 (1979), Bames 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 87/400195; or U5, Patens Re. 30,985 may be used as culture media for the host celis. Any of these
media may be supplemented as necessary with hormones andior other growth faciors (such as insulin, transferrin, or
epidermal growth facior), salis (such as sodium chioride, caiciumm, magnesium, and phosphate), buffers (such as
HEPES), nucleotides {such as adenosine and thymudine), antibioties (such as GENTAMY CINT drug), trage
elements (defined as inorgamic compounds usually pressnt at final concentrations in the mcromatar range), and
glucose o7 an equivalent cnergy source. Any other necessary supplements may also be included at appIopriate
concentrations that would be known 1o those skilied in the art. The culture conditions, such as terperature, pH, and
the like. are those previously used with the host cell selected for expression. and will be apparen to the ordinmarily
skilled artisan.

5. Deteciine Gene Amplification/Expression

[0748] Gene amplification and/or expression may be measured in a sample directly, for example, by
conventional Southern biotting, Northern blotting to quantitste the transeription of mRNA [Thomas, Proc. Nail,
Acad, Sci EISA, 77:5201-5205 (1980}], dot blotting (TYNA analysis), or in situ hybridization, using an appropriately
labeled probe, based on the sequences provided herein, Aliernatively, antibodies may be employed that can
recognize specific duplexes, including DNA duplexes, 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 10 a surface, so that vpon the formation of duplex on the surface, the presence of antibody bound to the
dupiex can be detecied.

{0749] Gene expression, allernatively, may be measured by immunological methods, such as
immunohistochemical staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate

directly the expression of gene product.  Antibodies useful for immunohistochemical staining and/or assay of
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sample finids may be either monoclonal or polvclonal, and may be prepared in any mammal. Conveniently, the
antibodies may be prepared against a mative seguence CD79h polypeptide or against a synthetic peptide based on
the DNA sequences provided herein or against exogenous sequence fused to CD79b DNA and encoding 2 specific
antibedy epitope.

6. Purification of Anti-CI)79b Antibody

[0750] Forms of anti-CD79b antibody may be recovered from culture medium or from host cell lysates,

If membrane-bound, it ¢an be released ffom the membrane using a éuitable detergent solution (e.g. Triton-X 100} or
by enzymatic cleavage. Celis employed in expression of anti-CD79b antibody can be disrapted by various physical
or chemical means, such as {reeze-thaw cycling, sonication, mechamical disruption, or cell lvsing agems.

[0751] It may be desired 1o purify anti-CD79h antibody from recombinant cell proteins or polypeptides.
The foliowing procedures are exemplary of suitzble purification procedures: by fractionation on an ion-exchange
column; ethanol precipstation; reverse phase HPLC: chromatography on silica or on 2 cation-exchange resin such as
DEAE,; chromatofbeusing; SDS-PAGE; ammonium  sulfste precipitation; get filiration using, for example,
Sephadex G-75; protein A Sepharose columns to remove comaminants such as IgG; and metal chelating columns to
bind epitope-tagged forms of the anti-CD79b antibody. Various methods of protein purification may be emplovad

and such methods are known in the art and described for example in Dewscher, Methods in Enzvmoioegy, 182

(1990); Scopes, Protein Purification: Princinles and Practice, Springer-Verlag, New York (1982). The purification

step(s) selected will depend, for example, on the nature of the production process used and the particular anti-
CD79b antibody produced.

[0752] When uvsing recombinant techniques, the antibody can be prodiuced imracellularly, i the
periplasmic space, or directly secreted into the medium, If the antibody is produced intracellularly, as a first step,
the particulate debris, either host cells or lysed fragments, are removed, for example, by centrifugation or
ultrafiltration. Carter et al., Big/Technology 10:163-167 (1992} describe a procedure ior isolating anlibodies which
are secreted 10 the periplasmic space of £, coli. Briefly, cell paste is thawed m the presence of sodium acetate {pH
3.5). EDTA, and phenylmethylsulfonyifiuoride (PMSF) over about 30 min. Cell debris can be removed by
centrifugation. Where the antibody is secreted into the medium, supernatants fom such expression sysiems are
generally first concentrated using & commercially availabie protein concentration filter, for example, an Amicon or
Millipore Peliicon ultrafiltration unit, A protease inhibitor such as PMSF may be meluded in any of the foregoing
sieps to inhibit proteolysis and antibiotics may be included to prevent the growth of adventitious contaminants.

[0753] The antibody composition prepared [fom the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with allinity
chromatography being the preferred purification techmique. The sunability of protein A as an affinity ligand
depends o the species and isotype of any immunoglobulin Fe domain that is present in the amibody. Protein A can

be used 10 purify antibodies that are based on human 1, v2 or ¥4 heavy chains (Lindmark et al.. ] Immunol Meth.

62:1-13 (1983)). Prowein G is recommended for all mouse sotypes and for humar v3 (Guss ot al., EMBO L
5:15671575 (1986)). The matrix to which the affinity iigand is atiached is most oflen agarose, but other matrices
are available. Mechanically stable matrices such as controlled pore glass or poly(styrenedivinyiybenzene allow for
faster fiow rates and shorter processing times than can be achieved with agarose. Where the amibody comprises a
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Cy3 domain, the Bakerbond ABX™resin {J. T, Baker, Phillipshure. NJ} is useful for purification. Other techmiques
for protein purification such as fractionation on an ion-exchange colump, ethanol precipitation, Reverse Phase
HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™ chromatography on an anion or
cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium sulfate
precipitation are also available depending on the antibody 10 be recovered.

{0754} Foliowing any preliminary purification step(s), the mixnwre comprising the antibody of interest
and contaminants may be subjected to low pH bydrophobic interaction chromatography using an elution buffer at a
pH between about 2.5-4.5, preferably performed at low salt concenrations {e.g. from about 0-0.250M sait).

. Pharmaceutical Formulations

[0755]  The antibody-drug conjugates (ADC) of the invention may be administered by any route
appropriate o the condition io be freated. The ADC will typically be adminisiered parenterally, ie. infusion,

subcutaneous, intramuscular, intravenous, miradermal, intrathecal and epidural.

{6756} For wreating these cancers, in one embodiment, the antibody-drug conjugate is administered via
intravenous infusion. The dosage administered via mfusion 1s in the range of about | pg/m” to about 10.000 pgm’
per dose, generally one dose per week for a 1otal of one, two. three or four doses. Alternatively, the dosage range is

{about 1 pg/m” 10 about 1000 pg/my’, about | 1/’ 1o about 800 ng/m’, about 1 pg/m” 1o about 600 pg/ny’, shout
1 chm 10 about 400 pg/m”, about 10 pg/m* i about 500 ie/m’, about 10 pg/m” to about 300 ug/m’, abour 10
pLg/m”® to about 200 ug/m’, and abaut 1 pg/m’ to about 200 ng/m’. The dose may be administered once per day,
once per week, maltiple times per week, but less than once per day, muliiple times per month bt less than Onee per
day, multiple times per month but less than once per week, once per month or mermittensly to relieve or alleviale
symploms of the discase. Administration may continue at any of the disclosed intervals until remission of the
lumor or symploms of the lymphoma, leukemia being treated. Administration may comtinue afier remission or

relief of symptoms is achieved where such remission or relief s prolonged by such continued adminjstration.

[0757]  The invention alse provides a method of alleviating an awtoimmune disease, comprising
admmistering 1o 2 patient suffering from the autoimmunc disease, a therapentically effective amount of &
humanized MA79b antibodyv-drug comjugate of any one of the preceding embodiments. In preferred embodiments
the antibody is administered intraverously or subcutaneously. The antibody-drug conjugaie is administered
mtravenously a1 2 desage in the range of about 1 1g/m” to about 100 mg/ m° par dose and in 2 specific embodiment,
the dosage is 1 pg'm” 10 about 500 ug/m®. The dose may be adminisiered 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 intermitiently to relieve or alleviate symptoms of the discase.
Administration may continue at any of the disciosed imtervals until relief from or alleviation of svmpioms of the
auloimmune disease being treated. Administration mey continue afier relief from or alleviation of symptoms is

achieved where such alleviation o1 relief is prolong by such continued administration,

{0758} The invention also provides a method of treating a B cell disorder comprising administering to 2
paticat suffering from a B cell disorder, such s a B cell proliferative disorder (including without mitation
tvmphoma and leukemis) or an awoimmune disease, a therapeutically effective amount of a humanized MA79%
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antibody of any one of the preceding embodiments, which antibody is not conjugated to & cviotoxic molecule or a
detectable molecule. The anatibody will typically be adminisiered in 2 dosage range of abour 1 pg/mn® 10 about

1000 merm?,

t0759]  In one aspect, the invention further provides pharmaceutical formulations comprising at least one
anti-CD79% antibody of the mvention andsor at leas! one immunoconjugaie thereof and/or at least one ani-CH7o
antibody-drug ocnjugate of the invention. In some embodiments, a phbarmaceutical formuation comprises (1} an
antibody of the invemion and/or an immunoconjugate thereof, and (2) a pharmaceutically scceptable carrier. In
some embodiments, a pbarmaceutical formulation comprises (1) an antibody of the invention andior an
Immunoconjugate thersof, and optionally, (2) at least one additional therapeatic agemt.  Additional therapeuic
agents include, it are not limited 10, those described below. The ADC will typically be admimnistered parenicrally,
1.e. mfugion, subcutaneous. intramuscular, intravenous, mtzadermal, intrathecal and epidural.

10760} Therapewtic formulations comprising an anti-CD79b antibody or CD79b immunoconjugate used
n accordance with the present invention are prepared for storage by muxing the antibody or immunoconjugate,
kaving the desired degree of purity with optional pharmaceutically acceptable carriers, excipients or stabilizers

(Remingion's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (19803}, in the form of lyophilized formulations or

agueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic o recipients at the dosages and
conceptrations employed, and mciude buffers such as acetate, Tris, phosphaie, cilrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl armmonium
chloride; hexametkonium chloride; benzalkomium chloride, benzethonium chloride; phenol. butyl or benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyelohexanol; 3-pentanol; and m-cresol): low
molecular weight (less than about 10 residues) polypeptides: proteins, such as serum albumin, gelatin, or
mmmunogloding; hvdrophilic polymers such as polyvinylpyrrolidone; amino acids such as glveine, glutamine,
asparagine, hisudine, arginine, or lysine: momnosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextring; chelating agents such as EDTA; tonicifiers such as trehalose and sodium chloride;
sugars such as sucrose, mannitol, trehalose or sorbitol; surfactant such as polysorbate; salt-forming couner-ions
suck as sodium; metal complexes {e.g., Zn-protein complexes), and/or non-ionic surfactants such as TWEEN®,
PLURONICS® or polyethylene glveol (PEG). Pharmaceutical formulations to be used for in vivo admministration
are generally slertle, This is readily accoﬁ;plished by filtration through sterile filzrarion membranes.

[6761] The formulations herein may also contain more than one active compound as necessary for the
particular inchication being wreated, preferably these with complemerttary activities that do not adversely affect cach
other. For example, ir: addition to an anti-CD79b aniibody, it may be desirable 1 inciude in the one formulation, an
additional antibody, e.g.. & second anti-CD79b antibody which binds 2 different epitope on the CD7%b polypeptide,
or an antibody l¢ some otber target such as & growth faclor that aflects the growth of the particular cancer.
Aliernatively, or additionally, the composition may further comprise a chemotherapeutic agent, cyioloxic agert,
cytokine, growth inhibitory agent, anti-hormonal agent, andior cardioprotectant.  Such molecules are switably
present in combination is amounts that are e[Tective for the purpose iniended. i
[0762] The aclive ingredients may also be entrapped in microcapsules prepared. for example, by

coacervalion lechnigues or by imerfacial polymerization, for example, hydroxymethylceliulose or gelatin-
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microcapsules and poiy-(metbylmethacylate) microcapsuies, respectively, i colloidal drug delivery sysiems {for
example.  liposomes., albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remineton's Pharmaceutical Sciences, 16th edition, ©sol, A. Ed.
{1980).

[0763] Sustamed-release preparations may be prepared. Snitable examples of sustained-refease

preparations include semi-permeable matrices of solid hydrophobic polymers comaining the antibody, which
matrices are 1o 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( vinylalcoholy}), poiyiactides
(U.8. Pat. No. 3,773,919}, copolymers of L-giutamic acid apd v ethyt-L-glutamate. non-degradable ethvlene-vinyl
acetate, degradable lactic acid-glyeolic acid copolymers such as the LUPRON DEPOTH {imeclable microspheres
composed of lactic acid-glycolic acid copolymer and leuprolide acetae). and poty-D-{-)-3-hydroxybutyric acid,
While polymers such as ethylene-vinyl acerate and lactic acid-glycolic acid enable release of molecules for over
10 days, certain hydrogeis release proteins for shorier time periods. When encapsulated immunogiobulins remain
in the hody for a long time, they may denature or aggregate as a result of exposure 1o moisture at 37°C, resuiting in
2 loss of biological activity and possible changes in mmmunogenicity. Rational stralegies can be devised for
sabilization depending on the mechanism involved. For example. if the aggregation mechanism is diseovered 1o be
mtermolecular §-8 bond formation through thio-disulfide interchange, stabilization may be achieved by modifying
sul fydryi residues, lyophilizing from acidic solutions, controlling moisture content, using appropriate additives,
and developing specific polymer matrix compositions.

{G764] An antibedy may be formulated in any suitable form for delivery 1o a target cell/tissue. For
example, antibodies may be formulated as immunoliposomes. A "liposome" is a small vesicle composed of varous
types of lipids. phospholipids and/or surfactant which is nseful for delivery of a drug 1o @ mammal. The
components of the fiposome are commonly arranged in a bilayer formation, similar to the lipid arrangement of
biological membranes. Liposomes containing the antibody are prepared by methods known in the ari. such as
described wn Epstein ¢t al., Proc. Nadl Acad, Sci. USA 82:3688 (1983); Hwang etal, Proc. Natl Acad. Sci. US4
T7:4030 (1980); U.S. Pat. Nos. 4,485,045 and 4 544,545; and WO97/38731 published Ociober 23, 1997,

Liposemes with enhanced circulation time are disclosed in U.S. Patent No. 5.01 3.536,

[0763] Particularly useful liposomes can be generated by the reverse phase evaporation method with a
lipid composition comprising phosphatidvicholine, 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 imventien can be conjugated 1o the liposomes as described in Martin ef
al..J. Biol Chem. 257.286-288 (1982) viz a disulfide interchange reaction. A chemotherapeutic agent is opionally
contained within the liposome. See Gabizon et al., J. Navional Cancer Insr. BY1(19):1484 (1989},

[0766] The formulations to be used for in vive administration must be sterfle.  This is readily
accomplished by Glration through sterile filtration membranes.

H Ireatment with Anti-CD79b Antibodies

{0767) To determine CD79b expression in the cancer, various detection agsays are available. In one

embodiment, CD79b polypeptide overexpression may be analyzed by mmunobistochemistry (IHC).  Parrafin
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embeddec ussue sections from @ tumor biopsy may be subjected 10 the THC assay and accorded a CD79 protein
staining intensity criteria as follows;

107687 Score 0 - no siaining 15 observed or membrane staining is observed in less than 10% of wmor
cells,

[0769] Bcore 1+ - a fainvbarely perceptible membrane staining is detecied in more than 10% of the
tumor celis. The cells are only stained in part of their membrane.

{6770] Score 2+ - a weak fo moderate complete membrane staining is observed in more than 10% of the
wumor cells.

10771} Score 3+ - 2 moderate 10 strong complete membrane staining is observed in more than 10% of the
tumor cells,

[0772] Those tumors with 0 or 1+ scores for CD790 polypeplide expression may be characterized as not
overexpressing CD79b, whereas those lumers with 2+ or 3+ scores may be characterized as overexpressing CD7%h.

[0773] Alternatively, or additionalty, FISH assays such as the INFORM®E {sold hy Vemana, Arizona) or
PATHVISION® (Vysis, Illinois) may be carried out on formalin-fixed, paraffin-embedded wmor tssue 1w
determimne the extent (if any) of CD79b overexpression in the tumor,

[0774] CD79%b overexpression or amplification may be evaluated using an in vivo deiection assay, ¢.g.,
by administering & molecule (such as an entibody) which binds the molecule 10 be detected and is tagged with a
detectable label {e.g., o 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 aou-therapeutic
applications. The anti-CD79b antibodies of the presemt invention can be useful for staging of CD7% polypeptide-
expressing cancers (¢.g., in radioimaging). The amibodies are also useful for purification or immunoprecipitation of
€D79b polypeptide from cells. for detection and quantitation of CD79h polypeptide in virro, e.g., man ELISA ora
Western blot, o kill and eliminate CD79b-expressing celis from 2z population of mixed cells as 2 step in the
purification of other celis,

[6776] Currently, depending on the stage of the cancer, cancer weaiment involves one or a combimation
of the following therapies: surgery to remove the cancerous tissue. radiation therapy, and chemotherapy. Anti-
€179 antbody therapy may be especially desirable in elderly patients who do not 10ierate the wxicity and side
effects of chemotherapy well and in metastatic disease where radistion therapy has limited usefiuiness. The tumor
targeting ant-CD79 amtibodies of the invention are pseful 1o alleviate CD79%%-expressing cancers upon inilial
diagnosis of the disease or during relapse. For therapeutic applications, the ant-CD79h antibody can be used alone,
or in combination therapy with, e.g.. hormones, antianciogens, or radiolabelied compounds. or with surgery,
cryotnerapy, and/or sadiotherapy.  Anti-CD79b antibody wreatment can be administered in comjunction with other
forms of conventional therapy. either consecutively with, pre- or post-conventional therapy. Chemotherapeutic
drugs such as TAXOTERE® (docetaxel), TAXOL® (palictaxel), estramustine and miloxanirone are used in
treating cancer, in particilar, in good risk patients. In the presemt method of the invention for treating or alleviating
cancer, the cancer patient can be administered anti-CD79b antibody in conjunction with treatment with the one or

more of the preceding chemotherapeutic agents. In particular, combination therapy with palictaxel and modified
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derivatives (see, c.g.. EPO600517) is contemplated. The anti-CD79h mtibody will be administered with a
therapeutically effective dose of the chemotherapeutic agent. In another embadiment. the anti-CD79b antibody is
administered in conjunction with chemotherapy 10 enhance the activity and efficacy of the chemotherapeutic agent,
€.z, pachtaxel The Physicians’ Desk Reference (PDR) discioses dosages of these agents that have been used in
treatment of various cancers, The dosing regimen and dosages of these aforementioned chemotherapeutic drugs
that arc 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.

[6777] 1n 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 protein is
nternzhized by the cell, resulting in increased therapeutic efficacy of the immunoconjugate in killing the cancer cell
o which it binds. In a preferred embodiment, the cvioloxic agenl argeis or inierleres with the nucieic acid in the
cancer cell. Examples of such eytwtoxic agents are described above and fnclude maytansinoids, calicheamicing,
ribonucleases znd DNA endomucleases.

[0778] The apni-CD79h ampbodies or wxin conjugates thereof are admintsiered o a human patient, in
accord with known methods, such as intravenous administration, €.2., a8 a bolus or by continuous infusion over &
period of tme, by intramuscular, intraperiloneal, intracerobrospinal, subcutaneous, intre-articular, inrasvnevial,
intrathecal, oral, topical, or inhalation rowtes. Intravenous or subcutaneous administration of the antibody s
preferred.

[0779]  Other therapetntic regimens may be combined with the administration of the anti-CID7%b antibody.
The combmed administration includes co-administration, using separate formulations or a single pharmaceutical
formulation, and consecutive administration in either order, wherein preferably there is a ime period while both (or
all) active agents simultancousty exert their biological activities, Preferably such combined therapy results in a
synergistic therapeutic effect.

[0780] Irmay also be desirable 1o combine administration of the ant-CD79b antibody or antibodies, with
administration of an aniibody directed against another tumor antigen associated with the particular cancer.

[0781] In another embodiment, the therapeutic treatment methods of the present invention imvolves the
combined administration of an anti-CD79b antibody (or antibodies), and one or more chemotherapeuric agents or
growlh Inhibitory agents, including co-administration of cocktails of different chemotherapeutic agents, or other
cyiotoxic agent(s) or other therapeatic agent(s) whick alse inhibits tumor growth. Chemotherapentic agents include
estramusline phosphate, prednimustine, cisplatin, $-flucrouracil, meiphalan, cyclophosphamide, hvdroxyurea and
bydroxyureataxanes (such as paclitaxel ard doxetaxel) and/or anthracycline antibiotics. Preparation and dosing
schedules for such chemotherapeutic agents may be used according to manufacturers’ instrictions or as determined
empiricaily by the skilled practitioner. Preparation and dosing schedules for such chemotherapy are ziso described
i Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD (1992}, The antibody may he
combined with an anti-hormonal compound; e.g, an anti-esirogen compound such as tamoxifen; an ani-
progesierone such as onaprisione (see, EP 616 812); or an anti-androgen such as fluramide, in dosages known for

such molecules. Where the cancer 10 be treated is androgen independent cancer, the patiem may previously have
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been subjected to anti-androgen therapy and, after the cancer becomes androgen mdependent, the anti-CD79%
antibody (and optionally other agents as deseribed herein) may be administered 10 the patient.

[0782] Somstimss. it may be beneficial 1o also co-administer a cardioprotectam (1o prevent or reduce
myocardial dysfunction associated with the therapy) or one or more cywkines w the palient. In addition 1o the
above therapeutic regmes, the patient may be subjected to surgical removal of cancer cells andior radiation therapy
{e.g. exiernal beam irradiation or therapy with 2 radioactive labeled agent, such as an antibody), before,
stmultaneously with. or post amibody therapy. Suitable dosages for any of the above co-administered agents arc
those presciitly used and may be lowered due 1o the combined action {symergy) of the apent and ami-CD7%b
antibody.

[6783] The antibody composition of the invention will be formulated, dosed, and admimsiered in a
fashion consistent with good medical practice. Factors for consideration in this context include the particular
disordes being treated, the particular mammal being treated, the clinical condition of the individual patient, the
cause of the disorder, the site of delivery of the ageny, the method of administration, the scheduling of
administration, and other factors known 10 medical practitioners. The antibody need not be, but is optioraliy
formutated with one or more agents currently used to prevent or treat the disorder in guestion. The effective
amount of such other agems 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 psed in the same dosages and

with administration reutes as used hercinbefore or about from 1 to 99% of the beretofore emploved dosages.

[0784] For the prevention or wreatment of disease, the dosage and mode of administration will be chosen
by the physician according 1o known criteria.  The appropriate dosage of antibody will depend on the type of
disease to be treawed, as defined above. the severity and course of the disease, whether the antibody is administered
for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the antibody,
and the discretion of the attending physician. The antihody is suitably admimsiered to the patient at one time or
over a series of treatments.  Preferably, the antibody is administered by intravenous infusion or by subcutaneous
ijections. Depending on the type and severity of the disease, about ] ue/kg o about 50 mg/kg body weight (e.g.,
about 0.1-15mg/kg/dose) of antibody can be an initial candidate dosage for administration 1o the patient, whether,
for example, by one or more separale adminisirations, or by continuous infusion. A desing regimen can comprise
administering an initial loading dose of about 4 mg/kg, followed by a weekly maintenance dose of about 2 mg/ke of
the and-CD79b antibody. However, other dosage regimens may be useful, A typical daily dosage might range
from about 1 pug/kg to 106 mg/kg or mere, depending on the factors mentioned above. For repeated administrations
over several days or longer, depending on the condition, the treatment is sustained untl 2 desired suppression of
discase symptoms occurs. The progress of this therapy can be readily monitored by conventional methods and
agsays and based on criteria known 10 the physician or other persons of skill in the an.

[0785] Aside from administration of the antibody protein 1o the patient, the present application
coniemplates administration of the antbody by gene therapy. Such administration of nuclese acid encoding the
antibody is encompassed by the expression “adminisiering a therapeutically effective amount of an antibody™. See,
for example, WO96/07321 published March 14, 1996 conceming the use of gene therapy 1o generate intraceliufar

antibodies.
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{0786] There are two major approaches to getting the nucleic acid (optionally comained in a vector) into
the patient's cells; in vivo and ex vivo. For in vive delivery the nucleic acid is injected directly into the patent
usually at the site where the antibody is required. For ex vivo treatmert, the patiemt's cells are removed. the nucieic
acid is introduced into these isolated cells and the modified cells are adminisiered 10 the patient erther directly or,
for example, encapsulated within porous membranes which are implanied into the patient (see. e.g., LLS. Patent Nes.
4,892,538 and 5.283,187). There are a variety of techniques available for ntroducing nucleic acids into viable cells.
The 1echniques vary depending upon whether the nucleic acid is transferred into cultured cells in vizre, or in vivo i
the cells of the intended host. Tectmiques suitable for the transfer of nucleic acid into mammatian cells in vitro
nclude the use of liposomes, electroporation, microinjection, cell fusion, DEAE-dextran, the calcinm phosphate
precipitation method, ete. A commonly used vector for ex vivo delivery of the gene is a retroviral vector.

[0787) The cuwrrently preferred in vivo nucleic acid transfer echnioues mclude wansfection with viral
veciors (such as ademovirus, Herpes simplex I virus, or adeno-associated viris) and lipid-based systems {useful
tpids for lipid-mediaed ransfer of the gene are DOTMA, NOPE and DC-Chot, Tor example). For review of the
curremly 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.

107881 The ami-CP79b amtibodies of the mvention can be in the different forms encompassed by the
definition of “antibody” herein. Thus, the antibodies include full length or imtact antibody, aniibody fragments,
nalive sequence antibody or amine acid variants, bumanized, chimeric or fusion antibodies, immunoconjugaies, and
functional fragments thereol In fusion antibodies an antibody seguence is fused 1o & heterologous polypeptide
sequence.  The antibodies can be modified in the Fe region 1o provide desired effector functions. As discussed in
more detail in the sections berein, with the appropriate Fe regions, the naked antibody bound on the cell surface can
induce cytotoxicity, e.g., via antibody-dependent celinlar cyviotoxicity (ADCC) or by recruiting complement in
complement dependent cytoloxicity, or some other mechanism. Aliernatively, where it is desirable to eliminate or
reduce effector fanction, so as o minimize side effecis or therapenric complications, certain other Fo regions may
be used.

[0789] In one embodiment, the anubody competes for binding or bind substantially to, the same epitope
as the entibodies of the invention Amibodies having the biological characteristics of the present anti-CD79%
antiodies of the invention are also contemplated, specifically including the in vive tumor targeting and any cell
proliferation inhibition or cytotoxic characteristics.

{07507  Metheds of producing the above antibodies are described in detzil herein.

[0791] The presem ani-CD79%b antibodies are uselsl for trealing a CD79%-expressing cancer or
alleviating one or more symploms of the cancer in a mammal. Such & cancer mcludes, but is not limited 10,
hematopoietic cancers or blood-relaied cancers, such as lymphoma, lewkemia, myeloma or Tymphoid malignancies,
but &lse cancers of the spleen and cancers of the Iyimph nodes. More particular examples of such B-cell associated
cancers, including for example, high, imermediate and low grade lymphomas (inchuding B cell tymphomas such as,
for example, mucosa-associzied-lymphoid tissue B cell ivmphoma and non-Hodgkin's lymphoma, mantle cell
lymphoma, Buwkitt's lymphoma, small lymphocwiic lymphoma. marginal zone lymphoma, diffuse large cel
tymphoma, feliicular lymphoma, and Hodgkin's lymphoma and T cell lvmphomas) and leukemias {inchuding
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secondary leukemia, chronic lymphocytic leukemia, such as B cell leukemia (CD3S+ B lyophocytes), myeloid
levkenua, such as acue myeloid leukemin, chromic myeloid leukemia, tymphoid leukemia, such as acute
lymphobilastc leukemiz and myelodysplasia), and other hematological and/or B cell- or T-celi-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 w destroy or kill CIX79%-expressing tumor cells or inhibir the growth of such tumor cells, i vine or in
vivo, upon binding to CD79b polypeptide on the cell. Such an antibody includes a naked ani-CD79h antibody (not
comjugated 10 any agent). Naked antibodies that have cytotoxic or cell growth inhibition properties can be further
hemessed with & cytotoxic agent 0 render them even more polent in tumor cell destruction, Cyiotoxic propertics
can be conferred 1o an apti-CD79b antibody by, e.g., conjugating the antibody with a cytotoxic agent, 1o form an
mmunoconjugaie as desceribed herein The cylotoxic agent or a growth inhibitory agemt is preferably a small
molecule, Toxing sueh as calicheamicin or a maylanéinoid and analogs or denvatives thereof, are preferable,

{0792} The imvention provides 2 composition comprising an anti-CH79b antibody of the invention, and &
carnier.  For the purposes of treating cancer, compositions can be administered to the patient in peed of such
treatment, wherein the composition can comprise one or more anti-CD79h  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 agems. The invention also provides formulations comprising an anti-CD7% antibody of the
mvention, and a carrier. It one embodiment, the formulaton is a therapentic formulaiion comprising 2
pharmaceatically acceptable camier.

[6793] Another aspect of the invention is isolated nucicic acids encoding the anti-CD79b antibodies.
Nucleie acids encoding both the H and L chains and especially the hypervariable region residues, chains which
encode the native sequence antibody as well as variants, modifications and humanized versions of the antibody, are
encompassed.

[0794] The mvention aiso provides methods useful for treating a CD79b polypeptide-expressing cancer
or allevialing one or more sympioms of the cancer in a mammal, comprising administering a therapeutically
effective amount of an ani-CD79% amiibody 1o the mammal, The antibody therapeutic compositions can be
administered short term (acute} or chronic, or intermittent as ditected by physician. Also provided are methods of
mhibiting the growth of, and killing 2 CD79b polypeptide-expressing cell.

[0795] The inventon also provides kits and articles of manufacture comprising at least one ant-CD79b
antibody. Kits containing anti-CD79b antibodies find use, e.g., for CD79b cell killing assays, for purificaton or
mmmunoprecipitation of CD79b polypeptide from celis, For example, for isolation and purification of CDY7%b, the
kit can coutain an anti-CD79b antibody coupled 10 beads (eg., sepharose beads).  Kits can be provided which
contain the antibodies for detection and quantitation of CD79b ix virro, e.g., in an ELISA or a Western blot. Such
antibody useful for detection may be provided with a label such as & fluorescent or radiolabel.

L Antibodv-Drue Conjugate Treatments

[0796] It is conternplated that the antibody-drug conjugates (ADC) of the present invention may be used
lo treat various discases or disorders, e.g. characierized by fhe overexpression of a fumor antigen. Exemplary
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conditions or hyperproliferative disorders include bemign or malignant umors; leukemia and lymphoid
malignancies. Otbers include newronal, glial, astrocyial, hypothatamic, glandular, mmacrophagal, epithelial, stromal,

blastocoelic, inflammatory. angiogenic and immunologic, mehuding autoimmune, disorders.

[0797] The ADC compounds which are identified in the animal models and celi-based assays can be
further tesied in tumor-bearing higher primates and human clinical trials. Human climical mals can be designed w0
test the efficacy of the ant-CD7%b moenoclonal antibody or immunoconjugate of the invelion in patients
expenencing & B cell proliferative disorder including withour Hmitation lymphoma, non-Hodgkins Tymphoma
(NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolen:
NHL. chronic lympbocytic leukemia (CLL). small lymphocytic iymphoma, leukemia, hairy celi leukemia {HCL),
acute lympbocylic leukemmia {(ALL), and mantlc cell lvmphoma. The chinical trial may be designed to evaluate the
efficacy of an ADC in combinations with known therapeutic regimens, such as radiation and/or chemotherapy

mveolving known chemotherapeutic and/or cyiotoxic agents.

[0798] Genersally, the disease or disorder to be treaied is a hyperproliferative disease such as & B cell
proliferative disorder and/or a B cell cancer. Examples of cancer 10 be treated herein include, but are not limited 10,
B cell proliferative disorder i’ selected from ivmphoms, non-Hodgkins Iymphoma (NHL), aggressive NHL,
relapsed aggressive NHL, relapsed indolent NHL, refractory NHL, refractory indolemt NHL, chronie lymphocytic
leukemia (CLL), smail lymphocvlic lymphoma, leukemis, hairy cell leukemia (HCL), acute lymphocyiic leukemia

{ALL), and mantle cell lymphoma,

[0799 The cancer may comprise CD79b-expressing cells, such that the ADC of the present invention are
able w bind to the cancer cells. To determine CD7%b expression in the cancer, various diagnostic/prognostic assays
are available. o one embodiment, CD79% overexpression may be analyzed by THC. Parafin-embedded tssue
sections from a wmor biopsy may be subjected to the THC assay and accorded a CD79b protein staining intensity

¢crilerie with respect to the degree of staining and in what proportion of tumor cells examined.

[0800] For the prevention or treatment of disease, the appropriate dosage of an ANC will depend on the
type of disease to be weated, as defined above, the severily and course of the disease, whether the molecule is
administered for preventive or therapeutic purposes. previous therapy, the patient's clinical history and response 1o
the antibody, and the discretion of the attending physician. The molecule is suitably administered 1o the patient at
one time or over a series of treatments. Depending on the type and sevenity of the disease, about 1 pg/kg to 15
mg'kg (e.g. 0.1-20 mg'ke) of molecule is an initial candidate dosage for adminisiration o the patient, Whetb.er, for
example, by one or more separate administrations, or by continuous infusion. A typical daily dosage might range
from about ! ug/ke to 100 mgkg or more, depending on the factors mentioned sbove, An exemplary dosage of

ADC 10 be adminisiered 10 a patient is in the range of about 0.1 to about 10 mg/kg of patient weight.

[0801} For repeated adminisirations over several days or longer, depending on the condition, the
reament is sustained umtil a desired suppression of disease symploms occurs. An exemplary dosing regimen

comprises administering an initial loading dose of about 4 mg/kg, followed by 2 weekly mainienance dose of about
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2 mg/kg of an anti-ErbB2 antibody. Other dosage regimens may be usefit. The progress of thig therapy is easily

monitored by conventional lechnigues and assays.

1 Combination Therapy

[080G2] An antibody-drug comjugate (ADC) of the invention may be combined in a pharmaceutical
combination formulation, or dosing regimen as combination therapy, with 2 second compound having anti-cancer
properties. The second compound of the pharmaceutical combination formulation or dosing regimen preferably hes

complementary activities 1o the ADC of the combination such that they do not adversely affect cach other.

[0803] The second compound may be a chemwotherapeutic agent, cvioloxic agent, cviokine, growth
mbibitory agent, anti-hormonal agent, and/or cardioprotectant. Such molecules are suitably present in combination
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 2 chemotherapeutic agent such as & tbulin-forming

mhibitor, a lopoisomerase inhibitor, or a DNA binder.

[0804] In one aspect the first compound is an anti-CD79b ADC of the invention and the second
compound 15 an anti-CD20 antibody (either z naked antibody or an ADC).- In one embodiment the second
compound 18 an anti-CD20 antibody rituximab (Rimxan®) or 2H7 (Genentech, Inc., South San Francisco, CA).
Another antibodies useful for combined immunotherapy with anti-CD79b ADCs of the invention includes without

limitation, anu-VEGF (e.g, Avasun®).

[0805] Other therapeutic regimens may be combived with the administration of an anticancer agent
identified in accordance with this mvention, including without limitation radiation therapy and/or bone marrow and
peripheral biood wransplants, andior a cytotoxic agenl, a chemotherapeutic agent, or a growth inbibitory agem. In
one of such embodiments, & chemotherapeutic agent is an agent or a combination of agents such asg, for cxample,
cyclophosphamide, hydroxydaunorubicin, adriamyein, doxorubincin, vineristine (Oncovin™), prednisolone, CHOP,

CVP, or COP, or immunotherapeutics such as ant3-CD20 (¢.g., Rituxan®) or anti-VEGF (e. 2., Avastin®),

[0806] The combination therapy may be administered as a simultancous or sequential regimen. When
adminisiered seguentially, the combination may be adminisiered in two or more administrations. The combined
administration inciudes coadministration, using separate formulations or a single pharmacentical formulation, and
consecutive administration in either order, wherein preferably there is a time period while both (or all) active agents

simuitancously exert their biological activities,

[0807] In ome embodiment, treatment with an ADC involves the combined administration of an
anticancer agent identified herein, and one or more chemotherapeutic agenis o growth inhibitory agerus, incinding
coadminisiration of cocktails of different chemotherapeutic agents. Chemotherapeutic agenis include taxanes {(such
as paclitaxel and docetaxel) and/or anthracycline amtibiotics. Preparation and dosing schedules [lor such
chemotherapeutic agents may be used aecording (o manufacturer’s instrictions or as determined empirically by the
skiiled practitioner. Preparation and dosing schedules for such chemotberapy are aiso described in “Chemotberapy
Service™, (1992) Ed., ML.C. Perry. Williams & Wilkins, Baltimore. Md.

-2
<
(613



[0808] Suitable dosages for any of the above coadmimswered 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 acltive ingredients used logether is greater than (he sum of the effects that results fom using the
compounds separately. A synergmstic 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
puraliel as separate formulations; or (3) by some other regimen. When delivered in aheration therapy, a
synergistic effect may be attained when the compounds are adminisicred or delivered sequentially. e.g. by different
mjections 1n separale syringes. In general, during ahiernation therapy, an effective dosage of each active ingredicn:
1s administered sequentially. ie. serially, whereas in combination therapy. effective dosages of two or more active

mgredients are admminisiered together.

K. Articles of Manufaciure and Kits

[0810] .Another embodiment of the invention is an article of manufacture containing materials usefl for
the treatment, prevention and/or diagnosis of CD79b-expressing cancer. The article of manufacture comprises a
container and a lzbel or package insert on or associated with the container. Suiable containers include. for exampie,
bottles, vials, syringes, ete. The containers may be formed from a variety of materials such as glass or plastic. The
container holds a composition which is effective for treating, 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 a vial baving a
stopper pierceable by a hypodernic injection needle). At least one active agent in the composition is an anti-CH79%b
antibody of the invention. The label or package insert indicaies that the composition i used for realing cances.
The label or package insert will further comprise instructions for administering the amibody composition 1o the
cancer patient. Additionalty, the article of manufacture may further comprise a second container comprising a
pharmaceuticaliy-acceptable bufler, such as bacteriostatic water for injection (BWFI), phosphate-buffered salme,
Ringer's solution and dextrose solution. It may further include other materials desirable from a commercial and
user standpoint, including other butfers, diluents, filters, needies, and syringes.

[0811] Kits are also provided that are useful for various purposes , e.g., for CD79b-expressing ceil kilbng
assays, for purification or Immunoprecipitation of CD79b polypeptide from cells. For isolation and purification of
CD79b polypeptide, the kit can contain an anti-CD79b antibody coupled 1o beads (e.g., sepharose beads). Kits can
be provided which contain the antibodies for detection and quantitation of CD79b polypepiide ix viro, e.g., in an
ELISA or a Wesiern biot. As with the article of manufacture, the kit comprises & container and a label or package
insert on or associaled with the container. The container holds a composition comprising at least one any-CD79%
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 mstructions for the

intended in vitro or detection use.



L. Uses for CIY79h Polvpeptides

{0812] This invention encompasses methods of screening compounds 1o idemify those thal mirmic the
CD79b polypepiide {agonists) ar prevent the effect of the CD79h polypeptide (antagomists). Screening assays for
amtagonist drug candidates are designed 1o identify cormnpounds that bind or complex with the CD79 polypepiides
encoded by the genes identified herein, or otherwise interfere with the interaction of the encoded polypeptides with
other cellular proteins, including e.g., inhibiting the expression of CD79b polypeptide from cells. Such screeming
assays will include assays amenable to high-throughput screening of chemical librarics, making them particularly
suitable [or dentifymg small molecule drug candidates.

[0813] The assays can be performed in a variety of formats, including proiein-protein binding zssays,
blochemical screening assays, immunoassays, and celi-based agsays, which are well characierized in the art.

{0814] Al assavs for antagonisis are common in that they call for comacing the drug candidate with a
CD79b polypeptide encoded by a nucleic acid identified herein under conditions and for a time sufficient o allow
these twe componen!s 1o mierac!.

{0815] In binding assays, the interaction is binding and the complex formed can be isolated or detected in
the reaction mixture. In a 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 platw, by covalemt or non-covalent
etlachments. Non-covalent atachment generally is accomplished by coating the solid surface with 2 solution of the
CD79b polypeptide and drving. Alernatvely, an immobilized antibody, e.g., a monoclonal antibody, specific for
the CD79b polypeptide 1o be immobilized can be used to anchor it 1o a solid surface. The assay is performed by
adding the nen-immobilized component, which may be labeled by 2 deteciable Iabel, 10 the immobilized component,
e.., the coated surface containing the anchored component. When the reaction is complete, the non-reacted
componenls are removed, ¢.g.. by washing, and complexes anchored on the solid surface are detected. When the
originally non-immobilized component carries a detectable label, the detection of label immobilized on the surface
indicates that complexing occurred. Where the oniginally non-immobilized component does not carry a tabel,
complexing can be detected, for example, by using a labeled antibody specifically binding the immobilized complex.

[0816] If the candidate compound interacls with buf does not bind 1o 2 particular CD79% polypeptide
encoded by a gene ideniified herein. its interaction with that polypeptide can be assayed by methods well known for
delecting prolein-protein interaciions. Such assays include wraditional approaches, such as, e.g., cross-inking, co-
immuneprecipitation, and co-purification throngh gradients or chromatographic columns. In addition, protein-
protein interactions can be monitored by using a yeast-based genetic systemn described by Fields and co-workers
(Ficlds and Song. Nature (Londan}, 340:245-246 {1989} Chien et al, Proc Nail Acad Sci USA. BE.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 acing- 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-bybrid system”) 1akes advaniage of
this property, and employs twe hybrid proieins. one in which the larget protein is fused to the DNA-binding domain
0f GAL4, and another, in which candidate activating proteins are fused to 1he activation domain. The expression of
a GALI-lacZ reporier gene under conrol of 2 GAL4-activated promoter depends on reconstinition of GAL4
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aclivity via protein-protein interaction. Colomes contaming interacting polypeptides are detected with a
chromogenic substrate for f-galactosidase. A complete kit (MATCHMAKER™) for identifying protein-proiein
mteractions between two specific proteing using the two-hybrid technique is commercially available from Clontech.
Thig sysiem cazn alse be extended io map protemn domains involved in sﬁeciﬁc protein interactions as well as (o
pinpoint amine acid residues that are erucial for these interactions.

[0817] Compounds that interfere with the imeraction of a gene encoding a CD79b polypeptide identified
berein and other intra- or extracellular components can be tested as follows: usually a reaction mixture is prepared
contaming the product of the gene snd the intra- or extracellular component under conditons and for 2 time
aflowing for the mieraction 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 test compound. In addition. a placebo may be
added to a third reaction mixiure, 10 serve ag positive control. The binding (complex [ormation) hetween the test
compound and the intra- or extracelluiar component present in the mixture s monitored as deseribed hereinahove,
The formation of & complex in the comrof reaction(s} a not in the reaction mixawre containing the 1est compound
mdicates that the test compound interferes with the interaction of the test compound and its reaction pariner.

[0818] To assay for antagonists, the CD79b polypeplide mayv be added 1o a cell along with the compound
1o be screened for a particular activity and the ability of the compound o inhibit the activity of interest in the
presence of the CD79b polypeptlide indicates that the compound is an antagonist 10 the CD79b polypeptide.
Alematively, antagonists may be detected by combiing the CD79b polypeptide and a potential antagonist with
membrang-bound CD79b polypeptide receptors or recombinant receplors under appropriate conditions for a
competitive inhibition assay. The CD79b polypeptide can be labeied. such as by radicactivily, such that the number
of CD79b polypeptide moiecules bound 10 the receplor can be used 1o determine the effectiveness of the potential
amtagomst. The gene encoding the receptor can be identified by numerous methods known 0 those of skill in {he

azt, for example, ligand panning and FACS sorting. Coligan et al., Cyment Proiocols in Immun.. 1{2} Chapter 5

(1991} Preferably, expression cloning s employed wherein polyadenyiaied RNA is prepared from a cell
responsive to the CD79b polypeptide and a ¢DNA library created from this RNA is divided inio pools and used to
ransfect COS cells or other cells that are not respansive to the CD79b polypeplide,  Transfected cells that are
mown on glass slides are exposed 1o labeled CID79b polypeptide. The CD79b polypeplide can be lzbeled by a
variety of means including iodination or inclusion of & recognitior: site for 2 site-specific protemn kinase. Following
fixation and incubation, the slides are subjected to autoradiographic analvsis. Positive pools are identified and sub-
pools are prepared and re-transfected using an interactive sub-pooling and Te-SCTeeTung process, eventually vielding
2 single clone {hat encodes the putative receptor.

[0819] As an alternalive approach for receptor identification. labeled CD70h poiypeptide can be
photoafiinity-linked with cell membrane or extract preparations that express the recepior molecule. Cross-lmked
material is resolved by PAGE and exposed to X-ray film. The labeled complex comaining the receptor can be
excised. resolved into peptide fragments, and subjected 1o protein micro-sequencing.  The amino acid sequence
obtained from micro- sequencing would be used 10 design 2 set of degenerate oligonucieotide probes 1o sereen a

¢IINA library to identify the gene encoding the putative receplor.
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[0820} In another assay for antagonisis. mammalian cells or 2 membrane preparation expressing the
Tecepior would be incubated with lzbeled CD79b polypeptide in the presence of the cendidate compound.  The
abiiity of the compound to enhance or block this interaction could then be measured,

[0821] More specific examples of potential antagonists include an olisonucleatide that tﬁnds o the
fusions of immuneglobulin with CD79b polvpeptide, and, in particular, antibodies including, without limitation,
poly- and monoctonal antibodies &nd antibody fragments, single-chain amibodies, ami-idiotypic antibodies, and
chimeric or humanized versions of such antibodies or fragments, as well as human antibodies and antibody
[ragments. Alternatively, a potential antagonist may be a closely relaied protein. for example, & mutated form of the
CH79b polypeptide that recognizes the receptor but imparts no effect, thereby competitively inhibiting the action of
the CD79b nolvpeptide.

[0822]  Antibodies specifically binding a CD79b polypeptide identified berein, as well as other molecules
idemtified by the screening assays disclosed hereinbefore, can be adniinistered for the treatment of various disorders,
including cancer, in the form of pharmaceutical COTPOSTHONS.

[(4823] If the CD79% polypeptide is intracelluiar and whole antibodies are used as mhibitors, internalizing
antibodies are preferred. However, lipofections or liposomes can also be used 10 deliver the antibody, or an
antibody fragment, into cells, Where amibody fragments are used, the smallest mhibitory fragment that specifically
binds to the binding domain of the target protein is preferred.  For exampile, based upon the variable-region
seguences of an antbody, peplide molecules can be designed that retsin the ability to bind the target proiein
sequence.  Such peptides can be synthesized chemically and/or produced by recombinant DNA lechnology. See,
e.g. Marasco ef of. Prog, Nath, Acad. Sci TISA. 9Q: 7T885-7893 (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 acivities that do not adversely affect each
other. Alternatively, or in addition, the composition may comprise ap agent that enhances its function, such as, for
example, a cywioxic agent, cytokine, chemotherapeutic agent, or growth-inhibilory agent. Such molecules arc
suitably present in combination in amounts that are effective for the purpose intended.

M., Antibody Derivatives

[0825] The antibodies of the presemt invention can be further modified 10 contain additional
nonprowinaceous moieties that are known in the art and readily available. Preferably, the moictics suitable for
derivatization of the antihody are water soluble polymers.  Non-limiting examples of water soluble polymers
meiude, but are not limied to, polvethylene glycol (PEG), copolvmers of etbylene glycol/propylens glycol,
carboxymethyleelulose. dextrarn, polyviny! aleohol, poiyvinyl pymolidone, poly-1, 3-dioxolane, poty-1.3,6-1moxane,
ethylene/maleic anhvdride copolymer, polyaminoacids (either homopolymers or random copolvmers), and dextran
or poly(n-vinyl pyrrolidone)polvethviene giycol, propropylene  glyeol homopolymers, prolypropyiene
oxidesethyiene oxide co-polymers, poivoxvethylated polyvols (e.g, giycerol), polyvinyl alcohol, and mixtures
thereol. Polyethylene glycol propionaldehyde may have advantages in manufaciuring due 10 its stability in water.
The polymer may be of any molecular weight, and may be branched or unbranched. The number of polvmers
attached fo the antibody may vary, and if more than one polvimers are attached, 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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considerslions including, but not Hmited to, the panicular properties or functions of the antibody 1o be improved,
whether the antibody derivative will be used in a therapy under defmed condinons, etc.

N. Method of Screening

{0826} Yet another embodimemt of the present invention is directed to 2 method of determuming the
prt‘;.,nce of a CD7%b polypeptide in a sample suspected of containing the CD79b polypeptide, whersin the methad
comprises exposing the sample 10 an antibody drug conjugate thereof, that binds 1o the CD7%b polypeptide and
determining binding of the antibody drug comjugate thereof, 1o the CD79b poiypeptide in the sample, wherein the
presence of such binding is indicative of the presence of the CD7%h potypeptide in the sample. Optionally, the
sample may contain cells (which may be cancer cefls) suspected of expressing the CD7% polvpeptide. The
antibody drug conjugate thereof emploved in the method may optionally be detectably labeled, attached 1o 2 solid

supporl, or the like.

[0827] Another embodiment of the present invention is directed 1o 4 method of diagnosing the presence
of a wmor iv 2 mammal, wherein the method comprises (a) contacimg a test sample comprising tissue cells
obtained from the mammal with an antibody drug comjugate thereof, that binds to & CD7% polypeptide and (b)
detecting the formation of a complex between the antibody drug conjugate thereof, and the CD79h polypeptide
the test sample, wherein the formation of a complex is indicative of the presence of a tumor in the mammal.
Optionally, the antibody drug conjugate thersof, is detectably labeled, attached to a solid support, or the like, and/or

the test sample of tissue cells is obtained from an individual suspected ofhaving a cancerous tumor.

IV, Further Methods of Using Anti-CD79% Antibadies and Immunoconjueates
A. Magnostic Methods and Methods of Detection

[0828] In one aspect, anti-CD79h antibodies and immunoconjugates of the invention are useful for
detecting the presence of CD79b in a bivlogical sample. The term “detecting” as used herein encompasses
quamitative or qualitative detection. In certain embodiments, a biological sample comprises a cell or tisse. In
certain embodiments, such tissues include normal and/or cancerous tissues that express CD79h at higher levels

relative to other tissues, for example, B cells and/or B cell associated tissues.

[0829] 1In ome aspect, the invention provides a method of detecting the presence of CD7% in a biological
sample. In certain embodiments, the method comprises contacting the biclogica! sample with an anti-CD79%
antibody under conditions permissive for binding of the anti-CD79b antibody w0 CD79b, and detecting whether 2
complex is formed between the anti-CD79b antibody and CD79b.

[0830] In one aspect, the invention provides a method of diagnosing z disorder associated with increased
expression of CD79%b. In certain embodiments, the method comprises contacting a test cell with an ant-CD79b
antibody; determining the level of expression (either quantitatively or qualitatively} of CD79b by the test cell by
detecting binding of the anti-CD79% amibody to CD79b; and comparing the level of expression of CD79% by the
iest cell with the level of expression of CD79h by a contro! cell {e.g., a normal cell of the same tssue ongin as the
test cell or a cell that expresses CD79b at levels comparable 1o such a normal cell}, wherein 2 higher jevel 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 CD79b. In certain embodiments, the test cell is obtained from an individual suspected
of having a disorder associated with increased expression of CD79h. In certain embodiments, the disorder is a cel}

proliferative disorder, such as a cancer or a tumor.

[0831] Exemplary cell protiferative disorders that may be diagnosed using an zntibedy of the invention
include a B cell disorder andior & B cel] proiiferative disorder including, but not limited 10, lymphome, non-
Hodgkins lymaphomma (NHL). ageressive NHL, relapsed aggressive NHL. relapsed mdolent NHL. refractory NHL,
refractory indolent NHL. chronic Iymphocytic leukemia (CLL), smali lymphocytic lymphoma, lenkemia, harrv cell

leukemia (HCL), acute lymphocytic leukemia {ALL), and mantle cell fymphoma,

[0832] In certain embodiments, 2 method of diagnosis or detection. such as those deseribed above,
comprises detecting binding of an ant-CD79b antibody 0 CD79 expressed on the surface of a cell or in a
membrane preparation obtained from a cell expressing CD79b on i1s surface, In certain embodiments, the method
COnPTISes COnIacung a cell with an anti-CDI79h antibody under conditions permissive for binding of the anti-CD79%b
antibody W CD79b, and detecting whether a complex is formed between the ant-CD7%h antibody and CD79% on
the cell surface. An exemplary assay for detecting binding of an ani-CD7%h antibody to CD79b expressed on the

surface of 2 cell is a “FACS” assay.

[08353] Certain other methods can be used 10 detect binding of anti-CD79b antibodies 1o CD79b. Such
methods include, but are not imited 1o, antigen-binding assays that are well known in the art, such as wesiern blos,
radioimmunoassays, FLISA (eazvme  linked immunosorbent  assay),  “sandwich” immunoassays,
immumnoprecipitation assays, fluorescent HImUnoassays, protein A immunoassays, and immunohistochemistry

(IHCY.

[0834] In certain embodiments, anti-CD79b antibodies are labeled. Labels mclude, but are not tmited 1o,
iabels or moielies that are detected directly (such as ffuorescent, chromopheric, slectron-dense. chemiluminescent,
and radicactive lzbels), as well as moieties, such as enzymes or igands, that are detected indirectly, ¢.g.. through an
enzymatic reaction or moiecular ineraction. Exemplary iabels imclude, bist are not Bmited 10, the radioisoiopes 2p.
C, "L *H., and "1, fluorophores suck as rare earth chelates or fluorescein and its dertvatives, thodamine and its
derivatives, dansyl, umbelliferone, luceriferases, e.g., firefly luciferase and bacterial luciferase (U.S. Pat No.
4,737,456}, luciferin, 2.3-dibydrophthalazinediones, horssradish peroxidase (HRP), alkaiine phosphatase, fi-
galactosidase, glucoamylese, lysozyme, saccharide oxidases, ¢.g.. glucose oxidase, galaciose oxidase, and glucose-
6-phosphate dehydrogenase, heterocyclic oxidases such as uricase and xanthine oxidase, coupled with an enzyme
that employs hydrogen peroxide to oxidize 2 dye precursor such as HRP, lactoperoxidase, or microperoxidese,

biotin/avidin, spin labels, bacteriophage labels, steble free radicals, and the like.

[0835] Ip cerfain embodimenss, ant-CD79 antibodies arc immobilized on an insoluble mairix.
Immobilization entalls separating the anti-CD7%b antibody from any 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 mairix or surface (Bennich et al... U.S, 3,720.760), or by covalent coupling (for
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exampie, using glutaraldehyde cross-linking), or by insolubilizing the anti-CD79% antihody afier formation of a

complex between the anti-CD75b antibody and CD79b, e.g., by immunoprecipitaton,

[0836] Any of the above embodiments of diagnosis or deiection may be carried oul using an

immunoconjugate of the inverion in place of or in addition W an 2ani-CD79% antibody.

B, Therapeutic Methods

(0837} Az amibody or immunoconjugate of the invension may be used i, for example, in vitro, ex vivo,
and in vivo therapeutic methods. In one aspect, the invemtion provides methods for inhibiting cell growth or
proliferation, cither in vivo or in vitro, the method comprising exposing a cell to ap anti-CD7%h antibody or
immunocenjugate thereof under conditions permissive for binding of the immunoconjugate to CD79h. “Inhibiting
cell growth or proliferation™ means decreasing & cell’s growth or proliferation by at least 10%, 20%, 30%. 40%,
50%, 60%, 70%, 80%, 90%, 95%, or 100%, and includes inducing cell death. In cortain embodiments, the cellisa
wmor cell. In certain embodiments, the cell is 2 B eell In certain embodiments, the cell is & xenografl, eg., as

exemaplified herein,

[0838] In one aspect, an antibody or immunoconjugate of the invention is used to treat or prevent a B cell
proliferative disorder. In cermin embodimens, the ceil proliferative disorder is associated with mcrersed
cxpression end/or aclivity of CD795. For cxample, in certain embodiments, the B cell proliferative disorder is
associaled with increased expression of CD79b on the surface of 2 B cell. T certain embodiments, the B cell
proiferative disorder is 2 twmor or a cancer. Examples of B cell proliferative disorders 10 be treated by the
antibodies or immunoconjugates of the invention include, but ave not limited to, lymphome, non-Hodgkins
lymphoma (NHL), aggressive NHL, relapsed aggressive NHL, relapsed indolent NHL., refractory NHL., refraciory
mdolent NHL, chronic lymphecytic lenkemia (CLL), small lymphocytic tymphoma, leukemia, bairy cell leukemia
(HCL), acute lymphocyiic leukemia (ALL), and mantle cell lvmphoma.

[0839] In ome aspect, the iavemtion provides methods fur treating @ B cell proliferative disorder
comprising administering to an individual an effective amount of an ant-CD79% antibody or immunoconjugate
thereof. In certain embodiments, a method for treating a B cell proliferative disorder comprises administering w an
individual an effective amount of a pharmaceutical formulation comprising an ant-CD79b antibody or anti-CD79%
mmunocorjugate and, optionaily, at least one additonal therapeutic agent, suck as those provided below. In
certain embodiments, a method for reating a cell profiferative disorder comprises administering 1o an individual an
effective amount of a pbharmaceutical formulation comprising 1) an immunoconjugate comprising an anti-CH79b
entibody and a cytoloxic agent; and optionally, 2) at least one additional therapeutic agent, such as those provided

below.

[0840] 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 immunocordugates of the invention car be nsed
10 bind CD79b, e.g.. in a cell culture containing CD79b, in bumans, or in other mammals having a CID79b with
which an antibody or immimoconjugate of the invention cross-reacts {e.g. chimpanzee, baboon, marmoset,
cynomolgus and rhesus monkeys, pig or mouse). In one embadiment, an anti-CD 79 amibody or immunoconjugate
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can be used for targeting CD79b on B cells by contacting the antibody or mminecoriugate with CD79b 1o form an
antibody or immunoconjugate-antigen complex such that 2 comugaled cyiotoxin of the Immunoconjugale accesses

the imerior of the cell. In one embodiment, the CD79b is human CI¥79n.

[0841] In one embodiment, an anti-CI79h antibody or immunoconjugate can be used in a method for
binding CD79 in an individual suffering from a disorder associated with increased CD79b expression andior
aciivity, the method comprising administering 1o the individual the antibody or immunoconjugate such that CD79h
n the individual is bound. In one embodiment, the bound antibody or immunoconjugate i internalized imo the B
cell expressing CD79b. I one embodiment, the CD79b is humae CD79b, and the individual is a human individual
Alwrnatively, the individual can be 2 mammal expressing CD79b 1o which an ani-CD79h aniibody binds. Sull
further the mdividual can be & mammal into which CD79% has been introduced { c.&., by adminiszration of CIY79b or

by expression of a transgene encoding CD79b).

(0842} Arn anti-CD79b amibody or immunoconjugate can be administered to 2 human for therapeutic
purposes. Moreover, an anti-CD79b antibody or Immunoconjugate can be administered 10 a non-human mammal
expressing CD79b with which the entibody cross-reacts (e g., & primate, pig, rat, or mouse) for veleTinary purposes
or as an animal mode! of human disease. Regarding the latier, such animal models may be usefi! for evaluating the
therapeutic efficacy of amibodies or immunoconjugaies of the invention {e.z. lesting of dosages and time courses

of administration).

[0843]  Amtibodies or immunoconjugates of the invention can be used either alone or in combination with
other compositions in a therapy. For instance, an amibody or inmunoconjugate of the invention may he oo-
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 nhibitory agent. In one of such
embodiments, a chemotherapeutic agen! is an agemt or z combination of agents such as. for example,
cyciophosphamide. hydroxvdaunorubicin, adriamyein, doxorubincin, vincristine {Oncovin™), predmsolone, CHOP,
CVP, or COP, or immunotherapeutics such as anti-CD20 fe.g. Rimxan®) or anti-VEGF (e.g., Avastin®), wherein
the combination therapy is useful in the treatmemt of cancers andior B cell disorders such as B cell proliferative
disorders including lympboma, non-Hodgkins tymphoma (NHL}, aggressive NHL, relapsed zggressive NHL,
relapsed indelent NHL, refractory WHL, refractory indoient NHL, clrenie ivinphocytic leukemiz (CLL}, small
lymphocytic lymphoms, leukemia, hairy cell leukemia (HCL), scute lymphoceytic lenkemiz (ALL), and mantle cell

fymphoma.

{6844] Such combination therapies noted above encompass combined adminisiration (where two or more
therapeutic agents are included in the same or separate formuiations), and separate administration, in which case,
admimstration of the antibody or immunocomnjugate of the invention can oceur prior to, simultansously, andfor
following, administration of (he additional therapewic agent andior adfuvant. Antibodies or immmoconjugaies of

the invention can alse be used in combination with radiation therapy.

[0845] An antibody or immunoconjugate of the invention (and any additional therapeutic agenmt or

adjuvant) can be administered by any suitable means, mcluding parenteral, subemaneous, Inwraperioneal,
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intrapulmonary, and intranasal, and, if desired for local reatment, intralesional administration. Parenteral infusions
mclude mtramuseular, istravenous, intraarierial, intraperitoneal, or subentaneous administration,  In addition, the
antibody or immunoconjugate s suitably adminimered by pulse infusion. particutarly with declining doses of the
antiody or Immunoconjugate. Dosing can be by any suiable route, e.g. by imjections. such as intravenous or

subcutaneous injections, depending in part on whether the adminisiration is brief or chronic,

[0846] Amtibodies or immunoconjugates of the invention would be formulated, dosed, and administered
in a fashion consistent with good medical practice. Factors for consideration in this context include the particular
disorder being weated, the particular mammal being trested. the clinical conditfion 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 or mmunocenjugaie need not be,
but 15 optionally formulated with one or more agems currently used to prevent or treat the disorder in question. The
effective amount of such other agents depends on the amoum of antibody or mmunocorgligate 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 rowtes as described herein, or about from 1 1o 99% of the dosages described

herein, or in any dosage and by any route that 1s empirically/clinically determined to be appropriale,

[0847] For the prevention or Ueatment of disease, the appropriate dosage of an antibody or
mmunoconjugate of the imvention {when used alone or i combination with one or more other additional
therapeutic agents, suci} as chemotherapeutic agents) will depend on the type of disease to be treated, the type of
anlibody or immuneconjugate, the severity and course of the disease, whether the antibody or immunoconjugate is
administered for preveative or therapsutic purposes, previous therapy, the patient’s clinical higtory and response to
the antibody or immunoconjugate, and the discrelion of the atiending physician. The antibody or immunoconjugale
16 suitably admimstered 1o the patien! at one time or over a series of treatments. Depending on the type and severity
of the disease, about | pe/kg to 100 mgke (e.g. 0.1mg/kg-20mg/ke) of amibody or mmunoconjugate can be an
imtial candidaie dosage for administration 1o the patient, whether, for example, by one or more sepamie
administrations, or by cominuous infusion. Ope typical daily dosage might range from about 1 ng'kg o 100 ma'kg
or more, depending on the factors mentioned above. For repeated administrations over several davs or longer,
depending on the condition, the treatrem 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 about 10 mg/kg. Thus, one or more doses of about 0.5 mg/ig, 2.0 mekg, 4.0 mgke or 10 mo/ke (or
any combination thereof) of antibody or immunoconjugate may be administered to the patient. Such doses may be
admistered intermitiently, e.g. every week or every three weeks (e.g. such that the palient receives from about two
to aboul twenty, or e.g. abowl six doses of the antibody or immunoconjugate). An initial higher loading dose.
followed by one or more lower doses may be adminisiered. Arn exempiary dosing regimen comprises administering
an initial loading dose of about 4 mg/kg, followed by a weekly maintenance dose of abous 2 mg/ke of the amibody.
However, otber dosage tegimens may be useful. The progress of this therapy is easily monitored by conventional

echiiques and assays.



C. Activitv Assavs
[0848] Api«CD79b 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 Activitv agsave

[0849] In one aspect, assays are provided for idemtifying anti-CD79b antibodies or Immunoconjugates
thereof baving biological activity. Biological activity may include, e.g., the ability to inhibit celi growth or
proliferation (e.g., “cell killing” activity). or the sbility 10 induce cell death, mncluding programmed cell death
{apoplosis). Antibodies or immunoconjugates baving such biological activity in vivo and/or in vitro are also

provided.

{0856] In certain embodiments, an anti-CD7% antibedy or mmunocomugate thereof i 1ested for is
ability 10 inhibit cell growth or proliferation in vitre. Assays for inhibition of cell growth or proliferation are well
known in the art.  Cerain assays [or cell proliferation, exemplified by the “celi kiliing” assays described herein,
measure cell viability. One such assay is the CeliTiter-Glo™ Luminescent Cell Viability Assay, which is
commercially availabie from Promega (Madison, WIj. That assay determines the number of visble cells in culture
based on quantitation of ATP present, which is an indication of metabolically active cells. See Crouch et al {1993)
J. Immunol. Meth. 16(:81-88, US Pat. No. 6602677, The assay may be conducted in 96- or 3R4-well format,
making it amenable o zutomated high-throughput screening (HTS). See Cree et al (1995) AntiCancer Drrugs 6:398-
404. The assay procedure invoives adding a single reagent (Cell Ther-Glo® Reagent) directty to cultured celis. This
results i cell lysis and generation of a lumineseent signal produced by a luciferase reaction. The lminescent
signal is proportional 1o the amount of ATP present, which is directly proportional 1o the number of viable cells
present 1 culture. Data can be recorded by luminometer or CCD camera imaging device. The luminescence output

1s expressed as relative Hght units (RLUD.

[0851]  Another assay for cell proliferation is the “MTT” assay, 2 colorimetric assay that measures the
oxidation of 3-(4,5-dimethylthiazol-2-y1}-2,5-diphenyltetrazalium bromide 1o formazan by mitochondrial reductass,
Like the CeliTiter-Glo™ assay, this assay indicates the numiber of metabolicaily active cells present in 2 cell culture.

See, e.g.. Mosmann (1983) J. Immunol. Meth. 65:55-63, and Zhang i al (2005) Cancer Res. 63:3877-3882

{0852] In ome aspect. an amti-CD79b antibody is tested for its ability to induce cell death in vitro. ASsavs
for mduction of cell death are well known in the art. In some embodiments, such assavs measure, ¢. %, loss of
membrane integrity as indicaied by uptake of propidium iodide (PIY, trypan blue (see Moore et al (19935)
Cytotechnology, 17:1-11), or TAAD. In an exemplary PI uptake assay, cells are cuttured in Dulbecco's Medified
Eagle Medium (D-MEM pHam's F-12 (50:50) supplememed with 10% heat-inactivaled FBS {Hyclone} and 2 mM
L-giutamine. Thas, the assay is performed in the absence of complement and immune effector cclls. Cells are
seeded at 2 density of 3 x 10° per dish in 100 x 20 mm dishes and allowed to attach overnight. The medium is
removed and replaced with fresh medium alone or medium comaining various concentrations of the amibody or
mmunocomugate. The celis are incubated for & 3-day lime period. Following treatment, monolavers are washed

with PBS and detached by trypsinization. Cells are then centrifuged at 1200 pm for 5 minutes at 4 °C, the pellet
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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
mie 35 mro strainer-capped 12 x 75 mm tubss (1 ml per tbe, 3 tubes per treatment group) for removal of cell
clumps.  Tubes then receive PI (10 pg/ml). Samples are analyzed using 2 FACSCAN™ {low cviometer and
FACSCONVERT™ CeltQuest software (Becton Dickinson). Antibodies or immunocoeniugates which mduce

statistically significant levels of cell death as determined by PI uptake are thus idemified.

{0853] In one aspect, an ani-CD79% amibody or mmunoconjugate is tested for ils ability 1o induce
apoptosis (programmed cell death} i viro. An exemplary assay for antibodies or émmunconju.gatﬁs that induce
apopiosis is an annexin binding assay. In an exemplary ammexin binding assay, cells are culnred and seeded in
dishes as discussed in the preceding paragraph. The medium is removed and repiaced with fresh medium alone or
mediun comtaining 0.001 0 10 pg/ml of the antbody or immunoconjugate, Following a three~-day mcubation
period. monolayers are washed with PBS and detached by trypsinization. Cells are then cenirifiged, resuspended in
Ca®" binding buffer, and aliguoted into tubes as discussed in the preceding paragraph. Tubes then receive labeled
anpexin {e.g. annexin V-FITC) (I pg/ml). Samples are analyzed using a FACSCAN™ flow cylometer and
FACSCONVERT™ CellQuest soltware (BD Biosciences).  Antibodies or immunoconjugales thal induce
staistically significant levels of annexin binding retative 1o control are thus identified. Another exemplary assay for
andbodies or immunconjugates that induce apopiosis is a histone DNA ELISA colorimetric assay for detecting
mternucieosomal degradzm’og 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 use in any-of the above in viwre assays include celis ar cell Hnes that naturally express
CD79b or that have been engineered 1o express CD79b. Such cells include tumor cells that overexpress CD79%
refative 1o normal cells of the same tissue origin. Such cells alse melude cell lines (including wmor cell lines) that
express CD79b and cell lines that do not normally express CD79b but have beern transfected with nﬁcicic acid

encoding CD79b.

(0855] In one aspect, an anti-CD79b antibody or immunoconjugate thereof is tested for its ability to
inhibit cell growth or proliferation i vivo. In certain embodiments, an anti-CD79% antibody or immunoconjugate
thereof is tesied for its ability 1o inhibit tumor growth in vive. In vive model systems, such as xenografi models,
can be used for such testing. In an exemplary xenograft system, buman tumor cells are imtroduced inio a suitably
mmunocompromised non-human animal, e.g., & SCID mouse. An antibody or immunoconjugate of the invention
is administered 1o the animal, The ability of the antibody or immunoconiugate 1o inhibit or decrease fumar growth
is measured. In certain embodiments of the above xenograft system, the human tumor cells are tumor celis from a
humnan patient. Such cells useful for preparing xenograft models include human leukenia and lymphoma cell lines,
which mciude without limitation the BJAB-luc cells (an EBV-pegative Burkitt’s lympboma cell line transfected
with the luciferase reporter gene), Ramos cells (ATCC, Manassas, VA, CRL-1923), SuDHL-4 cells {DEMZ,
Braunschweig, Germany, AAC 495), DoHH2 cells (see Kinin-Neilemans, H.C. et al, Leukemia 3:221-224 (1991},
and Kiuin-Neilemans, H.C. et al, Leukemia 8:1385-1361 (1994}, Granta-319 cells (see Jadavel, D.M. et al,

Leunkemia 1H(I):64-72 {1997)). In certain embodiments, the human tumor calls are mntroduced into a suitably
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immunocompromised nos-human animal by subcutaneous injection or by transplantation into a suitable site, such

as a mnammary a1 pad,

z. Bindime assavs and other assavs

[0856] In one aspect, an anti-CD79b amibody is tested for #s antigen binding activity. For example, in
certain embodiments, an anti-CD79b antibody 15 1ested for its ability 10 bind o CD79b exprassed on the surface of a

cell. A FACS assay may be used for such testing.

[0857] I one aspect, competition assays may be used to identify a monoclonal antibody that competes
with myrine MA79b antibody. humanized MA79b.¥17 amibody and/or humanized MAT9h. v18 and/or humamized
MA79.v28 and/or humamzed MAT9b 32 anubody for binding 10 CID7%b. In cerlain embodiments, such
competing antthody binds to the same epitope (e.g., a linear or a conformational epitope) that is bound by murine
MA79 antibody, humanized MA79bv.17 amibody and/or humanized MAT9hv1E amibody and/or humanized
MAT9b.v18 and/or 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 Manual ch.14 (Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY). Detailed exemplary methods for mapping an epitope 1o which an
antibody binds are provided o Morris (1996} “Epitope Mapping Protocols,” in Methods in Molecular Bivlogy vol.
66 (Humana Press, Totowa, NJ). Two antibodies are said to bind to the same epitope if each blocks binding of the

oiher by 50% or more.

[0858] In an exemplary competition assay, immobilized CD79b is incubated in 2 solution COMPrising a
first labeied anubody that binds 1o CD79b (c.g.. murine MA79b antibody, humanized MATOb vi7 antibody and/or
humanized MAT9b.vIR antibody andior humanized MA79b.v28 and/or humapized MA79b.%v32} and & second
unlabeled antibody that is being tested for its ability 10 compete with the first antibody for binding 1o CD79b. The
second antibody may be present in g bybridoma supernatant. As a control, immobilized CD79b is incubated in «
solution comprising the first labeled antibody but not the second unlabeled antibody. After incubation under
conditions permissive for binding of the firgt antibody to CD79b, excess unbound anlibody 1s removed, and the
amount of label associated with immobilized CD79b s measured. If the amoum of label associated with
immobilized CD79% i¢ substamially reduced in the test sample relative to the conirol sample, then that indicates that
the sccond antibedy is competing with the first antibody for binding to CD79b. In cerlaim cmbodiments,
mmmobilized CD79b is present on the surface of 2 cell or in 8 membrane preparation obtained from 2 cetl expressing

CD379b on its surface.

[0859] In one aspect, purified anti-CD79b antibodies can be firther characterized by a series of assays
including, but not hinfted 1o, N-texminal sequencing, amino acid analysis, non-denaturing size exclusion high

pressure liquid chromategraphy (HPLC), mass spectrometry, jon exchange chromatography and papain digestion.

[0860] in one embodiment, the invention contemplates an altered antibody that possesses some but not
all effecior functions, which make it 2 desirable candidate for many applications in which the haif Hfe of the
antibody in vive is important yel cenain effector functions (such es complement and ADCC) are nNnecessary or
deleterious. In cemtain embodiments, the Fo activilies of the antibody are measured 1o ensure that only the desired
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properties are mainlained.  In vitro andior in vive cylotoxicity assays can be conducted to confim the
reduction/depietion of CDC andior ADCC zciivities.  For example, Fe receptor (FeR) bmnding assays can be
conducted to ensure that the amtibody lacks FoyR binding (hence likely lacking ADCC acuvity), but retains FeRn
binding ability. The primary cells for mediating ADCC, NK cells, express FoyRHI only, whereas monocytes
express FoyRIL FeyRID and FeyRIIL FeR expression on hematopoietic cells s summarized in Table 3 on page 464
of Raveteh and Kinet, Anne. Rev. Inumunol, 9:457.92 (1991}, An example of an in vitro assay 10 assess ADCC
activity of @ molecule of interest is deseribed in U.S. Patent No. 5,500,362 or 5.821.337. Usefisl effector cells for
such assays include peripheral blood mononuclear cells (PBMC} and Namral Killer (NK) cells. Aliernatively, or
additionally. ADCC activity of the molecule of imerest may be assessed I vive, e.g., in 2 animal mode] such as that
disclosed in Clynes et al. PNAS (1UUSA} 95:652-656 (1 998). 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 compiement activation, a CDC
assay. e.g. as described in Gazzano-Sanioro et al, J. Immpunol. Metheds 262:163 (1996), may be performed. FcRn

binding and in vivo ¢learance/half life determinations can aiso be performed using methods known in the art,

[0861] The [oliowing examples are offered lor ustrative purposes only, and are not intended 10 Hrmit
the scope of the present invention in any way.
[0R62} Al patent and literature references cited in the present specification are hereby incorporated by
reference in thetr entirety.
EXAMPLES

[0863] Commercially available reagents referred to in the examples were used according 1o

manufacturer's instructions unless otherwise indicated.  Antibodies used in the examples include commercially
available antibodies and include, but are not Linsted t0, anti-CD79% (antibody purchased from Biomeda {Foster City,
CA} or BDbioscience (San Diego, CA) or Ancell {Bayport, MN)), anti-CD79 {generated from hvbridomas
deposited with the ATCC as HB11413 on July 20, 1993), and chimeric anti-CD79b antibodies {comprising variable
domains from antibodies generated from hybridomas deposited with the ATCC as HB11413 on July 20, 1993), The
source of those ceils identified in the foliowing examples, and tbroughout the specification, by ATCC accession

mumbers, 1s the American Type Culture Coliection Manassas, VA.

EXAMPLE 1 Generation of Humanized anti-CD 7% Antibody

[0864} Residue numbers are according to Kabat (Kabal er al, Sequences of proteins of immunological
interest, 5tk Ed., Public Health Service, National Insuitutes of Health, Bethesda, MD { 1691)). Single letter amino
acid abbreviations are used. DNA degeneracies are represented using the IUB code (N = A/C/G/T, D = A/G/T, , Vo=
AN B=C/GT. H=A/CT. K=G/T,M=A/C. R=A/G, § = GC, W= A/T, ¥ = (/T

A Humanized anti-CD79b Antibody Graft

[0865] Various humanized anti-CD79b antibodics ware gererated. The VL and VH domains from
murine MA79% antibody (MAT79b) (Roswell Park Cancer Institute; Okazaki et al., Blood, 81:84-04 (1993)) were

aligned with the human consensug VL kappa I (huK]D) and human subgroup IT] consensus VE {(hulfl) domains. Teo
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make the HVR grafi, the acceptor VH framework, which differs from the human stbgroup HI comsensus VH
domain at 3 positions: R71A, N737T, and L78A (Carter er al. Proc. Netl, Acad. Sci US4 §9:4385 {1992)} was used.
Hypervariable regions from murine MA79b (MATOb) were engineersd into the aceeptor human consensus
framework to gemerate a direct HVR-graft of MA79b (herein referred 1o as “MA79b grafl” or “MA79b-araft” or
“MA790-grafied ‘humanized” amibody” or “BuUMAT9b-graff”). In the VL domain the following regions were
grafied to the human consensus acceplor: positions 24-34 (L1), 50-36 (L2} and 89-97 (L3} {Figures 7A-B). in the
VH domain, positions 26-35 (H1}, 45-65 (H2) and 93-102 (H3} were grafied (Figures 8A-B). MacCallum et al,
(MacCallum ef al. ./ Mol Biol, 262: 732-745 (1996}} analyzed antibody and andgen complex crysial structures
and found positions 49, 93 and %4 of the heavy chain are part of the contac Tegion and are thus included in the
defimtion of HVR-H2 and HVR-H3 when bumanizing antibodies.

[0866] The direct-graft variam (buMA79b-graft) was generated by Kunkel mutagenesis, as both the Fab
displayed on phage and as an IeG, using 2 separate oligonucleotide for each hypervaniable region. Correct clones

were assessed by DNA sequencing.

B. Humanized anti-CD 79h Antibody Graft Varianis

[0867] Aniti-CD79b antibody grafi variants which included mutational diversity jn the hypervariable
regions of the MA79-grafied “humanized” antibody were generated using phage libraries. The anti<CD79h
antibody graft variants included either 2 single position variation in the HVRs (Figure ) or multipte position
variations in the HVRs (Figure 10).

C. Phage Selection

[B86R]  For phage selection, the extracellular demain of CD79b (huCD 7945 (2 pg/ml) was immobilized
m PBS on MaxiSorp microtiter plates {Nunc) overnight at 4°C. Plates were blocked for at least T b using Casein
Blocker (Pierce). Phage were harvested from the culture supematant and suspended in PBS containing 0.5 % BSA
and (.03 % 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) 1o remove unhound phage and
bound phage were eluted by incubating the wells with 100 mM HCl for 30 min. Selection stringency may be
mereased during successive rounds of selection by increasing the number of washes with PBST or by incubating
with soluble huCD79h,., for increasing time periods prior 1 eluon.

[0869] Eluted phage were neutratized with § M Tris. pH 8§ and smplified using XL1-Biue ceils and
M13/KO7 helper phage and grown overmght at 37 °C in 2YT, 50 pg/ml carbenacillin. The titers of phage einted
from a targe! containing well were compeared 10 titers of phage recovered from z non-larget coataining well 1o
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 phege display vecior, Clones were transformed into E. coli 34B8 cells and grown in Complele
CRAP. mediz a1 30°C (Presta et al. Concer Res. 57: 4393-4599 (1067)). Cells were harvested by centrifugation,
suspended m PBS. 100 uM PMSF, 100uM benzamidine, 2.4 mM EDTA and broken open using & microfluidizer.
Fab was purified with Protein G affinity chromatography.

[
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[0871]  For screening purposes, IgG variants were imually produced in 293 cells. Vectors coding for VL
and VH (25 yg) were wansfected into 293 cells using the FuGene system. 500 pl of FuGene was mixed with 4.5 ml
of DMEM mediza conmining no FBS and incubated at room wmperature for 3 min. Each chain (25 ng) was added
10 this mixtore and incubsted al room femperature for 20 min and fhen transferred to a flask for wansfection
overnight at 37 °C in 3% CO,. The following day the media containing the transfection mixture was removed and
replaced with 23 mi PS04 media with 0.1 mVL trace elements (A0934) and 10 mg/l. msulin (AD940). Cells were
incubated for an additional 5 days afier which the media was harvested ar 1000 o for 3 min and sterile filtered
using & (.22 um low protein-binding filter. Samples could be siored at 4°C after addition of 2.5 ml (. 1% PMSF for
every 125 ml of media.

E. Affinity Defermination (Biocorve Analysis)

[0872] For allinity determination of the MA79b-grafied “humanized” antibody varianis, the extracellular
domain of human CD79b (huCD79b..4) was expressed in CHO cells alone or as a Fe fusion (kD795 -Fc} and
purified by conventional means. T addition, a 16 amino acid peptide {ARSEDRYRNPRGSACK) (SEQ I NO:
16} comaining the epitope for MA 79b was synthesized by conventional means.

{08731 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 to the transmembrane domain and was present i the full-length and
truncaled forms of huran CD79b (Cragg, Blood, 100(9): 3068-76 {2002}, which have been described in normal
and malignant B celis (Hashimoto, S. et al., Mol Immunol., 329N 651-9 (1995); Alfarano et al., Blood 93(7)
2327-33 (1999)).  The truncated form of CD795 lacks the entire extracellilar Ig-like domain (the extraceliular Ig-
fike domam that ig not present in the spliced truncated form of CD79b is boxed in Figure 19).

[0874]  Binding of Fab and 1gG variarts of MA79b, the MA79b-grafied “humanized” antibody or
MA79b-grafied “humanized” antibody variants to immobilized uCD79b,e or huCD79b-Fe or the 16 amino acid
peptide containing the epitope for MA795 was measured by surface plasma resonance. Affinity determinations
were performed by surface plasmon resonance using a BlAcore ™-2000, The antigen, CD79b. or huCD79h-Fc
was immobilized (approximately 50 ~ 200 RU) in 10 mM sodium acetate pH 4.8 on a CMS5 sensor chip, Dueto a
large avidity effect, afflinity measwrements were sensitive 1o the amount of huCD79,.y immobilized. For this
reason, affinities, determined for samples run on different days, were normalized 10 MA79b that was run ajong side
as a standard. In experiments that measured binding to the 16 amine acid peptide conlaining the epilope for MA79b
(ARSEDRYRNPKGSACK) (SEQ ID NO: 16), the biotinylated pepiide was captured {appreximately 20 RUj on a
sireplavidin cpalsé sensor chip, Purified MA79b-grafied “humanized” antibody vaziant (as Fab or [gG) (a 2-fold
serial dilution of 0.5 to 1000 nM in PBST) was injected a1 2 flow rate of 30 ul/min Each sample was analyzed with
4-minule association and 10-minute disassociation. After each imjection the chip was regenerated using 10 mM
Glveine pH 1.7

[6875] Binding response was correcled by subtracting a contol flow cell from MA 79b-grafied
“bumanized” antibody variant (as Fab or Ie() fiow cells. A 1:1 Languir model of simuitaneous fitting of k., and

ke was used for kinetics apalysis.



F. Binding Analysis (FACS Analysis)

{0876} To further deterrrane binding of the Fab variants of MAT9b-grafied “humanized” an’:ibﬂdy or
antibody variants. binding of Fab and/or leG variants to DoHH-2 cells were analyzed using FACS analysis. Further,
binding of MA79b-graficd “humanized” antibody variants 1o BJAB-luciferase cells was analyzed using FACS
analysis,

[0877) For FACS analysis of Fab varians of MAT79b-grafied “humanized” antibody variants
(MAT79-grafted “humenized” antibody (lgG version used as a comtrol}), DoHH-2 cells (1 x 10% in 100 4! volume)
were (it incubated with or without 1 pg of origmal mouse anti-CD79 monoclonal zntibody (MA79b} for 30
minutes, before adding 1 pg of mdividual Fab variam (or comrol antibedy). PE comjugated mouse amti-human ig,
kapps 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 ¢hain and DoHH-2 cells do not express kapps light chain on the celi
surface.

[0878] For additional FACS analysis of IgG variams of MAT9b-grafied “bumanized™ antibody
varianis (IgG version of chMA 79 used as 2 control), 1.0 He. 0.1 pg or 0.01 pg of antibody was titrated per million
celis of BIAB-luciferase 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 IeG varams having changes in HVR-L2 and HVR-H3
(huMA79b L2/H3}, binding of iodinated 1gG variants 1o BJAB cells expressing human CD796 and cynomolegous
CD7%b was analyzed and Scatchard analvsis was performed.

[0880] For Scatchard analysis, 0.5 nM I'** fabeled MA79b or huMA79b L2/HS was compeled against
uniabeled MA79 or luMA79b L2/H3, respectively. ranging from 50 10 0.02 oM (12 siep 1:2 serial diiution) in the
presence of a wansfected BIAB line sably expressing cynomolegous-CY79b and endogenous human-CD79b.
After a four hour mcubation at 4°C, cells were washed and cell peliet counts were read by 2 gamma coumter (1470
WIZARD Automatic Gamma Counter; Perkin Elmer, Walthem, MA). Al poins 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.

Resulis and Discussion

A Results of Generation of Humanized anti-CD 795 Antibody

[0881] The buman acceptor framework used for the geneneration of humanized an-CD79b antibody
comprises the consensus hurnan kappe 1 VL domaic and 2 variant of the human subgroup I consensus VH domain,
The variant VH domain bas 3 changes from the human consensus: R71A, N737 and L78A. The VL and VH
domains of MA79b were aligned with the human kappa 1 and subgroup 11T domains; each HVR was identified and
then grafied inlo the hurnan acceptor framework to generate a HVR graft that could be dispiaved as a Fab on phage
(Figures 7 and 8),

[0882] Phage displaying the MA79b-graft as a Fab bound 0 innobilized huCD 79, (data not shown).
However, when the huMA79b-graft sequence was expressed as an lgG, FACS analvsis of its affinity for



huCD79b,, indicated that binding affinity had been reduced by over 100-fold (data not shown) and Biscore
analysis indicated a loss of over 30-fold (Figure 11).
t. CDR Repair

[0B83] MAT79b-grafied “humanized” antibody variants that were able 1o bind t0 wnmobilized huCh7%% .
with the following 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 5 (for L1 mumtons: Q27K (SEQ 1D NO: 17; SPL-2 nmtation), (for L2
mutatjons: L34R (SEQ ID NO: 18), BS3K (SEQ ID NO: 18}), and {for L3 muations: F93% (SEQ 1D NO: 20,
SPL-5 mutation). ES3K (SEGQ ID NO: 21

[U885] Only sequence changes targening HVRs in L2, L3, H] and H3 were observed i the libraries

containing multiple position changes and are shown in Figure 10 (for L2 mugaions: 352K, N33K, ES3G and S56R
(SEQ ID NO: 22; L2-2 mutation); N33R (SEQ D NO: 23); S52R, N33K. E55G and S56N (SEQ ID NQ: 24); 852R,
N53K, ES5K and S$56R (SEQ ID N(x: 25); $32R. N33Y, E35K and SS6R {SEQ ID NCx: 26; L2-26 mutation); S52R.
N33K and ES5K (SEQ ID NO: 27}; S52R, N53K and E55A (SEQ ID NO: 28}, 552G, N531, E55A and S56R (SEQ
ID NO: 29); S52R, NS3K, ES5R (SEQ ID NG 30); S52R. N53K and E55G (SEQ ID NO: 31; L2-38 munation);
S52R, N53H, ESSK and S56R (SEQ ID NO: 32); A51S, S52R, N53Y. FSSS and S56R (SEQ ID NO: 33}; A31G,
N33K, ESSL and S56R (SEQ ID NO: 34); L54R and E55K (SEQ ID NO: 35); N53K and ES5G (SEQ ID NO: 36);
S52R. N33V, ESSR and $56R (SEQ ID N(% 37); S52R, N53R. E55R and 536T (SEQ ID NO: 38); S52R, N33R,
ES55G and S56R (SEQ 1D NO: 39); S52R, N53Q, L34R. ESSK and $36R {SEQ 1D NO: 40} S52R, N53K, E3sL
and S56R (SEQ ID NO: 41); S52R. NS3K, E55K and S56N (SEQ ID NO: 42); S52R, N53K, ES5G and S56T (SEQ
ID NO: 43); S52R, N33K, E55G and S56G (SEQ ID NO: 44); and SS2R, NS3K, ES5A and $36R (SEQ ID NO:
43)), (for L3 mutations: E93A (SEQ ID NOx 46); F93Q (SEQ ID NO: 47): no mutation (SEQ ID NO: 48); E93D
(SEQ ID NO: 49; E93L (SEQ ID NO: 30); QBIN, Q90N, E93G and TOTN (SEQ ID NO: 51); Q90P, S91D., D94A
and L96R (SEQ ID NO: 52); Q89D, SOIR and E93A (SEQ ID NO: 531, (for H1 mutations: T28P, $30T, S3IR
and E355 (SEQ ID NO: 54); T28P, S30R and E335Q (SEQ ID NO: 55} T28P. 830T and E35N (SEQ ID NO: 56);
T28P, S30T, S31R and E36N (SEQ ID NO: 57; H1-6 mutation)); S30N, S3iR and E35N {SEQ ID NO; 58); T288
and 530K (SEQ ID NO: 593, G26P, T288, F29L., S30C. S31T, W33F and E35D (SEQ ID NO: 60); T28Y and $30T
(SEQ ID NO: 61}; T28P, S30G, S31R, 134V and E35N (SEQ ID NO: 62), S30K and S31K (SEQ ID NO: 63); T28P,
530T and E35Q (SEQ ID NO: 64); T28P, S30R and $31R (SEQ ID NO; 63}, T28P, F29V, §30G, S31R and E358
(SEQ 1D NO: 66); T28P, S30N, $31R and E35N (SEQ ID NO: 67; Hi-] mulation); T28G, $30T and E35S (SEQ
ID NO: 68); S30T. I34L and E358 (SEQ ID NO: 69); $30T (SEQ ID NO: 7000 831G and E35N (SEQ ID NO: 71):;
S30R, S31R and E35N (SEQ ID NQ: 72); T28S, S30R and E35N {SEQ ID NO: 73); T288, S30R, $31R and EISN
(SEQID NO: 74); T288, S30R and S31R (SEQ ID NO: 75); T28S, S30P, I34L and E35Q (SEQ ID NO: 76); T28P,
530T and 831R (SEQ 1D NO: 77); T28P and $31G (SEQ ID NO: 78); T28P, S30R and E358 (SEQ ID NO: 79);
T28P, S30R and E35N (SEQ ID NO: 80); T28P, S30R and $31G (SEQ ID NO: 81); T28P, 530N and S31R (SEQ
ID NO: 82); T28P, S30N, 531G and E35N (SEQ ID NO: 83); T28N, F20V. 1341 and E3355 (SEQ ID NO: 84);
Y27F, T28P, S30T and E358 (SEQ ID NO: §5); and Y27F, T28P, S30N, S3IR and E35N (SEQ ID NO: 88)) and
(for H3 mutatiops: V981 and F100L (SEQ ID NO: 87; H3-12 muiation); no mutation {SEQ ID NO: 88): Y99K and
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F100L {SEQ ID NO: 89); F100L (SEQ ID NO, 90); VO8I (SEQ ID NO: 91); VOSF. Y99C and FI00L {(SEQ ID N
82 FI100L {SEQ ID NC: 93); V981, Y99R and F100L {SEQ 1D NO: 94; H3-10 muation); VORI YOOK and F100L
{SEQ ID NO: 953 VO8] and Y99R (SEQ 1D NO: 96}, VORI (SEQ ID NO: 97; D10!S E5EQ D NO: 98). Y99V and
FIGOL {(SEQ ID NO: 99); YY9R and F100L (SEQ I} NO: 100%; Y9OR {SEQ ID NQ: 101); Y99F and FI00L {SEQ
1D NO: 102); VO8I and FI100L (SEQ ID NO: 163); VoYl {SEQ ID NO: 104); V96R, Y99C and FIOOL {SEQ ID
NO: 105); and VO8I (SEQ ID NO: 106)).

0886} Select clones were reformatied as Fab for analysis by FACS and as IgG for further analysis by
Biacore and Scatchard.

a. Affivity Determinarion (Biacore Anaivsis)

[0887] As shown 1o Figure 11, showing Biacore analysis, this CDR-repair approach identified many
Individual sequence changes thal improve the affinity of the MA 79b-grafied “humanized” entibody. The surface
plasmon resonance assays showed that aithough none of the tested variants with single HVR changes had an affinity
similar to MA79b, the combination of changes idemtified in HVR-L?2 and HVR-H3 EMAT9b-grafted “humanized”
antibody variant L2/H3; also referred 10 herein as huMA79b L2/H3) led 10 2 variant witk similar affinity {Figure
11} as MA79%b when binding 1o immobilized hCD79.cq or BuCI79b.0-Fe or the 16 amine acid peptide comaining
the epitope for MA79b as determined by Biacore analysis.

[0B88] Ansalysis of monomeric binding (Fab) versus dimeric binding (1gG) of MAT9 10 antigen
(buCD79beeo-Fe} (Figure 11, tow 1, compare Fab 1o tgG columns) sugpested that a 100-fold avidity component
present in MA79b may be lacking in the affinity improved varisms. Specifically, in the MA79b-prafied
“humenized” antibody varient L2-2 (also referred herein to 2s huMA79b 1L.2-2) which demonstrates a 3-fold
mmprovement in monomeric binding compared to MA79%b (Figure 11, rows 1 and 3, compare Fab colunms), no
apparent affinity is gained upon reformatiing huMA79h L2-2 as an g5y (Figurs 11, row 4, compare Fah 1o leG
columns). In addition. the mital MA7SH VR grafted- “humanized” antibody (huMA75h grafl) demonsirates the
loss of this avidity component in binding (Figure 11, row 2, compare Fab 1o 1¢G columns). The ability 1o enhance
binding through avidity may be desirable in binding cell surface antigens.

b. Affinity Deternunation (Scatchard Analysis)

[0889]  As assessed by Scatchard analysis. this CDR-repair approach identified many individual sequence
changes thal improved the affinity of the MA79b-grafied “‘humanized” antibody. Specifically, the cell binding
assays showed that the affinity of MA7%90 and MAT79b-grafied “bumanized” antibody variant L2/H3 (huM A 79b
L2/H3) (reformatied as Ig() for binding BIAB cells stably expressing cynomologous CD79h and endogenous
human CD79b was with Kd values of 0.63 1M (MA79h: Kd = 0 63 = 0.14 nM) and 0.52 oM (buMA79b L2/H3, Kd
=0.52 % 0.1 nM), respectively (data not shown), 25 determined by Scatchard analysis.

¢. Binding Determination (FACS Analysis)

[0890]  As assessed by FACS analysis, this CDR-repair approach idemified many individual sequence
changes that improved the binding of the MA79b-grafied “bumanized” antibody (huMA79b eraft) 1o DoHE-2 cells
(data not shown}. Specifically, FACS analysis of Fab varianis {L2-2, H3-10 and Hi-1 mutatons) identified fom
the SP and 6 SR libraries 1o DolH-2 cells showed binding of the Fab varianis and huMA79b grafl (formaned as an
IeG 1o Doll-2 cells (data not shown)., Further, FACS analysis of the Fab variants showed that binding of the Fab
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variants 10 DoHH-2 cells was blocked by pre-meunbation with murine anti-CD79b monoclonal antibody (MA79h}
(data not shown),
2. Framework Repair

[0891] HVR sequence changes imtroduced into HVR-L2 of the huMA 79b L0/H3 variam were radically
different from those observed in zny human germitne. The baMA7T9b L2/H5 variant, when comugated 1o DM,
was observed o be effective at inhibjting umor growth in an i» vive mouse xenografl model (Table 9). Since
analysis of monomeric binding (Fab) versus dimeric binding (Ig() of luMA 790 L2/H3 variant to antigen showed =
loss of avidity (Figure 1), framework repair was performed as described below.

[0892] To explore the role of framework positions in dimeric aptigen binding, an “all framework”
positions variant wag constructed in which potentially important murine framework positions were incorporated into
the MAT9b HVR-grafied “humanized” antibody (huMA79b grafl). This variant (referred (o 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 Scaichard analysis.

{0893]  leG variams, including murine framework residues at positions 4 and/or 47 (VL) and/or positions
47,48, 67,89, 71, 73, 74, 78 and/or RO (VH} were gencrated to determine the minimums set of framework positions
needed to maintain high affinity, dimeric binding (Figure 12). Murine framework residues are shown in Figares
TA-B (SEQ ID NO: 10) and Figures 8A-B (SEQ ID NO: 14). Framework positions 47 in VL, and 75 and 80 n VH
were found dispensable as evidenced by MAT9b-grafied “humanized” antibody variant 17 (huMA79b.v17) (Figure
12, row labeled as 17).

[0894] MAT79b-grafied “humanized” amtibody variant 18 (MAT9b.v1§; Figure 12, row lubeled 2s 18},
which includes murine Tamework residues at positions 4 in VL., and 48, 67, 69, 71, 73 and 78 in VH and further
includes changes in HVR-H3 (referred 1o in Figure 12 as “H3-10" and described above as H3.-10 mutation),
including VO8I, YOYR and F100L, showed an additional 2-fold improvement (Figure 12, row labeled ag 28 in
dimeric binding when compared 1o variant 17 (Figre 12, row labeted as 17).

[0895] To avoid potential manufacturing issues, a potential isg-aspartic acid forming site {Asp-Gly) in
HVR-L1 of the MA79b-grafied “humanized” antibody varians was climinated by converting D28 to Glu (gluamic
acid) (DI8E; see variant 28; also referred to herein as “huMA 795 v28”; Figure 12, row lzheled as 28y Other
substitutions for stability in VL of the MA79b-grafted “humanized” antibody variants were also tolerated including
D28 to Ser (serine) (D28E; see variant 32; also referred 1o hercin ag “huMA7%h v32”; Figure 12, row labeled as 323

[0898] MAT9b-erafted “humanized” antibody variant 28 (huMA79b.v28; Figure 12, row labeled as 28),
which includes: (1) murine framework residues at positions 4 in VL, and 48, 47, 69, Ti 73 and 78 in VH, (2)
further includes changes in HVR-H3 (referred 1o in Figure 12 as “H3-10" and describad above ag H3-10 mutation),
including V98I, YO9R and F100L, and (3 even further includes changes in HVR-L1 {D28F, described above) were
characterized via Biacore analysis.

[08971 MA79b-grafied “humanized” amibody variant 32 (MA79b.v32; Figure 12, row labeled as 32),
which ncludes: (1) murine framework residues at positions 4 m VL, and 48, 67, 69, 71, 73 and 78 In VH. (3

further inciudes changes in HVR-H3 (veferred 1o in Figure 12 as “H3-10" and described above as H2-10 muation},



including VO8I, YO9R and FI00L, and (3) even [urther includes changes in HVR-L.1 (D288, described above) were
characlerized via Biacore analvsis.
a. Affinity Determination (Biacore Analysis)

[UR98] As shows in Figure 12. showing Biacore analysis, this framework-tepeir approach idemified
many ndsvidual sequence changes that improve affinity of the MA79b-grafied “humanized” antibody 10
huCD79b..4. The surface plasmon resonance assays showed that a MAT79b-grafied “humanized” amibody variant
28 (huMA79b.v28; with murine framework positions 4 in VL. 48, 67, 69, 71,73 end 78 in VH, as well as the H3-10
mutation in HVR-H3 (V8L YOOR and FI00L (also described above) and a D28E mutation in HVR-L1 (for
stability. see description above); Figure 12, row labeled 2s 28) and 2 MA79b-grafled “bumanized” amibody varant
(uMA79b.v32; with murine {ramework pesitions 4 in VL, 47, 48, 67, 69, 71,73 and 78 in VH, as well g the H3-
10 muntation m HVR-H3 (V98I Y99R and FIOGL (also described above) and a D28S mutation in HVR-LI (for
stability, see description below); Figure 12, row labeled as 32) had affinity eguivalent to chimeric MA79b antibody
(chMATSb) when binding to immobilized huCD79b,, as determined by Biacore analysis.

b. Affinity Determination (Scaichard Analysis)

[0899] As assegsed by Scatchard apalysis, similar to the Bilacore analysis, this framework-repair
approach identified many individual sequence changes that improve the affinity of the MA79b-mafied “humanized”
antibody (huMA79b grafl). The cell binding assays showed that the effinity of MA79b, MA79b-grafied
“bumanized” anibody variant 28 (huMA79b.v28; see Figure 12, row labeled as 28) (reformafied as 1gG3), and
MAT79b-grafted “humanized™ antibody variant 32 (huMA79b.v32; see Figure 12, row labeled as 32) for binding
BJAB cells stably expressing cynomologous CD79b and endogenous human CD79b was with Kd values of (.63
oM (MAT79D; Kd = 0.63 + (.14 oM, 0.44 oM (BuMA 795 v28; Kd = 0.44 = 0.04 nM), and 0.24 nM (IuMA79b v32;
Kd = 0.24 = 0.02 nM), respectively (data not shown), as determined by Scatchard analysis,

¢. Binding Determination (FACS Analysis)

f0900) As assessed by FACS analysis, this {ramework-repair approach idemtified many individual
scquence changes that improve the binding of the MA79b-grafied “humanized” antibody (huMA79 graft) to
BJAB-Lucifcrase cells (data not shown).  Specifically, FACS analysis of 1eG variams of MA79b-grafied
“humanized” anmtibody variants {variants huMA7Sb.v28 and BuMA79.v32) 10 BIAB-luciferase celis showed
binding 1o BIAB-Inciferase cells (data not shown).

B. Discussion of generation of humanized anti-CD 79 antibodies

(0901} Starting from a grafi of he 6 murine MA7Sh HVRs {defined as positions 24-34 (1), 50-56 (L2},
89-G7 (L3). 26-35 (H1), 49-65 (H2} and 93-102 (H)) inio the human consensus Kappa I VL. and subgroup I VH
{comtaimang A71, T73 and A78), CDR repair was used to identify changes in HVRs 1-6 that improve hinding
affinity. HVR sequence changes idemtified in Figure 10 and 11 or combinations of these changes led 1o humanized
variants of MA79b with affinities similar to MA79%.

[0902] Alternatively, Framework repair 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 13; MA7%b-grafied “bumanized” antibody variant 17 (BuMA79b.v] .
The affinity of these famework mutation variants for huCh79h. antigen was further enhanced by the addition of 3
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changes in HVR-H3: VO8], Y9OR and FI00L {Fimue 12; MA79b-grafied “humanized” antibody vamant }8
(BuMA79b.v18)). A potential iso-aspartic acid forming site m HVR-LI was eliminalad with & D28E muation

(Figure 12; MA79b-grafled “humanized™ antibody variant 2§ {(huMAT795.v28))

EXAMPLE 2. Generation of Anti-CD79b Antibodv Drug Conjueates { ADCs)
[0903] To test the efficacy of IgG variams of MA79b-grafied “humanized” antibody variants, the

MA79b-grafted “humanized” antibody variants were comugated to drags, such as DMI1. The variants conjugated to
DM included the variamts having changes in HVR-L2 snd HVR-H3 (huMAT7% L2/H3), huMAT9bvIT,
huMAT79b.v18, huMA79b.v28 and huMA 79b v32,

[0964]  The dmgs used for generation of antibody drug conjugates {ADCs) for anti-CD79b antibodics
mcluded  maytansimoid DMI and  dolastatinl0  derivatives monmethylauristatic. B (MMAFE)  and
meramethylauristain F (MMAF}. (US 2005/0276812; US 2005/0238649; Dororsna et al, Hioconjug. Chem.,
17:3114-123 (2006}, Doronina et al., Nai Biotechnol. 21 778-784 (2003); Erickson el al., Cancer Res.. 66: 4476.
4433 {2006), all of which are herein mcorporated by reference in their entirety}. Linkers usefil for generation of
the ADCs are BMPEO, SPP or SMCC (also referred to herein ag “MCC™) for DM and MC or MC-ve-PAR for
MMAE and MMAF. For DM], the antibodies were linked 1o the thio gﬁ)up of DMI and through the s-amino
group of iysine using the linker reagent SMCC, Alkematively, for DM, the antibodies were linked 10 DM through
the e-amino group of lysine using the SPP linker. SPP (N-succinimidyl 4-(2-pyridldithio} pentanoate) reacts with
the epsilon 2mine group of lysines 1o leave 2 reactive 2-pyndyl disulfide Linker on the protein. With SPP linkers,
upon reaction with a free suifhvdrat (e.g. DMI1). the pyridyl group is displaced, leaving the DM attached via a
reducible disulfide bond. DM attached via a SPP linker is released under reducing conditions (ie., for example,
within cells) while DM attached via the SMCC Hnker is resistant to cieavage in reducing conditions. Further,

SMCC-DM1 ADCs induce cell toxicity if the ADC is infernalized and targeted 10 the lysosome causing the release
of ysine-N"-DM1, which is an effective anti-mitotic agent inside the cell, and when released from the cell, lysine-

N°-DM! is non-toxic {Erickson et al., Cancer Res., 66; 4426-4433 {(2006)) For MMAE and MMAF, the antibodies
were linked to MMAE or MMAF through the cysteine by maleeimidocaproyl-valine-citruiine (vey-p-
aminobenzyloxycarbonyl (MC-vc-PAB). For MMAF. the antibodies were aliernatively linked to MMAF through
the cysieine by maleeimidocaproyl (MC) linker. The MC-ve-PAB lnker is cieavable by intercelluiar proteases
such as cathepsin B and when cleaved. releases free drug (Doronina et al.. Nat. Biotechnol, 21; 778-7%4 {2003%

while the MC linker is resistant to cieavage by intracellular proteases.

[0905] Antibody drug conjugates (ADCs) for and-CD79h, using SMCC and DM, were generated
similar 10 the procedure described in US 2005/0276812. Ans-CD7% purified antibodies were buffer-exchanged
mlo a solution containing 50 mM potassium phosphate and 2mM EDTA, pH 7.0. SMCC (Picrce Biotechnology,
Rockford, L) was dissolved in dimethylacetamide (DMA} and added 1o the antibody solution o make 2 final
SMCC/Ab molar ratio of 10:]. The reaction was allowed 1o proceed for three hours at room lemperature with
mixing. The SMCC-modified antibody was subsequently purified on a GE Healtheare HiTrap desalting column (G-
25) equilibrated in 35 mM sodium ciirate with 150 mM NaCl and 2 mM EDTA, pH 6.0. DM, dissolved in DMA,

)
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was added w0 the SMCC antibody preparation to give a molar ratio of DM1 10 antibody of 1(:1. The reaction was
altowed w0 proceed for 4-20 Irs at reom temperature with mixing. The DMI-modified amtibody solution was
diafiliered with 20 volumes of PBS 10 remove unreacted DM1, sterile filtered. and stoted at 4 degrees C. Typically,
& 40-611% yield of antibody was achieved through this process. The preparation was usnally >%5% monemeric ag
assessed by gel filration and laser lght scaticring. Sinee DMI has an absorption maximum at 252 nm, the amount
of dmg bound 1o the antibody could be determined by differential absomtion messurements 2t 252 and 280 nm.

Typically, the drug to antibody ratio was 3 10 4.

[0906] Antibody drug conjugates {ADCs) for anti-CD79b antibodies described herein using SPP-DMI
Linkers may be generated similar to the procedure described in US 2005/0276812. Anti-C D790 purified antibodies
are bulfer-exchanged into a sohution conwmining 50 mM potassium phosphate and 2 mM EDTA, pH 7.0 SPP
(tmmunogen} was dissolved in DMA and added (o the amtibody solution 1o make 2 final SPP/Ab molar ratg of
approximately 10:1, the exact ratio depending upon the desired drug loadmg of the zntibody. A 10:1 ratio will
usually result in a drug to amibody ratio of approximately 3-4. The SPP is allowed to react for 3-4 hours at room
femperature with mixing. The SPP-modified antibody is subseguently purified on a GE Healtheare HiTrap desatling
column (G-25) equitibrated 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 1o the SPP antibody preparation to give a molar ratio
of DMI 1o antibody of 10:1, which results in a 34 fold molar excess over the available SPP linkers on the antibody.
The reaction with DM is atlowed fo proceed for 4-20 hrs at reom temnperature with mixing, The DM -modified
antibody solution is diafiltered with 20 volumes of PBS 1o remove unreacted DM, sterile filtered, and stored at 4
degrees C. Typically, vields of amibody of 40-60% or meater are achieved with this process. The antibody-drug
conjugaie is usually »93% monomeric as assessed by el filtration and laser light scattering. The amount of bound
drug is determined by differential absorption measurements a1 252 and 280 nm as described for the preparation of

SMCC-DM ! conjugates (described above).

[0907}  Amibody drug conjugates (ADC) for ami-CD79b amibodies described herein using MC-MMAF,
MC-MMAE, MCval-cit (ve)-PAR-MMAE or MC-val-cit {(vc)-PAB-MMAF drug linkers may also be generated
similar 1o the procedure described in US 2005/0238649. Purified anti-CD79h aniibody 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). Afier mncubation at 37 degrees  for about 30 minutes, the buffer s excbanged by elution over Sephadex
G25 resin and elwed with PBS with 1| mM DTPA. The thiol/Ab value is checked by determining the reduced
antibody concentration ffom the absorbance at 280 am of the solution and the thio! concentration by reaction with
DTNB (Aldrich, Milwaukee, WI) and determination of the absorbance at 412 mn. The reduced antibody is
dissolved in PBS was chilied on ice. The dmg linker, for example, MC-val-cit (ve)-PAB-MMAE, in DMSO, is
dissotved in acetoniwile and water, and added i the chilled reduced amtibody 1 PBS. Afier an hour incubation. an
e¢xcess of maleimide s added 10 quench the reaction and cap any unreacted antibody thiol groups, The reaction
mixture is concentraled by cemtrifugal ulrafiltration and the antibody drug conjugare, is purified and desalted by

elution through G235 resiv in PBS, filtered through 0.2 um filters under sterile canditions, and frozen for storage.



[0908] Antibody drug conjugates (using anti-CD79b antibodies deseribed herein} were diluted a1 2 x 10
ug/ml in assay medium. Conjugates were linked with crosstinkers SMCC (alternative disuifide linker may be used
for SPP 10 maytansinoid DM toxin) {See US 2005/0276812 and US 2005/0238649). Further, conjugates may be
linked with MC-vaiine-citrulline (vc)-PAB or MC 1o delastatinl0 derivatives, monomethylaunstatin E (MMAE)
toxin or monomethylauristatin F {MMAF) 1oxin {See US Application Nos. 11/141,344, filed May 31, 2005 and 1S
Application No. 10/983.340, filed November 5, 2004). Negative controls included HERCEPTING {(trastuzumab)
{anti-HER2) based conjugates (SMCC-DM1 or SPP-DM1 or MC-ve-MMAE or MC-ve-MMAF). Positive controls
may melude free L-DM1 equivalem to the conjugate loading dose. Samples were voriexed 1o ensure homogenous
mixture prior o dikrtion.

(09097 Ani-CD79b amtibodies for drug conjueation included chimeric MAT9b antibodics {chMAT9b)
and huMA79b L2/H3 antibody variam and huMA79b.v17, huMA79b.v18, luMA79b.v28 and BuMAT9b v37
described berein {see Example 1). Further antibodies for conjugation may include any antibodies described herein

{s¢e Example I}.

EXAMPLE 3: I Fivo Tumer Cell Killing Assay

A. Xenografis

[0910] To test the efficacy of IgG variants of MA79b-grafied “humanized” antibody varienis having
changes m HVR-L2 and HVR-H3 (luMA75b L2/H3), the huMA 795 L2/H3 variant was conjugated to DM and the

effect of the conjugated variant on mimors in mice were anatyzed,

{0911] Specifically, the ability of the amibodies 10 regress tumors in multipie Xenograft models,
mciuding RAMOS cells, BIAB cells (Burkit!'s lymphoma cell line that contain the 28 ) pl12:924) IGK-MYC)
trapslocation, a mutated pS3 gene and are Epstein-Barr virus (EBV) negative) {Drexler, HG., The Leukemio-
Lymphoma Cell Line Facts Book, San Dicge: Academic Press. 2001)), Granta 519 cells {mantle cetl Iymphoma cell
line that contains the 1(11;14)a13:432) (BCLI-JGH) translocation that results in the over-expression of cyelin D1
(BCL1), contains P16INK4B and P16INK4A deletions and are TRV positive) (Drexler, H.G.. The Leukemia-
Lymphoma Cell Line Facts Book, Ssn Diego:  Academic Press, 2001y, UJ698M cells (lymphoblagiic
lymphosarcoma B cell tine; (Drexler, H.G., The Leukemia-Lymphoma Cell Line Facis Book, San nego: Academic
Press, 2001) and DoHH2 cells (follicular lymphomsa cell line that comains the translocation characteristic of
follicular tymphoma 1{14;18)g32;:q21) that results in the over-expression of Bel-2 driven by the Ig heavy chain,
contains the PI6INK4A deletion, comains the 8;14)q24:q32) (IGH-MYC) translocation and are ERV negative}
(Drexier, H.G., The Leukemia-Lymphoma Cell Line Facts Book, San Diego: Academic Press, 2001)), may be
examined.

{0912] For apalysis of eflicacy of MA79b-grafied “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 BJAB-luciferase cells or Granta-519 cells via injection into the flanks of CB17 ICR SCID mice and the
xenografl umors were allowed 10 grow 1o an average of 200 mm®. Day ¢ refers 1o the day the tumors were an
average of 200 mm’® and when the firstor only dose of irealment was administered, unless indicated specifically
helow. Tumor volume was caleulaied based on two dimensions, measured using calipers, and was expressed in
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mm’ according to the formula: V= 0.5a X b where a and b are the iong and the short diameters of the tumor,
respectvely. Data collected from each experimental group were expressed as mean + SE. Groups of 10 mice were
treated with 2 single intravenous (i.v.) dose of betwsen 50 pe and 210 g of antibody-linked drug/m” mouse
(corresponding 1o ~1-4 mg/kg of mouse) with MAT9h-grafied “humanized” antibody variants or conirol antibody-
drug conjugates. Tumors were measured either once or twice a week throughout the experiment. Body weights of
mice were measured either once or twice a week throughout the experiment. Mice were euthanized before twmor
volumes reached 3000 mm’ or when tumors showed signs of impending ulceraton. All animal prowcols were
apprévcd by an Institutional Animal Care and Use Commitiee (IACUC),

[0913] Linkers between the amibody and the toxin that were used were thioether crossiinker SMCC for
DML, Additonal hinkers may include disulfide linker SPP or thioether crosslinker SMCC for DM ar MC or MC-
valine-cimutline(ve)-PAR or (2 valine-citruliine {ve)) dipeptide tinker rezgent} having 2 maleimide component and
a para-aminobenzylcarbamoyl (PAB) self-immolative component for monomethylauristatin £ (MMAE) or
monomethylauristan F (MMAF}.  Toxins used were DM,  Additional 10xins may include MMAE or MMAF,

[0914] CD79b amibodies for this experiment included chimeric MA79h {chMA79b) antibodies as
described im US Application No. 11/462.336, (iled Angust 3, 2006 as well as MAT79b-grafied “humanized™ antibody
variants described berein (se¢ Example 1A). Additional antibodies may include commercially available antibodies,
including anti-CD79b antibody, and MA79b monoclonal antibodies generated from hybridomas deposited with the
ATCC as HB11413 on July 20, 1963,

[0915] Negative controls included anti-HER2 (HERCEPTING (trastuzumab)) based conjugates (SMCC-
DM

B. Results

1. BJAB-Luciferase Xenografts

[0916] In a 35 day time course with drug comjugates and doses as shown in Table 8, MA79b-grafied
“humanized” antibody variam L2/H3 (huMA79h L2/H3 variant) (reformaned as 1gG) and chimeric anti-CH7%h
antibody (chMA79b) comjugated te DMI  {huMA79 L2/H3-SMCC-DM1  and ¢hMAT79b-SMCC-DMI,
respectively), showed inhibition of tumor growth in SCID mice with BIAB-luciferase tumors compared 1o negative
control, HERCEPTING: {frastuzumab)-SMCC-DM! (ami-HER2-SMCC-DM D). ADCs were administered in a
single dose (as indicated in Table 9) at day 0 for all ADCs and comrols. Specifically, the huMA79b L2/H3-SMCC-
DML antibodies (reformatied as igG) and chMA 79b- SMCC-DM significantly inhibited wumor growth (Figure 20).
Further, 1 Table 9, the number of mice out of the 1otal number of mice tested showing PR = Partial Regression
(where the tumor volume at any time afier administration dropped below 50% of the wumor volume measured a1 day
G} or CR = Compiete Remission (where the tumor volume at any time after administration dropped to 0 mm’) are

indicated.
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Table &

Aapfibody administered (Treatment) PR CR | Dose Dose Ab [5rug
Drug - | (mg/key ratig
PM1 {Drug
{pre/m™) /Ab}
Control anti-HER2-SMCC-DM1 0/10 | 0710 | 100 2 3.3
chMAT79b-SMCC-DM1 3710 1 3710 | 100 24 29
chMAT9b-SMCC-DM] 1716 10710 50 12 29
huMA79b L2/H3-SMCC-DM 1 210 0710 1100 2.9 2.4
buMA79b L2/H3-SMCC-DM 0710 10710 | 56 e 2.4

2. Granra-519 Xenografis

(U217} Ina 14 day time course with drug conjugates and doses as shown in Tabie 10, MA79b-grafied
“humamzed” antibody variant 17, varamt 18, variant 28 snd variant 32 (uMAT9b.v17, huMAT79b.vIE,
huMA79b.v28 and huMA79b.v32, respectively) (reformatied as IgG} and chimeric anti-CD79b antibody
{cbMA79b) conjugated to DM {(buMA79b w1 7-SMCC-DM I, TuMA7%b v] §-SMCC-DM1, huMA79b v28-SMCC-
DM, bubA795.v32-SMCC-DM1 and chMA79b-SMCC-DMI, respectively), showed inhibition of turnor growth
m SCID mice with Granta-519 tumors compared 10 negative control, HERCEPTIN® {trastuzumab ) SMCC-DM ]
{ami-HER2-SMCC-DM1). ADCs were administered in a single dose (a5 indicated in Table 10) at day 0 for all
ADCs and conwrols. Specifically, the huMA79b v28-SMCC-DM1, huMA79b.v32-SMCC ~DM1, huMA79b.v]7-
SMCC-DMT and huMA79b.v18-SMCC-DM1 amtbodies (reformatied as 1eG) and c¢hMA795-SMCC-DMi
significantly inhibited tumor growth (Figure 21A),

Further, reatment with huMA79b v28-SMCC-DM1, huMA 795 v32-SMCC -DM1, huMA79b . v17-SMCC-
DM1, huMA79b v18-SMCC-DM! and ¢chMA795-SMCC-DM! and control HERCEPTING (trastuzinmab)-SMCC-
DM (anti-HER2-SMCC-DM 1} did ot result in & 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 lesled showing PR = Partial Regression
{where the tumor volume at any time after admministration dropped below 50% of the tumor volume measured at day
0) or CR = Complete Remission (where the tumor volume at any time after administation dropped 10 G mm’) are

mdicated.



Table 10

Antibody administered (Treatment) PR | CR Daose Dose Ab Drug

Drug - (mg/kyg) ratio

DM (Drug

(rg/m’) /Ab}
Control anti-ITER2-SMCC-DM G101 6710 8 4 34
chMA 796-SMCC-DM1 0710 1 0710 | 107 2 36
chMA79b-SMCC-DM1 10 | 0710 213 4 3.6
huMA79b.v17-5MCC-DM1 0410 | /10 207 4 34
MA79b.v18-SMCC-DM} 4710 ¢ 6/10 196 4 3.3
MA79b.v28-SMCC-DIML G710 1 0410 101 2 34
huMA?Qb.v?.S-SMCC-DMI 2710 1 2710 202 3 34
buMA 7% v32-SMCC-DM} 010 | 0730 172 4 28

[0918] In light of the ability of MA7Sh-grafied “humanized” amibody ADCs 10 significantly inhibit
fumor progression in xenografis, CD795 molecuies may be excellent targets for therapy of mmors in mammals,
including B-cell associaied cancers, such as lymphomas (i.c. Non-Hodgkin’s Lymphoma], leukemias (i.e. chromc
tymphocytic leukemia), and other cancers of hematopoietic cells. Further, MA7Sb-grafled “humanized” AIXs are
uscful for reducing in vive tumor growth of tumors, incloding B-cell associated cancers, such as lvmpbomas {ie.
Non-Hodgkin's Lymphoma}, leukemias (ie. chronic lymphocytic leukemia), and other cancers of hematopoietic
cells.

EXAMPLE 4: D790 Antibodv Colocalization

[10919]  To determine where MA7Sb-grafied “humanized” antibodies and antibody variants are delivered
upon imemalization into the celt, colocalization studies of the ant-CD79b antibodies internalized mio Becell iines
may be assessed in Ramos cell nes. LAMP-1 is 2 marker for late endosomes and lysosomes (Kleijmeer ef al |
Journal of Cell Biology, 139(3): 639-649 (1997): Hunziker et al, Bioessays, 18:379-389 (1996): Mellman et al.,
Annu. Rev. Dev. Biology, 12:575-625 (1996)), including MHC class II compariments {MIICs), which is 2 late
endosome/tysome-like compartment. HLA-DM is s marker for MIICs,

[0920] Ramos cells are incubated for 3 hours at 37°C with 1 pgiml MA79b-grafled “humanized”
anttbodies and antibody variants, FcR block {Miltenvi) and 25pe/ml Alexab47-Transferrin {Molecular Probes) in
complete carbonate-free medium (Gibeo) with the presence of 16ug/ml leupeptin (Roche) and SuM pepstalin
{Roche} o inhibit lysosmal degradation. Cells are then washed twice, fixed with 3% paralormaldebyde (Eleewon
Microscopy Sciences) for 20 minuies at room lemperature, quenched with 50 mM NH4CI (Sigma), permeabilized
with (-.4% Saponin/2% FES/1% BSA for 20 minutes and ther incubated with 1 pe/ml Cy3 anti-mouse (Jackson
Immunoresearch) for 20 minutes. The reaction is then blocked for 20 minutes with mouse 12G (Molecular Probes),

followed by a 30 mimne incubation with Image-iT FX Signal Enhancer (Moletular Probes). Cells are finally
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incubated with Zenon Alexad88-tabeled mouse anti-LAMPI (BD Pharmingenj, @ marker for both lysosomes and
MIC (2 lysosome-tike compartment thar is part of the MBC class II pathway). for 20 minues, and post-fixed with
3% PFA. Cells are resuspended in 204 saponin buffer end allowed 10 adhere 1o poly-tysine {Sigma) coated slides
prior fo mounlng a coverglass with DAPI-containing VectaShield (Vector Laboratories). For immunofiuorescence
of the MilC or tysosomes, cells are fixed, permeabilized and enhanced as above, then co-stained with Zenon laheled
Alexa355-HLA-DM (BD Pharmingen) and Alexad88-Lampl in the presence of excess mouse 1gG as per the
manufacturer’s msiructions (Molecular Probes).

[0921]  Accordingly. colocalization of MA79b-grafied “bumanized” antibodics or antibody variants with
MIKC or lysesomes of B-cell lines as assessed by immunofluorescence may indicate the molecules as excellem
agenis for therapy of wmors in mammals, meluding B-cell associated cancers.,. such ag lymphomas (ie Non-

Hodgkin's Lymphoma), leukemias (i.e. chronic lvmphocyiic leukemia), and other cancers of hematopoietic celis.

EXAMPLE 3. Prepamation of Cvsteine Enoineered Ant-CD79b Antibodies

[0922}  Preparation of cysteine engineered anti-CD79b antibodies was performed ag disclosed herein.

[0923] DNA encoding the MA?Qb'antibody (light chain, SEQ ID NO: 4, Figure 4; and heavy chain, SEQ
ID NO: 5, Figure 5), was mutagenized by methods disclosed herein 1o modify the light chain and heavy chain.
DNA encoding the MA79b antibody (heavy chain, SEQ ID NO: 5; Figure 5) may also be muizgenized by methods

disclosed herein to modify the Fo region of the heavy chain.

[0924] DNA encoding the huMA79b.v17 antibody (heavy chain. SEQ ID N 304, Figure 15) was
mutagenized by methods disclosed herein 10 modify the heavy chain. DNA encoding the luMA79b.v1 7 antibody
(tight chain, SEQ ID NO: 303; Figure 13; and heavy chain, SEQ ID NO: 304; Figure 15), may also be mutagenized

by methods disclesed berein to modify the light chain or the Fe region of the heavy chain

f0925] DNA encoding the huMA79b.v18 antibody (heavy chain, SEQ ID NQO: 306, Figure 16) was
mutagenized by methods disclosed herein to modify the heavy chain. DNA encoding the uMA79b.v18 anibody
{light chain, SEQ ID NO: 305; Figure 16; and heavy chain, SEQ ID NO: 306: Figure 16), may also be mutasenized

by methods disclosed herein to modify the light chain or the Fe region of the heavy chain,

[0926] DNA epcoding the huMA79b.v28 antibody (heavy chain, SEQ ID NO: 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 methods disclosed herein to modify the light chain or the Fe region of the heavy chain

[0927] DNA encoding the huMA79b.v32 antibody (light chain, SEQ ID NO: 310, Figure 18; and heavy
chain, SEQ ID NO: 309, Figure 18) may be mutagenized by methods disclosed herein 1o modify the light chain and
heavy chaim.

[0928] DNA encoding the anti-cyno CD79b antibody {(light chain, SEQ ID NO: 241; Figure 45 and

heavy chain, SEQ 1D NO: 243, Figure 47}, was mutagenized by methods disclosed herein fo mod:fy the lght chain
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heavy chain. DNA encoding the anti-cyno CD79%b antibody ( heavy chain, SEQ Iy NCx: 243, Figure 473, may also

be mutagenized by methods disclosed herein 1o modify the Fe region of the heavy chain.

[0929] In the preparation of the cvsieine engneered anti-CD7% antibodiss. DNA encoding the hght
chain was mutagenized 1o substinne cysteine for valine at Kabat position 205 in the light chain (sequential posilion
209} as shown in Figare 27 (light chain SEQ ID NO: 235 of MA79b thioMAb) and Figure 49 (light chain SEQ ID
NO: 300 of thioMAb anti-cyno CD79h (¢h1OD16)). DNA encoding the beavy chain was mutagenizad 1o substinge
cysteine for alanine at EU positon 118 in the heavy chain (sequential position 118; Kabat number 114Y ag shown in
Figure 48 (heavy chain SEQ 1D NO: 244 of thioMAb anti-cyno CD79% (chi0DI10) antibody). Figure 28 (heavy
cham SEQ ID NO: 236 of MA79b thiocMAb), Figure 24 (heavy chain SEQ ID NO: 228 of thisMAb buMA79h v1 71,
Figure 25 (heavy chain SEQ ID NO: 230 of thioMAb HMAT95.vI8) and in Figwre 26 {heavy chain SEQ ID NO:
232 of thioMAb huMA79b.v28). The Fe region of anti-CD79b antbodies may be muiagenized to substitule
cysteine for serine at ZU position 400 in the heavy chain Fc region (seguential position 400; Kabat number 396} as

shown in Table 7-4.

A. Preparation of cysteine engineered anti-CD79b ansibodies Jor conjugation by reduction and

reoxidation

[0930} Full fength. cysieine engineered anti-CD79h monocional antibodies (ThioMabs) expressed in
CHO cells and purified on a protein A affinity chromatography foliowed by a size exclusion chromatography. The
purified antibodies are reconstimied in 506mM sodium borate and 500 mM sodium chioride 2t abow pH .0 and
reduced with about a 50-100 fold molar excess of 1 mM TCEP (tris(2-carboxyethyl)phosphine hvdrochloride; Gez,
et al {1999) Anal. Biochem. Vol 273:73-80; Soltec Venzures, Beverly, MA) for aboot 1-2 hrs ar 37 *C. The reduced
ThioMab is diluted and loaded onio a HiTrap S column m 10 mM sodium acetate, pH 3, and eluted with PRS
containing 0.3M sodium chloride. The eluied reduced ThioMab is treated with 2 mM debydroascorbic acid {dbAA)
at pH 7 for 3 bours, or 2 mM aqueous copper suifate (CaSO,) at room temperature overnight,  Ambieny air
oxidation may also be effective. The buffer is exchanged by elution over Sephadex G25 resin and eluted with PBS
with {mM DTPA. The thiol/Ab value is estimated by determining the reduced antibody concentration from the
absorbance at 280 nm of the sotution and the thiol concentration by reaction with DTNB ¢Aldrich. Milwaukee. WTj

and determination of the absorbance 21 412 nm.

EXAMPLE &: Preparation of Cvsieine Eneinecred An-CD79% Antbody Drug Conueates hv Conjugation of

Cysieine Engineered Anti-CID79b Antibodies And Drue-Linker Intermediaies

[0931] Afier the reduction and reoxidation procedures of Example 3, the cysteine engineered ani-CD79%
antibody is reconstiluted in PBS {phosphate buffered saline) buffer and chilled on ice. Abowt 1.5 molar equivalents
relative 1o engineered cysteines per antibody of an aurgiatin drug linker intermediate, such as MC-MMAE
{(maleimidocaproyi-monomethyl auristatin E), MC-MMAF » MC-val-cit-PAB-MMAE, or MC ~val-cit-PAB-MMAF,
with a thiol-reactive functional group such as maleimido, is dissolved in DMSO, diluted in acetomitrile and water,

and added to the chilled reduced. reoxidized amibody in PBS. After about one hour. ap excess of maleimide 1s



added 1o quench the reaction and cap any unreacted antibody thiol groups. The reaction mixture is concenirated by
centrifugal ultrafiltration and the cysieine engineered ant-CD79h amibody drug conjugate is purified and desalled

by elution through (25 resin in PRS, filiered through 0.2 ym filters under sterile conditions. and fozen for slotage,

[0932] Preparation of huMA?.‘}b,\-"lS—HC(AI}SC) ThioMAb-BMPEO-DM1 was performed as follows.
The fres cysteme on huMA790.vI8-HC(A118C) thioMAb was modified by the bis-maleimide reagent BM(PEOY
(Pierce Chemical), leaving an unreacied maleimido group on the surface of the antibody. This was accomphshed
by dissolving BM(PEO)3 in a 50% ethanol/water mixiure 1o & concentration of 10 mM and adding a tenfold molar
excess of BM(PEO)YS 10 2 solution containing huMAT79b v18-HC{AT18C) thioMAD in phosphate bulfered saline ar
& concentralion: of approximately 1.6 mg/nit (10 misromolary and atlowing it fo react for 1 hour. Excess BM(PEOR
was removed by gel filtration (HiTrap column, Pharmacia) iz 30 mM cirate, pH 6 with 130 mM NaCl buffer. An
approximate 10 fold molar excess DM dissolved in dimethyl acetamide (DMA} was added 10 the huMA 795 v] &-
HC(A118C) thioMAB-BMPEQ intermediate. Dimethytformamide (DMF} may also be emploved to dissolve the
drug moiety reagenl. The reaction mixture was aliowed 1o react overnight before gel filwation or dialysis inle PRS
fo remove unreacted drug. Gel filtration on S200 columns in PBS was used 1o remove high molecular weighi
aggregates and furnish purified huMA79b.v1§-HC(A118C) thioMAbB-BMPEO-DM1.

[0933] By the same protocols, thio control hu-amti-HER2-HC{Al 18CY-BMPEO-DM]1, thic contol hu-
anti-HER2-HC(A118C)-MC-MMAF, thio contol hu-ami-HER2-HC(AL18C)-MCvePAB-MMAE and 1hie contro}
anti-CDI2-HC(A T 18C)-MC-MMAF were generated.

{0934] By the procedures above, the following cysteine engineered anti-CD79h antibody drug conjugates
(TDCs) were prepared and tested:

Lo thio buMA79 vI8-HC(A118C)-MC-MMAF by conjugation of Al18C thio huMAT9b.viE.
HC(A118C) and MC-MMAPF,

2. thic huMAT79b.vIB-HC(ALI8C)-BMPEG-DMI1 by conjugation ¢f A118C thioc huMA79b.vig-
HC(A118C) and BMPEQ-DMI;

3. thio huMA79b.v18-HC(AT18CH-MCVePAR-MMAE by conjugation of A118C thio huMA79b vig-
HC(A118C) and MC-val-cit-PAB-MMAE:

4. tho haMA79 v28-HC{ALIBC)-MC-MMAF by comugation of Al18C thio huMA79h v28.
HC{A118C) and MC-MMAF;

5. thio huMAT79b v28-HC(A118C)-BMPEO-DM1 by conjugation of thio huMA79H.v28-HC(A 1 18C) and
BMPEQ-DM1;

6. thio huMA79h v28-HC(A118C)-MC-val-cit-PARB-MMAE by conjugation of thio huMA79h 28~
HC{AT18C) and MC-val-cit-PAB-MMAE;

7. thio anli-cynoCD7%9%b (chlODI0)-HC(ALISC)-MC-MMAF by copjugation of A11RC thio anti-
cynoCD79% (ch10D10)-HC(AT18C) and MC-MMAF;



8 thie anti-cynoCDT9h (¢h10ODIOHC(A118C)-BMPEO-DMI by conjugation of A118C thic anti-
cynoCD79 (ch10D10-HC(AT18C) and BMPECG-DM]

9. thio anti-eynoCD79 (chIODIOFHCIATIRC)-MCVePAB-MMAE by conjugation of A118C thio anti-
eynoCD79b (ch1UD10)-HC(A118C) and MC-val-cit-PAB-MMAE;

10. thio MA79b-HC(A118C)-MC-MMAF by conjugation of thio MA79-HC(ALI8C) and MC-MMAF:

and

11. 1hic MA79B-LC(V205C-MC-MMAF by comjpugation of thio MAT79b-LC(V205C) and MC-MMAF,

EXAMPLE 7. Characterivation of Binding Affinitv of Cvsieine Engmeered ThioMAb Dime Contueates 10 Cell

Surface Anticen

[0935] The binding affinity of thio huMA79b.v1&, thio huMA79h.v28 drug conjugates and thio MA79h
drug comjugates 0 CD79b expressed on BIAB-luciferase cells was determmined by FACS analysis. Further, the
binding affnity of thie anti-cynoCD79h(ch 10010 drug conjugates o CD79b expressed on BIAB cells EXPIessing
cynoCD79b was determined by FACS analysis.

[0936] Briefly. approximately 1x10° cells in 100 pl were contacted with varying amounts (1.0 pg, 01, ug
or 0.01 ug of Ab per million celis of BJAB-luciferase cells or BIAB cells expressing cynoCD79b (for anti-
cynoCD79b thioMAbs)) of one of the following anti-CH79b thioMAb drug conjugates or naked (unconiugated Ab
as a controi}: (1) thio MAT9b-LC(V205CH-MC-MMAF or (2) thio MAT9-HCA T 8C)-MC-MMAF (Figures
29A-B, respectively); (3) thio huMA79% .v1§-HC(AT18C)-MC-MMAF, (4) thio huMA79b.v18-HC{AT18C)-MC-
vePAB-MMAE or (5} thio huMA79b v18-HC(AL I8CH-BMPEO-DM} (Figures 30B-D, respectively);  (6) thio
huMA79b.v2E-HC(AT18C)-MCvcPAB-MMAE, (7) thio huMA795.v28-HC(A]18C FBMPEG-DMI, or (8) thio
huMAT79b.v28-HC(ALI8CH-MC-MMAF  (see  Figures 31B-31D, respectively),  or  (9)  thip  anti-
cynoCDb79(chOD10}-HC(ALIRC)-MCVePAB-MMAE,  (10)  thio anti-cynoCD79b{ch 10T16)-HC(AL18C)-
BMPEO-DM!L or (11) thio anti-cynoCD79b{ch10D10-HC(AL 18C-MC-MMAF  (sec Figures 32B-32D,

respectively). PE conjugated mouse anti-human lg was used zs the secondary detecting antibody (BD Cat#s55 787},

{0937]  Anti-CD79b antibody bound to the cell surface was detecied using PE conjugated mouse anti-
buman Ig. The plots of Figures 29-32 indicate that antigen binding was approximately the same for all of the

1hioMAb drug conjugates tested.

EXAMPLE 8: Assav for In Vitro Cell Proliferation Reduction by Anti-CD79h ThioMzb Drue Conjucates

[0938] The in virro potency of anti-CD79b ThioMAb-drug cotjugates {including thio BUMA79h v]8-
HC(ALIBC)-MCMMAF, thio  bhaMA79b.v28-HC(A118C)-MCvePAB-MMAE  and thio  huMA79%.v1E-
HC(A11BC)-BMPEQ-DM1 ), was measured by a cell profiferation assay (Figure 41A, BIAB-luciferase; Figure 415,
Grama-519; Figure 41C, WSU-DLCL2). The CeliTiter-Glo® Luminescen Cell Viability Assay is a2 commercially

available (Promegz Corp., Madison, WI), homogenzous essay method based on the recombinant expression of
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Coleoprera luciferase (US 5583024; US 5674713; US 5700670, This cell proliferation assay determines the
number of viable cells in eulture based on quantitsiion of the ATP present, an indicator of metabolically active cells
(Crouch et al., J. Immunol Matho., 168: 2188 {19937; US 6602677y, The CeliTiter-Glod Assay was conducied in
%6 well format, making 1t amenable 10 automared high-throughput screening (HTS) (Cree et al., AntiCancer Dirugs,
6:396-404 (1995)). The homogeneous assay wrocedure involves adémg the single reagent (The CellTier-Glo®

Reagent) directly 1o cells cultured in serum-supplemented medium.

.[0939] The hamogeneous “add-mix-measure™ format results in cell tysis and generation of a luminescent
signal proportional 1o the amount of ATP present, The substrate, Beetle Luciferin, is oxidatively decarboxylated by
recombinant firefly hiciferase with concimatant conversion of ATP to AMP and generauen of photons, Viable cells
are reflected in relative lominescence units (RLU). Data can be recorded by luminemeier or CCD camera imaging
device. The luminescence output is presented as REU, measured over time. %RLU is normalized REU percentage
compared 10 a “non-drug-conjugaie™ control. Alternatively, photons from luminescence can be counted in a
scintillation counter in the presence of a scimillant, The light units can be represented then as CPS (counts per

second).

[0940] Efficacy of thioMAb-drug conjugates were measured by 2 cell proliferation assay employing the
followmg protocol, adapied from CeliTiter Gio Luminescent Cell Viability Assay, Promega Corp. Technical

butletin TB288; Mendoza et al, Cancer Res., 62: 3485-5488 ( 2002y

L. An aliquot of 40 ul of cell culture containing about 3000 BIAB, Granta-519 or W SU-DLCL2
cells in medium was deposiled in each well of 2 384-well, opaque-walled plate.

2 TDC (ThioMab Drug Conjugate} (10 1) was added 10 quadruplicate experimental wells 1o fipal
concentration of 10000, 3333, 1111, 370, 123, 41, 13.7. 4.6 or 1.5 ng/mlL., with "ron-drug conjugaie” control wells
receiving medium atove, and incubated for 3 days.

The plaies were equitibrated 10 room temperaiure for approximately 30 minutes.
4, CeliTiter-(Glo Reagent {30 1) was added.

The conients were mixed for 2 minules on an orbital shaker to induce cell lysis,

2

th

6. The plate was incubated at room temperature for 10 minutes to stabilize the luminescence signal.

Luminescence was recorded and reported in graphs as %RLU (relative luminescence units}.

~t

Data from cells incubated with drug-conjugate-free medium were plotted at .51 ng/ml.
Media: BJAB, Granta-519 and WSU-DLCL2 cells grow in RPMI1640/10%FRS/>mM glutamine.

EXAMPLE &: Assav for Inhibition of In Vive Tumor Growth bv Anti-CT¥79b ThioMab Druge Conjueates

A, Grania-319 (Human Mantle Cell Lymphomaj

(09411 In a similar study, nsing the same xenpgraft study protocol as disclosed in the Example 3 {see
above}, varying the drug conjugaies and doses adminisiered, the cfficacy of thioMAb drug conjugates in Granta-319
xenografts (Human Mentle Cell Lympboma) in CB17 SCID mice was studied. 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 comtrol Ab was hu-anti-HER2-MC-MMAF or MA795-MC-MMAF. The control
HCALISC) thioMAD was thio hu-anti-HER2Z-HC{A} 18C-MMAF thioMAb. The results are shown in Tahle 1]
and Figure 33

{0943} Figure 33A is a graph plotting ch;mgcé in mean wmor volume over time in the Granta-519
xenografl m CB17 SCID mice treated with the heavy chain A118C or hght chain V205C ans-CD79h TDCs, at
doscs as shown in Table 11, Specifically, administration of thio chMA79-HC(A118C)-MC-MMAF and thio
chMA 795-LC(V205C)-MC-MMAF showed inhibition of tumor growth when compared o the negative conrols
(anti-hu-HER2-MC-MMAF and thi0~hu—antj-}~1ER3—HC(Al18C}~MC—MMAF. Other comtrols included MA79h-
MC-MMAF.

[0944] Further, in the same study, the pereent body weight change in the first 14 days was determined in
cach dosage group. The resulis (Figure 33B) indicated adtninistration of these thioMAb drug conjugates did not

result in a significant decrease in percent body welght or weight loss during this time.

[0945] Even further, in Table 11, the number of mice out of 1he total number tested showing PR = Partial
Regression (where the tumor volume at any time afier administration dropped below 50% of the Tumor volume
measured at dey 0) or CR =~ Complete Remission (where the tumor volume at any tite after administration dropped

1o 0 mm®) are indicated and NA = not applicable. (DAR =Drgto Antibody Ratio)

Table i1
In Vive Tumer Volume Reductior,
Thig chMAT795-HC(AT18C) or thio cEMATOL-1O(V2050) MMAF Conjugaie Administration
In Granta-519 Xenogzafis in CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR

MMAF {mufke) {Drug

(ng/m?) /AbY
Control hu-anli-HER2-MC-MMAF 8 | o8 413 68 4.0
Thio Control hu-anti-HER2Z-HC(AT 18C-MC-MMAF | 079 Lo TS 6.8 1.85
Control chMA795-MC-MMAF T o 100 23 30
Control chMA79b-MC -MMAF 89 1/9 300 68 3.0
Thio chMA79b-HC(AT18C)-MC-MMAF 0/8 | 0/8 63 23 19
Thio chMA795-HC(A118C)-MC-MMAF 419 17079 190 6.8 19
Thio chMA79b-LC(V205C)-MC-MMAF 0/8 l 0/8 60 23 18
Thio ¢hMA79b-LC(V205C1-MC-MMAF 305 ; 4/9 180 6.8 1.8

37



B. BJAB-Luciferase (Burkit’s Lymphoma) Xenografis

[0946] In a similar study, using the same xenografi study protocol as disclosed in Example 3 (above),
varving the drug conjugates and doses administered, efficacy of additional drug conjugates were tested in BIAB-
luciferase xenografis (Burkitt's Lymphoma) in CB17 SCID mice. The drug conjugates and doses (administered at
day 0 for all ADCs and controls) are shown in Table 172, below.

[0947} The conwrol antibody was huMA79b.v28 (conjugated to SMCC-DM1I). The control HO (A118C)
thioMAb was thio hu-ant-HERZ-HC(A118C) aatibody thioMAb (conjugated to BMPEO-DM1, MC-MMAFT or
MCvePAB-MMAE), thic huMA79b.v28-HC(AI18C) thioMAb or thio h-anti-CD22(10F4v3 --HO(ATT8C)
hioMAb (conmegated to MC-MMAF}. The results are shown in Tablc 17 and Figure 34, below.

{0948] Figure 34A is 2 graph ploting changes in mezn tumor volume over time n the BIAB-luciferase
xenografls it CB17 SCID mice treated with the huMA79b v28-HCIA L 18C) hioMAD drug conjugales as shown in
Table 12, Specifically, administration of the thio hnl\&&?%.vzg-HC(AliSC}—BMPE{)—DML thio-huMA 79h.v28-
HC(ATIBCP-MC-MMAF and thio huMA79b.v28-HC{A118CH-MCycPAB-MMAE thioMAb drug conjugate
showed an inhibition in wmor growth when compared 1o the negative control antibody drug conjugates (thio-u-
ani-HER2-HC(A118C)-BMPEO-DMI,  thio-hu-anti-HER2-HC(A18CIMC-MMAE  and thio-hu-anmii-HER3-
RC(ATIBC)-MCvcPAB-MMAE),  Other controls were thio-huMA79b. v28-HC(A118C), huMAT79h v28-SMCC-
DM1 and thio-hy-anti-CD22(10F4v3)-HC(A 11 8C)-MC-MMAF.

[0949]  Further, in the same swdy, the percent body weight change in the first 7 days was determined in
each dosage group. The results (Figure 34B) indicated adminisiration of these thioMAb drug conjugates did not

cause a significanmt decrease in percent body weight or weight loss during this time.

[0950]  Even further, in Table 12, the number of mice ow of the 1otal number lesied showing PR = Panial
Regression (where the wmor volume at any tire afier administration dropped below 50% of the Tamor volume
meagured at day 0} or CR = Complete Remission (where the tumor volume at any ume after administration dropped

to 0 mm”) are indicated and NA = not applicabie. (DAR = Drug 1w Antibody Ratio)
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Table 12
In Vive Tumor Volume Reduction,
The HUMAT9b v28-HC(A118C) MMAE, MMAF, and DM Conjugate Admimisiration
In BIAB-Luciferase Xenografts in CB17 SCID Mice

Antibody administered PR CR Dose Dose Ab DAR |
MMAF, {mg/ie) {Drug
MMAE /Ab)
or DM 1
(ng/m®)
Thio Control hu-amsi-HER2-HC(A] 1 8C)-BMPEGO- | 010 | 0710 57 3 1.86
DM '
Thio Control bu-ami-HERZ-HC(ALL8C-MC- 1710 | 0710 5§ 2 19
MMAF
Thic Control bu-anti-HERZ-HCA118C)- 0/10 | @10 1 46 2 1.53
MCvePAB-MMAE
Control huMA79b v28-SMCC-DM]1 210 | 3710 101 3 34
Thic luMA79b v28-HC(A 1 RC-BMPEC-DM 1 310 | 210 55 2 1.85
Thic hluMA79b.v28-HC{A L 18C -MC-MMAFE 0/10 | 16710 | 59 7 1.95
Thio luMA79b.v28-HC(A118C)-MCvoP AD- 0710 | 10710 54 2 1.87
MMAE
Thio Control buMA79.v28-HC(A118C) 0710 | /10 NA 2 NA
Thio Control hu-anti-CD22{10F4v3-HC(Al 1RC)- 1716 | 410 30 . 2 1.96
MC-MMAF

C WSU-DLCL2 (Diffuse Large Cell Lymphoma) Xenografis)

[0951] In a similar study. using the same xenograft study protocol as disclosed in the Example 3 (see
above), varying the drmg conjugates and doses administered, the efficacy of thioMAb drug conjugates in follicular
lymphoma WSU-DLCL2 xenografis (Diffuse Large Cell Lymphoma} @ CB17 SCID mice was swdied. The drug

comjugates and doses are shown in Table 13, below.

f0952] The conwol antibody was hubMA79b v28 (comjugated o SMCC-DM1). The control HC(ALIBCY
thioMAb was thic hu-enti-HER2-HC{A118C) antibody thioMAb (conjugated to BMPEO-DM], MC-MMAF or
MCvePAB-MMAE), thio huMAT79h.v28-HC(A118C) thioMAb or thio anti-CD22 10F4v3-HC{A118C) thioMAb
{eomjugated w0 MC-MMAF). The results are shown in Table 13, below.

{0953] Figure 35A is a graph plotting changes in mean tumor volume over time in the WSU-DLCL2
{Diffuse Large Cell Lymphoma) xenograft in CB17 SCID mice treated with the heavy chain A118C anti-CD7%h
TDCs, a1 doses as shown in Table 13, Specificaliy, administration of thio buM A79b v28-HC(A118C)-BMPEQ-
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DMI. thioc RMAT9.v2E-HC{ATIRCH-MC-MMAF and thio huMA79b v28-HC(A118CH-MCvcPAB-MMAE
showed imhibition of tumor growth when compared to the negative controls {1héo~hu—ami*HER2—HC{Al18C‘.)~
BMPEO-DM 1. thio-hu-anti-HERZ-HC(A L I8CH-MC-MMAF, thio-hu-anti-HER2-HC(ATIRC FMCvePAB-MMAE,
thio-huMA 79 v28-HC(ALIRC)).  Other comtrols  included thio-BuMAT79b v28-HO(A118C), huMA 79k vI8.
SMCC-DMI and thio hu-anti-CD22(10F4v3)-HC(A L1 8CH-MC-MMAF,

[0954] The thio buMAT79 . v28-HC(AI1BCH-MCvePAR-MMAE TDC appeared to bhe the most

efficacious of the test agents in this stady.

[0955] Further, i the same study. the percent body weight change iz the first 7 days was determined in
cach dosage group. The resulls (Figure 33B) indicated administration of these thioMAb drug conjugates did ot

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 = Parijal
Regression (where the mor volume at any time 2fier administration dropped below 50% of the wmor volume
measured at day 0) or CR = Complete Remission (where the umor volume at any tme afier administration dropped
t0 0 mm’) are indicated and NA = not applicable. (DAR = Drug 10 Antibody Ratio)



Table 13
In Vive Tumer Valume Reduction,
Thio HIMA79b v28-HC(A118C) MMAE, MMAF, and DM Confugare Administration
In WSU-DLCL? Xenografis in CBI7 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR !
MMAF, {mg/lur) {Drug
MMAE /Ab)
or PM1
(pg/mzi
Thio Control hu-aou-HERZ-HC{A]18C - BMPEG. 0710 | 710 114 g 1.86
DM]
Thio Contre] hu-anti-HERZ-HC(A 18C)-MC-MMAE 1 0710 1 6710 I15 ) 1.9
Thio Corntrol hu-anti-HERZ-HC(ALISC )-MCvePAB- | 0710 T 0716 92 4 1.3
MMAE
Control huMA 795 v28-SMCC-DM]1 V10| 0710 | 202 3 34
Thio BuMA79b v28-HC(A 11 8C -BMPEQ-DM 1 0710 | 0710 110 i .83
Thio huMA79b v28-HC(A18C-MC-MMAF 316 | 1710 13 7 1.95
Thio huMA79b.v28-HC(AT18C)-MCvePAB-MMAE | 4710 | 3710 108 7 187
Thic Control BuMA 795 v28-HC(A118C) 0716 | 0710 NA 4 NA
Thio Comtrol 10F4v3-TIC(AL18C)-MC-MMAF 1710 | 0710 118 4 196
Thio Contral luMA79b v25-HC(AT 180) 0710 | 0710 NA ¢ WA

D. DOHH2 (Follicular Lymphoma) Xenografis

[0937] 1In a similar study. using the same xenografl study protocol as disclosed in Example 3 {see above),
varying the drug conjugates and doses administered, the ability of the thioMAb drug conjugates 1o reduce B-cell
umor volume in DOTH2 xenograft models in CB17 SCID mice was studied. The drug conjugates and doses

{adminisiered at day O for all ADCs and controls} are shown in Table 14. below.

[0958] The control Ab was huMA79b.v28 {comjugated to SMUC-DMI). The control HC(ATIRC}
thioMADB was thio hu-anti-HER2-HC(A118C) thioMAb (comjugated to BMPEOQ-DM1, MC-MMAF or MCvePAR-
MMAE), thio BEMAT9b v2E-HC(ATIRC) thioMab and thio hu-ant-CO22-HC(AT18C) (comugated 10 MC-
MMAF}. The results are shown in Table 14 and Figure 36.

[0959] Figure 36A is a graph ploting changes in mean tumor volume aver fime in the DOHH2 ¢ell
xenograft in CB17 SCID mice treated with heavy chain A118C TDCs, al doses as shown in Table 14, Specifically,
administration of the thio BuMAT79b.v28-HCLA118C)-BMPEO-DM1, thio huMA79b v28-HC(A 118C)-MC-
MMAF and thic huMA79b v28-HC(A] ECH-MCvePAB-MMAE thioMAb drug conjugates at the doses shown in
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Table 14 showed an inhibition in tumor gowth when compared o the negative control drig conjugates (Thio
Conrol hu-anti-HERZ2-HC{A118C)-BMPEO-DM1, Thio Control hu-anti-HER2-HC(A L 18C)-MC-MMAF. Thio
Control bu-anti-HER2-HC(A 1 18C-MCvePAB-MMAE. Onher controls included Thio Contral huMAT9b v2§-
HC(ALI8C), Thio Comrot anti-CD22-HC(AT18C)-MC-MMAF apd Thio Control huMAT79b.v28-HC(A118C) and
Control huMA 79 v28-SMCC-DM 1,

{09607 Even further, in Table 14, the number of mice out of the total number tested showing PR = Paruial
Regression (where the umor volume at any tme afier adminiswation dropped bhelow 50% of the tumor volume
measured at day 0} or CR = Complete Remission (where the umor volume at any ume after admimstration dropped

10 0 mm®) are indicated and NA = not applicable. (DAR = Drug to Amibody Ratio}

Table 14
In Vivo Tumor Volume Reduction,
Thio HuMA79b.v28-HC(A118C) DM 1, MMAF and MMAE Conjugate Administration
In DOHH? Xenografls in CB17 SCID Mice

Antibody administered PR CR | Daose Dose Ab | DAR
MMAF or | (mg/kg) | (Drug
DM1 /Ab)
(ng/m”)
Thio Control hu-anti-HERZ-HC(A] 1 8C)-BMPEO-DMT 1079 o9 T1i4 4 186
Thio Corrol hi-anti-HERZ-HCA 118C)-MC MMAE ) 0/ | 115 4 1.9
Thic  Comral  bu-anti-HERS-HC(AT 180 MCveP AR | 079 075 | 92 3 1.55
MMAE
Control BUMA 795 v28-SMCC-DM 1 178 18 | 262 T2 34
Thio buMA 795 v28-HC(A ] 18C-BMPEO-DM] 9 19 (110 4 168
Thio huMA795.v28-HC(A 11 8C)-MC -MMAF 579 4% 115 7 1.95
Thio buMA79b vI8-HC (A 118C) - MCvePAB-MMAE 0/9 99 | 108 z 187
Thio Control FuMA79b, v28-HC(AT18C) 1/ 079 | NA ) NA
Thio Control anti-CD22-HC(AL18C)-MC -MMAF o) GG | 118 7 1.56

E. BJAB-Luciferase (Burkitt’s Lymphoma) Xenografts

[09611 In a similar study, using the same xenograft study protocol as disclosed in Example 3, varying the
antibody drug conjugates and doses administered. the eflicacy of drug conjugates in BIAB-luciferase (Burkitt's
Lymphoma) xenografis in CB17 SCID mice was studied. The drug conjugates and doses (administered a1 day 0 for
all ADCs and controls) are shown in Table 15, below.

[0962] The control anibody was vehicle (buffer (for ADC) alone}. The control HC (Al 18C) thioMAb
was thio hu-anti-HER2-HC{A118C) antibody thioMAb {conjugated to BMPEO-DMI1, MCvcPAB-MMAE or MC-
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MMAF), thioc buMA79.v28-HC{A] 18C) thioMAb or thio apti-CD22 10F4v3-HC(AT118C) thioMAD {conjugated
o MC-MMAF). The resulis are shown in Table 15, helow,

[0963]  Figure 37A is a graph plotting changes in mean wmor volume over time m the BIAB-luciferage
xenografl in CB17 SCID mice treated with the heavy chain Al18C ani-CD79b TDCs, a1 doses as shown in Tabie
13 Specifically, adminisiration of thic BUMAT79b v28-HC(A 11 RCH-BMPEG-DM1. thio huMAT79b v28-
HC(ALIRC)-MCvePAB-MMAE and thio hubfAT9b v28-HCIAL 18CH-MC-MMAF showed inhibition of tumor
growth when compared to the negative conirols (mio-ami—HERQ-HC(A]IRC)nBMPEO-DML thio-anti-HER2-
BCIATISCH-MCvePAB-MMAE, thio-anti-HER2-HC( AL IBCH-MO-MMAF).  Other  comrols  inciuded thio
buMA79h. v28-H(Y A1 8C) and thio-10F4v3-HC(A] 1 8C)-MC-MMAF.

[0964] Even further, in Tabic 135, the mumber of mice out of the wotal number tested showing PR = Partial
Regression (where the tumor volume at any time afier administration dropped below 50% of the aunor voluime
measured at day 0) or CR = Complete Remission {where the tumaor volume at any time afier adminisiration dropped
1o 0 mm’) are indicated and NA = not applicable, (DAR = Drug to Antibody Ratio)
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Table 15
In Vive Tumor Volume Reduction,
Thie HaMA79b v28-HCIAL18C) MMAE. MMAF, and DM Conjugate Adminisiration
In BIAB-Luciferase Xenografis in CB17 SCID Mice

Antibody administered PR | CR Dose Dose Ab DAR |
MMAF, (mg/kg) (Drog
MMAE /Ab}
or PMI
(;zgfmz)
Control vehicle ' 6710 | 6710 NA NA NA
Thic Control bu-anti-HER2-HC{AI18C-BMPEO- | 0710 1 1/10 57 2 1.86
DM
Thio Control hu-ami-HERZ HC(ALL8C)- 0716 | 0710 33 I 1.55
MCvePAB-MMAE
Thio Control hu-anti-HERZ-HC(AL18C)-MC- 0/10 | 0710 29 I 19
MMAF _
Thic huMA79bv28-HC(A118C)-BMPEO-DMI 21610710 27 1 1.85
Thio huMA79b. v28-HC(A118C)-BMPEG-DMI 410 | 010 53 2 185
Thio BuMA795 v28-HC(A] 1 8C)-MCvePAB- 4710 | 1710 27 T 15
MMAE _
Thio huMA70b v28-HC(AT18C -MC-MMAF 38 18 | a8 ] 19
Thio Control UMA 795, v28-HC (AT 18C) 010 | 0770 NA i NA
Thio Control 16F4v3-HC(A] I RC)-MC-MMAF 610 | 1/10 30 I 1,56

F. Grantg-519 (Human Mantle Cell Lymphoma) Xenagrafts

[0965] In a similar study, using the same xenografl study protocol as disclosed in Example 3 (see above) ,
varying the drog conjugates and doses administered, the efficacy of thioMAb drug conjugates in Granta-519
xenografts (Human Mantle Cell Lymphoma in CB17 SCID mice was studicd, The drug comjugates 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-ant-HER2-HC(A118C) thioMAb fconjugated w
BMPEO-DM1 or MC-MMAF}. The results are shown in Table 16 and Figure 38,

[0967] Figure 38A is @ graph plotting changes in mean tumor volume over lime in the Granta 519
xenograft in CB17 8CID mice treated with the heavy chain A118C anti-CD79h TDXCs, at doses as shown in Tahle
t6. Specifically, the administration of the thio huMA79b.v28-HC-(A118C-BMPEO-DM1? and thio haMA79b v28-
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HC(ATIRC)-MC-MMAF thioMADb drug confugates at the doses shown in Table 16 showed an inhibition in wmor

growth when compared w the control drug conjugales.

[0968] Furtber. in the same study, the percent body weight change in the firgt 14 days was deiermined in
cach dosage group. The results (Figure 38B) indicated administration of these thioMAb drug conjugates did not

resuit i a decrease in percent body weight or cause weight loss during this tme.

[U969] in Table 16, the number of mice out of the total nuntber tested showing PR = Partial Regression
(where the tumor volume at any time after adminisration dropped below 30% of the tumor volume measured at day
0} or CR = Complete Remission {where the tumer volume at any lime afier adminisiration dropped to 0 mm'y are

mdicated. (DAR = Drug to Antibody Ratia)

Table 16
In Vive Tumor Volume Reduction,
Thio HUMAT79: v28-HC(A118C) DM and MMAFE Conjugate Admimstration
In Granta-519 Xenografis in CB17 SCIID Mice

Antibody administered PR [ CR | Dose Dose Ab | DAR |
MMAF | (mg/kg) (Drag
or DM 1 /Ab)
(ug/m’)

Thio Control  m-anti-HERZ-HC(AI18C)-BMPEG- | 058 1078 1353 12 1.86

DM

Thio Control bu-anti-FIERZ-HC(ALIBCHMC-MMAF | 0/6 | 078 | 34¢ K 19

Thio huMA79b v28-HC(A ] 18C)-BMPEG-DM] 076 | 06 |55 3 1.85

Thio buMA 795.v28-H1C(A 118C)-BMPEG-DM] 078 0/8 |110 4 1.85

Thio huMA79b v28-HC(A118C)-BMPEO-DM] 48 4% | 219 g L85

Thio buMA79b v28-HC(A ] 1BC)-BMPEO-DMI 38 |3/ |39 12 1.85

Thio huMA79b v28-HC(A L1 8C-MC-MMAF U8 1i/& |57 2 1.95

Thio hub[A 795 v38-HC(A118C)-MC-MMAF 28 118 [ 115 i 1.95

Thio huMA795 v28-HC(A118CI-MC -MMAF 78 TR 3% § 1.95

Thio huMA79b.v28-HC({A118C)-MC-MMAF 48 48 |34 12 195

G. WSU-DLCL2 (Diffuse Large Cel! Lymphomaj Xenografts

[0970] Ina similar study, using the same xenografl study protoco! as disclosed in Example 3 (see above),
varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugates in WSU-DLCL?2
xenografts (Diffuse Large Cell Lymphoma) in CB17 SCID mice was studied. The drug conjugates and doses

{admmistered at day 0 for all ADCs and controls) are shown in Table 17, below,

%)
.
[ 82



[0971] The control antibody was vehicle (buffer (for ADC) alone). The control thio MAbs were thio B
anti-HERZ-HC(A118C) amibody thioMAbs {conjugated to BMPEQ-DM!, MCvePAB-MMAE or MC-MMAF).
The results are shown in Table 17 and Figure 39

[0972} Figure 39 15 a graph piotting changes In mean wmor volume over time in the WSU-DLCL2
zenografl in CB17 SCID mice treated with the heavy chamn A1I8C ant-C' D79 TDC s, a1 doses as skown in Table
}7. Specifically, admumistration of thio buMA795.v28-HCIA118C)-BMPEO-DM1, thio huMA79b.v28-
HC(ATI8C)-MC-MMAT and thio thA?gb‘VZB-'HC(AlISC)-MCVCPAB‘MMAE (at Ab dose of 0.5, 1.0 mg/ke,
2.0 mg/kg and 4.0 mg/kg) showed inhibition of tumer growth when compared to the negative controls {thio-hu-anti-
HERZ-HC(A1I8C)H-BMPEG-DM1.  thio-hu-anti-HER2-HC(A] | 8CHMCvePAB-MMAE,  thio-hu-ant-HER>-
HC{AL18C-MC-MMAF and A-vehicle).

[0973] Even further, in Table 17, the number of mice out of the total number tested showing PR = Pariial
Regression (where the tumor volume at any tme afler administration dropped below 50% of the tumor volume
measured at day 0) or CR = Complete Remission (where the tumor volume at any lime afier adrministration drapped

10 0 mm”) are indicated and NA = not applicable. (DAR = Drug to Antibordy Ratio)

Table 17
In Vive Tamor Volume Reduction,
Thio HUMA79b v28-HC(AT118C) MMAE, MMAF, and DM Conjugate Administration
In WSU-DLCL2Xenografis in CB17 SCID Mice

Antibody administered ' PR f CR Dose Dose Ab DAR
‘ MMAF, | (mg/kg) | (Drug
MMAE /ADb)Y
or DM1
(pg/m’)
Conirol vehicle 0/9 1 09 NA NA NA
Thice Conirol hu-anti~HER3—§~iC(A1 18C)-BMPEO- 0/9 | 09 il4 4 1.86
DM
Thio Conizrol hu-ami-HERZ-HC(AT18C)-MCvePARB- 0/9 | 0/ 92 4 1.55
MMAE
Thio Control hu-anti-HERZ-HCO(AL] BCI-MC-MMAF 0/9 | 09 113 4 1.9
Thic huMA79b v28-HC(A 11 8C)-MC-MMAE 5 1295 | 112 4 19
Tiio huMAT79b.v28-HC{A1 1 8C-BMPEQ-DM] 4/9 | 0/9 110 4 1.85
Thio bubMAT9b,v2R8-HC{A 1] BC)-MCvcPAB-MMAE /9 F 0/9 14 6.5 1.9
Thio huMA79b v28-HC( AL 18C)-MCvePAB-MMAE 0% . 0/9 27 10 Ls
Thio huMA?%.vES—HC(Al 18CH-MCvePAB-MMAE 2% 019 53 2.0 1.9
Ehio huMA79%.v28-HC(AL1§C)-MCvePAB-MMAE 19 5 79 li¢ 4.0 1.9
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H. Grunte-519 (Human Mande Cell Lymphoma) Xenografis

[0974] In a similar study, using the same xenograft study protoco! as disclosed m Example 3 (see above),
varying the drug conjugates and doses administered, the efficacy of thioMAb drug comjugates in Cranta-519
xenografts (Human Mantie Cell Lymphomz) in CB17 SCID mice was studied. The drug conjugates and doses
{admmistersd at day 0 for all ADCs and controls) are shown 1n Table 18, below,

[0975] The contrel thio MAbs were thio hu-anti-HER2-HC(A118C) (comnjugated 1o BMPEQ-DMI1} and
thio hu-anti-HER2-HC(AT18C)-MCvePAB-MMAE antibody thioMAbs: The results are shown in Tabie 18, below,

[0976] Figure £0A is = graph plotiing changes in mean wumor volume over ume in the Gran:é«:‘si?
xenografl in CB17 SCID mice treated with the heavy chain A118C anti-CD79b TDCs, at doses as shown in Table
18.  Specifically, administration of thio buMA79b.v28-HC{A11RC)-BMPEO-DMI and thia huMaA 79 v28-
HC(ATI8C)-MCvePAB-MMALE (at Ab dose of 1.0 mg/kg, 2.0 me/kg and 4.0 mg'ke} showed inhibition of tumor
growth when compared to the negative controis (thie-anti-HER2-HC(A118C)-BMPEO-DM] and thio-anti-HER?-
HCALT8C)-MCvcPAB-MMAE.

{0977] Even further, in Table 18, the number of mice out of the 1otal number tested showing PR ~ Partial
Regression (where the mmor volume at any time afier administration dropped below 50% of the tumor volume
measured 2t day 0) or CR = Complete Remission {where the fumor volume &t any time afler administration dropped

to 0 mm”®) are indicated and NA = not applicable. (DAR = Dmg to Antibody Ratio)



Table 18
In Vivo Tumor Volume Reduction,
Thio HuMA 79b v28-HC(AL18C yDM1 and MMAE Conjugaie Administration
In Granta-519 Xenografis in CB17 SCID Mice

Antibody administered PR CR Dose | Dose Ab | DAR |
MBMAF, (mg/ke) {Drug
MMAE /AD}
or DM1
{rg/m®)
Thie Contro! hu-ant-HER2-HO( AL 8C)-BMPEOQ- /10 G106 114 4 1.86
DML
Thio Control hu-anti-HERZ-HC{A] 18C)-MCvcPAR- 2/10 1716 g2 4 1.55
MMAE
.Thi(.\ BUMAT79b v28-HCIA 118C)-BMPEC-DM ] 3/10 0716 1o 4 1.85
Thio hiMAZSh v28-HCO(AT I8C)-MOCVCPAB-MMAE 6/10 1710 13 0.3 1.87
Thic l:MAT79b,v28-HC(A] ]8C}~MCVCPAB-MMAE 1110 0/10 27 1.0 1.87
Thio BuMAT9b v28-HC(ALLRC-MCVePAB-MMAE /10 710 54 | 2.0 1.87
Thio huMA795.v28-HC(ATT8C1-MCvePAB-MMAE | 0710 1 10710 108 f 4.0 187

L BJAB-cynoCD79b Xenografis

[0578] In a similar study, using the same xenografi study protocol as disclosed in Exampie 3 (see above),
varying the drug conjugates and doses administered, the efficacy of thioMAb drug conjugates in BJAB {Burkir's
Lymphoma) cells expressing cynoCD79b (BJAB-cynoCD79b) xenografis in CB17 SCID was studied, The drug
conjugates and doses (administered a1 day 0 for ail ADCs and coatrels) are shown in Table 18, below.

[0979] The control Ab was vehicle (buffer alone). The control thio MAbs were thio-hu-anti-HER?2-
HC(ATLSCM-BMPECQ-DMI, thio-hu-ami-HER2-HC(A1 1 8C)-MC-MMAF  and 1hio-hu-ant-HER2-HC(A L 18C)-
MCvePAB-MMAE antibody thioMAbs. The results are shown in Table 19 and Figure 50,

[0980} Figure 50 is a graph plotting inhibition of tumor growth over lime in the BIAB-cynoCI795
xenografi in CB17 SCID mice treated with the heavy chain A118C anti-CD79b TDC s, at doses as shown in Table
19, Specifically, Administration of thic buMA79b.v28-HC(A L1 8C)-BMPEO-DM 1. thic huMA79b.v28-
HCO(ALLBC):-MCycPAB-MMAE  and  thio huMAT79b v28-HC(ATI8C)-MC-MMAF a5 well as thio-anti-
cynoCD79{(ch10D10)-HC(A118C-BMPEO-DM], thio-anti-cynoCD79b(chi0D10)1-HC(A 1 18C }-MCvcPAB-
MMAE and thio-anti«cynaCD?gb(chl0D]0)~HC(AIISC)-MC—MMAF showed inhibition of tumor arowth when
compared to the negative confrols (thio-anti-HER2-HC(A1 IBCH-BMPEO-DMI, thio-anti-HERZ-HC(A ] ] BC)-
MCvePAB-MMAEF and thio-anti-HER2-HC(A118CH-MC-MMAF and A-vehicie).



[0981] Even further, in Table 19, the number of mice ow of the 1otal tumber tested showing PR = Partial
Regression (where the twmor volume at any time after administration dropped beiow 30% of the tumor volume
measured at day €} or CR = Complete Remission (where the fumeor volume at any time afler admimistration dropped

10 0 mm’) are indicated and NA = not applicable. (DAR = Drug to Antihody Ratio)

Table 19
In Vivo Tumor Volume Reduction
Thio anti-cyne CR79ch10D10-HO(ALL 8C) DMI, MMAF or MMAE or Thio HUMA79h v28 DM,
MMAF or MMAE Conjngaie Administration
In BJAB-cynoCD79b Xenografis in CB17 SCID Mice

Antibody administered PR : CR Dose Dase Ab DAR
MMAF, (mg/kg) {(Drug
MMAE /Ab)
or DM1
(ng/m®)
Control vehicie (/9 ; G/9 NA NA NA
Thio Control hu-anti-HER2-HC(AL18C )-BMPEC- 505 57 3 186
DM1
Thie Control hu-ami-HER2-HC(AL18C -MCvePAB- | 08 | 0/9 23 I 1.35
MMAE
Thio Control hu-anti-HERZ-HC(A]18C)-MC-MMAF | 0/ | 073 25 1 19
Thio anti-cynoCD79b{ca10D] 0)HC (A 118C)- 38 1R 55 2 3
BMPEO-DM1
Thio anti-cynoCD79b(ch10D10)-HC (AL 18C) 15 1 25 27 1 1.86
MCvePAR-MMAE
Thio anti-cyaoCD796(ch10D10)-HC(A 118C)-MC - 079 | 179 28 I 19
MMAF
Thio BuMA79b.v28-HC(AL 18C-BMPEC-DM] 375 0/9 55 ) 185
Thio luM A 796 v25-HC(A] 18CIMCvePAB-MMAE 157 7579 27 ] 15
Thio 'aMA79b v28-HC(A ] 18C)-MC-MMAF 79 | 179 28 ] g

J. BIAB-cynoCD 7%9b Xenografts

[0982] Ima similar study, using the same xenograft sudy protocol as disclosed in Example 3 (see above},
varying the drug confugates and doses administered, the efficacy of thioMAb drug conjugates in BIAB (Burkitt's
Lymphoma) expressing cynoCD79b (BJAB cynoCD79h) xenografl in CB17 SCID mice was studied. The drug

conjugates and doses (adminstered at day 0 for all ADCs and controls) are shown in Table 19, below,
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[0983] The control thio MAbs was thio-hu-anti-HER2-HC(A] 18C)-BMPEO-DM I, thic-huM A 79b.v28-
HC{AT18C). and thio-anti-cynoCH79b(ch10D103-HC(A L 8C) antibody thioMAbs. The resuits are shown in Table
20 and Figure 51. '

[0984] Figure 51 is a graph piotting inkibition of wmor growth over ume in the BIAB-cynoCD79h
xenografl in CB17 SCID mice treated with the heavy chain A]1]8C ani-CD79% TDCs, 2t doses as shown in Table
26, Specifically, administration of thio nuMA79b v28-HC(AT18CH-BMPEG-DM1 as well as  thio-ami-
cyroCD79b(chiODI0-HC(A118CBMPEO-DM1 showed inhibition of tumor gowth when compared 1o the
negative controls (thio-anti-HERZ-HC(A118C)-BMPEO-DM1. Cther controls included thio-hu-MA79b.v28.
HC(AT18C) and thio-anti-cynoCD79b(ch10D103-HC{ AL 18C).

[0985] The resulls are shown in Table 20, below. In Table 20, the number of mice owt of the ol
number lested showing PR = Partial Regression (where the tumor volume at any tme afler administration dropped
below 50% of the tumor volume measured at day 0) or CR = Complete Remission (where the umor volume at any
time after administration dropped 10 0 mm’) are indicated and NA = not applicable. (DAR = Drug to Antibody
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Table 20
In Vivo Tumeor Volume Reductiorn,
Thio anti-cyno CD79b{ch 10D 1G-HC(ALIRC) DM or Thio HeMAT9b vI8-HC(AL18C) DM Conjugate

Administration
In BIAB-cynoCD79 Xenografts in CB17 SCID Mice
Antibody administered ' PR | CR | Dese | DestAb | DAR
MMAF, | (mg/kg) (Drug
MMAE /Ab)}
or DM 1
(ng/m’}
Thio Contrel hu-anti-HERZ-HC(ALIRC)-BMPEO- /10 0/1¢ 57 3 1.B6
DMM1
Thio Control buMA79b v28-HC{ A 18C) 0/10 o/10 NA 2 NA
Thio Comntrol anti-cynoCD79(ch10D10-HCIAL180) 6/10 0110 NA 2 NA
Thio huMA7%b.v28-HC(A118C-BMPEO-DM1 1/10 G/10 27 1 1.83
Thio buMA79b v2B-HC(ALL SC)-BNIPEO-DMI 0/10 2/10 55 2 1.B5
Thic anti-cynoCD790(chl0D10-HC(ATI8C)- /10 0/10 27 1 1.8
BMPEO-DM 1
Thio anti-cynoCD79b(ch 10D 10)-HC (AL 18C)H 0110 | 1/10 53 2 I8
BMPEOG-DM1
[0986] The foregoing written speeification is considered 1o be sufficient 1o enabie one skilled in the

art 1o practice ihe invention. The present invention is not 1o be limited in scope by the construct deposited, since the
depostied embodiment is intended 25 a single illustration of certain aspects of the invention and any constructs that
are functionally equivalent are within the scope of this invention. The deposit of material herein does not constitute
an admission that the written description herein contained is inadequate 10 enable the practice of any aspect of the
invention, mcluding the best mods thereof, nor is it 0 be construed as limiting the scope of the claims to the specific
illustrations that it represents, Indeed, various modifications of the inveation 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 I8 CLAIMED IS:

.

An anti-CD79b antibody comprising the foliowing HVR sequences:
{iy HVR-L1 comprising sequence A1-A 13, wherein 47-A13 is
KASQSVDYEGDSFLN (SEQ 1D NO: 194)
(i) HVR-L2 comprising sequence B1-B7, wheremn B1-B7 is AASNLES (SEG
IDNG: 195)
(Hiy HVR-L3 comprising sequence C1-C9, wherein C1-C9 i QQSNEDPLT
(SEQ ID NO: 196)
{iv} HVR-HI1 comprising sequence D1-D10, wherein D1.D10 is GYTFSSYWIE
(SEQ 1D NO: 202)
(v} HVR-H2 comprising sequence E1-E18, wherein E1.518 is
GEILPGGGDTNYNEIFKG (SEQ 1D NO: 2633
{vij HVR-H3 comprising sequence F1-F10, wherein F I-F101s TRRVPIRLDY
(SEQ ID NO: 2043,
wherein the antibody binds to the same epitepe 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
1D No 207 and SEQ 1D No 208 or an antibody comprising the light chain sequence of SEQ 1D No 307
and the heavy chain sequence of SEQ ID No 308,

=

An antibody according o claim 1, which antibody binds to an epitope within a region of
CD7% from amino acid 29-39 of SEQ 1D NO: 2 or amine acid 1-11 of SECQ ID NO: 14

3, The antibody of claim 1, which is () a monocional antibody (i) an antibody fragment
sefected from a Fab, Fah'-SH, Fv. scFv or {Fab’j, fragment. and/or (ifi} a chimeric or
humanized antibody, optionaliy 2 monovalent or bivaien: antibody. optionally comprising a

singie Fab region linked 1o zn Fe region.

4. The humanized antibody of claim 3(iif) wherein the affiniry of the antibody in its bivaient
form 1o buman CD79b is substantially the same as or at Jeast 1, 2,3,4.5.6, 18, 9or 16-foid
greater thap the affinity of a murine or chimeric antibody comprising a light chairn and heavy
chain variable sequence as depicted in Figures 7A-B (SEQ ID NO: 10) and Figures BA-B
(SEQ D NO: 14) in its bivalent form, whersin the binding affiniry is optionally expressed as 2
Kd vaiue. and wherein the binding affinity 1s optionally measured by Biacore or

radioimmunoassay.

th

The humanized antibody of claim 3035 or claim 4 comprising light chain human kappa
. subgroup | consensus framework sequence and/or heavy chain human subgroup 1 consensus

framework sequence.

&, The antibedy of claiyn 5 wherein



(1) the heavy chain frame work sequence comprises a substitution at position 48, 67, 69,
71,73 and/or 78, optionaily V481, F&7A, I69F. R71A, N73T and/or L78A; and/or

{17} the light chain frame work sequence comprises a substitution ar position 4 andior

position 47. aptionally M4L. and/or L47F: andior

{1} the light chain framework sequence comprises one or more of FR1-LC of SEQ ID Na.
190, FRI-L.C of SEQ ID No. 191, FR3-LC of SEQ ID No. 193 and FR4-LC of SEQ ID No. 194 and/or
the heavy chain framework sequence comprises one or more of FRI-HC of SEQ ID No. 198, FR2-HC of
SEQ ID No. 199. FR3-HC of SEQ ID No. 200 and FR4-HC of SEQ ID No. 201: and/or

{iv) the antibody further comprises CL1, CHJ and/or Fc szquence shown in SEQ ID NO»

197, 205 andror 206: andior

{v) the antibody comprises (a) the light chain sequence shown in SEQ I No. 367. and (b)

the heavy chain sequence shown in SEQ ID No. 308,

~3

An antibody according to any one of claims ! to 6 which is made by the process of:
(a) culturing & cell expressing an antibody comprising a heavy chain variabie domain any
one of claims 1 10 6 and a light chain variable domain of any of claims 1 to 6: and

(b} isolating the antibody from said cuhwred cell.

8 A method of making an antibody according to any one of claims } to 7. wherein the method
comprises (a} culturing a host cell selected from the group comprising a eukarvotic cell and a CHO cell
under conditions suiiable for expression of the polynucleotide encoding the antibody. and ( b) isolating

the antibody,
9, A polypeptide comprising the sequence of claim &{via) or claim 6(v)(b).

10. An immunoconjugate comprising the antihodv of any one of claims 1 10 7 covalertly atiached to

(i) a cylotoxic agent. optionaliy a chemotherapeutic agent, & drug moiety. an antibiotic. a
radioactive isotope, and a nucteolviic enzyvme: or

(if} a capture label, optionally 2 biotin caprure fabel: or

{iii) a detection label. optionally 2 fluorescent dye detection label such as flurescein type. a
rhodamine type, dansyl. Lissamipe. a cyanine. a phveoervthrin, Texas Red. and an analog thereof, or a
radionuciide detection label selecied from *H. V¢, Mc. B, TpMS. Son, SGa, Yy 7 g, 1, 1
LI e, TLu, P AL and 2PBR: wherein the antibody is optionally anached to the detection label
bv 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

(d) 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-
pynidylthio) pentanoate (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) 1 has the formula:

—A—W,,—Y,—

where:

A is a Stretcher unit;

aisOorl;

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
yis0,1o0r2;

{ii) the immunoconjugate compound has the formula:

o

P 0 H o (j 0)\\{)
Ab N\/\/\)J\{\i N\:/lLN
2 op

[e] H o]
r ;

HN

o

NH,

(iti) L is SMCC, SPP or SPDB;
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{iv) D is MMAE, having the structure:

e
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wherein the wavy line indicates the attachment site 1o the linker L:

{v} D is MMAF. having the structure:
R o N~ 7 Ik
g ' H : S !
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wherein the wavy line indicates the attachment site o the linker 1

{vi) D is DM1 or DM4, having the smucture:
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(vii)  the immunoconjugate compound selected from the structures:

..}'::"

Ab-MU-vi-PABMMAE

Ab-MC-MMAE

Ab-S.
O
LN .
¥
©
‘P
Ab-MC-MMAF
r 0, -
e} X T [
! (kwfwo{/\o»\,wﬁ/——s i Ab
- L &) ]
L 0 n 3

Ab-BMPEQO-DM!

wherein Val is valine and Cit is citrulifne: andior

(viiiy L is MC-val-cit-PAR or MC.



13. A pharmacertical composition comprising an antibody according to any one of claims 1
to 7 or the immunoconjugate of anv one of claims 10 1o 12 and 2 pharmaceuticalty

acceptable carrier. optionally in combination with a cytotoxic agent.

14. An antibedy according o any orte of claims ! te 7, for use 28 o medicament.

i5. An antibody according to any one of ¢laims 1 1o 7 or the immunoconjugate of any one of
claims 10 to 12 for use in the tremment of a proliferative disorder, opuonally i combination

with a cytotoxic agent.

16. An antibody according to claim 15 for use according to claim 15, wherein said proliferative
disorder 15 cancer, optionally bymphoma, non-Hodeking iymphoma (NHL). aggressive NHL.
retapsed aggressive NHL. relapsed indolent NHL., refractary NHL, refractory indolent NHL,
chronic ymphocytic leukemia (CLL), small lvimphooyiic lymplioma, lsukemiz, hairy cel}

teukemia (HCL}, acute lvinphoeytic leukemia {ALL), and mantie cell ivmphoma,

7. An antibody according to any one of claims 1w 7 or the immunoconjugate of any one of
chaims 1010 12 for use in inhibiting the growth of & cal} that expresses CDT%h, wherein said

cefl is a wmor cell.

18 A methed 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 accordimg to any
one of ¢laims 1 to 7 or the immunoconjugate of any one of claims 10 to 12 and determining
binding of said antibody or immunoconjugate 1o said CD79% protein in said sample, wherein
binding of the antihody 1o said protein is indicative 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 lymphoma, non-Hodgking iymphoma (NHL), aggressive
NHL, relapsed aggressive NHL, relapsed indolent NHL, refractory NHL., refractory indolent
NHL. chronic lymphocytic leukemia (CLL). small ivmphocytic lvmphoma. ieukemia, hairy

el leukemia (HCL), acute tymphocytic leukemiz (ALL), and mantle cell tymphoma,

19 An i vitro methad of inhibiting the growth of a cell that expresses CD79k, seid method
comprising contacring said cell with an antibody according to any one of claims 110 7 or the
immunoconjugate of any one of ciaims 16 to 12, wherein said cell is optionally & B cell andsor

a tumaor cell

29, An assay for detecting B cells comprising:

{a) exposing celis 1o an antibody according to any one of claims 7 10 7 or the immunoconjugate of

any one of clalms 1010 12; and

b} determining the extent of binding of the antibody or Hmmuneconjugate compound 1o the cells.

1
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21, An immunoconjugate, wherein the immunoconjugate has the formula Ab-(L-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-
aminobenzyloxycarbonyl (PAB), and D is an aunstatin;

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 VR
G H 9H
; ,@"ﬁf?:w”fw SUN:
N‘/\/\/kVaF-Cif-ﬁ © N
: p

o

Ab-MC-ve-PAB-MMAE
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