10

15

20

235

30

35

40

45

IMMUNCGLOBULIN VARIANTS AND USES THEREOF

FIELD OF THE INVENTION

The invention relates to anti-CID20 antibodies and their use in the treatment of B-cell related

diseases.

BACKGROUND OF THE INVENTION

Lymphocytes are one of several populations of white blood cells; they specifically recognize and
respond to foreign antigen. The tlxee major classes of lymphocytes are B lymphocytes (B cells), T
lymphooytes (T cells) and natural kifler (NK) cells. B lymphocytes are the cells responsible for antibody
production and provide humoral immunity. B cells mature within the bone marrow and leave the marrow
expressing an antigen-binding antibody on their cell sarface. When a naive B cell first encounters the
antigen for which its membrane-bound antibody is specific, the cell begins to divide rapidly and its progeny
differentiale into memory B cells and effector cells called “plasma cells”. Memory B cells have a Jonger 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 secreted form of the antibody.
Secreted antibodies are the major effector molecules of humoral immunity.

The CD20 antigen (also called human B-lymphocyte-restricted differentiation antigen, Bp35) is a
hydrophobic transmembrane protein with a molecular weight of approximately 35 kD located on pre-B and
mature B lymphocytes (Valentine et al. J. Biol. Chem. 264(19):11282-11287 (1989); and Einfeld et al.
EMBOJ. 7(3):711-717 (1988)). The antigen is also expressed on greatex than 90% of B cell non-Hodgkin’s
lymphomas (NHI) (Anderson ef al. Blood 63(6):1424-1433 (1984)), but is not found on hematopoietic stem
cells, pro-B cells, normal plasma cells or other normal tissues (Tedder et al. J. Immunol. 135(2):973-979
(1985)). CD20 is thought to regulate an early step(s) in the activation process for cell cycle initiation and
differentiation (Tedder et al,, supra) and possibly functions as a calcium ion channel (Tedder et al, J. Cell.,
Biochem. 14D:195 (1990)).

Given the expression of CD20 in B cell tymphomas, this antigen has been a useful therapeutic
target to treat such lymphomas. There are more than 300,000 people in the United States with B-cell NHL
and mare than 56,000 new cases are diagnosed each year, For example, the rituximab (RITUXAN®)
antibody which is a genetically engineered chimeric murine/human monoclonal antibody directed against
human CD20 antigen (commeroially available from Genentech, Inc., South San Francisco, California, U.S.)
is used for the freatment of patients with relapsed or refractory low-grade or follicular, CD20 positive, B cell
non-Hodgkin’s lymphoma. Rituximab is the antibody referred to as “C2B8$" in US Patent No. 5,736,137
issued April 7, 1998 (Anderson et al,) and in US Pat No. 5,776,456. In vitro mechanism of action studies
bave demonstrated that RITUXAN® binds human complement and lyses Ilymphoid B cell lines through
complement-dependent cytotoxicity (CDC) (Reff et al. Blood 83(2):435-445 (1994)). Additionally, it has
significant activity in assays for antibody-dependent cellular cytotoxicity (ADCC). In vivo preclinical
studies have shown that RITUXAN® depletes B cells from the peripheral blood, lymph nodes, and bone
marrow of cynomolgus mornkeys, presumably through complement and cell-mediated processes (Reff et al.
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Blood 83(2):435-445 (1994)). Other anti-CD20 antibodies indicated for the treatmont of NHL include the
murine antibody Zovalin™ which ig linked to the radioisotope, Ytirium-90 (IDEC Pharmaceuticals, San
Diego, CA), Boxxar™ which ig a another ully murine antbody conjugated to I-131 (Corixa, WA).

A yagjor limitation in the use of murine antibodics in humen therapy is the human anti-naouse
antibody (HAMA) response (s¢o, ¢.8., Miller, R.A, et al, “Mogoclonal antibody therapeutic trials in seven
patients with T-cell lymphoma' Blood, 62:988-995, 1983; and Sohroff, R.W., ¢t al, “Human anti-murine
immunoglobulin respouss in patlents recetving monoclonal antibody therapy”” Cancer Res, , 45:879-885,
1985). Bvea chimetic molecules, where the variable (V) domaing of rodént antibodies are fused to human
constant (C) regions, are still capable of eliciting a sigoificant immune response (HACA, human antl-
chimeric antibody) (Neuberger et al. Nature (Lond.), 314:268-270, 1985). A. powerful approach to
overcome these limitations in the clinical use of monoclonsl antibodies is “bumanization’ of the murine
antibody or antibody from & not+human speoies (Jones ef al. Naturo (Loud), 321:522-525, 1986; Riecliman
et al,, Nature (Lond), 332:323-327, 1988),

Thus, it is beneficial to produce therapeutic antibodies to the CD20 antigen that create minimal or
no antigenloity when admiistered to patients, cspecially for chronic treatment. The present invention
satisfies this and other needs, The preseat inveation provides anti-CD20 antibodies that overcome (ho
limitations of current therapeutic compositions as well as offer additional advantages that will be apperent

from the detailed description below,

SUMMARY OF THE INVENTION

Tlio present invention provides CD20 binding sntibodies or fiuctional fragments thereof, and their
use fn the treatment of B-cell associated diseases, These antibodies ars monoclonal antibodies. In specific
embodiments, the antibodies that bind CDD20 aco humanized or chimeric, The humnnjged 2H7 variants
include those that have amino acld substitutions in the FR and affinity maturation varjants with changes in
the grafted CDRs, The substituted amino acids in the CDR or FR are not limited to those present in the
douor or recipient antibody. In other embodiments, the anti-CD20 antibodies of the invention further
comprise changes in amino acid residues in the Fo reglon that lead to improved effector function tncluding
ethanced COC and/or ADCC function and B-cell killing (also referved to herein as B-celt depletion), Other
anti-CD20 antibodies of the invention inctuds those having specifio changes that improve stebility, Ina
speoifio embodimeat, the humanized 2HT7 vadents with Inorcased stability are es deseribed in example 6
below. Pucose doficient vardants having improved ADCC fuaotion in vivo are also provided. In one
eamboditment, the ohinerlo anti-CD20 antlbody has murine V regious and human C reglon, One such
speoifio chimerio anti-CD20 antibody fs Rituxan® (Rituximab®; Geneutooh, Inc.).

In & preferred embodiment of all of the antibody compositions and methods of use of this invention,
the humavized CD20 binding antibody Is 2H7.v16 having the Jight aud hoavy chain amino aold sequence of
SBQID NO. 21 and 22, respeotively, as shown in FIQ. 6 and FIQ. 7, When referting to the polypeptide
sequences {n Rigures 6, 7 and 8, it should be understood that the first 19 ot s0 amino acids thet form the

secretory signal sequonce are ntot pregeat in the mature polypeptide.
Therefore SEQ ID Nos. 40 and 39 represent the mature light and heavy chain amino acid sequences
of 2H7.v16 minus the secretory signal sequence. The V region of all other variants based on version

16 will have the amino acid sequences of v16 except at the positions of amino acid substitutions
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which are indicated in the disclosure, Unless otherwlise indicated, the 2H7 variants will bave the game L

chain ag thet of v16.

The invention provides & humanized antibody that binds buraan CD20, or an antigen-blading
fragment thereof, whereln the antibody Is effective to deplote primate B cells in vivo, the antibody
comprislng in the H chain Vatiable reglon (Vyy) at least a CDR3 sequonce of SEQ 1D NO, 12 from an aati-
human CD20 antibody and substantially the huyman consensus framewark (FR) residues of human heavy
chain subgroup I (VHII). In one embodiraent, the primate B cells aro from human and Cynomolgus
monkey. In one embodiment, the antibody further comprises the H chain CDR1 sequence of SEQ ID NO,
10 end CDR2 sequonce of SEQ ID NO. L1, In another embodiment, the preceding antibody comprises the L
chrin CDR1 sequence of SBQ ID NO. 4, CDR2 sequence of SEQ ID NO, 5, CDR3 sequence of SEQID
NO. 6 with substantially the human consensus framework (FR) residues of human light chain k subgroup I
(VD). In s preferred embodiment, the FR reglon in Vy has a donor antibody residue at position 46; in a
specific erbodiment, FR2 ln Vi has an arino acid substicution of leulA6pro (Leu in the human k1
consengug sequence changed to pro which is present in the corresponding position u m2H?7).
The VH region further comprises a donor antibody residue at at Jeast amino acld positions 49, 71 and 73 in
the framework. In one embodiment, in the Vy, the Tollowing PR positons ju the humen heavy ohaln
subgroup LI aro substituted: AlaH49Gly in FR2; ArgH71Val aud AsnH73Lys in FR3, In othet
embodiments, fbe COR regions in the humanized entibody further comprise amino acid substitations where

the residues are neither from donor nor reclpient antibody.
The entibody of tho preceding embodiments can comprise the Vi sequence of SEQ ID NO.8 of

v16, es shown {n FIG, 1B. In & firther embodiment of the preceding, the antibody futthor compelses the Vi,

sequence of SEQ IDNO.2 of v16, as shown In FIG. 1A,
In other embodixaents, the hutmanlzed aatibody Js 2H7.v31 having the light and heavy chain amino

acid sequence of SBQ L0 NO, 2 and 23, respectively, as shown in FIG, 6 and FIG. 8; 2H7.v31 having the
heavy chain amino acid sequence of SEQ ID NO, 23 as shown In FIG. §; 2H7.v96 with the anuino aold

substitutions of D56A and N100A in the H chain and S92A in the L chain of v16. SEQ ID No.
41 represents the mature heavy chain amino acid sequence of 2H7.v31 minus the secretory signal
sequence.

In separate embodiments, the antibody of any of the preceding embodiments further
comprises at least one amino acid substitution in the Fe region that improves ADCC and/or CDC
activity over the original or parent antibody from which it was derived, v.16 being the parent antibody
being compared to in most cases, and Rituxan in other cases. One such antibody with improved activity
comprises the triple Alanine substitution of S298 A/E333A/K334A in the Fc region. One antibody having
S298A/E333A/K334A substitution is 2H7.v31 having the heavy chain amino acid sequence of SEQ
ID NO. 23, Antibody 2H7.v114 and 2H7.vI15 show at least 10-fold improved ADCC activity as compared
To Rituxan,

In another embodiment, the antibody further comprises at least one amino acid substitution in
the Fc region that decreases CDC activity as compared to the parent antibody from which it was derived
which is v16 in most cases. One such antibody with decreased CDC activity as compared to v16

comprises at least the substitution K322A in the H chain. The comparison of ADCC and CDC activity

can be assayed as described in the examples.
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In a preferred embodiment, the antibudies of the invention arc fl length antibodles whereil the Vy
region is joined to & human IgG heavy chain congtant region. In preferred embodiments, the 1gG is human

IeG1 oc IgG3.
1n one embodiment, the CD24 binding antibody is conjugated 10 a cyloloxic agent. In preferred

embodiments the cytotoxic agent is a toxin or a rudioactive isotope.
T ope embudiment, the antibudies of the invention for use in erapentic or diagnostic purposes urc

praduced in CHO cclls.

Alsa provided is a composition comprising an antlbody of any one of the preeeding embodiments,
and a carrler. In ane embodiment, the catrier is a pharmaceutically acceptuble cartier, These composltions
can be provided in un anicle of manufactare or a X,

The invention also pravided a liguld formulation compuising 8 humanized 2H? antibody at
20mg/ml antibody, 10mM histidise sulfate pHS.8, 60mg/ml suctose (6%), 0.2 mg/oll polysurbate 20

(0.02%).
The invention also provides an jsolated nucleic acld that ¢ncodes any of the antibodics disclosed

hercin, includjng an expression vector for expressing the antibody.

Another uspeet of the inveution are host cells eomprising the preceding nucleie acids, and host cells
that produce the antibody. It 4 preforred embodiment of the latier, the host cell is a CHO cell. A mcthod of
producing these antibodies is provided, the method comprising culturing the hos¢ cell that produces the

untibody und recovering the antbody from the cel] cultune,
Yet another aspect of the Invention is ur arficlc of manufacture comprisiog a container and 2

compoesition contained therein, wherein the compusition comprises an antibody of any of the preceding
cmbadiments, For use in treating NHL, the urticle of munufacture further comprises a packuge insert
indicating that the compasition is used ro treat non-Fodgkla's lymphoma.

A further aspect of the Jnventon is a method of inducing apoptosis in B cells in vivo, tomprising
contacting B cells with the antibody of any of the preceding, thereby Klillng the 13 cells.

"The invention also provides methode of treating the diceases ditclosed bevvin by administration of a
€120 blading antlbody or functlonal feagment theteof, 10 a mammul such us u human putient suffering fram
the disease, In any of the methods for treating an autoimmune Jisease or ACD20 positive gancer, in onc
cmbodiment, the anlibody is 2H7.v16 having the fight and Hicavy chuin amino ucid seqvenee of SEQ ID NO.
21 and 22, respectively, as shown in FIQ. 6 and FIG. 7. Thus, one embodiment is a method of treating o
CD20 positlve cancer, comprising administering to a patient suffeclng from the caticer, a therapeutically
cffective amount of 2 humanized CD20 binding untibody of the invention. Tn preferred embodiments, the
CD20 positive cancer is a B cell lymphoma or leukemia including non-Hodgkin's lymphoina (NHL) or
lymphouyte predominant Hodgkin's discuse (LPHD), chroni¢ lymphoeytic leukemia (CLL) o SLL. In one
embodiment of the mothoed of treuting ¢ B coll Iymphoma or leukemiy, the antibody is admtnistered «l &
dosage range of about 275-375mg/m?. Tn additional crbodiments, the treatment mothod fuvther compriscs
adminlstesing 1o the patient at leagt. one chemotherapeutic agent, wherein for non-Hadgkin®s lymphoma
(NI4L), the chemotherapeutic agent is selected from the group consisting of doxarubicin, eyclophosphamide,

vineristing and prednisolone.
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Also provided is a method of treating an autolmmune disease, comprising administering o a patient
sulfering from the autotmmune disease, 4 therapeutically effective amouat of the hunanized CDZ0 binding
antibody of any onc of the preceding claims. The avtoimmune diseuse is selected from the group consisting
of theumatoid arthritis, juvenile theumatoid arthritis, systemic lupus erythcmatosus (SLE), Wegener's
disease, inllammatory bowel disease, idiopathic thrombocytopentc purpura (1), thrembotle
thrombocytopenic purpura (TTP), autoimmuie thrombacytopeniu, multiple sclerosis, psoriasis, IgA
nephrapathy, IsM polyneuropathics, myasthenia gruvis, vasculitis, dizbetes melitus, Reynaud's syndrame,
Sjorpen’s nyidirome and plomernlonephtitis. Where the autoimmunes disease is rheumatoid arthritis, the
antihady can be edministered in conjunction with a second therapeutie agent which is preferably

methotrexate.
In these treutment methods, the CD20 binding antdbodies can be aduinistered alone or in

conjunation with a second therapoutic agent such as « sceond antibody, or a chematherapeutic agent or an
immunosuppressive sgent. The second anlibudy cun be one that binds CD20 o a differeot B cell antigen, or
& NK or T cell sntigen. Tn one enobodimient, the scoond antibody is a radivlabeled anti-CD20 antibody, Tn

otbier embodiments, the CD20 binding antibody is conjugated to a eytotoxi¢ ugent ineloding a toxin or a

radioaclive isotops.
Tn anothier aspect, the invention provides a method of treating an autoimmune diseasc selected from

the graup consisting of Dermatomyosids, Wegner's granulomatosls, ANCA, Aplustic aremia, Autolmmune
hemalytic anemia (AXHA), factor VI deficiency, hemaphilia &, Autoimmune ncutropenia, Castleman's
syndronie, Goodpasture's syndrommnc, solid organ transplant iejection, graft versos host disease (GVEHD), 1gM

mediated. trombotic thrombocytopenic purpura (TTP), Hashimoto's Thyraiditis, aatoimmaune hepatids,
lymphoid intesstitial preumonitis (HIV), broachiolitis obliterans (non-transplant) vs. NSIP, Guilluin-Bure

Syndrome, Jurge vessel vasculits, giant cell (Takayasu's) arteritis, medium vessel vusculitis, Kawnsaki's
Divcase, polyarteritis nodosa, comptising administering to a patient suffering from the diszase, a
thorapeutically effective amount of o CD20 binding antibody. In one embodiment of this method, the CD20

binding antibody is Rituxan®.
The tnvention also provides ag Jsolated nuclele acld compasing the nucleotide sequence of SEQ 1D

NOL: 24 of the Cynomolgus monkey CID2Q0 (shown 11 )4G, 19). or a degenerate vacian( of this scquence .
One embodlinent I9 av isolated nucleic acid comprising a sequence that encodes & polypeptide with the
amino acid sequence of SLQ LD NO. 25 (shown 14G, 20), or SEQ 1D NO, 25 (FIG, 20) with conscrvutive
amino acid suhstitutions. Aniother embodiment is 4 vector comprising the preceding nucleic acid, tncluding
an expression vector for expression in a host cell, Tncluded as well is a fiost coll comprising the vector. Also
providod is an isolated polypeptide comprising the amino acid sequence {SEQ 1D NQO. 25; FIG. 20) of the

Cynomolgus monkey CD20.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 14 js a sequence alignment comparing the amino acid sequences of the ght chain variuble
domain (V1) of each of barine 27 (SEQ ID NO., 1), umanized 2H7, v16 vaciant (SEQ 1D NO. 2), and
hurman kappa light chain subgroup 7 (SEQ 1D NQ. 3). The CDRs of Vi, of 2H7 and huZH7.v16 ave a5

follows: CDRJ (SLQ 1D NO.4), CDR2 (SEQ 1D NO.,5 ), and CDR3 (SL2Q 1D NO.6).
5




10

15

20

25

35

40

FIG, IB is a sequence alignment which compares the Vi sequesices of murine 287 (SEQ 1D NO.
7), humanized 2H7.v16 variant (SEQ 112 NQ. 8), and the buman consensus sequence of heavy chain
subgroup 1. (SEQ TD NO. 9). The CDRs of Vy; of 2H7 and hu2H7.v16 are as follow; CDR 1 SLQ I

NQO.10), CDR2 (SBQ ID NQ.11), and CDR3 (SEQ 1D NG.12).
InFIG. 1A and [1G. 1B, the CDRI, CDR2 and CDR3 in each chuin are eticlosed within hrackets,

flanked by the framework regions, FRI-FR4, as indicated. 2H7 refers to the murine 2H7 antibody. The

usterisks i between two rows of sequences indicate the positions that ans dif¥crent between the two
sequences, Residue numbering is according to Kabat et al., Scquences of Immunological Tntecest. Sth Ed.
Public Health Service, Natonal Institutos of Heajth, Bethcsda, Md. (1991), with insertions shows as s, b, ¢,

d, and e,
FIG. 2 shows the sequence of phagemid pVX4 (SEQ T NO.13) uscd for consttuction of 2H7 Fab

plasmids (sce Bxample 1) as well as the amlno acid sequences of the L chain (SEQ I NO.14) and B chain
(SEQ I NO.15) of the Fab for the COR-grafted anti-IEN-o¢ humanized antibody.

F1G. 3 shows the sequence of the expression plasmid which encodes the chimeric 287.v6.8 Fab
(SEQ ID NO.16). The amlno acid scqucnces af the L chalo (SEQ ID NQ.17) and H chain (SEQ TD NQ.18)

are stiowa,
JIG. 4 shows the scquence of the plasmid pDR1 (SEQ 1D NQ.19; 5397 bp) for expressivn of

immunoglobulin light chains us deseribed in Example 1. pDRI contains sequences encoding an imelevant
antibody, the light chein of 2 humanized anti-CD3 antibody (Shuluby et al., I. Bxp. Med, 175! 217-225

(1992)), the starr. and stop codons for which are indicated in bold and nnderlined,

FIG. § shows the sequence of plasmid pDR2 (SEQ TD WQ.204 6135 bp} for expression of
iromunoglobulin heavy chains as deseribed in Example 1. pDR2 contains scquences encading an irrelevant
antibady, the heavy chain of a humanized anti-CD3 antibedy (Shalaby ¢t ul., supra), the start and stop

codons for which are indicated in bold and underlined.
FIG. 6 shows the amino acid sequence of the 2H7.v16 complete L chain (SEQ 1D NO.21). The

first 19 amivo aclds before DIQ are the secretory signal sequence not present in the muture polypeptide

¢hain,
FIQ. 7 shows the amino acid sequence of the 2H7.v16 complete H chain (SEQ TD NO.22). The

ficst 19 amine aclds before BYQ before are the secretory signal sequence niot preseat in the mature
polypeptide chain. Aligning the Vi sequence in FIG. 1B (SEQ ID NO, 8) with tGie complete H chuin

sequence, the human y1 constant region is from amino acid position 114-471 In SLQ 1D NO. 22,
FIG. 8 shows the aming acid sequence of the 2H7.v31 complete H chain (SEQ TD NQ.23). The

first 19 amino acids before EVQ before are the secretory signal sequence not presenit In the mature

polypeptide chain. The T chain is the same as for 2H7.v16 (zec FIG. 6).
134G, 9 shows the selative stabillty of 2H7.v16 and 287.v73 1gG vasiants as described in Example 6,

Astaty rosults were normudived (o tie valugs prior (o incubation and reported as percent remaining alter

incubation.
FIQ. 105 a flow chart summarizing the amine acid changes from the murine 2H7 to a subset of

humanized versions up to v75.
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FIG. 11 15 a summacy of mean absolute B<ell count [ CD3-/CDA40+| in all groups (2H7 study and

Rituxan study combined), us described in Example 10.
FIG. 12 shows the results of a representative ADCC assay on fucose deficicnt 2H7 variants as

descrtbed in Example 11,

FIG, 13 shows the results of the Annexin V staining plotted as a fanctlon of antibody concentrution.
Ramos cells wers trauted with an irrelevant TeG1 cotitro] antibody (Herceptin®; circles), Rituximab
(squares), or thuMAb 2H7.v16 (ianglcs) in the presence of a crosslinking secondary antibody and were
analyzed by FACS. Figures 13-15 are described in Example 13.

FIG. 14 shows the results of the Annexint V and propidium iodide double-staining are plotted as a
function of antbixdly concentration. Ramos cells were treated with an jelevant I5G1 control antibody
{Hereeprin®; circles), Rituximab (squares), or shuMAb 2H7.v16 (triungles) in the prosonce of a crosslinking
secondary antibody and wete analyzed by BACS,

FIG, 15 shows the counts (per 10 &) of live, unstained cells are plotted as a function of wntibody
concenteation. Ramos cells were routed with ap irrelevant TgGH control antibody (Herceplin®; circles),
Riwximab (squares), or thuMAb 2H7.v1G (triangles) in the presence of a crosslinking seconlury antibody

and were apalyzed by FACS.
EIGs. 16, 17, 18 show inhibition of Raji coll tumor growth in nude mice, 28 described in Example

14, Animals were teeated weekly (as Todicated by vertical armows; #=8 mice par group) for 6 weeks with
PBS (control) or with Ritnxan® or chuMab 2H7.v16 at S mgrkg (FIG. 16), 0.5 mgikg (FIG. 17). or 0.05

mg/kg (FIG. 18).
FIG. 19 shows the nucleotide (SEQ TD NQ. 24 ) and asnino scid (SEQ ID NQ. 25 ) sequences of

Cynomolgus monkey CD2(}, a5 described in Example 15,

FIG. 20 shows the amino acld sequence for eynomelgus mankey CR20 (SEQ 1D NO, 25), Residues
that differ from human CID20 ate undetlined and the human residues (SEQ TD NO. 26) are indicated dircutly
tielow the monkey residue. The putative extraceliviar domaia of the monkey CD2( is in bold type.

FIG. 21 shows the results of Cynomolgus monkey cells expressing CD20 binding to hu2H7.v16,
V31, and Rituxan, as described in Bxample 15, The antibodics were asanycd for the ability to biad and

. displace FITC-conjugated murinc ZH7 binding to cynomolgus CD20.

FIG, 22 shows dose escalation schema for sheumatoid arhritis phase /11 clinicul trial.
FIG. 23 shows the vector for expression of 2H7.v16 in CHO cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The “CD20" antigen is a nan-glycosylated, fransmembrane phosphoprotein with a2 molecular weighe.
of approximately 35 KD that is found on the surface of greater than 90% of B cells from peripheral blood of
lymphoid ocgans, CD20 1s expressed durlng early pre-B coll development and remains until plasma cell
differentiation: it is not found on human stem cells, lymphoid progenitor cells or normal plasma cells. CDZ20Q
ia preseat on both normal B cells as well as malignant B ¢ells. Other names for CD20 in the literatuse
include »B-lymphocyte-testricted difforentiation antigen™ and “Bp35*, The CL20 antigen is described in, for
example, Clack and Ledbetter, Adv. Can. LRes, 52:81-149 (1989) and Valentine ef ul. J. Biok Charm,

264(19):11282-11287 (1989).
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The term “antibody" is used in the broadest sense and specifically covers monoclonal antibadles
(including full length monoctonal antibodies), multispecific antibodies («.g.. bispecific antibodics), and
antibody {rugments so long as ticy exhibit the desired bialogical activity or functlon,

The biological activity of the CD20 binding and humanized CD20 binding antibodies of the
invention will include at leust binding of the antibody ro humun CD20, more préferably binding to hupian
and other primate CD20 (including cynomolgus monkey, rhesus monkey, chimpanzees), The antibodius
would blud CD20 with a K, value of no higher than | x 10°%, preforably a Kq vilue no higher than about [ x
30, and be able to kill or deplete B ells in vivo, preferably by at least 20% when compared to the
appropriute negative contral whicl is not freated with such an antibody. B cell depletion can be i result of
one or more of ADQC, CDC, apoptosis, or otfier mechanism, In some embodiments of dlseasc treatment
herain, specific cffector functions or mechanisms may be deslred vver others and certain variaats of the

humanized 2H7 are preferred W achieve those biological functions, such as ACC,

“Antihody fragments” comprise a portion of a fu)l length antibody, generally the antigea binding or
varjable reglon thercof . Bxamples of untibody fragments include Fab, Fab', F(ab"),, and Fv fragnicnts;
diabodies; lincar antibodjes: single-chuin antibody moleculos; and multispecific antibodies formed from
antibody fragments.

"Fy" is the mintmum antibody fragment which contalns a complete antlgen-secognition and -
binding site, This fragment consists of a dimer of ane heavy- and one light-chain variable region domain in
tight, non-covalent asseciadon. From the folding of these two donalts emanute six hypervariable loops (3
Joops cach from the H and L chain) that contribuic the amino acid residues for antigen hinding aod confer
antgen binding specificity 1o (e antibody. Hawever, even a single vaxiable domain (or half of an v
comprising only tiree CDRs specific for an antigen) has the ability to recognize and bind aotigen, although
at a lowor affinity thuan the entive bindjog site.

The texm “monoclonal antibody™ as uscd herein refers to an antlbody obtained from & population of
substantfally hasmogeneous aatibodies, i.e., the individud] antibodies eomprising the population ure idenrical
except for possible naweally eccurring mutations that may be present in minor amounts. Monoclonal
notibodies ure lighly spocific. belng direciod aguinst 8 single antigenic sire. Purthermore, in conwast 1o
conventional (polyclonal) antibody preparations which typically include different antibodies directed agalnsc
differont detcrminants (epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. The modifier “monoclonal” indicates the chiaracter of the antibody us being obtained from a
substantially humogoncous population of antibodics, and is not to be construed as requiring production of
the antibody by any particular method. For example, the monaclonal antihadies to be used in accordance
with the present invention may he trtade hy the hybridoma methad first. descriied by Kohler ef al., Nature
256:495 (1975), or may be made by recombinant DNA methads (see, e.8., U.S. Patent No. 4,81.6,567). The
“monoclonal antibodies" may also be isolated from. phage antibody librarles using the techniques described
in Clackson ct al., Nature 352:624-628 (1991) und Marks et al., J. Mol. Binl. 222:581-597 (1991), for
example.

“Runctional fragments” of the CD20 binding antibod/es of the Inventon are those fragnients that

retaln binding to C20 with substantlally the same affinity as the intact [ull Jength moleeule from which




15

20

25

20

1
&

40

fhey are derived and show biological activity including depleting B ¢clls as meusured by in vitro or i vivo
assays sych as those d_cscﬁbed herein.

The term “variahle” refers to the fact (hat certain segments of the vardable demains differ
extensively in sequence amoty antihodies, The V domain mediates antigen binding and define specificity of
u particular antibody for its particular untizen. However, the variability is not evenly disributed acriss the
F10-amino acid spun of the variable domains. Instead, the V regions consist of relatively invarisot stretches
called framework reglons (FRx) of 15-30 amino aclds scparated by sharter vegions of extretne variability
culled “hypervuriahle regions™ that are each 9-12 amino aclds Jong. The varizble domalns of native heavy
and light chains each comprise four ¥Rs, largely adopting a B-sheet. configuration, connected by three
hypervariable regions, which form lonps conneciing, und {n some cases forming pact of, the B-sheet
structuvs, The hypervariable reglons In ¢uch chain are held together in close proximity by the IRs and, with
the bypervariable regions from Uie other chain, contribule to the formation of the antigen-bluding site of
antibudics (vee Kabat et al,, Sequences of Proteins of Lmmunolonical laterest, Sth Bd. Public Health Service,
Nationa} Tnstitutes of Health, Bethesda, MD. (1991)). The constant domainy are not involved dircctly in
binding up untibody to an antigen, bul exhibit varous effectot functions, such as partlcipation of the

anSbady in antibody dependent cellular cytatoxicity (AIDCC).
The term “hypervariable region™ when used herejn refers 1o the amino acid residues of an antibody

which arc respansible for antigen-bluding. Thc hypervariable region generally comprises amino acid
residucs from a “complementasity determining region”™ ar “CDRY (&.¢. around about residues 24-34 (L1),

50-56 (L2) and 8997 (1L.3) in the V|, and acound about 31-358 (H1), 50-05 (H2) and 95-102 (H3) in the Vy
(Kahatet al,, Sequences of Proteins of Immunulogica! Intercst, Sth Bd. Public Health Service, National
1astitates of Health, Bethesds, MD. (1991)) and/or those vesidues from a “Dypervariable loop™ (e.g. residues
26-32 (L1), 50-52 (.2) and 91-96 (L3) in the Vy, and 26-32 (H1), 52A.55 (H2) and 96-101 (13) in the Vi

(Chothiz and V.esk 1. Mol. Blol, 196:901-D17 (1987)).
As refosted to herein, the “consensus sequeénce™ or consensus V dumain sequence is an artificial

sequence derived from & comparison of the amina acld sequences of known hunrst immunoglobulin variable
reglon sequences. Based on these comparisotss, recotbinant nucleic acid scquences encading the V domain
amina 2cids that are a consensus of the sequences derived from the hutan, x and the humian H chaln

subgroup IT V domaing were preparcd. The consensus 'V sequence dogs nat have any knawn antibody

binding specificity or affinity.
“Chimeric* antibodies (immunoglobulins) have a portion of the heavy and/or light chain identicol

with or homologous to cormesponding sequences in antibodies derived from a pacticular specles or beJonging
to a partiewsr antibody class or subclass, while the remainder of the chain(s) is identical with or homologous
{0 corresponding sequences in antibodies derlved from another species or belonging to another antibody
class or subglass, as well as fragoments of such antibodies, so tong as they exhihit the desired biclogical
aclivity (U.S. Patent No. 4,816,567: and Morrison et ¢k, Proc. Natl, Acad, Scic USA 81:6851-6855 (1984)).

Humnanized sntibody as used beredn is a subset of chimeric antibodies.
"Humanized™ forms of non-human (¢.g.. murine) andbodies are chimeric antibadies which contain

minimal seyucnee derived frum non-human immunoglobulin. For the mast parg, kumanized antibodies are

9
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huian immwnoglabullns (recipient or acceptor antibody) in which hypervarkable reglon residues of the
recipient are replaced by hypervarlable region residues from a non-human species (donor antibody) such as
mouse, ral, rubbit or nonhuman primate having the desired specificity, affinity, and capaclty. In some
instances, Fv framework segion (FR) residues of the human immunoglobulin ars roplaced by corresponding
non-human residues. 1urthermore, humanized antibodies fmay comptisc residues which are not found in the
reciplent antibody or jn the donor antibody, These modifications are made 1o further refine autibod y
performance such as binding affinity, Gencrally, the huranized antibody will comprise substantially alt of
at feast one, and typleally two, variablc domains, in which all or substantially ull of the hypervariable loops
correspond [0 those of @ non-hurman jmmunoglabulin and 1) or subsiantially a)l of the FR reglons uro those
of # human imnionoglobulin sequence although the FR regioos sy inchude one or more amino ueid
substitutions (hut improve hinding wifinity. The number of these amino scid substitutions in the IR arc
typically 10 morce than G in the H chain, and in the L chain, no more than 3. ‘The humaanized an'tibody
optionally alse will comprise at leust a porsion of an immunaglobulin constant region (Fc), typically tbat of a
human immunoglobulin. For further detalls, see Joncs et al, Nafure 32.1:522-525 (1986); Reichmann af al,
Neture 332:323-329 (1988); and Presta, Curr, Op. Struct. Biol, 2:593-596 (1992).

Antibedy “effector functions™ refer o those blolugical actvitles atributuble to the Fe region (a
uativo sequence e region ur amino acid sequence varizat Fe region) of an antibody, and vacy with the
antihody isotype, Examplos of antibody effector functions include: Clq binding und complement. depeudent
eytotaxicity; Fo receptor binding; antibody-dependent cell-mediated cytotaxicity (ADCC): phagocytosis;
dawn regulation of cell surface recoptors (e.g. B cell receptor): and B ccll zctivation.

“Asntibody-dependent coll-mediated cytotoxicity” or “ADCC" refers to a farm of cytotoxicity in
which secreted Ag bound onto Fe recepiors (FeRs) present on certuin cytotoxic cells (e.4. Natural Killer (NK)
eclls, neutrophils, und macrophages) esable these cytotoxic effcctor cells to bind specifically to un untigen-
hearing target cell and subsequently kill the target coll with cytotoxins. The antibodies “wrm™ the cytotaxic
cells and are absolutely required for such killing. The primary cells for mediating ADCC, NK cclls, cxpress -
FeyRITT only, whersas monocyles oxpress FeyRl, FeyRTT and FeyRII. FeR expression on hematopoletio
eells is summarized in Table 3 on page 464 of Ravetch and Klnet, Annu. Rev. Immunol 9:457-92 (1991). To
assess ADCC activity of a moleculs of interest, an i vitro ADXCC assay, such as that described in US Patent
Na, 5,500.362 or 5,821,337 may be performed, Useful effector eclly fur such ussays include peripheral
bloud monvnuclear colls (PBMC) and Nutural Killer (NK) cells.  Ahernatively, or additionally, ADCC
activity of the molecule of Interest juay be assessed ln vivo, e.g. It a adimal model such as fhat disclosed in
Clynes et al. PNAS (USA) 95:652-G56 (1998).

"Il receptor™ or “FeR* deserlbes a receptor that binds to the I'c reglon of an antibody. The
preferred LeR is a native sequence human YeR, Moreover, a preferred FeR is onc which binds an IgQ
sntibody (4 gamma roceptor) and includes recoptors of the FoyR, FeyRIT, and FeyRITT suhclasses, including
allelic variants und alternutively spliced forms of these reecptors. FoyRIT receptors include FeyRTA (an

"“activating receptor) and LeyRIIIE (an “inhibitlng receptor”), which have similar amino avid scquences that
differ primatlly In the cytoplasmic domalns thereof, Activating receptor FEYRILA conlaing un
immunorceeptor tyrasine-based activation motif (ITAM) in its cytoplasmic doowain, Inhiblting receptor

FeyR1IB ¢ontalns an immunoseceptor tyrosine-based inhibiton motif’ ATIM) in its cytoplasmic domain. (see
10




review M. jn Dadran, Annw Rev, Imunol. 15:203.234 (1997)). FeRs are reviewed in Raveteh and Kiner,
Arnte, Rev. Immunol 9:457-92 (1991 ); Capel et al, Immunomethods 4:25-34 (1994); and de Haas et al, J,
Lo, Clin, Med. 126:330-41 (1995), Other FeRs, including those to be identified in the future, arc
encompussed by the term "FeR" herein, "Ihe term also includes the nconata) seceptar, EcRn, which Js
responsible for the transfer of maternal I5Gs to the fetus (Guyer er al., J. Jovnunol. 117:587 (1976) aud Kim

10 et al. J. Immanol, 24:249 (1994)),
WOO00/42072 (Presta) describos antibody variants with impraved ot diminished binding to FeRs,

The content of that patent publication is specifically incorporated herein by roference. See, also, Shields ef

al. J. Blol. Chem. 9(2): 6591-6604 (2001).

“Humun effector cells™ are leukooytes which express onc or more FeRs and perforn effector
functions, Preferably, the cells express at least FeyRTH and perform ADCC efisctor function, Bxamples of
human Jeukoeytes which mediate ADCC incJude peripheral bjoad mononuclear cells (PBMC), natural killer
(NK) cclls, monacytes, eytotuxic T cells and nevtrophils; with PBMCs and NK cells being preferrcd. The

—
(R ]

cftectar cells may be isolated from a wative source, e.g. from blogd.
“Complemont dependent cytotoxicity™ or “CDC™ refers to the lysis of a target cell in the presence

of complenient, Activation of the efassical comploment pathway s initiated by the binding of the firs(
¢ommponent of the complement systém (C1q) ta antihodies (of the approprime subelass) which are bound to
their cognate antigen, To asscss complement activation, 8 CDC ussay, e.g. as described in Gazzano-Santoro

et el J. Immnunal. Methods 202:163 (1996), may be perforricd.
Polypeptide variunts with altered Fo region amino acld sequences und increased or decreaged Clg

binding capability are described in US patent No. 6,194,551B1 aod WO99/51642, The contents of those

paten( publications arc specifically incorporated herein by reference. Soe, ulso, 1dusogic ez al. J. fmmunol,

20

25

164: 4178~4184 (2000).
The N-glycosylation site in JeG is at 450297 in the CH2 domain. The present invention also

provides compositions of u CD20-binding, humanized antibody having a Fe tegion, wherein about 80-100%
(und preferably about 90-99%) of the antibody in the composition comprises a matute cors carbohydrate
structuvs which lucks fucoso, attuched to the Fo region of the glycoprotcin. Such compositiony ware
demonstrated horein 0 exhibit # surprising improvement in binding to FoyRTTA(F158), which is not as
cifcetive uy FeyRITIA (V158) in intcracting with human IgG. Thus, the compaositions herein are anticipated
to be superior to previously described anti-CIX20 antibody compositions, especially for therapy of humen
pateats who express FoyRIIIA (F158). FeyRITA (F158) is mote common than FeyRIUA. (V158) in
normal, healthy African Americans and Caucasians. Sce Lehmbecher et al. Blaad 94:4220 (1999). The
present application fuctber demanstrates the synergistic increase in FeyRIT binding and/or ADCC function
that results from combining the glycosylation variations herein with aming acid sequence modification(s) in

30

the L'c region of the glycoproteln,
An “isolated" antibody is one which fias besn identilied and separaled and/or recovered from a

compunent of its natural environment, Contaminant components of its natory] ¢nvirommnent are materiuls
which would interferc with diggnostic or therapoutic uses for the antthody, and may include enzymes,

40

hormones, and other profeinaceous or nonproteinaceous sofutes, 1n preferred embodiments, the antibody
will be purified (1) to greater than 95% by weight of antibody 4s determined by the Lowry methaod, and most
t
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preferably more than 99% by weight, (2) 0 a degres sufficient to obtaln at least 15 residues of N-terminal or
Internal amino acid sequence by vse of u spinning cup sequenator, or (3) ta homogeneity by SDS-PAGE
under reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain, Isolated
antibudy includes the antibody in siti within recombinant cells since at least one composient of the
autibody's natural environment will not be present. Ordinarily, however, isolated antibody will be prepared

by at Jeast unc purification step.
An "isoJated" nucleic acld moleenle is & nucleie neid mulecule that iy identified and separated from

al keayt one contaminant nuclele acid molecule with which it is ordinarily associuted in the natural source of
tho antibody nuclcic acid. An ikolated nuclelc ucid molecule is other than n the form or setting in which it is
fourd in nature. Isofated nucleic acld molecules therefore are distinguishicd from the nuclcic scid moloeule
ax it exists Ip patural cells. However, an isolated nucleic acid nyolecule includes a sucieic acid molecule
containtd in cells that ordinurily express the antibody whers, for cxample, thie nucleic acid molecule is in a

chromosomal location different from that of nawral colls,
The expression “controf sequences” refers to DNA, sequences necessary for tho cxpression of an

opcrably linked cading sequence in a pacticular host organism. The control sequences that ars suitable for
prokaryotes, fur cxample, include a prototer, optionally an operator scqu:::nce, and a tibosome binding site.
Euksryatic cells are known to ulilizc pramoters, polyadenylation signals, and ephancess,

Nuclelc acid is "opcrably tiuked" when Jt is placed intoe a fanctiona) relatonship with another
fiucleic acid sequence. For example, DNA for a presequence or scoretory leader is operably linked to DNA
for 1 polypeptide if it is expressed as a preprotein that participates 1o the secretlon of the polypeptide; a
promoter or enhancer is operably Boked (o a coding sequonce if it affects the wansetiption of the scquence;
ur a ribosome binding site is operably linked to 2 coding sequence if it is positioned 50 as to facilitate
translation. Generally, "opetably linked" means that the DNA scyucrices being linked are contiguous, and,
in the case of a secretory leades, contiguous and in yeuding phusc. However, enhancers do not have to be
contiguous, Linking is accomplished by ligution at convenient restriction sites. X such sites do not exist, the

synthetic oligonucleotide adaptons or linkers are used in accordance with conventional practice,
“Veactor™ inclhudles shuttle and expression veators. Typleally, the plasmid ¢onstruat will alse includo

an origin of replication (e.g., the ColB1 origin of replication) and a selectable marker (e g . ampitillin or
tetracycline nesistance), for replication and selection, respectively, of the plasmids In bactetia, An
“expression vector” refers to a vestor that.contains the necessary control sequences or regulatory elemeats
for expression of the antibodiss Inciuding antibody fragment of the Invention, in bacterial or sukaryotic cells,

Suitable veutors are disclosed below.,
The cell that produces a humanized €20 binding antibody of the invention will include the

bucterind and cukaryotic host cells into wiich nucleic acld encoding the antibodies have been inwoduced.

Suirabie hast eells dre disolosed below,
The word "Tabel™ when uscd herein refers (o u detectable compound or compasition which is

conjugated dircetly or indirectly to the antibody, The label may itself be dotectable by itself (e.g.,
radioisotope labels or fluorcscent labels) or, in the case of an cuzymatic Jabel, may catalyze chemical

altesation of a substrare componnd or composition which is detectable,
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An “autoimniung disease' herein is a non-malignant disease or disorder arising frant and direcied
against an individual's own (self) untigens and/or tissues.

As vsed hergin, “B cell depletion” refers to & reduction in B cell fevels in an animal of human after
drug or antibody treatment, 45 comparcd to the B cedl level before treatment. B cell fevels are meusurable
usiing well known assays such as those described in the Experimental Examples. B cell deplction can be
coruplete or partial. tn one embodiment, the depletion of CL20 cxpressing B cells is at Jeast 25%, Not to be
limited by any one mechamsm, possible mechanisms of B-cell depletion include ADCC, CDC, apaptosis,
modulation of calcium flux or 2 comblnation of two or more of the preceding.

The term "cytotoxic agent” as used hereln refers to a substance that inhibits or prevents the function
of eclls and/or causcs destruction of eclls. The tesm is intended to joclude radinactive sotopes (e.g., 1",
T, ¥* and Re™), chemotherapeutic agents, and toxins such as enzymatically active toxins of hacterial,
fungal, plant or animal vrigin, or fragments theycof.

A "chemotherapeutic agent”™ is u chemical compound uscful in the treatment of cancer, Lixamples
of chemotherapeutic agents include alkalyzing oc atkylating agents such as thiotepa and cyclosphosphumide
(CYTOXANT™); alkyl sulfonates such as busulfan, imsprosalfun and plposuifan: uziridines such as
henzadopa, carboguons, mcturcdopa, and uredopa; ethylenimines and methylamelamines including
altrotamine, triethylenemelumine, trictylenephosphoramide, tricthylcnethiophosphaoramide and
trimethyfolomelamine; nitrogen mustacds such as chlorambucil, chlomaphazine, chiolophosphamide,
estramustine, ifostamide, mechlorethamiee, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenestering, prednimustine, trofosfamide, uracil mustard; nitrosureas such as canmwsting, chlorozotacin,
fotemusting, lomustine, nimustine, rantmustine; antihigtics such as aclacinomyvins, sctinomycin,
avtbramycin, azsesine, bleomycins, cuctinomycin, calicheamicin, carabicin. camminomycin, carzinophilin,
chromomycins, ductinumycin, duunorubicin, dctorubicin, 6-diaza-5-oxo-1~notfgucine, doxorubicin
(Adriamycin), epleubicin, esorubicin, idarubicin, marcollomyein, mitomycins, mycophenolle acld,
nogalamycin, olivomycins, peplomycin, potficomycin, purosaycin, quelamycin, rodorubicin, steptonigrin,
streptozocin, tubgreiding ubenimex, zinostatin, zorubicing anti-metubolites such as methotrexate and 5+
fluorouracil (5-FUY; folic acid analogues such as denopterin, methotrexate, pteropterin, trimetexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, G-azauvidine, curmofur, cytacabing, didcoayuridine, doxifiridine, enacitabine,
floxuridine, 5-FU; audrogens such as calusterons, dromostatolons propionate epitiostanol, mepitiostanc,
testolactone; unti-udrenals such as aminoglutethimide, mitotane, tellostane; folic acld replenisher such as
frolinic acid; aceglatonc; aldophosphamide glycuside; aminolevulinie acid; amsucrine; hestrabucil;
bisautrene: edatraxate: defofamine; demecolcine; diaziquone; elfornithine; elliptininm acetate; etoghueid;
galllum sitrates hydroxyurea; lentinan; lonldamine; mitoguazone; mitoxantrone: mopidamol: aittacrine:
pentostatin; phenamet; pirarubicing podophyllinic acid; 2-cthyThydrazide; procurbazine; PSK®; ruzoxane;
sizofirans spirogermaniun; enuazonic ackds tiaziquone; 2, 2,2 -trichloroulethylamine: vrethan; vindesine;
dacarbazine: maonomustine: mitobrositol: moltolactol: plpohroman; gacytosine; arabinoside ("Ara-C™):
thiotepa; taxaids, ¢.¢. paclitaxel (TAXOQLY, Bristol-Myers Squibb Oncology. Princeton, NJ) and doxetaxel
(TAXOTERE®, Rhéne-Poulenc Rorer, Antoity, France); chiorambucil; gemcitabine; 6-thioguanine;
mereaplopurine; methotrexate; platinum gnalogs such as cisplatin and carhoplating platinum; etoposide (VP-
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16): ifosfamide; mitomycin C: mitoxantrone; vineristine; vinblastine: vinorclbineg: navelbine; novantronc;
teniposide; daunomyein; aminoperiy; xclada; ibandronate; CPT-1J: lopoisomerasc inhibilor RFS 2000;
difluoromethylormithine (DMFPQ); retinoic acid: esperamicins; capechiabine; and pharmaceutivally
acceptadle solts, acids or derivatives of any of the above, Also included in thls definition are anti-hormonal
Agonts Lhat act 10 regulate or Inhibit hormone action on turmors such us anti-estrogens incjuding for example
wmoxifes, raloxifene, aromatase inhibiting 4(5)-imidazoles, &hydroxytamoxiten, trioxifenc, keoxifenc,
LY 117018, onapristonc, and totemifene (Bareston); anti-androgens such as flutamide, nilutamide,
hicalutamide, leuprolide, and gosesslin; other chemotficrapeutic agents such as prednisolone,
Pharmacentleally acecptable salts, acids or derlvatives of any of the above are included.

"Treating™ or “teeattoent™ or “alleviation” refers to Dotl thorapeutio treatment snd prophylactic or
preventative measures, wherein the object is to prevent or slow down (lessen) the taxgeted pathofogic
candition or disorder. A subject is successfully “reuted” for a CD20 positive cancer or an autoimmung
dixeusc if, after receiving a therapeutic amount of 2 CD20 binding antibady of the invention according to the
methods of the prosent invention, the subject shows observable andfor measvrable reduction in or absence of
on¢ or mare signs and symptomy of the particular diseuse. For example, for ¢uncer, reduction fa the number
of cuncer cells or absence of the cancer cells: reduction in the fucor size; inhibition (e, slow to some
cxtent and peeferably stop) of tumor metastasis; inhibition, to sonie extent, of tumor growth; dncreasc in
length of remission, and/or relict to some extent, one or mme of the symptonss associated with the specific

cuncer; veduced morbidicy and monality, and improvement in qudlity of life Issues, Reduction of the signs
or yymptoms of a disease may also be felt by the patieat. Troutment can achigve a cumplete vespoiise,
defined as disappearance of ¢l signs of cancet, or a purtial response, wherein the size of the tuntor is
decreased, preferibly by more than 50 percent, more proforably by 75%. A paticnt is also considered treated
if the patient cxpcriences stable disease. In a preferred embaodiment, the cancer puticats are still
progression-free in the cancer afier one year, preferably after 15 months, These paramcters for assessing
suceessful treatmeot and Jmprovement in the discuse are readily measuralle by roulinc procedures familiar

t 2 physician of appropriate skill in the act.
A “hecapentcally effecdve amount™ refers to an amount of an antibody or a drug ctfective to

“treat” a disease or disorder in 2 subject. In the case of cancer, the therapetlically etfcetive amount of the
drug muy reduce the number of cancer cells; reduce the tumor size; 1ahibit (i.e., slow to some extent.and

preferably stop) cancer cel} infiltration Into peripheral organs; inhibit (V.2., slow to some extent and
prefecably stup) tumor snctastusis; inkibit, to some extent, tumor growth; and/ox relieve (o some extent onc

or more of the symptoms associated with the cancer. See preceding definitlon of “weatng™.
"Chronie" sdministration refers to administration of the agent(s) in a contdnuous mode as opposed

to an 4eute modc, 5o 44 to maintain the initial therpeutic effect (activity) for an extended petiod of time.
“Tntermittent™ administration js treatrozat that Is not consecutively done without interruption, but rather is

cyclic it natuse.

Compositions and Methods of the Invention
The Invention provides bumanized antbodies that bind human CD20, and preferably other primate

CD20 35 well, comprising a H chain baving at least one, preferably two or all of the H chaln CDRs of a non-
14




human specles anti-human CD20 antibody (donor antibody), and substantfally all of the framework residucs
of a human consensus antibody as the recipient antibody, ‘Ilic donor antibody can be from various nion-
human specics including wiouse. rat, guinea pig, goat, rabbit, horse, primate but most frequently will be a
muring antibody. “Substantiully ali* in this context is meant that the reclpient FR reglons in the hurnanized
sntibody may include onc or moxe amina acid substitutions not ariginally prosent in e human conyensus
FR sequence, These FR chonges may comptise residues nof found Jo the rocipient of the donoc ant body.

Tn one embudiment, the donor antlbody is the murine 2H7 aotbody, the V region inchuding the
CDR and 'R scquences of ¢ach of the H and L chains of which are shown in FIC, 1A und 18, Ina speceific
ensbodiment, the residues for the iuman Fab framework correspond to the consensus sequence of human
Vx subgroup I and of Vy; subgroup XI1 , thesc consensus scquences are shown in Figute 1A und Figore 1B,
tespectively, The humpanlzed 2H7 antibody of the fuvention will have at least one of the CIDRs in the H
chain of the murine donor antihody. 1o one cmbodiment, the humanized 2H7 antibody that binds human
CD20 comprises the CDRs of both the H and L chuins of the donor antibady.

Tn a full fength antibady, the humaaized CD20 binding antibody of the invendon will comprise a
humanized V domain joined 10 a € domain of u human immunoglobolin. To a prefecred embodiment, the B
chain C region is from human IgG, preferubly TeG1 or IgG3. The L chain C domaln 1s preferably from

10

20

human « chajn,
Unless indicated otherwise, a humanized 2H7 antibody vession herein will have the V and C

domain sequences of 2H7.v16 L chain (FIG. 6, SEQ W NQ, 21) and E c¢hain (FIG 7., SEQ 1D NO. 22)
exocpi at the positions of amino acid substitutions or changes ndicated in the experimental examples below,

25 The humanized CD20 biading antibudics will bind at least human CD20 and preferably bind other

primate CD20 such as that of monkeys includiag cynomolgus and rhesus monkeys, and chimpunxces. The
sequence of the cynomolgus monkey CD20 is disclased in Example 15 and Figure 19

The biotogical activity of the CD20 binding antibodles and humanized CD20 binding antbodies of
the invention will include at least binding of the antibody to hiuman CD2(), more preferably binding ro
human and primate CD2Q (FocJuding cynomolgus monkey, rhesus monkey, chimpanzees), with a Kq value of
na higher than 1 x 104, prefermbly a K¢ value no higher thas about 1 x 10°%, cvun urne peferubly o Ky valus
na higher thar about 1 x 10, and be able to kill or deplete B cells in vitro or in vivo, proforably by at least

20% when compared to the baseline level or appropriate negative control which iy not freated with such an

30

aalibody.
The desired Tevel of B cell depletion will depend on the disease, For the teeatment of 2 CD20

positive cancer, It may be desirable to maximize the depletion of the B ¢ells which ure the target of the anti-
CD20 anstibodies of de invention, Thus, for the treataent of a CD20 positive B ccll neoplasm, it is desirable
that the B cell depletion be sufficient to at 1east prevent progression of the discasc which can be assessed by
the physiciun of skill in the art, ¢.g,, by monitoring tumor growth (;sizc), proliferation of the cincerous cell
type, metastasis, other signs and symptoms of the particular cancer. Preferably, the B cell depletion is
sufficient ta prevent progression of disease for at. least. 2 months, more preferably 3 months, even more
preferably 4 months, more preferably § months. even more preferably 6 or more manths. In even more
preferred embodiments, the B cell depiletion iy sufficicnt to increase the time jn remission by a¢ least 6
months, more preferably 9 months, more preferably one yeat, more preforably 2 yeurs, mare preferably 3
15
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years, cven more preferably 5 or more years. ln a most preferred embodiment, the B cel depletion is
sufficient 1o cure the disease, In preferred embodiments, the B cell depletion in a cancer padent is at least
about 75% and more prefecably, R0%, 85%, 0%, 95% , 99% and cven 100% of the bascline level befare
treatmetit,
Por treatment of an autojmmune disease, it may be desirable to modulate the extont of B cell
depletion depending on the diseasc and/or the severity of (he condition in the individuul patient, by adjusting
the dosage of CD20 binding antibody. Thus, B coll depletion cun hut does not have 10 be complets, Or,
tatal B cell depletion may be desired in lnitial treatment but in subsequent treatments, the dosage may be
adjusted to achieve only partial depletion. In one embodiment, the B cell depletion Is at loast 209, L.e., 80%
or less of CD20 positive B cells reruain as compared to the baseline lovel before treatment. Tn other
embodiments, B cell depletion is 25%, 30%, 40%, 50%, 60%, 70% ar greater. Preforably, the I3 o¢l)
deplesion Is sulficicnt to halt progression of the disease, more preferably 10 slleviate the signs and symptams

of the parjcular diseass under treutment, even more preferably to cure the discase.
The invention also provides bispecific C1D20 binding antibodies whercin ane arm of the antibady

hax 4 humanized H and L chain of the humanized CD20 binding antibody of (he invention, and the other arm

has V region binding specificity for a second aotiges. In specific embodiments, the sccond antigen Is

selected from the group consisting af CD3, CD64, CD324, CD16, NKG2D or other NK activating ligands,
In comparison with Rituxan (rituximab), v16 exhibits about 2 to 5 fold increased ADCC potency ,

~34 fold decreased CDC than Rituxan.

Awntibody production

Monoclonal antibodies
Manoclonal antibodics muy be made using the hybridoma method figst deseribed by Kohler ez al,,

Nature, 256:495 (1975), or may be made by recombinant DNA metbods (U.S, Patent No. 4,816,567).
In the hybridoma method, a niouse or other appropriate host unimal, such as u bamster, ix

immunized as desctibed above to elicit Jymphocytes that produce or arc capuble of producing antibodies that
will kpoifiesily bind tw the protein uscd for immunization. Alternatively, lymphocytes may be inupusized

{n vitro. After immunization, lymphocytes are isalated and then fused with a myeloma cell line using a
suitahle fusing agent, such as polyethylene glycol, ta form a hybridoma cell {(Gading, Monoclonal

Antihodies: Principles and Practice, pp.59+103 (Acadcomie Press, 1986)).
The hybridoma cells thus prepared are seeded and grown in a suitable culmre mediwn which

medium preférably contains one or more substances that lnhibit the growth or survival of the unfused,
parental ntyeloma cells (also referred to as fusion partner). For example, if the parental myeloma cells lack
the enzynie hypoxanthine guanine phosphoribosy) transferase (HGPRT or HPRT), the selective culture
medium for the hybridoras typically will include hypoxanthine, uminoptorin, and thymidine (HAT
medium), which substances prevent the growth of HGPRT-deficient cells.

: Prefermed fusion partner myeloma colls arg those that Juse efficicntly, support stable high-Jevel
production of sntibody by the selected antibody-producing cells, and are sensitive to u scloetive medium that
seloats against the unfused parental cells. Preferred myeloma cell lines are murine miyeloma lines, such as
those derived from MOPC-21 and MPC-11 mouse tihors available from the Sulk Institute Cell Distribution
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Center, San Diego, Colifornia USA, and SP-2 and detivatives e.p., X63-Ag8-653 cclls available from the
American Type Culsute Collection, Rockville, Maryland USA. Human myeloma and mouse-hinan
hetecomyeloma cell lines also have been described for the production of human monoclonal antibodics
(Kozhor, 4, Jriununct., 133:3001 (1984): and Brodeur ef af., Monoclonal Antibody Production Techriques
and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).

Culture medjum in which hybridoma calls are growing Is asssyed for production of aionoclonal
antibdics directed eguinst the antigen. Preferpbly, the binding specificity of monoclonal aatibodics
produced by hybridoma cells Is determined by Immunopreclpltation or by an in vizre binding assuy, such as
racdlolmmunoassay (RIA) or enzyme-Tinked immunosorbent assuy (ELTSA),

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchand
anulysis described In Munson et af., Anul. Blockem., 107:220 (1980).

Ontee hybridoma cells that produce antibodies of the desired specificity, affinity, and/or activity are
identified, the clones may be subcloned by limiting dilution proccdures and grown by standard niethods
(Goding, Monoclanal Anttbodies: Principles and Practice, pp.59~103 (Academic Press, 1986)). Suitable
eulurs needia for Ghis purpose includg, for example, D-MEM or RPMI-1640 mediuny, In addition, the
hybridomu cells may be grows in vivo us aseites timors 1o an animal e.g, by i.p. injection of the cells into
fice.
The manaclonal aatibodics seercted by the subclosies are suitably separated feom the culare
medinm, ascites fluid, or scrum by conventiosal antibody purification procedures such as, for example,
affinily chromatagraphy (e.8., uslng protein A ar profein G-Sephatose) or ion-exchange chiromatography,

hydraxylapatite chromatogeaphy, gel electrophoresis, dialysis, etc.
DNA encoding the monoclonal antibodics is readily isolated and sequenced asing conventional

pracedures (.., by using ofigonucleotide probus that arc capable of binding specifically (o genes cncoding
the heavy and light chalns of musine antibodics). The hybridoma cells serve as a prefirred source of such

DNA. Osce isolated, the DNA muy be placed into cxpression veetors, which ace then transfected into host
colls such ax E. coli oclls, simian COS cells, Chinese Hamster Ovary (CHO) cells, or imyeloma celfs that do

not otherwise produce antibody protein, to obtain the synthesls of monoclonal antibodics in the recombinant
host calls. Review grticles on recombinant expression in bacteria of DNA coonding the antibody include
Skerra et al., Curr, Opinion in frmmunol., 5:256-262 (1993) and Pltickthun, fmmunol. Revs., 130:151-188
(£992).

In a further cmbodiment, monoclonal antibodics or aatibody fragments can be isolated from
antlbody phage libraries generated using the techniques deseribed in McCafferty e al, Nature, 348:552-554
(1990). Cluckson ef al., Nature, 352:624-628 (1991) and Marks ef af., J. Mol Biol., 222:581-597 (1991)
dascribe the isolation of wiwrine and human aulibodles, réspectively, using phage llbrarles. Subsequent
publications describe the production of bigh affinity ("M range) human antibodies by chain shuffling (Marks
at al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection and i vivo recombination as
strategy for constructing very large phage libraries (Watethouse et al.. Nuc, Acidy, Res., 21:2265-2266
(1993)). “Thus, thess techniques are viable alternatives to traditional monoclonal antibody hybridoma

leehniques for isoluton of monoclonal antibodies,




The DNA that edcades the antibndy may be modificd to produce ehimeric or fuslon antibody
polypeptides, for example, by substituring human heavy chain and light chain constant domsin (Cy and G)
sequences for the homologous murine sequénces (TS, Patent No, 4,816,567; and Morrison, « al., Proc,
Narl Acud, Sei, USA, 81:6851 (1984)), or by fusiug the immunoglobulin coding sequence with all or part of
the coding sequence for a non-immunoglobulla polypeptide {hcterologous polypeptide). The non-
immunoglobulin polypeptide sequences can substitute for the constant domains of 4n antibody, ur they are
substitured for the varisble domalns of one antigen-cambining sitc of an antibody to create u chimerle
bivalent antibody comprising one antigen-combining siie having specificity for an antigen and another

antlgen-combining site having specificity for a different untigen.

i5 Humanized antibodies
Methods for humumizing non-human antibodies have been deseribed inthe agt, Preferably, a

humanized antibody has one or more amino avid residues introduced into it from a source which is non-
human. These non-human antino acid residues are often referred to as *import” residues, which are (ypically
taken from an “import” varinble domain. Humanization cun be essentially performed following the method
of Winter and co-workers (Tones ef al,, Nature, 321:522-525 (1986); Relchmann ef al., Nature, 332:323-327
(1988): Verhaoyen e al, Science, 239:1534-1536 (1988)), by substituting hypervasiable region sequences
for the comesponding sequences of 2 human aatibody. Accardingly, such "humanized” antibodies are
chimerde antibodics (ULS. Patent No, 4,816,567) whertin substantially lesg thao an inéac homaa variable
domudn has been substitwtsd by the comesponding sequence from a non-huoan species. In prectice,
humanized antibodies are typically human antibodies in which some Itypeérvarisble region residues and
possibly some ¥R residues are substituted by residues from analogous sitcs in edont antibadies.

The c¢hoice of human variable domains, both Light and beavy, to be used in muking the humanized
antibadies Is very important. to reduce antigenicity and HAMA response (human anti-mouse antibady) when
the antibody is intended for human therapeutic use. According 10 the so-called “best-fit” mothod, the
requence of the variable domain of a rodent antibody is screened against the entite libracy of known hurman
varlable dovain sequences. The buman V doruain sequence which is closest 1o that of the rodent is
identificd and the human framework region (FR) within it aceepted for the humanized antibody (Sims et al,
J. Immunol,, 151:2296 (1993); Chothia ar al, J. Mol. Blol., 196:901 (1987)). Avother method uses a
particular framework reglon derived from the consensus sequence of all humaa antibodies of a patticular
xubgroup uf light or heavy chalas, The same framework may be used for several different humanized
untibodics (Custer ez al., Proc. Natl. Acad, Sci. USA, 89:4285 (1992): Presta ef al., J, Immunol,, 151:2623
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(1993)).
It is further important that antibodics be humanized with reteation of high binding affinity for the

antlgen and other favorable biological properties. To achjeve this goal, according to a preferred method,
humanizcd antibodics ure propared by a process of unalysis of the parental sequences and various conceptual
humanized products using three-dimensional models of the parental and humanized sequences. Three-
dimenslonal immunoglobulin models are commonly available and are fapilliar to those skilled 14 the art.
Computer programs are available which illustrate and display prohable three-dimensional conformutional

structures of selected candidate immunoglobulin sequences, Iaspection of these displays permils anulysis of
18
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the Tikely role of the residues In the functioning of the candidate immuaoglobulin sequence, i.., the analysis
uf residues thut influence the ability of the candidate Immunoglobulin to bind its antigen. Tu this way, FR
residues can be sclected and combined from the recipient and import sequences so that the desired antibody
characteristic, such as increased aflnity for the target antlgen(s). is achicved. 1n gencral, the bypervariable
region residues are dircetly and mast substantially involved in influencing anfigen binding.

“The humanized antihody may be an antibody fragment, such as a Fab, which is optionally
conjugated with one or more cytotoxic agent(s) 1n order to genenite an immuaoconjugate, Alternatively, the
humanjzed antibody may be an Full length antibody, sugh as an full length 15G| antibody.

Human antibodios and phage display methodology
As an alternalive to humanizatlon, human antibodies can be generated. For cxample, it 1s 0w

possible to produce transgenic animals (e.g., mice) that are ¢apable, upon immunization, of producing a full
repertolre of human untibodies in the abscnce of endogetous immunoglabulin production. For example, it
has been described that the homozygous deletion of the antibody heavy-chaln jolning region () gene 1a
chimeric and germ-ling mutant mice results in complete Ishibition of endogenous antibody production,
Transfet of the human germ-line immunoglobulin gene array into such germ-line mutant milce will result in
the production of bumian anlibodies upon antigen challenge,  S¢e, a.g., Jakobhovits et al, Proe. Natl. Acad.
Sed, USA. 90:2551 (1993); Jukobovits et al,, Nature, 362:255-258 (1993); Bruggemanun ef ¢f, Year in.
FJmuna., 7:33 (1993); U.S, Patent Nos, 5,545,806, 5,569,825, 5,591,669 (3l of GenPhurm); 5,545,807; and
WQ 97717852,

Alternatively, phage display technology (McCafferty et al., Natwre 348:552-553 [19907) can he
used (0 produce human antibodics gnd antibady fragments {r vizeo, from lmmunoglobulin varisble (V)
domain gene repertoires from unimmunized donors, According to this technique, antibady V domain genes
are cloned In~frante into elther a major or minor ¢oal prolein gene of 4 filamentous bacteriophage, such as
M13 or {d, and displayed as functional antibudy fragments on the surface of the phage particle. Because the
filamentous particle contains a single-stranded DNA, copy of the phage genome, scloctions based on the
functional properties of the sntibody also resul in sslection of the gene cneoding the antibody exhibiting
thusc propertics. Thus, the phage mimics some of the propertics of the B-ecll. Phage display can be
performed in a variety of formats, reviewed in, e. g:, Johnson, Kevin 8. and Chiswell, David I, Curent
Opinion in Structural Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage
display. Clackson er al., Nature, 352:624~628 (1991) isolated a diverse arriy of anli-oxazolone antibodies
from a small randam cornbinatorial library of V genes derived from the spleens of immunized mice. A
reperioire of V genes from volnamunized human donors can be constructed and antibodies to a diverse arvay
of antigens (incliding selftantigens) can be isolated essentially following the techniques described by Marks
ot al.. J. Mol, Biol. 222:581-597 (1991), or Griffith er al., EMBO J. 12:725-734 (1993). See, also, U.S,

Puicnl Nos. 5,565,332 and 5,573,905,
As discussed above, human antibodies may also be generated by [n virre activated B cells (see U.S

Patents §,3G7,070 and 5,229,275).
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Antibody fragments
In cettaln civcumstunces there ure advantages of using antibody fragments, rather than whaole

antibodies. The smaller size of the fragmenty ullows for rapid ¢learance, and may l¢ad to improved access o
solid tumoss,

Varions rechniqucs have been developed for the production of antibady fragments. Traditionally,
these fragments were derived via prateolytic digestion of intuct antlbodics (see, e.g. Morimoto ezal. ,
Journal of Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et af,, Science, 229:81
(1985)). However, these fragments cun now be produccd directly by recombinant host cells, Fub, Py and
SeBv antlbody frugments can u1l be expressed in and secreted from £, coli, thus allowlng the facile
praduction of large amounts of these fragments, Antibody fragments can be isolated from the antibody
phage libvardes disoussed above, Altcrmatively, Fab%-SH fragments can be directly recovered from £, coli
4nd chemically coupled to fotin F(ab), fragments (Carter et L, Bio/Technology 10:363-167 (1992)).
Accordiug to another approach, F(ab), fragments can bo isolated directly from recomblnunt host celt culture,
Fab und F(ab"); fraguent with increased ja vivo halflife comprising a salvage receplor binding epitops
reaiducs are described in U.S. Patent No. 5.869,046. Qther technigues for the production of antibody
fragments will be apparent to the skilled practitionee, In other embodiments, the anfibody of chaice is a
single chain Py fragment (scFv). See WO 93/16185; U.S. Patent No. §,571,894; and U.S. Patent No.
5587458, Fv and sFv are the onfy spacies with intuct combining sifes that are devaid of constant régioas;
thus, they are suitable for reduced aanspecific binding during in vivo use. sFv fusion prolcins may be
coststructed to yicld fusion of an effector protein at eitlier (he umine or the carboxy terminus of an sFv. See
Anlibody Enginccring, cd. Borrebaeck, supra, Abe antibedy fragmient may also be a “lincar aatibody™, .g..
as desctibed in U.S. Patent 5,641,870 for example. Such lneas antibady fragments may be monospecific or

bispecific.

Bispecific antibodies
Bispecific antibodics are antibodies that have binding specificities for at least two differcnt

cpitopes, Bxcmplury bispecific antibodies may bind to two different epitopes of the CD20 protein, Other
suety antibodies may combing a CD20 binding site with & binding site for another protein, Alernutively, an
anti-CN20 arm may be combined with an ayp which binds to  triggering molecule on a Joukocyte such as a
T-uell receplor molecule (e.g. CD3), or Fo receptors for IsG (FeyR), such as FeyRT (CDG4), FeyRI (CD32)
and FeyRII (CD16), or NKG2D or other NK coll activating ligand, so as to focus and localize cellular

defense mechanisms to the CH20-expresslog cell, Bispesific antibodies may also be used 1o Jocalizo
eytatoxic agests (0 cells which express CD20, These antibodles possess a CD2U-binding srm and an trm

which binds the cylotoxic agent (e.g. supurin, anti-interieron-ol, vineu alkaloid, ricin A chain, methotrexate
ar radioactive isotope hapten). Rispecific antibadies can be prepared as full length antibodies or antibody

frapments (&.2. F(ab"); bispecific antibodies).
WO 96/16673 describes u bispecific anti-ErbB 2/anti-FeyRIM antibody and U.S, Patent No.

5.837,234 discloses a bispecifiv anti-ErbB2/anti~FeyRT aniihady. A bispecific and-LitbB2/Feo, antibody is
shown in W098/02463, U.S, Patent Mo, 5,821,337 teaches a bispecific anti-FrhB2/anti-CD3 antlbody.
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Mecthods for making bispecific antibudies are known in the art, Traditional production of fol)
length hispecilic authodies is based on the co-expression of two immunoglobulin heavy chain-light chain
paits, where the two chains have different specificitics (Millstein ef al,, Nature. 305:537-539 (1983)).
Because of the random assorunent of immunoglobulin heavy and light chajus, fhese hybridomas
{quadroinas) produce a potential mixiure of 10 different antibody molecules, of which only one has the
correet bispecific structure. Purification of the cortect molecule, which is uswally done by affinity
chromatography sieps, is rather cumbersome, and the product yiclds ore Jow. Similar procedurcs are
disclosed in WO 93/08829, and in Traunccker at al,, EMBO J., 10:3655-3659 (1991).

According ta o diffetent upproach, antibody variable domains with the dosired binding specificities
(antibody-untigen combining sites) are fused 10 immunoglobulin constant dosmain scquences, Preforably, the
fusion Is with un Ig heavy chain constant domaln. comprising at feast past of the hinge, Cyy2, and Cy3
regions. It is preferred ¢o have the first heavy-chain constant tegion (Cy1) containing the site necessary for
light chain bondling, prescnt in at least one of the fusions, DNAs cneoding the immunoglobulin heavy chain
fusions and, Lf desired, the immunoglobulin light chaln, are inscrted into separate expression vectors, and are
¢o-transfected info a suitable bost cell. This provides for greater flexibility 3o adjusting tie Toutun)
proportions of the three polypeptide fragments in crmbodiments when unequal ratlos of the three polypeptide
chains used in the construction provide the optimum yicld of the desired bispecific antibody. It is, however,
possiblo to insest the cading scquences for two or all three polypeptide chiains into a single expression vector
when the expression of at Jeust two polypeptide chains in cqual ratios results in high yields or when the

ratiog have no gignificunt affect on the yield of the desired chzin combination.
In a preferved embodiment of this approuch, the hispecific antibodics wre composed of a iybrid

immunoglobulin heavy chain with a first binding specificity 11 one¢ arm, und 3 hybrid imsnunogiobulin heavy
chain-light chais pair (providing 4 sccond binding specificity) in the other arm. Tt was found that this
asymmetric structure facilizuces the separation of the deslred bispecifio compound from upwanted
immunoglobulin cliain combinations, as the presence of an immunoglobulin light ¢hain in ooly one half of
1he bispecific molceule provides for a facite way of separation, This approuch is disclased in WO 94/04690,

Por further details of generating bispecific antibodies see, for example. Surcsh et al., Methods In

Enzymalogy, 121:210 (1986).
According o another approach deseribed in U.S. Patent No. 5,731,168, the lnterface between a pair

of antibody molccules can be engineered to maximize the percentage of heterodimets which urc recovered
fram recombinant cell culture. The poeferred interface comprises at least a part of the Cy3 domain. In this
method, one or more small amduo acid slde chalns from the interface of the first antibody molceule are
replaced with larger side chalns (e.g. tyrosine or tryplophan), Compensatary "cavitics" of identical or
similar size to the farge side chain(s) are created on the interface of the sccond antibody molecule by
replacing large smino acid sidc chains with smaller ones (e.g. alanine or thyeonine), This provides a
mechanisin for increasing the yleld of the heterodimer over other unwanted cndsproducts such as

homodiners.
Bispeeitic sntibodics include cross-linked or "heterotonjugare” antibodies. For example, ons of the

antibodics in the botcracanjugate can bhe coupled to avidin, the otber to biotin. Such antibodics have, for
oxample, heen proposed to target lmmuoe system cells o wnwanied cells (U.S. Patent Na. 4,676,980), and
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for treatment of BIV infection (WO 91/00360, WO 92/200373, and EP 03089). Heteroconfugite antibodics
may be made using any convenient cross-linking methads. Sullable cross-linking agents are well known in
the art, and are discloscd in U.S, Patent No, 4,676,980, along with a number of cross-linking technigues,

Technigues for gencruting hispecific antibodies from antibody fragments have also beon deseribed
in the literaturc. Far exarple, bispecific antibvadies can be prepared using chemical linkage. Brennan ¢t of..
Science, 229: 81 (1985) describe a procedure wherein intact antibodies are proteolytically cloaved to
genernte F(ab'); fragments. Thesc fragments arc reduced in the presence of the dithiol complexing apent,
sodlum wrsenite, to stabilize vicinal ditfdels and prevent intermolecular disulfide fortation. The Lab'
fragments generated are then converted to thionitrobenzoate (TINB) derivatives. One of the Fab~TNB
derivatives is then seconverted to the Fab'-thiol hy reducdon with mercaptocthylamine and is mixed with an
eyuimolar amount of the other Fab'"INB derivative 1o fotm the bispecific antibody. The blspecific
antibodies produced cun be used as agents for the selective immobilization of enzymes.

Rewent progress has faciitated the direct recovery of Fab-SH fragments from E. ¢oli, which ¢an he
chemically coupled to form bispevific antibodies, Shalaby aral., J. Exp. Med., 175: 217-225 (1992) describe
the production of a fully humunized bispecific antibody F(ab'); molecule, Bach Fab' fragment was scparately
secreted from £, coli and subjected to directed chemical coupling in vitro to form the bispecifiv antihody.
“The bispecific antibody thus formed was able to bind to celfs overcxpressing the ErbB32 recoptar and normal
human T celfs, as well a8 trigger the Iytic activity of htwpan cylotoxic lymphocytes against hurnan breast
tunor targets.

Vartlous techuidques for xuking and iselating bispecific antibody fragments directly from
recombipant cell culture have slso been described. For example, blspecific antibodics have been produced
vsing leucine zippets, Kostelny et al, J. Immuncl., 148(5):1547-1553 (1992). The leucine Zipper peptides
from the Fos and Jun proteins were linked to the Rab' portions of twa different antibodies by gene fusion.
The antibody homodimers were reduced xt the hinge region w form monomess and then re-vxidized to form
the antibody heterodimers. This method can ulso be utilized for the production of antibody horhiodimers.
The "diabody" technology deserdbed by Hollinger et al., Proc. Natl. Acad. Sct. USA, 90:6444-6448 (1993)
has provided an alteraative mechanism for making hispecific antihody faigmants  The fragments comprise 8
Vi connceted 10 & Yy by u linker which is too shorl to allow puiring botween the two domaing on the ssme
chain. Accordingly, the Vy and V¢, dornains of onc fragment are forced to pair with the complementary V),
and Vy domaing of another fragment, thereby forming two antigen-binding sltes. Another sirategy for
making bispecilic antibody fragments by the use of single-chain Fv (sFv) dimers hus algo been reported. See

Grubrer et al, J, Inmunal, 152:5368 (1994).
Antibodies with more than two valencics arc contomplated. For example, trispecific antibodies can

he prepated, Tutt er al. 7. imnwnel. 147: 60 (1991).

Multivalent Antibodies
A multivalent antibody muy be intemalized (and/or catabolized) faster than a bivalent antibody by a

cell expressing an antigen to which the antibodias bind. The antibodles of the present invention ¢an be
multivalent antibodles (which ace other than of the 1gM class) with three or more antigen binding sites (e.g.

tetravalent antibodics), which can be readily produced by recombinant expression of nucleic acid encoding
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the polypeptide chains of the antihody. The mulGvalent antibody can comprise 4 dimerization domain und
three ur more antigen binding sites. The prefecred dimerizadon domain comprises (or consists of) an Fe
rejgion or a hinge reglon. In this scenario, the antibudy will comprise an Fe reglon und three or more antigen
binding sitss amino-terminal to the Fe region, The preferred multivalent antibody heseln comprises (or
consists of) three to about eight, but preferably four, antigen binding sites. The multivalent antibody
comprises at Jeast onc polypeptide chain (and preferably two polypeptide chuins), wherein the palypeptide
chuin({r) comprise two ar more variable domalns, Forinstance, the polypeptide chain(s) may comprise VD1~
(XD YD2-(X2)y-Fe, whercin VDI is u first variable domain, VD2 Is a sceond varlable domain, 1 is one
polypeptide chain of an Fe reglon, X1 and X2 represent an aouno acid or polypeptide, and n s 0 ur 1. For
lustance, the polypeptlde chain(s) may comprisc: VH-CHI-flexible linker-VYM-CH I-Fo region chain; or VH-
CHI-VH-CH1-¥¢ region chain, The multivalent antibody hercin preferably further conmprises ut least. two
(and preferubly four) light chain variable domojn polypepfides. The multivalent antibody hercin may, for
Instance, comprise from aboul two to about eight Jight chain variable domain pulypoptides. 'fhe light chain
varigble domain polypeptdes contemplated hece comprise a light chain variable domain and, optionally,

further comprise a CL domain,

Other erilug acid sequence modifications
Amino acid seyjuencs madification(s) of the CD20 binding antihodies described hercin are

contempled. For cxumple, #t may he desirable 1o improve the binding affinity and/or otfier biclogical
ptopecties of e antibody. Aminoe acid sequence variants of the anti-CD20 antibody are prepared by
introducing sppropriate nuclcotide chaages into the anti-CD20 antibody nucleic seid, or by peptide
synthesis. Such modifications include, for example, detetions from, and/or Insertiony into and/or
substitutions of, residues within the amino acjd sequences of the anti-CD20 antibody. Any comhination of
dcletion, insertion, and substitution js made to artive at the final construct, provided that the final construct
possesses the desired characteristics. The 2ming acid changes alsa may alter post-transjational processes of

the anti-CD20 antibady, such as changing the number or position of glycosylation sites.
A uschul mathod for idantification of cortain roridues or regiona of the anti CD20 antibody that are

preferred lacations for mutagenesis is called “ulunine scanning mutagenesis” as described by Cunningham
and Wells in Sclence, 244:1081-1085 (1989). Here, aresidue or graup of target residues are identified (€.8.,
chargod residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively chacged amino
ucid (most preferably alanine or polyalanine) to affect the intesaction of the amlno acids with CD20 antigen.
Those amino acid locations demanstrating functional sensitivity to the substitutions then are refined by
introducing further or othér vardants at, of for, the skes of substitutlon, Thus. while the site tor introducing,
an araine ueid scquence variation is predstertined, the nature of the mutatlon per s¢ need not be
predetermined. For eximple, to analyze the pecformancs of a mutation at a glven site, ala scanning or
random mutagenesis is conducted at the target codon or region and the expressed anli-CD20 antibody

varlants are sereened for the desired uotivity,
Amino acid sequence insections include amino- and/or carboxyl-terminal fusions ranging in length

from one residuc to polypeptides containing s hundred or more residucs, as well us intrascquence inserlions
of single or multiple aming acid residues. Bxamples of terminal insertions include an anti-CD20 antibady
23




with un N-terminal methionyl residue or the antibody fused (o a cytotoic polypeptide. Other fuscriional
variants of the anti-CD20 antibody molecule include the fusion 1o the N- or C-terminus of the antj-CD20
antibndy to an enzyme (e.g. for ADBPT) ar a polypeptide which increases the seruot half-life of the

antlbody. )
Another type of variant s an umino acld substitution vaciant. These variants have at least ote
amino acid residug in the antl-CD20 antibody molccule ceplaced by o differcut residue, The sites of greutest
inlerest for substitutional mutagencsis include the hypervariable regions, but FR ulterations arc also
contemplated, Conservative substitutions are shown in the Lable below vader the heading of “preferyed
substitutions”. If such substitutions result in a change In biulogical activity, then mnre substantial changes,
danaminated "excmplary substitutivns® in the Table, or as further described helow {n reference 10 amino scid

classex, may be introduced and the products serecned.

TABLE of Autino Acid Subscitutions

Qriginal Residue Hxemplary Prefexred
Substiiutions Substitutions
Ala(A) val; Ieu; ilo val
Arg (R) lys; gln; asn lys
Asn (N} lo; bis; asp, lys; arg gln
Asp (D) ghy; asa gh
Cys (C) scr; ala ser
Gla (Q) asn; glu asnt
Gl (L) asp; glu asp
Gly (G) aly ala
His (H) asw; gln; lys; arg g
Ne () lew: val: met; ala; phe; norfencine Ten
T.eu (1) natleucine; ile; val; met; ala; phe ile
Tys (R) arg; oln; asn prg
Met (M) leu; phe; ile leu
Phe (19 Jew; val; ile: alas tyr yr
Pro (F) ala 1
Ser (S) thr thr
Thr (T) ser SET
T (W) tyr; phe tyr
Tyr (Y} trp; phe; the; ser phe
Val (V) ile; leuy met; phe; ala; norleucine leu
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Substantal maodifications in the biologics) properties of the aatibody are accomplished by selecting
substitutions that differ sighiflcantly in their effect on maintaining (a) the structure of the palypeptide
huckbone in the area of Use substitution, for example, as a sheet or helical conformation, (b) the charge or
liydrophobicity of the molecule at the target site, or (o) ths bulk of the side chajun, Naturally occorring
residues arc divided into groups bascd on common side-chain properties:

(1) hydrophobic: norlcucine, met, ala. val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acldle: asp, glu;

(4) basiv; asn, gln, his, lys, arg;

(5) residucs thas influence chain orieatation; gly, pro; and

(6) avomatic; tep, tyr, phe,
Non-conservarive substitutions will ontail exchanglng a member of obe of these classes for another

class,

Aty cystcine residue not lavolved in maintaining the proper conformation of the anti-CTI20
antthady also may be substituted, generally with scrine, to ipiprove the oxidative stability of the molecule
and prevet aberrunt erosslinking, Converscly, cysteine bond(s) may be added to the antibody to improve ils
stability (particularly whege the an(ibody is an antibody ficagzment such as an fv fragment).

A pardeularly preferred type of substitutionad variant invalves substituting onc or more
bypervariable region residucs of a parent antibody (e.g. 4 humanized or human aatibody). Gengrally, the
resuiting viaiuni(s) sclected for further development will have improved biological properties relative to ¢he
parent anlibody frum which they are genecated. A convesicnt way for generatiog such substitutional
variants (nvolves affinity maturution using phage display. Briefly, scveral hypervarfable region sites (eg. 6-
7 sites) are mutaled to generate all possible anino substtulions ut each site. The antibody variunts thus
goncruted ure displayed in 2 monovalent fashion from filamentous phage particies as fusions to the gene 111
product of M13 packaged within each particlc. The phage-displayed varlants are then screened for thels
blological activity (e.g. binding affinity) as herein digelosed, In order to identify candidate hypecvariable
region sites for madification, alanine scanniog mutagenesis can be performed 1 identify hypervariable
rogion residues contribating significantly fo antigen binding, Altcrmatively, or additionally, it may be
beneficial to analyze a crystal sttucture of the antigen-antibady complex (o identify contact points hetween
the antibody and human C20. Such contact residues and neighboring residucs wre cundidates for
substitutlon according to the technigues slaborated hevgin, Once such variants are generated, the panel of
variunts s subjected to screening as deseribed herein and antibodies with superior properties in osne or more
relovant assays may be selected for further development.

Anuvther type of amine acid variunt of the antibady alters the original glycosylatlott patiern of the
antitody, By ultering is meunt delcting one or more carholiydrate moieties found Jn the antibody. und/or
adding one or more glycosylation sifes thut ure not preyent in the antihody,

Glyeosylation of untibodics is typicully cither N-Tinked or O-linked. N-Unked refers (o the
sttuchment of the curbohydrate moiety 1o the side chain of an asparagine residue, The tripeptide sequences

asparaglne-X-serine and aspesagine-X-threonine, where X is any smino acid except. proline, are the
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reeagnition sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain.
Thus, the presence of cither of these tipeptide seyuences in a polypeptide creates a potential glycosylation
site, O-linked glycosylation refets o the attachment of one of the sugars N-dccylgalactosamine. galactose,
af xylose 10 4 hydroxyamino acid. most commaonly serine or threonine, although 5-hydroxyprotine or 5-
fydroxylysine may also be uscd.

Addition of glycosylation sites o the antibiody is convenicntly accomplished by altering the amino
acid sequenco such that it conlaing vne or more of the above-deseribed tripeptide sequences (for N-linked
glycasylation sites). The alicration may also be mude by the addidon of, or substitution by, ong vt more
sarine or threonine residues to the sequence of the original antibody (for O-linked glycosylation sitex).

Nucleie ucid moleoules encoding amine acid sequence varidots of the anti-CD20 untibedy are
prepared by a vasiety of methads known in the art. These methods include, but are not fimited to, isolation
from & natural source (in the case of auturally accurring amino ucid sequence variants) or preparation by
oligunucleotide~-mediated (or site-directad) mutagenesis, PCR mutagenesis, and cassette mutagencsis of an

carlicr prepared variant or a non-vatiant version of the anti-CD20 anGbody.
M may be desirable to modify the antibody of the invention with respect fo effector function, e.2. s0

s to enflance antigon-dependent cell-mediuted cyotoxicity (ADCC) and/ar comiplentent dependent
eytataxicity (CDC) of the antibody. Thls may be achicved by introducing one or more amino scid
substitut/ons in an Fe region of the antibody, Altcrnatively or additionsdly, cysteine residue(s) may be
introduced in the Fe rogion, theseby alfowing intorchain disulfide bond formation ia ¢his region. The
homodimeric antibody thus pencratéd may have improved infernzlization capability and/or increased
complement-mediated cell killing and antibody-dependent celiular cytotoxicity (ADTC). See Caron ¢f al., /.
Exp Med. 116:1191-1195 (1992) and Shopes, B. J. Irmunol 148:2918-2022 (1992), Homodimeric
antibodies with cnhanced anti-tumor activity may also be prepared using heterobifunctional crass-linkers as
described in Wollt of ql, Cancer Research 53:2560-2565 (1993). Alternatively, an antibody cuan be
engincered which has dual Fe regions and may thereby have cuhanced complement mediated lysis and
ADCC cupubilitics. Sce Stevenson ez al. Anti-Cancer Drug Dexign 3:219-230 (1989).

T increase the serun half fife of the antibudy, onc may incomorate a salvage receptor binding
opitope lnto the antibody (especiully an aatibady fragment) as described in U.S, Putent 5,739,277, for
cxample. As used herein, the term “"salvage receptor binding epitupa® refers to an epitope of the Fe reglon of
un TgG molecule (2.2., T8Gy, 1RGy. InCl, ot 15Ga) that 1s responsibles for increasing the I vivo serum hal(-ife

of the TgGG molecule.

Other untibody modifications
Other modificutions of the antihady are contemplared hereln, For example, the antibody may be

linked to one of & variety of nonproteinaceous polymers, e.g., polyethylcnc glyeal, palypropylene glycol,
polyoxyalkylenes, or copulymers of polycthylenc glycal and polypropylese glycol. The antibody alse may
be entrapped in microcspsules prepared, for example, by coacervation techaiques or by interfacial
polymicrization (for cxample, hydroxymethylcellulose or gelatin-microcapsules and poly-
(mcthylmethacylate) microcapsules, respectively), in colloidal drug delivery systems (for example,
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liposomes, albumin microspheres, microemulsions, nang-particles and nangcupsules), or In mucroemulsions.
Such rechniques are disclosed in Remington's Phurmaceutical Sciences, 16th edition, Oslo, A., Bd., (1980),

Screening for antibodies with the destred properties
Antlbodies with certain biological characteristics may be selected o5 desctibed in the Bxperimental

Examples,
The growth Inhibltory effccts of an anti-CD20 antibody of the invention muy be assessed by
methods knowa in the art, e.g., uslng cells which express CD20 either endogenously or following
transfection with the CD20 geno. For example, tumor cell Jines and CP20-transfected cells may teated with
an anti-CD20 monoclonal untibody of the invention at vatious concentratians for u few days (e.g., 2-7) days
und stained with crystal violet or MTYT or analyzed by some other colovimetric assay. Another method of
measurlng proliferation would be by comparing *H-thymidine uptake by the cells trouted in the presence or
ahsence an anti-CD20 antibody of the invention. Afiar antibody treatment, the cells wre harvested and (he
aimount of radivactivity jincorporated inta the DNA quantiiated in a scintillation counter. Appropriate
positive contrals include treatment of a selected cell line with 2 growth inhibitory antibady knowts t¢ inhibit
growth of that cell line,

To ycleet for amibodies which induce ccll death, loss of membrane integrity as indicated by, e.g.,
propidinm fodide (P1). typan bluc or 7AAD uptake may be assessed relative to canteol. A PI uptake assay
can be performed in the absesice of cumplement and immune effector colls, CD20-expressing tumor cells
are Incubated with medium alotie or medium containing of the appropriate sonocional antibady at e.g, alout
lleglml.. The cells ace Incubated for a 3 day time period. Fallowing each treatmuent, cells are washed and
aliquoted into 35 mm strainet-cupped 12 x 75 fubes (1ml per tube, 3 tubes per treatment group) for removal
of cell clumps. Tubes then roceive PT (10pg/ml). Samples ntay be analyzed using 2 FACSCANT flow
cyrometer and FACSCONVERT™ CellQuest sofiware (Bouton Dickinsan). Those antibedies which induce
statistically significant levels of cell death as determined by PI uptake may be selected as ¢oll death-inducing
antibodles,
To sereen for antibodies which bind (o an ¢pltope on CDZ0 bound by an uatibody of interest, a
routine cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbior
Laboratory, Ed Harlow and David Lanc (1988), tan be perfarmed.  This assay can be used (o determine If a
test antibady binds the same site or epitope as an anfi-CD20 antibody of the invention. Alternatively, or
additionally, epitope mapping can be performed by rethods known lu the art. Fox example, thie antibody
sequenco can be rnutagenized such s by alanine scanning, to identify contaet residues. The mutant antibody
is Initailly tested for binding with palyclonal antibody to ensure proper folding. In a different method,
peptides carresponding o difforent regions of CD20 cust be used in competition assuys with (he test
antibadies or with a test antibody and an antibody with a churacterized or known cpitope.

Veetors, Host Cells and Recombinant Methiods
The jnvention also provides an isolated nueleic acid encoding a humanized CD20 bluading antibody,

veotors und host cells comprising the nucleic acid, and recombinant techniques for the production of the

antibody.
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For recombinant productinon of the antibody, the nucleic acid eneoding It is isolated and inserted
into a replicable vector for further cloning (amplification of the DNA) or for expression, DNA encoding the
monaclonal antibody is readily isolated and sequenced using conventional procedures (e.g., by using
aligonuclcatide probes that are capable of binding specifically to genes encoding the heavy and light chaing
of the antibody). Many vectors are available, The vector components generally include, but are not fimited
10, ou¢ or more of the folluwing: a signal scquence, an origin of replicalion, one or more marker genes, un
enhancer clement, a promoter, and a teanscription ternination sequence.

(1) Signal sequence cortponent
‘'he CD20 bindjng antibody of this inveation may be produced recombinantly not anly disectly, but

al20 ux 4 fusion polypeptide with a heterolugous polypeptide, which is preferably a signal sequence or otheg
polypeptide having a specific cleavage site at the N-teriinus of the matur¢ protein or polypeptide. The
heterologous signal sequence scloeted preferably is onc that is recognized and processed (fe., cleaved by a
siggnal peptidase) by the host cell. For prokaryotic host celfs that do not recognize and provess the native
CD20 hinding antibody signal sequence, the signul scquence s substifuted by a prokaryolic signal sequence
selected, for example, from the group of the alkaline phosphatase, penteiltinass, Ipp, or heat-stable
caterotoxin U leaders, For yeast secretion the nadve signal sequence gy be substituted by, e.g., the yeast
invertuse leader, «x fagtor leader (including Saccharonyces and Kluyverontyces w-factor leaders), or acid
phosplatasc leadey, the C. albicans glucoamylase Jeuder, or the signal desaribed in WO 90/13646. 1n
mammialian cell expresslon, mammaliag signal sequences as wel as viral scorctory leadery, for examypsle, the

fierpes simplex gD slgnal, ate available,
The DNA for such precursor region is ligated in reading frame to DNA encoding the CD20 binding

antibody,

(i) Origin of replication
Both expression and cloning veetors contain a nucleic acid sequenice that enables the vector to

replicate in one or moro selected host cells. Generally, in cloving vectors this seguence is ouc that enahles
the vector to replicate independently of the bost chromosonial DNA, and includeés origins of replication or
autonomousty replicating sequences, Such sequences are well known fora variety of bucleriy, yeust, und
vicuses, The origin of replication from (he plasmid pBR322 is svitable for most Gram-negative bacteria, the
2p plavmid origin is svitable for yeast, and varlous viral origins (SV40, polyoma, adenovitus, VSV or BPV)
are ugclul for clontng veclors in mammalian cells. Generally, the origin of replication component is not
needed for mammalian expression vectors (the SV40 origin may typically be used anly because it contains

the carly promoter).

(iii) Selection gene component
Bxpression and cloning vestors muy eontain a sclection gene, alse tormed a selcetuble marker.

Typical sclcotion gencs encode proteins that () vonfer resistance to antibioties or other toxins, e.g.,
ampicillin, ncomycin, methotroxute, or tetrucycling, (b) complement auxotrophic deficiencies, or (c) supply
eritical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase for Baciii.
One example of a selection scheme nrilizes a drug to arrest growth of a host cells ‘Those cells that
are suceessfully transformed with a hetecologous gene produce a protein conferring drug resistance and thus
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survive the selection regimen. Fxamples of such dominant sefection use the drugs neomyein, mycophenolic
acid and hygromyein,

Another example of suitable seleetable markers for mammalian cells we those that cogbloe the
Identification of cells competent to take up the CD20 binding antibody nucleic acid, such as DHI'R,
thymidinc kinasc, metallothioncin-l and -1, preferably primatc mewliothionein genes, adenosine deaminase,

omithine decarbaxylase, efe.
For example, cells transformed with the DHFR selection gene are first identifizd by culturing all of

the transformants in a cu)mure medinm that containg methotrexate (Mtx). a cotnpetitlve antagonist of DHER.
At appropriats bost cell when wild-type DMER s enaplayed is the Chinese hamster oviary (CHO) ecll Jine

deficient in DHER activity (&.g., ATCC CRL~0YS).
Altcrnatively, host celln (particularly wild-type bosts that contain endogenous DHIR) transformed

or ca-transformed with DNA sequences encoding CD20 binding antibody, wild-typc DHFR protein, and
another selectable markes such as aminoglycoside 3-phosphutransferase (APH) can be selected by cell
arowth in medivm containing a selection agent for the selectable marker such as an amineglycosidic

antibiotic, e.g., kanamycehn, neomycin, or G418, See U.S. Patent No. 4,965,199,

A sultable selection pene for use int yeast s the #pl genc present in the yeast plasmid YRp7
(Stinchicomb ex al., Nexture, 282:39 (1979)). The &rpl penc provides a selection marker for a mutant stealn of
yeast facking the ability to grow in tryptophan, for example, ATCC No, 44076 or PEP4-1. Joncs, Cenetics,
85:12 (1977). The prescrice of the trp1 lesion in the yeast host cell genome thes provides an cffocfive
cnvironment for detecting transformation by growth in the abseace of trypfophan. Similarly, Leu2-deficient

yeast strains (ATCC 20,622 or 38,626) are complemented by kaown plasmids beuring the Leu? genc.
In addition, vectors derived from the 1.6 pm circular plasmid pKDJ can be vsed for tansformation

of Kleyveromyces yousts, Alternutively, un expregsion system for large-scale production of recombinant catf
chymosin way reported for K. lactis. Van den Berg, Bio/Technology, 8:135 (1990), Stable multi-copy
expression vectors for secretion of mature recomblnant human serum albamin by industriul strains of
Kluyveromyces fiave also been disclosed. Vleer ¢ al, Biv/Technology, 9:968-975 (1991).

(v} Promoter component
Expression and cloning vectors usually contain 2 promater that is recognized by the host organism

and is operably Jinked to the nocleie acid encoding the CD20 binding antibady. Promaters suitable for use
with prokaryotic hosts include the phoA promotor . B-lactamasc and lactose prometer systems, alkaline
phosphatuse promoter, a tryptophan (1rp) promoler system, and hybrid promoters such as the tac promoter.
Howeaver, other known bacterial promoters are suitable. Promafers for use in bacterial systems also will
contaln a Shine-Dalgarno (8.D.) sequence operably Tinked to the DNA encoding the CD20 binding antibody.
Promoter sequences are known for cukaryoles. Virtually #il eukaryotic genes have an AT-rich
region located approximately 25 ta 30 bases upstream frum the site where transeription is initlated. Another
sequence found 70 to 8Q hases upstream from the start of transeription of many genes is a CNCAAT region
where N may he any nucleotide. At the 3" end of most eukaryotic genes is an AATAAA sequence that oy
he the signal for addition of the poly A tajl to the 3' end of the coding sequence. All of these sequences ure

suitably Inserted Into evkaryotic expiesslon vectors,
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Examples of svitahle promoter sequonces for use with yeast hosts Include the promoters for 3-
phosphoglycerate kinuse or other glycolylic enzymes, such as enclase, glyceraldehyde-3-phosphute
dehydragenase, hexokinuse, pyruvate decarboxylase, phosphofructokinase, glucoses6-phosphate isomeruse,
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucoss jsomerase, und
glucokinase,

Other yeast promaters, which are inducible progioters having the addilonal advantage of
transeription controlied by growth conditions, sre the promoter regians for aleoho! dehydrogenase 2,
Isocytuchrome C. acld phosphatase, degradative enzymes assoclated with nitragen metabolisny,
netaliothioncin, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for mallose and
salactose utilization, Sujtable vectors and promoters for use in yeast expression are further described in EP
73,657, Yenst enhancers also are advantageously uscd with yeast promoters.

CD20 binding antibody tanscription from vectors in mammalian host cells 1s contralled, for
cxample, by promotess obtaiied from the genoines of viruses such as polyoma virus, fowlpox virus,
adenoviruy (such as Adenovirus 2), bovine papilfoma virus, avian sarcoma visus, cytomegalovirus, a
rotrovirus, hepatltis-B vinms and most preferably Simian Virus 40 (SV40), from heterologous mammaliun
promulers, e.g., the actin promoter or an immwneglobulin promoter, frem heat-shock promwoters, provided

such promolers are compatible with the host cell systems.

The curly and late promoters of the SV4Q virus are conveniently obtained as an SV4Q restrictoa
fragmcnt that also contains the SV40 viral onigin of replication, The inmed)ate ealy pramater of the huaun
cytomegalovirus §s conveniendy obtained as 2 HindII B restriction fragment. A system for expressing DNA
in mammalian hosts using the bovine papilloma virus us a voctor is disclosed in U.S. Patent No. 4,419,444,
A modsfication of (his system is described in U.S, Paleat No. 4,601,978, See alsa Reyes ef al,, Nature
207:598.601 (1982) on expression of human B-intcrfcron cONA 1 mouse cells under the contral of a
thymidine kinage promoter from herpes sitnplex virus. Altematively, the Rous Sarcoma Virus long terminal

repeal can be vsed ag the promoter.

{v} Enhancer lerment cormponent
Transcription of a DNA encoding the CD20 binding antiboly of this invention by biglier

cukaryotes s often increased by inserting an enhancer sequence into the veclor, Many enhancer sequences
are now known from mummalian geoes (globin, elastase, albumin, o-fotoprotein, und Insulin), Typically,
however, onie will use an cohancer from a etkaryotle cel) virus, Examples include the SV40 eohancer on e
Tate side of the reptication origin (bp 100-270), the cytomegalovicus early pramoter snhancer, the polyoma
enhancer on the late side of the replication origin, and adenovirus enbancers. Sce also Yaaiv, Nature
297:17-18 (1982) on enhuncing clements for activation of eukaryotic promoters. The enhancer may be
spliced into the vector at a position 57 or 3' to the CD20 binding antibody-eticoding sequencs, but is

preferably Tovated at a site 5 from the promoter,

(V) Trauscription fermination componeut
Expression vectors used in enkaryatic host cells (yeast, fungi, insect, plaat. animal, iwunan, or

nucleated cells from ather malticel{ular organisms) will also contain sequences necossary tor the termination
ol transeription and fos stabilizing the mRNA. Such scquenees ate commonly avallable from the 5' and,
occasianally 3', untranslated regions of eukaryotie ot viral DNAs or cDNAS. There regions contain
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nueleotide scgments transeribed as polyadenylated fragments in the unfransfated portion of the mRNA
encoding CD20 binding aotibody. One uselu] transeription ternination component is the bovine growth
hormone polyadenylation region, See W094/11026 and the exprossion vector disclosed therein,

(vii) Selection and transfurmation of hast cells

Suitable host cells for cloping or expressing the DNA in the vectors herein are the prokaryote,
yoast, or higher sukaryote cells described above, Suitable prokuryoles for this purpose include eubacteria,
such as Grum-negative or Gram-pasitive organisims, for example, Enlerobacteriaceae such us Escherichia,
4.0, B coli, Enterobacter, Erwinla, Klebsiella, Proteus, Salmonella, ¢.g., Salmonelia typhlmurinm, Serratia,
é.%.. Sarratla marvescans, and Shipella, us well as Bacilll such as B. subtilis and B. Ucheniformis (e.g., B.
Ucheniformis 41P disclosed ln DD 266,710 published 12 Apsil 1989), Preudomanas such as P. aeruginosa,
and Streptomyces. One preferred B, cold cloning hostis £, coli 294 (ATCC 31,446), although other srains
such a8 £ coli B, E. coli X1776 (ATCC 31,537), and E. colt W3110 (A1TCC 27,325) are suitable. These
cxamples ore illustrutive rather than limiting.

Pull length uatibody, antibody fragments, and antibody fusion protcins can be produced in bacteri,
in particular when glycosyletion and Fe effcclor function are not needed, such us when the therapeutic
antibody is conjugated (0 a cyrotoxic agent (c.g., 4 toxin) and the immunoconjugate by itself shows
effectivencss in tumor cell destruction, Full fength antibodies have greater half §ife la circulation.
Production in E. coli is faster and more cost efficicnt. For expression of antibady fragments and

pulypeptides in bacteria, scc, e.g., U.S, 5.648,237 (Curter ct. al.), U.S. 5,789.199 (Joly et al.), and U.S.
5.840,523 (Simmons et al.) which deseribes transiation initiation region (TIR) and signal sequences for

aptimizing expréssion and secretion, thewe patents incorporated hesein by reference, Afier expression, the
antibady Is isofated fram the B. coli ecll paste in a soluble fraction and can be pudfied through, .2, 1
protein A or G column depending on the Isotype. Final purification can be catried out similar to the process

fur purilying antibody expressed e.g,. in CHQ cells.
In addition to prokaryntes, cukeryotic milcrobes such as filamentous futigl or yeast are suitable

cloning or expression hosts for CII20 hinding antGbody-encoding vectors. Saccharemyces cerevisiae, or
common baker's yeast, is the thost comnonly uscd among lower eukacyotle host microorganisms, However,
a nuiiber of other geuncra, species, and strains ave commonly available and useful herein, such as
Schizosuccharomyces pombe; Kluyveromyces hosts such us, e.g. & lactis, K. fmgills (ATCC §2,424), X,
bulgaricus (ATCC 16,045), K. wickeramil (ATCC 24,178). K. wedtii (ATCC 56,500), K. drosopfiilarum
(ATCC 36.906), K . thermotelerans, and K, marxianus; yarrowia (BP 402,226); Pichia pastaris (BP
183,070); Candida: Trichoderma reasia (BP 244,234): Neurpspara crassa; Schwanniostyces such as
Schwarncionyces necidentalfs; md filamentous fungi such ss, e.g., Neurospora, Penicillivn, Tolypocladium,
and Aspergillus hosts such as A, nichidans and A, rlger.

Suitable host ¢ells for the expression of glycosylated CD20 binding antibody are derived from
mullicelfular organisms. Exumples of invertebrate cells include plant and insect cells. Numerous
baculoviral strains and varisnts and correspanding permissive insect host cells from hosts such as
Spodoprera frugiperda (catespillar), Aedes acgypli (mosquito), Aedes albopletus (mosyuilo), Drosophily
melanogaster (frnitfly), and Bombyx mori have been identificd. A varlety of viral strains for runsfecton are
publicly availuble, g, the L-1 variant of Autograpfa californica NPV and the Bm-5 stran of Bosbyx morl
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NPV, and such viruses muy be used as the virus herein aceonding to the present invention, particulacly for

transfection of Spodoptera fragiperda cclls.
Plant cell ¢ultures of cotton, cor, potato, soybean, petunia, tomato, dnd tobaceo can alsa be utitized

a3 hosts,
However, interest has been greatest in vertebrate cells, and propagation of vertehrate cells in culture
(lissue culture) has become a routine procedure. Examples of useful smammalian host cell lines are mionkcy
kidney CV line transformed by SV40 (COS-7, ATCC CRL 1651): human cmbryonic kidney line (293 or
283 cells subcloned for growth in suspension culture, Crafiam ¢f «f, J. Gen Virol, 36:59 (1977)) t baby
hamater kidney colls (BHK, ATCC CCT. 10); Chinese hamnster ovary cclls-DHFR (CHO, Utlaub ef at.,
Proc. Natl. Acad. Sci. USA 77:4216 (1980)) 5 mouse sersli cells (TM4, Mathet, Biol Reprod. 23243.251
(1980) ); monkey kidney cells (CV] ATCC CCL 70); African green monkey kidacy cells (VERO-76, ATCC
CRL-1587); humian cervical carcinoma cells (LELA., ATCC CCL 2); canine kidney cells (MDCXK, ATCC
CCI. 34); huffalo rat liver celfs (BRL 34, ATCC CRL 1442); human lung eells (W138, ATCC CCL 75);
human liver celis (Hep G2, HB 8065); mouse munmmary tumor (MMT 060562, AVCC CCLS1); TR colls
(Mather et al., Annals N.Y. Acad, S¢i. 383:44-68 (1982); MRC 5 cclls; F84 eells; and a huinan hepatoma
lna (Hep G2).

Host cells are transformed with the above-described expression or cloning vectors for CD20
binding wntibady prodaction and cultuted jn conventional autient media mudified as appropriate for
inductng promaters, selecting taasforavans, or ampfifying the peacs cacoding the desired sequences.

{viii) Culluring the bost cells
The host ¢ells used o produco the CD20 binding uatibody of this invention may be cultured in a

vaciety of medin, Comumercially available media such as Ham's F10 (Sigma), Minimal Esscutial Medium
((MI3M), (Slgma), REML-1640 (Sigma), and Duibecco’s Modified Eagle's Mcdium (DMEM), Sigma) are
suitable for culturing the host eclls. In addition, any of the media deserihed in Ham et al, Meth, Eaz, 58:44
(1979), Barnes er al, Anal. Biochern 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;: WQ 87/00195; or U.S. Patent Re. 30,985 may be used as culture
medis for the host celle. Any of these media may be supplemented ue nevsesary ‘'with hormoncs and/or other

growth factors (such us insulin, trunsforrin, or cpidermal growth fuctor), salts (such as sodium chlonde,
caleium, magnesium, and phosphate), buffors (such #s HEPES), nuclootides (such as adenosine and
(hymidinie), untibiotics (such as GENTAMY CIN'™ drug), trace clements (defined a8 inorganic compounds
uxually present at final concentrations in the micromolar range), and glucose or an equivalent energy source,
Aty other necessacy supplements may also be included at appropriate concentratlons that would be known Lo
those skilled in the axt. The culture eonditions, such as emperature, pH, and the like, are those previously
uscd with the host cell selected for expression, and will be apparent 1o the ordinarily skilled artisan.

(ix) Purification of antibody

When using recombinant (¢chniques, the anlibody can be produced intracellulusly, in the
periplasmic space, or directly secreted inlo the medlum, If (he antibody is produced intracellularly, us a first
step, the punticulate debris, cither host eolls or lysed fragments, ave removed, for example, by centrifugation
or ultiafiltration, Carter ez al, Blo/Technology 10:163-167 (1992) describe a procedure for jsolating
antibodies which are secreted to the periplasme space of £ coli. Briefly, cefl paste is thuwed in the
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presence of sodlum acctate (pH 3.5), BDTA, and phonylmethylsulfonylfivoride (PMSF) over about 30 rmin.
Cell debris cun be renoved by centrifugation. Where the antlbody is scercted into the medium, supcrmatanis
trom such expression systems are generally first concentrated using a commerclally availuble protein
congentration filter, for cxample, an' Amicon or Millipare Pellicon ultrafiltcation unit. A prorease Ishibitor
sch as PMSE way be included in sny of the foregoing steps (o inhibit proteolysis and antibiotics may he
included to prevent the growth of adventitious coataminants.

The antibody composition prepared from the calls can be purificd using, for example,
hydraxylapatite chromatography, gel electropheresis, dialysls, and affinity chromatography, with alfinity
chromatography being the preferred purification technigue. The suitability of protein A as an aflinily ligand
depends on the species and isotype of any immunoglobulin Fe dumain that is present. in the antibody,

Protcin A can be used to purify antibodies that are bused on human 1, ¥2, or 14 heavy chains (Lindmark ez
al., J, fsmunol, Meth, 62:1-13 (1983)). Protein G is recommended for al] mouse isotypes and for human 93
(Guss ecal, EMBQ J. 5:15671575 (1986)). ‘Ihe matrix to which the aFfinity ligand is attached is most often
agarose, but other matrices ars available, Mechantcally stable mutrices such as controlled pore glass o
poly(styrenedivinyljbevzene allow for faster flow rates und shorter processing times than can be achjeved
with agarose, Where the antibody compriscs & Cy,3 domain, the Bakerbond ABX™resin (1. T. Baker,
Phillipshurg, NJ) is useful for purification, Other technigues for protein purification such as fractionation on
an ion-cxchange columa, cthunal precipitation, Reverse Phuse HPLC, chromatagraphy on silica,
chramazagraphy on heparin SEPHARQSE™ chromangraphy on an anion aor eation exchange resin (such as
a polyaspartic acid colump), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitution are also
avaifable depending on the antibody to be recoversed,

Fullowing any preliminary purification step(s), e mixturc comprising thic antibady of fnterest and
contamimanls may be subjected o low pH hydropliobic inléraction chromatography using sn clution buifer
at a pH between about 2.5-4.5, preferably performed at Jow salt concentradons (.2, feom about 0-0,.25M

3alt).

Antibody conjugates
The antibody may be conjugated 10 a cytoroxfc agent such as 4 toxin or a radloactive Isotope, In

certain embodiments, the (oxin is calicheamicin, a maytansinoid, a dofastatin, auristatiu §2 and analogs or

derivatives thereof, ure preferable,
Preferved drugsitoxins include DNA damagiug agests, inhibitors of microtubule polymedzation or

depalymerization ard andmetabolites. Proferred classes of cytotoxic agents include, for example, the
cnzyime lnhibltors such #s diydrafolate reduetase inhibitors, and thymidylate synthase inhibitors, DNA
interculators, DNA cleavers, fopoisomerase inhibitors, the aathracycling family of drugs, the vinca drugs, the
mitoryclas, the bleomycins, the eyrotoxic nucleosides, the pteridine family of drugs, diynenes, the
paduphyllotoxins und differentiation inducers, Paticulatly useful membets of those classes include, for
example, methaleexate, methopterin, dichloromethoteexate, S-fluarouracil, S-mercaptopurine, cytosing
srabinoside, melphalan, levroslne, Jeurosldeine, actinomycin, dauaorubicin, doxorubicin, N-(5.5-
discctoxypontyl)doxorubicin, raorpholino-doxorubichn, 1-(2-chorochthyl)-1,2-dimethanesulfonyl hydrazide,
N-acetyi spermidine, aminopterin methapterin, esperamicin, mitomycin C, mitomyein A, actinomycin,
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hlcomyeln, carminomycin, aminapterin, tallysomycin, podophyllotoxin and pedophyliotoxin derivatives
such as etoposide vr ctoposide phosphiate, vinblastine, vincristing, vindesine, taxal, taxotess, retinoic acid,
butyric scid, N¥acety) spérm.idine. cariptothecin, calicheamicin. bryostating, cephalnstating, ansamitocin,
aerosing, moytansinolds such ay DM-1, mayransine, maylansinul, N-desmethyl-4,5-desepoxymayunsinol, C-
19-dechloromuytansinel, C-20-hydroxymaytansinol, C-20-demethoxymaytansinel, C-9-SH maytansinol, C~
14-alkoxymethylmaytansinol, C-14-hydroxy or acetyloxymetilmuaytansinol, C-15-
hydroxyfscetyloxymaytansinot, C-15-methoxymaytansinol, C-18-N-demethylmaytausinol and 4,5-
deoxymaytansino), auglstating such as wuristatin E, M, PHE and PE: dolostating such as dolostatin A,
dolasiatin B, dolestatin C, doloslatin D, dolostatin B (20-spi and }1-epi), dolostutin G, dolostatin H,
dalosiatin 1, dolustatin 1, dolostatin 2, dolostatin 3, dofostatin 4, dolustatin 5, dolnstatin 6, dolostatia 7.
dolostatin 8, dolostatin 9, dolostatin 1Q, deo-dolostatio 10, dolostatin 11, dolostatin 12, dolostatin 13,
dolastatin 14, dolostatin 15, dofostatin 16, dolostatin 17, and dolostatin E8; cephalostating such as
cephalostatin 1, cephalostatin 2, cophalostatin 3, cephalostatin 4, cephalostatia 5, cephalostatin 6,
cephalostatin 7, 25%epi-cepbalostatin 7, 20-¢pi-cephalostatin 7, cephalostatin 8, cephalostatin 9,
cephalostatin 10, cephalostatin f1,cephalostatin 12,cephalostatin 13,cophalostutin 14, cephalostatin

15,.cephalostatin ) 6,cephalostatin 17, cephalostaiin 18, and cephalostatin 19..
Maytansinoids ate mitototic inhibitors which act by inhibiting tubulin polymerization. Maytansine

was first solated from the east Afcican shrub Mayieans serrate (U.S. Pateut No, 3,896,111). Subscqucntly,
dv was discovered that certaln microbes also produce snaytansinoids, such as maytawsinol and C-3
wmaylansinol estors (US. Patent No. 4,151,042). Synthetic maytansine and derivatives and analogues
thercof are disclosed, for example, i 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; 4,208,269; 4,300 42R; 4,313,946; 4,315,929, 4,317,821,
4.322,348; 4,331,598; 4,361,650; 4,364,866; 4,424,219, 4,450,254; 4,362,663; and 4,371,533, the

disclosures of which are hereby expressly incomarated by reference.
Maytansine and maytansinoids have begn conjugated to antibodies specifically binding to tumor

cell antigens, Inmmunoconjugates contajning maytansinoids and their therapeutic use are disclosed, for
gxample, in 115, Patent Nag. 5,208,020, 5.416.0¢4 and Buropaan Patent 13P 0 425 235 R1, the diselnsures of
which are herehy cxpressly incorporated by reference. Liu ez al, Proc, Nitl, Acad. Sci. USA 93:8618-8623
(1996) described immunoconjugares comprising a maytansinoid designated DM1 linked to the monoclonal
anlibody €242 directed against human colorectal cancer. The conjugate was found 1o be highly cytotoxic
towards culturcd colon cancer ceils, and showed antitumor activity In an it vive tumor arowsh asgay. Chari
ot al. Cancer Rescureh 52;127-131 (1992) describe Jmmunoconjugates in which a maytaunsinoid was
conjugatcd via u disulfide linker to the murine aalibody A7 Linding to ant anitigen ot human colon cancer ¢ell
Titres, or to another murine monoclonal antibody TA.1 that binds the HER«2rex ancogene,

There are 1aany linking grotps known In the art for makiag antibody-maytansinoid conjugates,
including, for example, these disclosed in U.S, Patent No. 5,208,020 or EP Patent 0 425 235 B, and Chari
of ol Cancer Research 52: 127-131 (1992). The linking groups include disufide groups, thicether graups,
weld Jablle proups, photolabile groups, peptidase labile groups, or esterase labile groups, us disclosed in the

ahove-identified patenes, disulfide and thicether graups heing preferced.
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Conjugates of the antibady und maytansinoid may be made using a variety of bifunctional protcin
coupling sgents such as N-succininldyl-3-(2-pyridyldithio) propionate (SPDP), succinimidy}-4-(N-
msleimidomethyl) cyclohexane- l-carhoxylate, iminothiolane (1), bifunctional derivatives of imidoesters
(such as dimethy] adipimidate HCL), active esters (such as disuccinimidy! subcrate), uldchydes (such as
ghutareldehyde), bis-axido compounds (such as bls (p-azldabenzoyl) hexanediamine), his-diazonium
derivatlves (such as bis-(p-diazanivmbenzoyl)-ethylonediamine). dlisocyanatas (such as toluene 2,6-
diisocyanate), and hig-active fluarine compounds (such as 1,5-difluoro-24-dinitrobenzene), Particularly
preferred coupling agents include N-sgccinimidyl-3-(2-pyridyldithio) propionute (SPDP) (Cwrlsson of al.,
Biochenr J. 173:723-737 11978)) and N-succlnimldyl-4-(2-pyridylthio)pentanoate (SPP) to provide for a
disulfide Hakage.

The linkér may be attached to the maytansinoid molecule at various positions, depending on the
type of the link. For example, an ester linkage may be formed by reaction with a hydraxyl group using
canventionyl coupling (cchniques, The reaction may ogcur at the C-3 position having a hydroxyl group, the
C-14 pasition modificd with hyrdoxymethyl, tie C-15 position modified with a hydroxy! group, and the C-
20 position having a hydroxyl group. In & preferred embodiment, the linkage is formed at the C-3 pasition

of maytansinol or 4 maynsing] ansloguc,

Calicheamicin
Another immunoconjugaie of interest comprises an CD20 binding antibody conjugated to onc o

more calichesmicin molecudes, Yhe calicheamicin family of antihioticr are capable of praducing doublc-
stranded DNA breaks at sub-plcomolar concentrations, Far the preparation of carjugtics of the
calicheamiclo family, see U.S. patents 5,712,374, 5.714,586, 5,739,116, 5,767,285, 5,770,701, 5.770,7 10,
5,773001, 5,877,296 (all to American Cyanamid Company). Structural analagues of calicheamicia which
may be used include, but age not limited to, i, ¢, ', N-acetvl-yy', PSAQ and ') (Hinman ez al. Cancer
Research 53: 3336-3342 (1993), Lode et al, Cancer Research 58: 2925-2928 (1998) and the aforsmentioned
U.S. patents to American Cyanamid). Another snti-tumor druy 1ha(-thc antibody ¢an be conjugated is QFA
which g an patifolata Rath ealicheamicin and QFA tave intmacellulur sifas of sation and da not readily
cross the plasma membrane, Thercfore, collular uptake of these agents through antibody mediated

internalization greatly enhanees their cytotanic effects.

Radioactive ixotopes
For selective destruction of the tumor, the antibody may conprise a highly radloactive atom, A

vasiety of radioactlve isotopes are available for the production of radioconjugated anti-CD20 antibodics,
Examplos include AL, 190, %, % Ret® Ref¥ o' 3i22 ¥, pu** and radicactive isotnpes of Lu.
Whan the conjugate is used for diagnosis, It may comptise a radioactive atom for scintigraphic studies, for
example ™™ or I', or 4 spin labef for nuclear magoetic resopance (NMR) Imaging (also known as
magnetic resonance imaging, mri), such as jodine-123 again, iodine-131, indlum-111, Auorine-19, carbon-
13, niv'ogen-15, oxygen-17, gadolinium, manganess or iran,

The radio- or other Tabels may be incorporated In the conjugate in knowa ways, For exanple, the
peptide may be biosynthesized or may be synthesized by chermical amino acid synthesis using suitable amino
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acld precursors involving, for example, fluorine- 19 1n place of hydrogen, Labels such as t¢”™ op 1'%, Re'¥,
Re'™ and In™! can be strached via a cysieine residue in the peptide. Yitrium-90 can be uttuched via a lysine
residue. The JODOGEN method (Fraker et al (1978) Biuchem, Biophys. Res. Commun, 80 49-57 ¢an be
used to incorporate indine- 123. “Monoctonal Antibodies I Inniunoscintigraphy” (Chatal . CRC Press 1989)
deseribes other methods Jn defail,

Conjugates of (he anGbudy und eytotaxic agent iay be made uging g variely of bifunetional proteln
coupling agents such ay N-suceinimidyl-3-(2-pytidyldithio) propionate (SPDP), succinimidyl-4-(N-
maleimidomethyl) cyclohexane-1-cacboxylute, iminathiolane (IT), bifunctionul derivativag of Uinidoesters
(suehas dimethy] adipimidate HCL), uctive esters (such as disuccinimidyl suberate), aldehydes (such as
glutwreldehyde), bis-azido compounds (such as bis (p-uzidphenzoy!) hexanediamine), bissdiszonivm
derivatives (such ag bls-(p-slazoniumbenzoyl)-cthylenediamine), diisecyanates (such as tolyene 2,6-
dlisocyanate), and bls-active fluoring compounds (such as 1,5-diflucro-2.4-dinitrobenzenc). Far example, a
rleln immunocoxin can be preparcd us deseribed in Vitetta af al. Sclence 238 1098 (1987). Carbon-14-
Jaboled 1-isotbiosyanatobeneyl-3-methyldigthylens triaminepentaacstic acld (MX-DTPA) is an exemplary
chelating apent for conjugation of rudionuclentide ta the antibody, See W(094/11026. The linker may be a
“cleuvahle linker” facilitating release of the ¢ytotoxic drug In the cofl. For example, an acid-labile linker,
peptidase-sansitlve Haker, photolabile linker, dimothy] linker or disulfide-containing Vnker (Chatd ef ¢/
Cancer Research 52: 127-131 (1992); U8, Patent No. 5,208,0620) may be used.

Therapeutic Uses of the CD2O hinding Antibodies
‘The CD20 binding antibodics of the invention are useful to treat 2 number of malignant and aon-

maligrant discuses including sutvimmune discases and rolated conditions, and CD20 positive cancers
Including B cell lymphomas ond leukemias. Stern cclls (B-vell progenitors) in hone marrow lack the C1020)
satlgen. allowing healthy B-cells to regenerate after treaiment and returd to norial {evels within several

munths.
Autoimimune diseases or autoimmune related conditions include artheids (theumutoid arthritis,

Jjuvonile thoumatoid arthritis, osteoarthritis, psoriadc arthritis), psoviasis, dermatitis including atopic
dermatitis; chronic autvisomune urlicuria, polymyosids/dermatomyosits, (oxi¢ epidermal necrolysls,
systemmic selerodermu and sclerosis, responses associated with inflammatory bowe] diseass (IBD) (Crohn's
discase, nlcerstive colitis), respiratory distross syndrome, adult respitatory distisess syndrome (ARDS),
maningits, alfergic chinitis, encephalitis, uveltis, colitis, glomerulonephritis. allergle conditions, eczema,
asthmo, conditions involving infiltrution of T cells and chronic inflammatory responses, atherosclorosis,
autolmmune myocarditis, lenkocyte adhesion deficiency, systemic lupos erythematosus (S1.R), lupus
(Including nephrlils, non-renal, discoid, nlopecia), juvenile onset diabetes, multiple sclerosis, allergic
encephalomyelitls, jmmune responses associated with acute and delayed hypersensitivity medliated by
cytokines und T-lymphocytes, tubercvlosis, sareoldosls, granulomatosis Including Wegenet's
granulomutasis, agranulocytosis, vaseulitis (including ANCA), aplustic ancmiy, Coombs positive unomia,
Diamond Blackfan anemia, immune hemolytic anemia including sutoimmune hemolytic anemia (ATHA),
pernicious anenda, pure red cell aplasta (PRCA), Factor VI deficiency, hemophilia A, avtolmmune
neufropenia, pancytapenia, Teukopenta, diseuses involving Jeukoeyte diapedesis, CNS inflammatory
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disorders, multiple organ injury syndrome, myasthenia gravis, antigen-antibody complex mediated dlseases,
anti-plomerulur basement mevibrunc disease, anti-phospholipid antibody syndrome, allergic neusitls, Bechet
disease, Castleman’s syndrome, Goodpasture's Syndrome, Lambert-Raton Myasthenic Syndrome, Reynuud's
ryndrome, Sjorgen's syndromo, Stevens-Jobnson syndrome, solid organ transplant rejection (lncluding
pretreatinent for high panel reactive antibody titers, TgA deposit in lssucs, etc), graft vérsus host disease
(GVHD), pemphigoid bullous, pemphigus (al) including vulgariy, foliaceus), aulcimmune
polyendocrinupathics, Reiter's disease, stiff-mun syndrome, glant cell arteritis, immune complex nephritis,
IgA nephiropathy, IgM polyncursputhies or IgM medialed neuropathy, idiopathic thrombousytopenic purpura
(ITP), thrombotic hrobocytapenic purpura (TTP), autoimunt thrombocytopenia, awtolmmunc discase of
the testls and vvary including autoimune orchitis and ovphuritis, primary hypothyroidisim; autoimmune
endocring discases including auteimniune thyroiditis, chrunio thyraiditis (FHashimoto®s Thyroiditix), subacute
thyvoiditix, idiopathic hypothyroldisni Addison's discasc, Grave's disease, autolmmunc polyglandular
syndromes (or polyglandular endacrinopathy syndromes), Type X diabetes also referred ta as insulin-
dependent diahetes mellitus (TDDM) and Sheehan's syndrome; autoimmune hepatitis, Lymphoid interstitial
pnoumonits (HIV), bronchiolitis obli{erans (non-transplant) vs NSTP, Guillain-Barre’ Syndrome, Large
Vassel Vasculitis (including Polymyalgia Rhcumatics und Giant Cell (Takayasu's) Arteritis), Medium
Vassel Vascullds (Including Kawasaki's Diseéso and Polyurteritis Nodosa), ankylosing spondylids, Berger’s
Disease (fgA. neplwopathy), Rapidly Progxessive Glomerulonocphritis, Primary biliary cimhosis, Celiac sprue

{glaten enteropathy), Cryoglobulinemia, ALS, coronary artery diseusc.
CD20 positive cancers ure thoso compeising abnormal preliferation of cells that express CD20 on

the call surface. The (D20 positive B cell neoplasms include COR0-positive Hodgkin's dlsease including
lymphocyte predominant Hodgkin®s disease (ILPHD); non-Hodgkin’s lymphoma (NL); follicular center
cell (FCQ) lymphomas; seuts lymphocytic Jeukemia (ALL); chronic ivmphosytic .Jeukemia (CLL); talty
celf Jenkemia, The non-Hodgkins lymphoma include low grade/follicular non-Hodgkin's lymphoma (NHL),
stall lymphiocytic lymphosms (SL1.), intermediate grade/follicuslar NHL, intermediate grade diffuse NIEL.
high grade Inmunoblastic NFHL., high grade lymphoblastic NHL, high grade small non-cleaved cell NHL,
bulky dissase NHI, plasmacyioid lymphooytic lymphoma, mantle cell lymphoma, ATDS- related lymphnma
and Waldenstrom's macroglubulincmia. Treatment of rolapses of theke cuncers are 4lso contemplated.
LPHD is a type of Hodgkin's disease that tends to relapse frequently despite radiation or chemotherapy
treatment and Is characterized by CD20-positive malignant cells. CILY. is one of four major types of
Jeukemin, A cancer of mature B-colls called lymnphocytes, CLL {s manlfested by progressive acewnulation
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of ¢ells in blood, bone marrow and lymphatic tissues,
In specific cmbodiments, the humatized CD20 bloding antibodies and fuoctional fragments thereof

are used to treat non-FHodgkin's Tymphoma (NHL), lymphooyte predorminant Hodgkin's disease (LPHD),
small lymphocytic lymphoma (SLL). chronic lymphiocytic leukemia, rheumatoid arthritis and juvenile
rhoumatoid arthritis, systemic lupus erythomatosus (SLE) including lupus nepledtls, Wegener's disease,
jaflammatory bawel disease, idiopathic thrombocytopenic purpura (TTP), thrombotic throbaeytopenic
purpura (TTP), avtoimnmne thrombacytopenia, multiple sclerosik, prarinsis, A nephroputhy, 1gM
polynevropathies, myasthenia gravis, vaseulitis, diabetes mellitus, Reynaud's syndrome, Sjorgen’s syndrome

4{)

and glomerulonepliids,
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Thie humanized CD20 binding sntibodics or functional fragments theréof are useful as a single-
agent treutment in, ©.£-, for relapsed or refractory low-grade or foflicvtar, CD20-positive, B-ccll NHL, or ¢an
be administered to patients in conjunction with other drugs fo a multi drug regimen.

Tndolent lymphoma is a sfow-growing, Jucurable disease in which the average patient survives
hetwesn six and 10 years followlng numerous perdods uf remission and relapse. In one embodiment, the
humanized CD20 binding antibadies or functional fragments theseof are used to troat indolent NBL.

The pararoeters for assessing eliicacy or success of treatment of the neoplasm will be known to the
physiclan of skill in (he uppropriate disease. Generally, the physiclan of skill will look for reduction in the
¥igns und symptoms of the specifio disease. Parametets can include median time to diseass progression,
time in rernission, stuble disease,

The following referenceg deser]be lympbomas and CLL, their disgnases, treatmant and standarnd
medicul procedures for measuring teeatment efficacy, Cancllos GP, Lister, TA, Sklac )i Qhe Lymphomas.
W.B.Saunders Company, Phitadelphiy, 1998; van Besien ¥ and Cabanias, 1% Clinicat Manifestations,
Staging and Treatment of Non-Hodgkin's Lymphoma, Chap, 70, pp 1293-1338, in: Hematology , Basic
Printiples and Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000; aod Rai,
K und Patel, D:Chronic Lymphocytic Leukemla, Chap. 72, pp 13501362, in: Rematology , Busic Principles
and Practice, 3rd ed, Haffman et al. {editors). Churchill Livingstone, Philadelphia, 2000,

The parameters for assessing éfﬁcacy of success of treatment of an aagtoimmune or autoimmunc
related discase will be known to the physician of ski)] in the appropriute discase, Generally, the physician of
skill will look for reduction in the sigas and symploms of the specific disease. The following are by way of
exumplos.
Tn one embodiment, the antibodicy of the invention are useful to treal thoumatoid arhritis. RA is
characterized by Inflammation of muldple joints, carilage loss and bone crosion that leads to jolnt
desteuction and vltimatcly reduced joint function. Additionally, since RA is 4 systemic disease, It.can bave
effects in other tissucs such ay the lungs, eyes and bone marrow. Mewer (hau 50 pereent of patients who
have had RA for mor¢ (han 10 years cun continuc to work or function nogroally oh & day-10-day basis,

The antibodics can be used as first-line therapy in patients with carly RA (i.c., methotrexate (MTX)
nalve) und os monotherapy, or lo comblnation with. ¢.g, MTX or cyclophosphamide. Or, the antibodles can
be used In treatment as second-line therapy for paticnts who were DMARTY and/or MTX. refractory, and ag
monotherapy or in combination with, e.g., MTX. The humanjzed CD20 binding autibodies ure useful to
prevent and eontrol joint damage, delay strucwural damage, decrease pain associated with inflammation in
RA, and generally reduce the signs and symptoms in modetats to sevess RA, The RA putient cin be treated
with the humanized CID20 antibady prior to, aftes of together with treatment with other drugs wsed in
treating RA (s¢e combination thetapy below). In one embodiment, paticnts who had previously failed
discaye~modifying antithcumatio drugs and/or had on inadequate response to methotrexate alone are treated
with a humanized CD20 binding antibody of the inventlon, In one embodiment of this treutment, the patients
ure in 4 17-day treatracat regimen receiving humanized CD20 binding antibody alone (Jg iv Infusions on
days | and 15); CD20 binding antibody plus cyclophosphamide (750mg iv infusion days 3 and 17): or CD20)

binding antibody plus methotrexute,
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One method of evaluating treatment efficacy in RA 18 based oo Ametican College of Rhzunmatology

(ACR) criteria, Which measures the percentage of improveinent in tender and swollen jointy, among other
things, The RA paticne can ba scored at Jor exumple, ACR, 20 (20 pereent improvement) compared with no
autibody treatment (e.g,, baseling before treatment) or treatment with placebw, Othor ways of evaluating the
effieacy of antibody treatment inciude X-ray scoring such as the Sharp X-ray score used 10 score structural
damags such as bone crosion and folnt spuce narrowing. Patlents cun also he evaluated for the prevention of
ar improvement in disubility based on Heulth Assessment Questionnaire [HAQ] score, AIMS seare, SI%-36 at
time periady during or after treatment. The ACR 20 criterin may include 20% improvement in both tender
(painful) joint count and swollent jolnt count plus 2 20% fmprovement {n ut least 3 of § additionu) measures:

1. patient's puin assegsment by visual andlog scale (VAS),

patient's globa) assessment of discase activity (VAS),

physician’s global assessmens of disease actlvity (VAR),

paticnt’s selfonssassed disablfity meusurcd by the Health Assessment Questionnaire,

and
5. acwe phase reactants, CRP or BESR,

2,
3'

S

The ACR 50 and 70 are defined analogously. Preferably, the patient 1s administered an amount of a2 CD20
binding antibody of the invention effective to achleve at least a seore of ACR 20, preferably at least ACR 30,
more preferably at least ACRSO0, eve hore preferably ut least ACR79, most preferably at leust ACR 75 and
higher.
Psariatic artheltis has unlque and distinet radiogruphic features. Far psoriatic srthrids, Jolnt erusion

and Jolnt space narrowiag can be evaluated by the Sharp scorc ay well. The humanized CD20 bindiog
antibodles of the investion can be used to prevent the joint damage as well zs reduce disease signs and
symptorms of (he disorder,

Yet unother uspect of the fnvention is 2 method of treating Lupus or SLE by adiinistering o the
paticnt suffering from SLE, a therapeatically effective amount of a bupanized CD20 blnding anubudy of the
Invention. SLEDAI scores provide a numerical quaotitatlon of disease activity, The SLEDAT s 4 weighted
index of 24 clindcal and laboratoty parameters known (o correlate with discase activity, with 4 numcricul
raage of 04103, sea Bryan Qescuk & John Navis, “Novel therapeutic agent for systenilc Jupus
erythentatosus” In Current Opinfon in Rheumatology 2002, 14:515-521. Antibodies to double-stranded DNA.
are believed W causs renal flares and other manifestations of lupus. Patlents vadergolng antbody treatment
un be monitored for time to renal flare, which Is defined as a significaal, reproducible increase in serum
creatinine. urine protein or blogd in the urine. Alternatively or in addition, patients can be monitored far
levels of untinuciear antibodies and antlbodies to double-stranded DNA. Treatments for ST.R include high-
dosa corticosteroids and/or cyclophusphuamide (HOCC).

Spendyloarthroputhics are & group of disorders of the joints, including sokylosing spandylitis,
psorlatic atthritis and Crohn's discase. Treutment success can be detarmined by validated paticnt and
physiciun global assessment measuring $0ols.

Various medications arc used o tréat psoviasis; weatment differs directly in refation fo disease
severily. Paticuts with a more mild form ol psorlasis typically utilize topical treatments, such as topical
steroids, anthralin, calcipotriens, clobetasol, and tazarotene, Lo manage the disease while patients with

moderate and severe psoriasis arc more likely 10 employ systemic (retholrexate. retindids, cyclosporing,
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PUVA snd UVB) therapies. Tars are a)so used, Those therapies have 4 combination of safety concetns, time
consuming repimens, or inconvenient processes of teatment. Furtherniore, some requirs expensive
equipment and dedicated space in the offlce seiling. Systemic medications can produce serious side effects,
includlng hypertension, bypelipidemia, bone marrow suppression, lives discusc, kidney disease und
gustrointestinal upset. Also, the use of phototherapy can increase the incidence of skin cancers, In addition
to the Inconvenicnce und discomfort associated with the use of topical therapies, phototherapy and systemic
treatments require Cycling patients on and off therapy and monjtoting lifctime exposure due to their side
cffects,
Treatmeat efficacy fur psoriasis is essessed by monitoring changes in clinical signs and symptoms
of the disease including Physiclan's Global Asscssment (PGA) changes and Psorlfasis Apea and Scverity
Index (PAST) scores, Psorlasts Symptom Assessment (PSA), compured with the baseline condition. The
patient can b mrasured perfodically throughout treatroest on the Visual analog scale used (o indicats the
degres of Nching experienced 4t specific time potnts,

Paticnts may cxperience an infusion reactlon or infusion-rclated symptosns with their first infusion
of'a therupcutic untibady. These symptoms vary lu severily and gencrally are reversible with wedleal
intervention. These symptoms jnclude but are ot imited ta, flu-like tever, chills/rigors, nansea, urticaria,
headache, brosnchospasm, angioedema. It would be desirable for the disease treatment nwthods of the
present invendon w minimize infusion reactions. Thus, another aspect of the invention s a method of
treating the discascs disclosed by administering a humanized CD20 blnding antibody whercin the antibody
has reduced or no complement dependent cytotoxichty and results in reduced inlusion related symptorns as
compared to weatment with Rituxan®. In one embodiment, the humanized CD20 binding antibody is

2H7.v1 16,

Dosape
Depending on the indication 10 be (reated and factors relevant to the dosing that a physician of skifl

In sho field would be familiar with, the untibodies of the inventlon will be admlnistered at a dosage that is
ufficacions for the treatmant of that indicntion while minttmizing taxdcity and side effecis, For the treatment
of 4 CD20 positive cancer or an autoimmune discass, the (herapeutically effective dosage wiil be in the
range of about 250mg/m? 1o about 400 mgfrat or 500 mg/n?, preferably about 250-375mg/m%, In une
embodiment, the dasage range is 275.375 mp/m?, I one embodiment of the treatment of 4 CD20 positive 13
coll neaplasm, the antibody is administered at a range of 300-375 mg/m?, For the treatment of patients
suffering from B-cell lymphoma such as non-Hodgking lymphoma, in a specific cmbodinient, the enti-CD20
antihodies and humanlzed ant-CD20 antibodics of (he invention will be adininistercd to & human patient ata
dusage of 10mglkg or 375mg/mt. 1or treating NHL, one dosing tegimen would be to sdminister one dose of
the antibody composition a dosage of 10mg/kg in the first week of teatment, followed by 4 2 week Interval,
then a second dose of the same amount of antibody is administered, Generally, NHL patients receive such
treatinent ones during & yeac but upon recurrence of the lymphotia, such treatment can be repeated. In
anather dosing regimen, putients treated with low-grade NHL receive four weeks of 4 version of humanized
2H7. preferubly v16 (375 mg/m?2 weekly) followed at week five by threc udditional eourses of the antbody
plos standurd CHOP (cyclophosphamide, doxorubicin, vineristine and prednisone) or CVP
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(tyclopliosphamide, vineristine, prednisone) chemotherapy, which was given every three weeks for three
¢ycles,
For trealing vheumatold arthritis, in one embodiment, the dosage range for the hurnunized antibody
is 125mg/m? (equivalent to ubout. 200mp/dose) to 600mg/m?, given in two doses, ¢.g. the first dose of
200myg is administered on day one followed by a second duse ot 200mg on day 15. TIn different
embudiments, the dosage Is 250mg/dose, 275mg, 300mg. 325mg, 350mg, 375mg, 400mg, 425mg. 450my,

473mg, 300mg, 525mg, 550myg, 575mg, 600mg.
In teating discase, the D20 binding antibodies of the invention cun be administered to the patient

chranleally or intermittently, as determined by the physician of skill in the diseass.
A patlent administered a drug by intravenous Infusion or subsutanieously muy experience adverse
events such ay fever, chills, burning sensation, asthenia and hendache, ‘Lo alleviste or minimize such
adverso events. the patient may yeceive an initial conditioning dose(s) of the antibody followed by a
therapeutic dose. “Lhe conditioning dose(s) will he Tower than the therapeutic dose ta condition the patient tu

tolarate higher dosages.

Route of administration
The CD20 bindlng antibodies are administered to a human patient in accord with known methuds,

such a5 by intravenous admivistration, e.g., as a bolus or by costinuous infusion over a period of time, by
subeutancous, intramuscolar, intrapeyitonesl, invacerohiorpinal, intra-articularn, intrasyaovial, inteathecy), or
{nhaladion routes, gencrally by intravenous or subcutaneots administration.

In an embadiment, the humanized 2H7 antibody is administered by intravenous infusion with 0.9%

sodium chloride solution as an infusion vehicle.

Combination Therapy
In treuting the B coll neoplasms desoribed above, the patient. can be rreated with the CD20 binding

antibodies of the present invention in conjunction with, one or more therapeutic agents such as a
chemothorapeutio agont in u multidrug xwglmen, The CD20 binding antibody can be adminiktered
concutrently, sequentially, or alternating with (he chemotherapeutic agent, or after non-responsivencss with
uther (herapy. Standard chemotherupy for lymphoma treatvent may include cyclophosphamido, cytarabing,
melphalan and mitoxantrone plus melphadsn. CHOP is one of the most common chemaotherapy regimens
for weating Non-Hodgkin's lymphoma. The following are the drugs used in the CHOP regimen:
eyelophosphamide (braud names cyloxen, ieosar); adriamyein (dexarubicin / iydroxydoxorubleln);
vineristine (Oncovin); and prednizalone (somotimes called Deltasone or Orasonc). In partioulur
embodiments, the CD20 binding antlbody is administered to x patiest in veed thereof in combination with
one or more of the following chemotherapeutic agents of doxonudlels, cyclophosphamide, vineristine und
predaisolone, Tn a specitic embodiment, a patient suffering from a fymphoma (such as a non-Hodgkin's
lymphoma) s weated with an unt-CD20 antibody of the present invention in conjunction with CHOP
(eyclophasphamide, doxorubiein, vineristing and prednisone) therapy. In another embodiment, the cuncer
patisnt can he treated with « humanized CD20 binding antibady of the invention in combination with CVP
(cyclophasphamide, vincristine, and prednisone) chemotherapy. In & specific embodiment, the padent
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suffering from CD20-positive NFL is treated with humanized 2H7.v16 In conjunction with CVP. Yna
specific crbodiment of (he treatment of CLL, the CD20 binding antibady is administered in conjunction

with chemotherapy with one or both of fludurabine und cytoxan.
1n treating the autoimmune diseases or autoimmune related conditions deseribed above, the patient

cun be treated with the CD20 binding antihodles of the present invention in conjunction with a sccond
therupeutic agent, such as an immunosuppressive agent, such ag in a mult drug regimen. The CD20 bhinding
antibody can be administered concurrently, sequentially or alternating with the Immunosuppressive agent or
upon non-responsiveness with other thevapy. The immunosuppressive agent can be administored at tho
same or Jesser dosages than as set forth in the art, The preferred adjunct Inmunosuppressive agent will
depend an many factors, including the type of disorder being treated as woll as the patient's history.
“Tmmunosuppressive agent™ as used herein for adjunct therapy refors to substunces that act to
suppress or mask the immune system of a patient. Such sgents would inelude substances that suppross
cytoklue production, down regulate or suppress self-antigen expression, or mask the MBC antigens.
Bxamples of such agents include stevoids such as glucocorticosteroids, «.g., prednisone, methylprednisolone,
and dexametbasone; 2-amjng-G-aryl-5-substituted pyrimidines (see 11.S. Pat. No. 4,665,077), azathioprine
(or cyelopliosphamide, if there Is an adverse reaction to azathiopring): bromocryptines glutasaldehyde (which
masks the MHC aotigens, a8 deseribed in U.S. Pat. No. 4,120,649); snti-idiotypic untibodics for MHC
aatigens and MHC fragments; cyclosparia A; cytokine or cytukine receptor antagonists including anti-
interferon-y, «B, or -& antibodies; auti-{umor necrosis factor-a antibodies; anti-tumor necrosis factor-§
antibodics; anti-interlcukin-2 antibodics und anti-IL-2 receptor antibodics; unti-L3T4 antibodics;
heterologous unti-lymphocyto globuling pun-T antibodies, proferably anti-CD3 or anti-CD4/CD4u
untibodicy; soluble peptide contuining 4 LFA-3 binding domain (WO 9004187 published 7/26/90);
streptakinase; TGR-B; stroptadormase; RNA or DNA from the host; FK506; RS-61443; deoxryspergualing
rapamycin; T-celf receptor (U, S, Pat. No, 5,114,721); T-ce)l receptor fragments (Offner ¢t al, Sclence
251:430-432 (1991); WO 90/11294: and WO 91/01133): and T cell recepror antibodies (EP 340,109) such as

T10B9.
For the treatment of thevmacold arthritis, the patient can be treated with 4 CD20 antibody of the

invention in conjunction with any one or more of the following drugs: DMARDS (disease-modifylag antl-
cheutnatic drugs (e.g., methotroxate), NSAL or NSATD (non-steroidal antisinflummatory drugs),
HUMIRA'™ (adalimumab; Abbort. Laboratorics), ARAVA® (leflunomide), REMICADE® (infliximabs
Clentacor Tne., of Malvern, Pa), ENBREI, (etancreept; Immunex, WA), COX-2 inhihitors. DMARDs
commntonly used in RA arc hydroxycloroguine, sulfasalazine, methotrexate, leflunomide, etanercept,
Infliximub, wzathioprine, P-penicillamine, Gold (otal), Gold (intramusculuar), minvcycline, cyclosparine,
Staphylocaced protein A Immunaadsorption. Adallmumab s a human monoctonal antibody that binds to
TNFa. Infliximab is a chimeric monoclonal antibody that binds to TNFea. Etanerceptis an
“immunoadhesin™ fusion prolein consisting of the extraceltular flgand binding pertion of the human 75 kKD
{p75) tumor necrosia factor reeeptor (FNFR) linked to the Fe portion of 2 human TgG1. For conventional
treatment of RA, see, &.8., “Guidelines for the management of theurnatoid arthritis’ Areheitis & Rheumartism
46(2): 328-346 (Fehruary, 2002). In & specific embodiment, the RA patient is treated with a CD20 antibody
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of the invention in conjunction with methotrexate (MTX). An exemplury dosage of MTX is about 7.5
25 mgfkp/wk, M'I'X can he adminlstercd orally and svbeutancousty,

For the treatment of ankylpsing spondylitis, psoriatic arthritis and Crohn's discase, the patient can
he treated with u CD20 binding antibody of the invention in conjunction with, for example. Remicade®
Oufliximub; from Centocor Inc., of Malvern, Pa.), LNBREL (etanercept; Immuncx, WA),

Treatments for SLE include high-dose corticosternids and/or cyclophosphamide (HDCC).

For the treatment of psariasis, patien(s can be adminigtered & CD20 binding antlbody in conjunction
with topical trestments, such as topical s(croids, anthralin, calcipotricne, olobetasol, and tazaratene, or with
methotrexate, retinolds, cvclosporine, PUVA and UV therapies. Jn ons embodiment, the psoriasis patient
is treated with the CD20 binding antibody sequentially or conicurrently with cyclasporlag,

Pharmaceutical Formulations
Therapeutic formulations of the CD20-binding antibodies uscd in accardance with the prescnt

invention are prepared tor storage by mixing an antibody having the desired degree of purity with optional
pharmaceutically acceplable varriers, excipients or stablllzers (Reriington's Pharmacestical Scienves 16th
cdition, Qsol, A, Ed. (198()), in the form of lyaphilized formulutions or aqueovus solutlons, Acccptable
curmicrs, excipients, or stabilizers are nontoxic to vecipients at the dosages and concentrutions employed, and
include buffors such us phosphate, citrate, and orther organ)c acids: antioxiduats including ascorbic acid and
methioning; preservatives (such as octadecyldimethylbenryl ammoninm chioride; iexamethonivm chloride;
benzalkonium chlaride, bonzethonium chloride; phenol, butyl or benzyt alcohol; alkyl parabens such as
methyl or propyl paraben; catcehal; resorcinol; eyclohexanol; 3-pentanal; and m-cresel); low molecuar
weight (Tess than about 10 residucs) polypeptides; proteins, such as scruwm albumin, gelatin, or
immunaoglobatins; hydrophilic polymces such as olyvinylpyrralidonc; amioo acids such as glycinc,
glutamlne, asparagine, histidine, arginine, or lysine; monasaccharides, disaccharides, and other
carhohydrates including glucose, maznnose, or dextrins; chelating ngents such as EDTA; sugars such as
sucrosc, mannitol, trehalose or sochltol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-
protein complexes); and/or ron-jonte sutfactants such as TWRENT, PLURONTCS™ or polycthylenc glycol

(PEG).
Exemplary unti~-CD20 antlbody formulations are described in WO98/56418, expressly Incospotated

hereln by reference. Anather formulation is a Jiquid muitidose formulation comprising the anti-CD20
antibody at 40 mg/ml., 25 nilV acetate, 150 mM trehalose, 0.9% benzyl alcobol, 0.02% polysarbate 20 at pH
5.0 that bas a minimurm shelf Tife of two years storage at. 2-8°C. Anather unti-CD20 formulation of Interest
comprises [Omg/mL antibody 1a 9,0 mg/ml. sodium chloride, 7.35 mg/mb sodiup citrate diliydrate,
0.7mg/ml. polysorbate 80, and Sterile Water for Tnjection, pH 6.5, Yet another aqueous pbasmaceutical
formulation comprises 10-30 M sndjusy acetate from about pH 4.8 to about pH 5.3, preferably at pHS.S,
polysorbate as a surfactant in # an amount of abowt 0.01-0.1% v/v, trehalosc it an amount of about 2-10%
wiv, and benzyl alcoho) as a prescrvative (U.S, 6,171,586), Lyophillzed formulations adapted far
subeutancous sdministration are described in WO97/0480). Such lyophilized formulatlons may be
reconstituted with o suitable difuent (o & high protein concentration and the recunstituted forinulation may be
administered subcutansously 10 the memmal to be reated herein,
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One formulution for the humanized 2H7 variants Is antibedy at 12-14 mg/ml, in 10 mM histidine,
(% sucrose, 0.02% polysorbate 20, pH 5.8.

In a specific cmbodiment, ZH7 variants and in particular 2H7.v16 is formulated at 20mg/mL
antibody in 10mM histidine sulfate, 60mg/ml sucrose., 0.2 mg/mi polysorbate 20, and Sterile Wates for
Injeetion, al pHS5.8.

The formuiation hercin may also contain more than ove aclive compound as neressary for the
particulur indication belng treuted, preferably those with complementary activities that do not adversely
affoct each ather, For cxample, it may be desiruble to further provide a cytotoxde agent, chemotherapeutic
apent, cylokine or immunosuppressive agent. (e.2. oné which ucts on T ¢ells, such as cyclosporin or an
antibody that binds T cells, e.g. one which binds LFA-1). The effectlve samount of guch other ugants
depends on the amount of antibody present in the formulation, the type of disease or disorder or treatment,
and other factors discussed above, These are generally vsed io the same dosages and with administration
routes as described hexein or ubout from 1 10 99% of the heretofore cmployed dosages,

The active ingredicnts may alse be entrapped in microcupsules prepared, fos exaraple, by
coacervation techniques or by interfacial polymerization, for exwmple, hydroxymethylcellulose or gelatin-
microcapsules and poly-(methylmethacylate) microcapsules, sespectively, in colloidal drug delivery systems
(for exumple, liposomes, albumin mictospheres, microcmulsions, nano-particles and nanocapsules) or in
macroetulsions. Such leehniqucs are disclosed in Rerington's Pharmaceutical Sclences 16Gth edition, Osol,
AL, (1980).

Sustaincd-releusc proparations may be prepared. Sultable exataples of sustuincd-release
preparstions include semi-permeable matrices of solid hydraphobie pofymers coataining the untugonist,
which matrices arc in the form of shaped articles, e.g. films, or micracapsules. Bxamples of sustained-
rclease mutrices include polyesters, hydragels (for cxample, poly(2-hydraxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and ethyl-L-
glutanate, non-degradable ethylenc-vinyf acetate, degradable lactic acid-glycolic ucid copolymers such us
thc LUPRON DEPOT™ (injuctable microspheres compased of lactic acid-glycolic acid copolymer and

leuprolide acctate), and poly-D-(-)-3-hydroxybutyric acld.
The formulations 10 be used for in vivo adovinistration must be sterile. This is readily accomplished

by filtration through sterile fltration membranes,

Articley of Manufactuxe and Kits
Another smbodiment of the Inventlos is an article of manufacture containing materials useful for

the treatment of autoimmune discuses and related conditions and CD20 positive cancess such as non-
Hodakin's fymphoma. The article of sanufacture comprises & container and a label or package Insert onor
ussociated with the contalner. Suitable containers include, for exumple, bottles, vials, syringes, ¢te, The
containers may be formed frotn 2 varlety of matarials such as glass or plastic, The container holds
compasition which s elfective for treatlng the condition and may have a sterile secess port (for exanmple the
container may be un intravenous solution bag or a vial baving a stopper pierceable by a hypodermic injection

needle). At lesst one actlve agent in the compnsition §s u CD20 binding aatibody of the invention, The label
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or puckuye insert indicates that the composition is used {or treating the particular condition. The lahel or
packape insert will further comprise instructions for administering the ancibody composition o the patient,
Package insort refers (o instructions customarily Included in commerciul puckages of therapeutic products,
that contain information about the indicutiony, usage, dosage, wiministration, contraindications and/or
warnings concerning the usc of such therapeutic products. Tn one embediment, the package insert indicates
that the composition is used for treating non-Hodgkins' Jymphoma,

Additionally, the article of manufacture may further comprise a second container comprising a
pharmaceutically-acceptable buffer, such uy bucteriostutic water for injection (BWET), phosphate-buffered
xaline, Ringer's solution and dexirose solution, It may further include other materaly desivable from a
commercial and pser standpoint. including other buffers, diluents, filters, needles, and syringes.

Kits are also provided that are uselu] for various purposes , c.g., for B-cell killing assays, a5 a
posltive conteol for apoptosis assays, fot purificaion or immunoprecipitation of CD20 from eefls. For
isolation and purification of CD20, the kit cun contyin an anti-CD20 antibody coupled to beads (e.8.
sephaross beads). Kits can be provided which contiin the antibodies for detection and quantitation of CD20
in vitro, e.g in an ELISA or a Western hlot. As with the article of manufacture, the kit comprises u
container'ynd a lahel or package jnsert on or assoclated with the container. The container halds a
campasttion comprising at least one anti-CD20 antibody of the invention. Additional containers may be
included that contain, e.8., dilvents avd buffers, control antibodiss, The Tubel or package insert may provide
4 deseription of the composition as well as instructons for the intended in vitro or disgnostic use.

Cynomolgus wonkey €CD20
The invention alse provides an Isolated nucleic acid comprising the nuclcotide sequence of SEQ ID

NO.: 24 of the Cynomolgus monkey CD20 us shuwn in FIG. 19. Tn one embodiment, the nuclets acid is o
¢DNA, In one eonbudiment, the nucleie acid encoding the monkey C20 1s in an ¢xpression vector for
expression in « host coll. The nucleotide sequence of SEQ 1D NO,t 24 in the expression vector is pperably
Hinked (0 an expression ¢ontrol sequence such as o promioter or promoter and enhancer, The cxpression
control sequence can be can be the native scquence normally assoclated with tie Cynomolgus CD20 gene, or
hotcralogous to the gene, Also provided is un jsolated polypeptide compeising the umine ucid sequence
LSEQ 1D NO, 25; FIG. 19 & 20] of the Cynomolgus monkey CD20, as well ay bost cells containing the
Cynomaolgus CO20 nucleje acid, In onie aspect the host eclls ure eukaryotic cells, e.g., CHO cells. Fusion
prateins comprising the Cynomolgus CD20 amine acid sequence or fraginents of the scyucnce are also

contemplated,

Experimental Examples
Example 1
Humanization of 2H7 anti-CO20 murine monoclonal antibody
Humanlzation ol the murine anti-human CD20 antibody, 2H7 (also referred to horein as m2H7, m
for murine), wis curricd out in u series of site-directed mutagenesis steps. The murine 2H7 antibody
variuble region sequences and the chimerie 2517 with the mouse V and burman C have been deseribud, see,

¢.8, .5, patents 5,846,818 and 6,204,023, The CDR residues of 2H7 were Identified by comparing the
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amino aeid sequence of the murine 2H7 variable domains (disclosed in U.S. 5,846,818) with the sequences
of known antibodies (Kabat et al., Sequences ol protcins of immunolopicul interest, Fd. 5, Public Health
Service, National Institutex of Health, Bethesda, MD (1991)). The CDR regions for the Jight and heuvy
chalns were defined bused on sequence hypervarisbility (Kabat et al,, supra) and are showst in Fig. ] A and
Vig. 1B, respectively. Uslng syathetic oligonucleatides (Table 1), site-directed mutugenesis (Kunkel. Proc.
Natl Acad. Sci, 82:488-492 (1985)) was used 10 introduce all six of the murine 2H7 CDR reglons into 4
complete hurmun Fub framework corresponding to a consensus sequence V. Vil (V) kappa subgroup L Vi
subgraup 111) contained on plasmid pYX4 (Fig. 2). '

The phagemid pVX4 (14, 2) was used for mutagenesis as well as for expression of Fab)s in 12,
coll, Buscd on the phagemid pb0720, a derivativa of pR047S (Cunningham et al,, Sticnce 243: 1330-1336
{1989), pVX4 contalns a DNA fragment encoding & huthanized consensus K-subgroup T light chaln (Vyxl-
Cy) and 8 bumanized consensus subgroup AT heavy chain (Vi l-Cy)) anti-TEN-¢¢ (interferon o) antibody.
PVX4 also has an alkaline phosphatase promotor and Shine-Dalgamo sequence both derived from another
previously described pUCT 19-based plasmid, pAK2 (Carter et al., Proc. Natl. Acad. Sci. USA 89: 4285
(1992)). A unique Spel restriction site was introduced betwveen the DNA encoding for the F(ub) light and
heavy chains, ‘e first 23 amino acids in both ant]-UFN-o¢ heavy and light chains are the ST secretion
slenal gequence (Chung et al,, Gene 55: 189-196 (1987)).

“To construct the COR-swap vession of 2H7 (2ZH7.v2), site-directed mutagesnesis wus porformed on
u deoxyuridine-containing template of pVX4; all six CDRs of anti-TRN-o wete changed ta the murine 2H7
CDRs. The resulting molceule is referred to as humanized 2H7 version 2 (2H7.v2), or the *CDR-swap
version™ of 2HT7; it has the m2H7 CDR residues with the conscnsus human FR residues shown in Figures 1A

and 1B. Humanized 2H7.v2 was used for furthier humsnization.
Table 1 shows the oligonucleotide sequence used to create each of the mugine ZH7 (m2HT7) CDRs

It tho H and I, chain. For example, the CDR-H1 oliganucleotide was used to recceate the m2H7 H chuin
CDRI1, CDRR-M1, COR-H2 and CDR-H3 rcfors to the H chain CDR1, CDR2 and CR3, respectively;
simllarly, CDR-L.1, CDR-L2 and CDR-L3 rcfers to cach of the L chain CDRs. The substitutions in CDR-H2
were done in two #1eps with twa oligenuclcotides, CDR-H2A and CDR-H2RB,

Table 1, Qligonucleatide sequences used for construction of the CDR-swap of murine 2H7 CORs into 4

homan framework in pVX4. Resldues changed by each ollgonucleotido ure undorlined.

Substltution Qligonucleotide sequence

CDR-1] CTAC ACC TTC ACG AGC TAT AAG AT( CAC TGQ GTC GG
(SEQ ID NO. 27)

CDR-H2A G ATT AAT CCT GAC AAC GGC GAC ACG AGC TAT AACCAG AAG
TTC AAG GGC CG (SEQ ID NQ. 28)

CDR-H2B QAA TGA ATT GCA GCG ATC TAT, CCT GGG AACGGC GAC AC
(SEQ 1D NO, 29)

CDR-H3 AT TAT TGT GCT CGA GTG GIC TACTAT AGC AAC AGC TACTGG
TACTIC GACGTIC'TGG GOT CAA GGA (SEQ 1D NO. 3(0)

CDR-L1 C TGC ACA GCC AGC TCT TCT GIC AGC TAT ATG CAT TG
(SEQ JD NO, 31)

CDR-L2 AA CTA CI'G ATT TAC GCI CCA TCG AAC CIC GCG TCT GGA GTCC
(SEQ ID NO. 32)

CDR-L3 TAT TAC TGT CAA CAG TGG AGC TTC AAT CCG CCC ACA TTT GGA.
CAG (S1IQ 1D NO, 33)
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For comparison with humanized construets, a plasmid expressing a chimerlc 2H7 Fab (containing
murine Vi, and Vi domafns, and human Cr, and CHy domales) wus constructed by site-direoted mutagenesis
(Kunkel, supra) using synthetic oligonucleotides to intraduce the muripe frumewark residues into 217,42,
The scquence of the resulting plasmid construet. for expression of tie chimeric Fab known us 2H7.v6,8. is
shown in Fig. 3. Buch encoded chain of the Fab has a 23 amino acld SiII secrerion signad sequence ag
described for pVX4 (Big.2) ubove.

Based o 4 sequence comparisan of the murlne 2H7 framework residucs with the human Vi, ¥, JI1
consensus framework (Figures 1A and 1B) and previously humanized antibodics (Carter et al., Proc. Natl.
Acad, Sci, USA 89:4285-4289 (1992)), several framework mutations were introduced into the 24)7.v2 Fab
construct by site-directed mutagenosis. These mutations result in a change of certain human consensus
framework resfdues to thosc found in the murine 217 framewaork, ot sites thar mlght affect COR
conformations or antigen confucts. Versinn 3 contained Vi(R71V, N73K), version 4 contained VH(R71V),

version 3 contgined Vy(R71V, N73K) and Vi {L46P), and version 6 contained Vi(R71V, N73K) and

Vi (LAGD, TATW),
Humanized end chinteric Fab versions of m2H7 aatibody ware cxpressed in E. coli and purified as

{ollows. Plasmids were truasformed inta B. eoli strain XU~ Blue (Swatagrae, San Dicgo, CA) for
preparation of dovble-und single~stranded DNA. For each vadant, both light and hoavy chains were
completely sequenced using €he dideoxynuctentide method (Sequesase, U.S, Biochemicad Corp.). Plasmids
were vansformed int B. eali strain 16C9, & derivative of MM294, piated onto LB plates contuining § (Lg/ml
carbenicitlin, and a single cofony selected for protein exprossion. The single colony was grown in 5 m! LB-
100 pg/in) carbenicillin for 5-8 h at 37° C, The 5§ ml culrire was added 10 500 ml AP3-100 pg/mi
varbenicllfin apd allowed to grow for 1G h in a 4 L baffled sheke flask ut 37°C, APS media cotsists oft 1.55
glucose, 11,0 Rycase SF, 0.6g yeast catract (certified). 0,19g anhysdrous MaSQy4, 1.07g NHACT, 3.73g KQT,
1.2 NaCl, 120 m) 3 M triethanolamine, pH 7.4, to 1L water and then sterlle filtered through 0.1 pm

Sealkeen filter.
Cells were harvesied by centeifugation in a ) L centrifuge bottle (Nalgene) at 3000xg and the

supernatant removed. After freexing for 1 hi, the pellet was resuspended in 25 ml cold 10 mM MES-10 mM
LEDTA, pH 5.0 (huffer A). 250 pl of 0.1M PMSF (Sigmu) was udded to inhlbit proteslysis and 3.5 ml of
stock 10 mg/m? hen egg white lysazyme (Sigma) was added 1o aid lysis of the bacterial cell wall. After
gentle shuking on ice for 1 b, the sample was centrifuged at 40,000xg for 15 min, The supernarant was
brought to 50 m with buffer A and loaded onto a 2 ml DEAE column equilibrated with bulfec A, The flow-
throuph was then applicd (o a proteln G-Sepharose CL-413 (Pharmacia) calumn (0.5 mi bed volume)
cquilibrated with buffer A. The column was washed with 10 ml buffer A and eluted with 3 1n} 03M
glyelne, pH 3.0, in( 1,25 m) 1 M Tris, pH 8.0. The F(ah) was then butfer exchanged into PBS using a
Centricun-30 (Amicon) and concentrated to a final volume of 0.5 ml. SDS-PAGE gels of ol F(ab)s were tun
to ascertain purity and the molccular welght of each vuriunt was verified hy elcctrospray mass spectrometry,
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In cell-based LLISA binding assays (described below), the binding of Fabs, including chimeric 2H7
Fab, to CD20 was difficult to detect. Therefore, the 27 Fub versions wete reformatied as foll-length InGH
antibodics for assays and (urther wutagenesis,

Plasmids for expression of full-length 1gG's were constructed by subcloning the Vi and Vy
domatns of chimeric 2H7 (v6,8) Fab as well as bunanized Fab verslons 2 (0 6 into previousty deseribed
PRK vectors far mamunalian ccll expressfon (Gorman et al., DNA Prot. Eng. Tech. 2:3-10 (1990)). Briefly,
cuch Fab construct war digestad with £coRY and Bipl to excisc a Vi_fragnient, which was cloned into the
EeoRV/IBIpL sitex of plasmid pDR1 (Fig. 4) for expression of the complete lght chuin (Vi -CL domuins).
Additionally, esch Fab construct was digested with Pvull and Apal to excise a Vi fragroent, which was
cloncd into the Prull/Apal sites of plasmld pDR2 (Fig. 5) for expression of the complete heavy chain (VIi-
CHy-hinge-CH2:CH; domnkus). For cach IgG variant, transient transfectious were performed by
cotransfecting a light-chain expressing plasmid and a heavy-chuin expressing plasmid into an adenovirus-
trunsformed humaa embryonic kidney cell line, 293 (Graham et sk, J, Gem Virol, 36:59-74, (1977)).
Rriafly, 293 cells were aplit on the day prior to transfoction, and plated in scrum-containing medivm. On the
following day, double-stranded DNA preparcd as a calcium phosphute precipitare was added, followed by
pAdVAntage™ DNA (Promcegy, Madison, WI), and cells were incuhated overnight at 37°C. Cells were
¢ultured in scrum-froc medium and barvested afier 4 duys. Antibadies were purified from culture
supeinatants using protein A-Sepharose CL~4B. then buffar exchanged inte 10 M sodium succinate, 140
mM NaCl, pH 6.0, and concentrated using a Ceniricon~10 (Amicon). Proteitt Concentrations were

datermined hy quantitative amloo acid analysis.
To measwre relative bindng affinities to the CD2( antigen, a cefl-based ELISA assxy was

daveloped, Human B-lymphoblastoid WIL2.S cclls (ATCC CRI, 8885, Ametlean Type Culture Collection,
Rackville, MD) were grown in RPME 1640 supplemented with 2 mM L-glatamine, 20 mM HEPES, pH 7.2
and (0% heat-inactivated fewl bovine serum in 2 humldified 5% CO; incubator. The cells were washed with
PBS containing 1% FBS (ossay buffer) and seeded at 250-300,000 cell/well in 96-well round botlom plates
{Nunc, Raskilde, Denmark), Two-fald serially diluted standard (15.6-1000 ng/ml of 2H7 v6,8 chirveric 1gG)
nd threefold seddally diluted samples (2,7-2000 ng/ml) in nssay buffer were added ta the plates, ‘Uhe plates
were buried in ice and incubated for 45 niin, ‘To remove the uabound antibody, 0.1 il assay buffer wers
added to the wells, Plates were centrifuged antd supematants were removed, Cells were waghed two more
times willi 0.2 ml, assay buffer. Antibody bound to the plates was deteeted by adding peroxidase conjugated
goat anti-humun Fe untibddy (Jackson mmunoResearch, West Grove, PA) to the plates. After 4 45 oin
ineubatlon, cells were washed ys described before. TMB substrate (3,3',5,5“tctramethyl benzidine;
Kirkegaord & Pervy Laboratorics, Galthersburg, MD) was added to the plates, "Lhe reaction was stopped by
adding 1 M phosphoric acid. Titration curves were fit with a four~purameler nonllngar regression curve-
fitting program (KaleldaGraph, Synergy software, Reading, PA). ‘The absorbance at the midpoint of the
titration curve (mid-OD) and its corresponding concentration of the standard were determined. Then the
cancentrution of ¢ach variant at this mid-OD was determined, und the concetilration of the standard wus
divided by that of cach vatiant, Hence the valucs are a ratio of the binding of cuch variaot selative to the
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standard. Standard deviations in relative affinity (oquiéalcnt coucentration) were generally +/. 10% between
experinents. _ '

As shiown in Table 2, binding of the CDR-swap variant (v.2) was extremely reduced compared to
chimedio 2H7 (v.6.8). However, versions 3 to 6 showed improved binding. To determine the mininwm
numiber of mutations that might be required to restore binding affinity to that of chimeric 2H7, additional
mutations and combinations of mutations were constructed by site-direct mutagenesis to produce variants 7
to 17 indicated in Tablo2. In partioular, theso inoluded Vy mutations A49G, R67A, J69L, N73K, aud
L78A; and Vg mutations MAL, M331, and FTIY. Vetvions 16 and 17 showed tho best relativo bindiug’
affinities, within 2-fold of that of the cliimetio version, with no siguifichat difference (s.d. =+/- 10%)-
between tho two, To minimizo fhe niwmber of mutafions, version 16, having only4 mutations of human
framework residues to murine framework residues (Table 2), was 'thcmfom chosen as the humanized form

for additional chacacterization,

Tablé 2, Refative binding affinity oflinmantzed 2HY TG vatiani to-CD20 comparéd to ohimeric 7
using cell-baséd BLISA. Tio relative bindinpis expirdssed as thy voncéatratipnéof the chimero 2H7 over tlie
concentration.of tho vatiant required for equivalént binding; hence.a ratlo’<l indicates weaker affinity:for -
the vadiant. Standard deviation in relative affinity determination averaged +- 10%. Framowork
substitations in the vardable domains are relative to the CDR-swap vetsion according to the numbering’

mmmud;s@a):

2H7- H Relative
wversion WM(V‘O w&twons(yx) bindidg |
68 ‘(dﬁm’eﬁ) ' = 1< '
2 EXAP), @&M- .. | 001
B R1 IV, N73K_ (CDR swap) 1021
4 R7IV : {CDR swap) 0.21_
5 R71V, N73K ATAGP, Y 0,50
3 R71V, N73K. YAGP, TATW 0.58
7 R7IV TAGP 033
8 |RILV,L7BA T -0.19
9 IR7IV, B67A JAGE o 007. ~
10 | R71V; ¥67A, Y69L _{iAee . 10612
A1 I RAVFGIA, IAA 1 - [ L -
12 IRAN _ o MAL 1032 b
{13 IRV " T4GP, M331_ 03] =
4 BNV : Xdep, F7lY 1095
A5 IRV : TAGE, MAL, M33Y 0285
16| R7IV, N/3K, A49G. TAGP” o 0.65
17 RUVNTIK, 249G, IAGP, IATW 0:67
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Table 3 Qligonucleotide sequences used for construction of mutations VE(A4YG, R71V, N73K) and
VILLAGP) in humanized 2H7 version 16 (2H7.v16), Underlined codons cnende the indicated amino acid
gubstitations. For Yy (R71V, N73K) und Vg (LAG6P), the oligas are shown as ths sensc strand singe those
were used for mutagenesis on (he Fab template, while for Vy (A49G), the ofigo is shown as the anti-sense
strand, sinco this was used with the pRX. (AgG heavy chain) template. The protein scquence of version 16 js
shown in Rig. 6 and Fig, 7.

Subslitution Qligonucleotide sequence
Vit (R71V, N73K) GT'ITCACT ATA AGT OTC GAC AAG TCC AAA AAC ACATT
(SEQ D NO. 34)
Vi (A49G) GCCAGGATAGATGGCCCCAACCCATTCCAGGCC (SEQ 1D NO. 35)
V, (JAGP) AAGCTCCAAAACCACTGATITACGCY (SEQ ID NQ, 36) e
Example 2

Antigen-hinding determinunts (paratope) of 2H7

Alanine substitutions (Cunningham & Wells, Science 244: 1081-1085 (1989) were made in
2H7.v16 or 2k7.v17 in order to test the conttibutions uf individual side chains of the antibody In bluding to
CD20. J£G vatiants were expressed in 293 cells from pDR1 and pDR2 vectors, purificd, and assayed for
relative binding uffinity as described above. Several alanine substitutions resulted in significaot décreuses in

relative binding to CD20 on WIL-28 cells (Table 4).

Tahle 4, Bifects of alanine substitutions in the CDR reglons of humanized 2H7.v16 measured using cell-
based BLISA (WIL2-S celis), The relstive binding is expressed as the concéntration of the 2H7.v16 pareot
over the concuntration of the variant requiced for equivalent binding: henve u rutio <1 indicates weaker
s{finity for the variant; a rato >1 indicates higher affiolty for the variant, Stundard doviation in velative
affinity determrination averaged 4/~ 10%, Framework substitudons in the variable domains are relative to
2147716 according to the nomberiag system of Kabut (Kubat ctal., supra). NBD means no detectable
binding. Tbe two numbers for version 45 urc from scpurafe cxperiments.

H7 CDR [Heayy ohai Light chuin [Restative binding
version  [locution lwb»ﬁtutiuns substitutions
16 - - - wls
140 Hi G264, - 0.63
141 1 y27A, - 0.47
34 JH1 T28A . 0.86
35 1 F29A - 0.07
36 K11 (1304 - 0.81
37 1 9314 - 0.97
142 11 Y324 - . 0.63
143 M1 IN33A . DB
144 H1 34A . 1.2
145 H1 H35A - <0.25
146 H2 ASOG . 0.3]
147 H2 151 A ~ 0.65

30




38 112 Y52A - 0.01
148 H2 P520A - 0.66
39 L2 G53A - 0.39
67 H2 INS4A . 1.4
40 H2 GS5A . 0.79
41 H2 DSGA - 2.0
) H2 I57A “ 0.61
m 2 S58A - 0.92
V] H2 Y50A - 0.74
02 H2 00A . 0.80
94 F2 K62A " 044
05 112 F63A . 23|
- 1A : 0.2
149 2 K64A - .82
150 GE5A ° L2
i3 |\3 V9SA . i
42 H3 VO6A - 0.08
43 H3 Y97A - 0.63
44 H3 Y98A 2 it
45 SO9A - 0.84; 0.92
16 100A. - 0.81
47 3 10044 = 0.85
43 F3 V100bA. - .78
49 3 W 100cA - 0.02
59 a3 Y100dA - 0.98
50 53 100eA - NDE
61 Ha 1014 - 0.31
Ist___|f3 1024 z =
117 L] . R24A 085
ns___ | - 425G gSs
{19 1 a 826A 0.98
120 x - $27 A 0.98
121 L1 - 5284 L
122 L1 - V29A 041
50 L1 - 330A 029
51 1 : Y32A 1.0
123 L1 . 33A L0
124 L1 . H34A 0.2]
125 L2 - A30G 022
126 (2 - P51 A 0.88
: ) . S52A 0.80
53 2 - NS3A 016
54 L2 - L34A 0.0
127 1.2 . ASSC 1.1
128 L2 - S56A L1

a1
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129 1.3 - QBA 0.46
130 L3 - QA <0.22
55 1.2 " WA 0-88
56 13 - S92A. L1

57 L3 . F93A, 0.36
58 L3 - IN94A 0.61
13) .3 - POSA INDB
132 L3 - PO6A 0.18
133 L3 ~ TA. <0.22

Example3

Additional mutations within 2H7 CDR negions
Substitutions of udditional rasiducs and combinations of substitutlons at CDR positions that were
identifled as important by Ala-scansiing were also tested, Several combination variants, partleularly v.96

appeared to hind move tightly than v.16.

Table 5. Bffects of combinations of mutations and non-ulanine substitutions in Uie COR regions of
humanized 2H7.v16 measurcd using cell-based BLISA (WIL2-S cells). 'The relutive binding to CD20 is
expressed as (he concentration of the 2H7.v16 parent aver the concentration of the varisat required for
equivalent binding; hence a ratio <1 indicates weakor sffinity for the vaciant; « rado >1 indicates higher
aiTinity for the variant. Standard devistion in relative affinity deétermination averaged +/- 10%. Framcwork
substitutions in the variable domains are relative to 2B7.v16 according to the numbering system of Kabat

(Kabhat et al,, supra),

7 [Heavy chain ght chain lxclwve binding
version |substitutions bstitutions
16 - = afs
96 D56A, N100A S9ZA 3.5
97 [S99T, N'100G, Y 100bT " 0.99
08 G, N100S, Y100b1 - 1.6
09 IN10DG, Y 100bl - 0.80
101 [N548, DSGA - 1.7
102 [N54K, D56A " 0.48
103 |DG6A, NI0OA - 2.1
104 |S99T, N1n0G & 0.1
105 [S99G, N100S - 1.1
106 [N190G . 1
167  [St00aGi, Y100bS -
136 |D56A, N10OA S56A, S92A 2.6
137 D564, N10OA ASSG, 8924, 2.1
156 [D56A, N1ODA 8264, S56A, S92A (2.1
107 DSGA, N1ODA, Y 10()bI S92A ot cxpressed
182 [y2rw .




183~ [y27F ”

184 K29y -

135 1i29W -

186 Y3217 -

187 |Y32W .

188 IN330Q -

189  [N33D -

190 IN33Y -

191 N338 -

208 355 -

200 IA508 -

210 [ASOR .

211 AS0V .

212 |AS0L -

168  |Y52wW -

169 52F . 0.75
170 [NS4D - 0.25
171 N548 - 12
172 |D56X. . |
173 D56R -

174 |ps6H - 1.5
175 DSEL - .2
213 D568 -

2,14 DS6G -

215 DSEN -

216 -

176 YSOW “

177 _|Y59F ¥

180 K62R -

181 [K62D -

178 F63W -

179 F63Y -

157 YOTW “ 0.64
158 [YO7R - 1.2
159 XO8W . 0,64
160 YOSR - 0,88
106 NI00G -

16§ W100cY - 05
162 W100el - 0.27
163 F100eY - 059
164 FO0cW - 0.71
165 DI0TN - 0,64
166 S9YQ, NIVOG, 5100al,Y 100b deleted - 0.99
217 VIp2Y “ 1.0
207 - H34Y

53
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192 . QBYE kK
193 - QBN
Lo L Q9UE
o5 |- QPaN -
196 - WY1Y
197 - WOl
205 o 892N
206 - 992G
198 “ FY3Y
199 . FO3W
204 ~ FO35, N9dY
200} - 6L
201 - r96Y
202 - PoOW
203 |- POGR
Exawple 4

Mutations at sites of framework humanization substitufions
Substitutions of udditional residues at framework positions that were chianged during humanization
were also tested Ja the 2H7.v16 background, In partlcular, alternatlve framework substitutions that were
elther found in the murine 2H7 purcnt nor the huchan consensus framework were mude nt Vi (P46) and

Vu(G49. V71, und K73),
These substitutions generalty led to ltde change Jn refative bloding (Table 6), indicating that there

s some Mexibility in feamework residues at thess positions.

‘Tahle 6. Relative binding in a coll-bascd (WILZ2-5) assay of framework substiucions, LG vadants are
shown with mutariony with respect ta the 2H7.v16 backgvound. The relulive binding is expressed us the
conceaitation of the 2H7.v6.8 chimera over the concentration of the variant required for equivalent binding;
ficnes & ratio <1 indicates weaker affinity for the variant; a rutio 1 {ndicates higher affinity for the variunt.
Standacd deviatlon in relative affinity determination averagod - 0%, Framework substtutions in the
variable domains are relative to 2H7.v16 acenrding to the numbering system of Kabat (Kabat ot al., supra),
(™) Vacluntg that wess assayed with 2H7.v16 as the standard compurator; relative values ure normaliced to

that of the chimera,

2H7 [‘Ieavy chain Light chain Relutive binding
version  jsubstitutions substitutiong

6.8 (chimera) (ehitricra) .=
1G - - 0.64
[78 K73R v 0.72
79 K73H - 0.49
80 K73Q - 0.54%
81 V7l - 0.42
82 vuT - n.58
B3 V71A ..

R4 Q498 B 0.32
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35

RS G49L ’
R6 - P4GE 0.22

87 . P46V 0.51

38 . P4GT

108 A49A, V71T, K73R S92A, M32L, P46T 0.026%

1 (49A, A49G, VIIT. K73R S92A, M32L, P461 0026%

[ 14 K73R, D56A, N10DA S92A, M321. INot, cxpressed
31 49A, VTIT, K73R - 0.46%

112 G49A. A50G, VIIT, K73R . 0. 12

(*) Variants thut wero uskayed with 2H7.v16 a5 the standatd cothiparstor;
redstive valuck ure normalized 10 that of the chiniera,

Exsuple &
Rumsnized 2X7 vaciants with enlianced effector funcons

Beenvse 2H7 ean mediate lynis of B-cells through hoth complemest-dependent cytotoxlcity (CDC)
and antibody-dependent cellular cytotoxicity (ADCC), we sought to produce vatlants of humanized 2H7.v16
with Improved CDC and ADCC activity. Mutations of certain residues within the Fo reglons of other
antibodles hiave been described (Idusogle et al., J. Jminuniol. 166:2571-2575 (2001)) for Lnproving CDC
through ¢nhanced binding to the complement component Clg, Mutations hiave also been described (Shields
vt al, J. Biol, Chesn, 276:6591-6604 (2001); Presta et a1, Bivchiont. Soc. Trans, 30:487-490 (2002)) for
impraving ADCC through enhanced InG binding to activating Fay receptars and reduced TgG binding to
intiibitory licy receptors, 1 pardoular, theee mutariong have been identified for improving CDC asd ARCC
sctivity: S298AHIIZA/KIZMA. (ulsv referred 1o heelt as 3 triple Ala iutant or variant Ausbering in the Fe
reglon i secording to the EU numbering system; Kabat ¢t 8., supra) a8 described (dusogie et al.. supra
(200:1): Shiclds ct al., supra).

Tn order to enhance CDC and ADCC aclivity of 2H7, « triple Alg mutant of the 2H7 F¢ was
construcied, A huroanjzed varfant of the anti-HERZ antibody 4d5 has heen praduced with mutudans
SIVBA/EIIIAICIB4A and Is known as 405Ee110 (Le., antd-p"HER2 IgGT ($298A/RIIIATKII4A);
Shiclds et ul., supra), A plasmiid, paDSke1 1) encoding aatibody 4D5Fe110 (Shialds et al., supra) was
digested with Apal and Hindlll, and the Le-fragimsnt (containing mutationy S298A/REIIZA/KIZ4A) was
Hguied into the Apal/ttindtll sites of the 2H7 heavy-chain vactar pDR2-v16, ta produce pDR2-v31, The
aming weid yequence of the version 31 complete K chalo is sbown in Fig. 8, The T.chain is the same as that
of v16,
Although the constatit doinalns of die Fe region of IG1 autibodles are relatively conserved within
u givon specicy, allelic variutions exist (réviewed by Leftane and Lefranc, in 2Vie Auan 1gG subclasses:

melecular analysiy of structure, function, and regrlatiorn, pp, 43-78, F, Shakib (¢d.), Pergaaninon Press,
Oxford (1990)).

Table 7. Tffecrs of substitutions in the Pe region vn CD20 binding, Relative binding to CD20 wos

medkured in a cell-based (WIL2-8) assay of framework substitutions. Fe mutations (¥) are indicated by EU

numbering (Kabat, supra) nnd ore relative to the 2H7.v 16 parent. The combination of three Als chonges in
55
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the Fe region of v.31 is described s “Fel 10" Tg( variants are shown with mutations with respect te the
2H7.v16 background, The relulive binding is expressed as tic concentration of the 2H7,v6.8 chimera over
the concentration of the varient reyuired far equivaleut binding; hence a ratio <1 Indicates wesker affinity
for the variant, Standurd deviation jn relative affinity detcrmination avecaged +/- 10%.

Z2H7 Fc Relative
verslon Substitutions* binding ‘
6.4 - -[-

16 . 0.65

3] S298A, B333A, K334A 0.62

Exanple 6
Humunized 2H7 vactants with enlianced stability
Tor developimesnt a3 therspeutic proteins, it is desirable to chooss vacants that xemain stuble with
respeet (o oxidation, deamidation, or other processes that may affect product quulity, in 4 sujuble
formulation buffer. Tn 2R7.v16, several residues were identlfied as possiblo sources of nstability: V1.
(M32) ond VH (M34, N100), "therefore, mutatlons were liroduced wt thue sites For comparison with v16.

Taohle #, Relative hinding of 257 variants desighed for enbanced stablllty and/or ¢ffector function, lo CD20
in acoll-hased (WIT.2-5) assay. YeG varlanty ave shown with mutations with respect 4o the 287.v16
backgrounid, The relative bindlng is expressed as the concentiation of the 2H7.v6.8 chimer over the
concentration of the variant required for cyuivalont binding; benoe & satio <4 indicutes weaker affinity for
the variant. Standard deviarion in velatve affinity determiination averaoged +/- 10%. Framewotk
substitarions in the varable domaink ure relative w 2H7.v16 according us the numbering gysiem of Kabatr
and Fo mutktions (%) wre indicated by EU numbesing (Kabat ot al, sipra), (¢} Vurignts thut were nasured
with 2H7.v16 us the stundwrd compunitor; relative values are numnulized (o thut of the chimera,

Additional Fo mutations wore combined with stubility or affinity-cnhuncing mutations fo witer or
enlisnca effectar functions bused on previousty reported mutations (dusogic ot al, (2000);
Idusogle et al. (2001); Shields et al. (2001)). These changes include $298, E333A, K3344, as described in
Bxzmple 5; K322A (0 reduced CDC sctivity; D265A o reduce ADCC actvily; K326A or K326W to
enhance CDC aetivity; and B3560/M3S8L (o test the effects of allotypic changes in the e region, None of

these mututions oaused signilicant oilferences in CD20 binding affinity,

217 Heuvy chain  [Lightchain  Ji% changes Relative
version (V) changes  [(Vi) chinges binding |
6.8 chimors) (¢himery) - -1-

16 : - : 0.65

62 - V321 - 0.46

53 M3dl - . 0.49

(4 IN1OOA . o

55 100A L4TW . ().74

66 SHOA LATW - .62

a7 N34A - ..
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68 2 M321 : 0.48
09 . M32L . 0.52
70 N10OA . S208A, 123334, K334A 0.80
71 NI00D " $208A, Bi334, K3HA 0.44
72 NI10OA M321 i 0.58
74 N10OA M32L < 0.53
74 IN10OA M321 IS29RA, 3334, K3MA .61
75 N10OA M32L S208A, B333A, K334A 0.60
1/3 - . £356D, M358l. 0.60%*
114 D36, NIOUA [M32L, 59ZA _[520BA, E333A, K3HA 1.2
115 DS6A NI0DA [M32L, S92A [S208A, E333A, K334A, PA56N, Ms8L 14™
116 156A, NT00A [M32L. $924  [$298A., K334A, K322A 1.2%
134 D56A, N100A [M321., S92A _[R356D, M348L, D265A 1.5%
)35 DS6A, NIOOA [M32L, S92A  [P356D), M358L., D265A, K326W 0,954
138 D564, N10OA [M32L, $92A  [S208A, £333A, K334A, K326A 1200k
139 D56A, N100A [M32L. S92A [S298A, 153334, K334A, K326A, E356N, M358L [1.1%*
134 R - D265A 0.70%
155 : @ S208A, R322A, K3344 0,700+

(*%) Varlancs thar were measured with 2H7.v16 as comparator
relatdve binding values are normalized to that of the ohimerz.

‘T'o (est the effects of stabllity mutatlons on the rate of proteln degradation, ZH7.v16 aud 2H7.v73
ware formuluted at 12-14 mp/mlL in 10 M hisddine, 6% sucrose, 0.02% polysorbate 20, pH 5.8 and
incubuted ut 40°C for 16 days, The iacubitted sumples were thea assuyed for chunges in chargo variunts by
ion exchunge chramutography, sggrogation and frugmentation by size cxclusion chromutography, und

relative binding by testing in a cell-based (WIT.2.8) ussyy.
The results (Fig, 9) show that 2H7 v.73 has greater stability compared tq 2H7 v.16 with respect.to

losses In (he fraction of main peak by fon exchange chromatogiaphy under accelerated stability conditions.
No significant differances were seen with respect to aggregation, fragmentation, ar binding affinity.

fe 7
Scatchard analysis of antitrody binding to CD20 on WIL2-S cells

Lqullibrlum dissosiation constants (Kg) were delermined for 2H7 g0 variants hinding to WIL2-S
celly using rudivlabeled 2H7 1gG, Jgd vadlants wers produced Jn CHO cells. Rituxan® (source for al)
experimenty is Genentech, 8. San Franciseo, CA) and murlae 27 (D PharMingen, San Diego, CA) were
usud for compurison with humanlzed varjaots, The murine 2H7 antibody Is also available from other
sources, .g., ¢Biosciencs, and Calblochem (both of San Diego, CA), Accurate Chernical & Sclentlfic Corp.,
{Westhury, NY), Ancell (Bayport, MIN), mid Vinel-Biochem (Vincl, Italy). All dilutions were performed in
binding assay buffer (DMEM medin containing 1% bovine scrum wbumin, 25 mM HEPES pH 7.2, und
0.01% sedium szide). Aliquots (0,025 mL) ol *1-2H7.v16 (lodinated with lactoperoxldase) at a
concontrutinn of 0.8 nM were dispensed fnxs wells of a4 V-bottorn 96-wcll microassay plate, and seval
dllutians (0.04 ral) of eold antibody were added and mixed, WIL2-S sellx (60,000 ¢clls in 0.025 mL) were
then added. The plate was sealed and incuhated st room temperature for 24h, then centrifuged for 15 min at

3500 RPM, The supernataat was then aspirated and the cell pellet wag washied and centrifuged, The
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supernatant was again aspirated, and the pellets were dissolved in 1N NaOH and transferred to tubes for
paming counting, “the data were used for Scawhard unalysis (Munson and Rodbiwd, Anal, Bivchen,
107:220-239 (1980)) using the program Tigand (McPherson, Contpul. Frograms Binmed. 17: 107-114
(1983)). The results, shown Jo Table 9, Indleate that humanized 2H7 variants had similar CD20 blading
affinlty as compared to mutine 2H7, and similar binding affinity to Rituxan®, It is expected that ZH7.v31
wlil have very similar K4 10 v.16 on the busis of the binding shown in Table 7 above.

Table 9, Equilibrium binding affinity of 2H7 varlants from Scutchurd snalysis

Antibiedy varfant Ky (nM) n

Rituxan 0994049 | 3

2R7 (murine) 1234029 |3

ZHTwl16 0.84+037 | 4

207473 1.2240.39 |4

2H7.vT5 1.0940,17 | 4
xample §

Complement Dependent Cytotoxteily (CDC) Assays

217 1gG varjunts were uysayed for their ability to mediato cormplement-dependent lysis of WILZ-S

celly, 0 CD20 cxpressing lymphoblastoid B-cell line, essentlally a¢ described (Tdusegic et al., L lmmunol,
164:4178-4184 (2000); Idusogic ot «l., J. fmmunol, 166:2571-2975 (2001)). Antibodics ware serially dituted
1:3 frani 2 0.1 mg/mi stock sofutivn, A 0.05 wL aliguot of cach dilution was added (o & 96-well tissuc
culture plate that contained 0.05 L of & solutinn of normal humar complement (Quidel, Sun Dicgn, CA)
To thiy mixture, 50,000 WIL2-§ cells were added i 2 0,05 Ll volume, After incubution for 2k at 37°C,
0.03 ralL. of a kolution of Alamar blue (Accumed International, Westlake, OH) waus wdded, and incubation
was contloued for an additlonal 18h at37°C. Coveérs were then removed fram the plates, and they were
shaken for 15 min af roont (erperalure on un orbited shuker, Relntive fluorescent units (RPU) wero read
using a 330 nn excliation filter and a 590 nm cmission fiter, An ECgy was culeulated by fitting RFU a5 a
function of concentration for each antipody vslog KalejdaGraph sofiware,

‘The results Chable 10) show surprising improvement in CDC by bumnanized 2H7 antibodies, with
relutive poatency similar to Rituxan® for v.73, 3-fold more potent than Rituxan® for v.25, and 3-fold weaket
than Rituxun® for v.16.

Table 10, CDC activity of 2H7 avtibodles compared to Rituxan, Numbers »1 Indicate loss putent CDC
netivity thin Rituxun® and numbers <1 indicate more poteat setlvity thun Rituxan®. Antibodies wers
produced from stable CHO lines, excopt that thuse tndicuted by (*) were produced transiently .

Aatibody variant_n_[BCg(varian(/ECg(Rituxan)
Rituxgnd® -1

PH7.v16 4 13.72;4.08

2H7.v31% 4 221

PH7.v73 4 105

2H7.v75 4 10.93

58




10

20

23

35

2H7.v96* 256
2H7.v114* 4 10.378
2H7.v115™ 4 10475
ZH7.v116* | 100
2H7.v[35% 2 (042

Examp]
Antibady Dependent Cellular Cytotoxicity (ADCC) Assays

2H7 1gQ variunts were assayed for their ability (0 redfate Natural-Killer calt (NK eell) lysis of
WIL2-8 celly, u CD20 cxpressing lymphoblasroid R-cel fine, essentlally as described (Shiclds et ., /. Blalk
Cham, 276:6591-6604 (2001)) vsing a laciate dehydrogensse (LDH) readout. NK cells wers prepared from
100 1L of heparintzed blovd, dituted with 100 mL of PBS (phosphate buffered sallue), obtalned from
normul human donory who had been isotyped for FeyRIIL also known as CD16 (Koene tt al., Blood
90:1109-1114 (1997)). In this exporiment, the NK cells were from human donors hererozygous for CO16
(FI58/V158). The dilured bland was layered aver 15 mL of Iymphocyis separation medium (ICN
Bivehemical, Aurora, Ohiv) and centrifiged for 20 min 4t 2000 RPM, Whito colls at the Intorface between
luyers wore dispensed (o 4 cloun 50-ml tubes, which wero 1illed with RPMI medium contuining 15% fota)
enlf serum, Tuhes were centrifuged for 5 win at 1400 RPM and the aupemntant discarded. Pelleta were
rosuspended in MACS huffer (0.5% BSA, 20iM EDTA), and NK cells were purlfied using beads (NK Cell
1sofation Kit, 130-046-502) according to the manufacturec's protocol (Miltenyd Blotech,). NK cells were

diluted in MACS buffor (o 2x10° celis/md.,
Scrial dilutlons of untibody (0.05 mL) i assay medivm (IT12/DMUM 50:50 without glyclne, 3 mM

HOPLS buller pil 7.2, Paopicil li/Swrepiomyein (100 unlte/ml; Gibea), gimaming, and 1% heat-dnactivated
fetal bovire serum) were added to a 96-well round-bottow tissue culture plate. WIL2-S cells wore diluted in
ussity bulfer lo u concenteation of 4 X 10°/mb, WIL2-S cells (0.05 ml per well) were mized with diluted
untihady in the 96-well plate und incubated for 30 min at room temperaturs to allow binding of antibody to
CD20 (apsonization),

Tha ADCC renctlon was initinted by ndding (0 1 mT, of NK enlls ta anch wall. o eonfril walls, 2%
Triton X~100 was added. ‘Fhe plate way then incubated for 4l at 37°C. Levels of LDH releused were
measured using a cytotoxicity (LDH) detecdon Kit (Kit#h 1644793, Rocho Disgnostics, Indianapulis, Indiaan,)
followlng the manufacturers tnstruetions, 0.1 mL of LDH develuper was added (o ¢ach well, followed by
minlng for 10s, The plate was then covered with aluminum foll und incubated in the durk at room
temperature for 15 min, Optical dessity at 490 1m was then read and use to calenlate % lysis by dividing hy
the tota) LOH mensured in control wells, Lysix was ploticd as & function of anlibody concenlration, and a 4-
parsneter curve fit (KaleidaGraph) wag used to deterinine ECsy concentrations,

The results showed that humantzed 2H7 antibodles were active In ATRCC, with relative potency 20-
fold higher (hun Rituxan® for v.31 and v.75, 5-fold more potent than Rlwxon® for v.16, and almost 4-fald

higher than Rituxan® for v.73,
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Tablo 11, ADCC activity of ZH7 untthodies on WILZ-9 cells compared o 287.v16, based on n

P
experlments. (Yalues >J Indicate lower potency than 2H7.v16, and values <1 indicate gleater putoncy.)
Antibody variut i HCyy( varinnt)/ECe(2H7.v10)
Rituxun® 4 5.3
2H7.v1G 5 |
2H7.v31 1 0,24
2H7.v73 5 14
2R7VTS 4 0.25
Additional ADCC agsays wese carried aut w conipars comblnation-variants of 2H7 with Rituxan®,
0 Theresults of these assays Indicated trat 217.v1 14 and 2H7,v1 13 have >10-1old improved ADCG posency
ax eompared to Rituxan® (Lable 212).
Table 12, ADCC activity of 2H7 antibodies on WIL2-8 cells vompared to Rituxan®, based on 1
exfreriments (Values >J Indicate Jowes potency thun Rituxun®, and values <1 indlcate greater polency),
15
Antibody variant____| BC50(variant)/ECSO(Rituxan)
Rituxen® -1-
2H7 v.16 2__10.52
2HT v.96 2 .58
2H7.v114 2 {0.093
2H7.v115 2 [0.083
2H7.v116 2 {0.30
Txample 1
In vivo eficcts of 217 variants in a pilot study In cynomolgus monkeys
2H7 variants, produced by transicnt transfection of CHO cells. were tested In normal male
20 cynomolgus (Magaca fascleularis) monkeys in ordes to evaluate thelr in vivo activitles, Other anti.CI2Q
antibodies, such as C2B3 (Rituxan®) have demonstrated un sbility to deplete B-cetls in rormal prisnates
(Relf of 4l., Dlood 832 435-445 (1994)).
In onc study, humanized 2H7 varlants were compored, Tn o poralle] study, Rituxan® way ulso
tested in cynomolgus monkeys. Four monkeys were used Lo each of five dose groups: (1) vehicle, (2) 0.05
25 mp/kg hZHT.v16, (3) 10 me/ky hu2H7.v16, (4) 0.05 mg/kg hu2BE7.v31, and (5) 10 mg/kg hu2H7.v31,
Antthadles were adminlytercd intravenously at a concentration of §, 0.2, or 20 my/mL, for a total of twa
doses, one on day 1 of the study, and unuther sa day 8, The fitst day of doslng Is designated day 1 and the
pravious duy is deslgnated day —11 the first day of reeqvery (fur 2 unimuls in cuch group) i deslgnated ag
doy |1, Blood sumples were collected on days —19, -12, 1 (prior to dosing), and at 6h, 24h, und 72h
30 followlng the ficst dose. Additional kamplas were taken on day 8 (prior to dosing), day 10 (ptior to sacrifics

of 2 unimals/group), and on days 36 and 67 (for recovery animals).
Poripherul B-cell concontraions were determined by a RACS methed that counted CD3-/CD40+

cells. The percent of CO3-CD40+ 13 ¢ells of 1o1al lymphocytes in monkey samples were obtained by the
following guting strategy, The lymphocyts population was marked on the forward scatter/ side scatter
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seuttergram to define Region 1 (R1). Using events In R1, fluorescence intensity dot plots were displayed for
CD44) und CD3 markers, Fluorescently Inbeled Isotype controls were used to determing sespective cutaff
pointy for CT40 and CD3 positivity. ' ‘ '

‘The sesults indicated that hoth 257,v16 and ZH7.v31 were capable of producing full peripheral B-
cell depletium ut the 10 ma/kg dose and partial peripherul B.cell depletion at the 0.05 mg/kg dose (Fig. L1).
The time courss and extent of B-cell depletion measured durlng the flrst 72h of dosing were similar for the
two antibodles, Subsequent amalysis of the recovery animals Indlcated thut unimuls reated with 2H7.v31
showed 4 prolonged depletion of B-cells as compared (o those dosed with 287.v16, In parlicular, recovery
anlinals teated with 10 mg/kyg 2H?.v16, B-cells showed substantial 13-cell recovery at some time between
sanpling un Day 10 und on Day 36. However, for recovery anlmals treated with 10 mgkg 2H7.v37, B-¢ells
did nul show recovery until some time between Day 36 and Day 67 (Big, 1), This suggoests a greater
durgtion of full depletion by abour one month for 287.v31 compared 1o ZH7.v 6.

N toxlelty was observed fn the motkey study at fow or high dose und the gross pathology was
normal, T other studies, v16 was well (olstated up o the highest dose evaluded of (100mkgx2 = 1200

mg/m? x2) followdng §.v. admindstration of 2 doses given 2 weeks upart in those monkceys.
Data in Cynomalgus monkeys with 2H7.v[6 versus Rituxan® suggests that a S-fold reduction In

CDC nerivity does not adversely affact potency. An antibady with potevt ADCC activity but reduced CLC
activity inay have more favorable safety profife with regard 10 first bifuslon teactlons whan one with preater
COC actlvity.
Fxmnple 13
Fucose deficient ZH7 variant antibodics with edhanced effector function

Normal CHO und HEBK293 colls add fucose 10 [pG oligosaccharlde to a high depree (97-98%). 1gG
froin sor are also highly fucasyluted.

DP12, a dihydrofolats reductase minus (DHER") CHO vell line that s fuvasylution compeé(ent, and
Lee) 3, a celf line that s deficient in protein fucasyletion were used to produce untibodies for tis study, The
CHO cell fine Pra-Lecl3.6a (Lecl3), was obtaiﬁcd from Professor Pawela Stenley of Albert Rinstein
College of Medicine of Yestiva Unfvorsity. Parental flnes are Pro- (proline auxotroph) and Qat- (glyeine,
adenosing, (hymdlne auxotroph). The CHO-DPIZ ¢ell Jinc is a derivative of the CHO-K1 cell fine (ATCC
#CCL-61), which is dlliydrofolate reduetase deficient, and has a reduced reguirement far insulin, el fines
were transfected with cDNA using the Superfect method (Qlagen, Valencia, CA). Selection of the Tecl3
cells expressing transfected antibodien was porformed using puronmycin dihydrochiorids (Calblochewn, San
Dicgo, CA) ul 10 pg/mi In growth medium containing: MEM Alphy Medium with L-glutamine,
ribonucleosides and deoxyrilnnuclensides (GIBCO-BRL, Gaithersburg, ML), supplementsd with 10%
Inuctivuled 188 (GIBCO), 10 mM HEPES, and 1X penicillin/streptemycin (GIBCO), The CHO cells wers
slmllarly selected in growth medium contalalng Ham's F12 without GHT: Low Glucase DMEM without
Glyolne with NaHCQO3 supplemented with 5% FBS (GIBCO), 10 mM BEPES, 2 mM L-glotamine, 1X
GHI'(glycioe, hypoxanthine,thymidine), und IX peniclllin/stroptomyein,

Colonics formed within (wo to (htee weeks end were pooled for expangian end protein expression,
The ccll paals were seeded initially ut 3 x 10° celfs/10 em plate for small batoh proteln expression. The celly
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were converted (0 serum-free modia ance they grew 10 90-95% confluency and after 3-5 days cell
supernatunts were collected and tested Jit an Fe 1gG- and {ntoct T§G-ELISA 1o sstimate protein expression
levelt. Teel3 and CHO cells were seeded at approximately 8 x 109 celis/ 1S em plate one day prior to
converting ( PS24 production medium, supplemented with 10 ma/L recombinant human insulin and T mg/L
trace glements,

Lee13 celis und DP 12 cells remained in serum-ftes production medium for 3-8 days. Supernatants
were collecied und clurificd by centrifogation in 150 mi confoal lubus to romove cells and debris. The
protense {nhibitors PMSE and aprotinfo (Slgma, St Louis, MO) were udded and the supernatants wee
concentratsd S-fold on stlered cells uslig MWCO30 filters (Amicon, Beverly, MA) prior to hunwediste
purification using protein G chromutography (Amersham Pharceacia Blotech, Piscataway, N3)). All proteing
were buffer exchanged into phasphate-buffered sallne (P13S) using Contripricp<3() concentrators (Amjgon)
and analyzed by SOS-palyacrylamide gel elcetrophuresis. Protein concentrations were datefindned using

A280 and verified using amino acid cumpusition gnalysis.

The CHO ¢ells were ansfocted with voctors cxprossing humanized 2H7v16, 2H7v.31 and selected
as doserdbed, “The 2H7v,16 antlbody retains the wild (ype Fe region while v.31 (scc Bxample 5, Table 7
above) hus an Fe reglon whercin 3 anitno ucid changes were mude (S298A, E333A, K334A) which results in
hgher affinity for the FeyRTTTa receptor (Shields et al. J. Biol. Chem. 276 (9):6591-6G04 (2001)). Following
wunsfection and sclection, individudl colonics of cells wero isoluted and ovuluuted for protcin expression
level and the tighest producers were subjected to methatrexate sclection 1o select for cella that had amplified
the plasmid eopy number and which thorefore produced higher levels of untibody, Cells wore grows,
teansicrred to scrum fiee mediom for o period of 7 days, then e imedivm was colfscled, tonded onto »
protoin A column und the galibedy was cluted using standard techniques. The final concentration of the
antibady was determined using un Else thit measures intact antibody. AN proteins were buffer exchanged
fato phosphate-huftered kaline (PBS) using Contripriep-30 concentralors, (Amicon) and anelyzed by SDS-
polyacrylamide gel electrophoresfs.

Malrix-Asslsted Laser DesorptionTontzation Tane-gf<flight (MALDI-TOF) Muasy Spectral Analysis
el Asparagine-Linked Oligosaccharides: N-lnked olisosaccharides ware relessed from recombinant
glycoprolalns using the proceducs of Rapae ¢t al., Glycobiokegy 8, 445454 (1998). Briefly, the wells 0fa 96
well PVDF-linad microtitre plate {Milflpore, Badford, MA) were conditioned with 100 a3 methanol that was
drawn tiwough the PD VI membranes by applylng vacuum to the Millipors Multiscreen vacuum manifold,
The conditioned PYDF membrunes were waslied with 3 X 250 pl water, Between all wash steps the wells
were dralued completely by applying gentle vaouum to the sunifold, The membranes were washed with
reduction and carboxyimethylation Guffer (RCM) consisting of 6 M guanidine hydmehlorlde, 360 mM Tris, 2
mM RDTA, pH 8.6, Glycoprotcin sumples (SO pg) were applied to Individuat wells, again deawn, through the
PVDR memhranes by gentle vacoum und the wellg were washed with 2 X 50 pf of RCM, buffer, The
Linmnbllized samples were reduced by adding S0 pl ofa 0,1 M ditilotrelol (D) soludon to each well,
and fncubmling the micratitre plute at 37°C for 1 . DT was removed by vacuum and the wells were
wughed 4 x 250 §l wacer, Cysteine residues were carboxylmethylated by the uddition of SO pl ofu 0. M
iodasctic ueid (TAA) solutlon which was freshly prepared ih § M NaOH and diluted te 0.1 M with RCM
buffer, Carhoxymcthyfation was uccomplistied by incubation for 30 win in (he dark al ambicn! (Cmperature,
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Vacuun was upplied to the plate to remove the TAA solution aod the wells were washed with 4 x 250 )
purificd water. The PVDE membranes were blocked by the addition of 100 11l of 1% PYP360
(polyvinylpyrrolidie 360,000 MW) (Sigma) solution and ncubation for t hr at ambient temperature, The
PVP.360 solution was remaved by gentle vacuum and the wells wers washed 4 x 250 pl wates, 'The PNGasc
B (New Linglund Biolabg, Beverly, MA) digest solution, 25 juf of a 25 Unit/mt solution 1n 10 ;M Trig
ucetute, pH 8,4, was added (o cech well and the dlgest provecded for 3 e at 37°C. Afier digestion, the
samples were fransferred to 500 gl Eppendort' tubes and 2.5 wIL of a 1.5 M acetic acid solution way udded to
cach sawple. The acidified samples were fncubuted for 3 br at ambiont temperatine to ¢onvert the
oligosuccharidey from glycosylamines to the hydraxyl form. Prior to MALDLTOR mass spectral analysis,
the relcased ollgosaccharides were dosalicd uging o 0.7-mi bed of cufon exchange resin (AGS0W-X8 resln
in the hydrogen form) (Blo-Rad, Hercules, CA) sturried packed into cumpact reaction tubes (US
Blochamical, Cleveland, QH),

Fuor MATDI-TOF wass speotral unulysis of the samples in the positive made, the desalted
oltgosuccharides (0.5 gl aliquots) were applied 10 the stalnless target with 0.5 pl of the 2.5 dibydroxybenzoic
uctd matrix (sDHB) that was prepared by dissolving 2 mg 2,5 dihydruxybenznic acid with 0.1 myg of 5~
methoxyslicyfic acld Ja 1 01l of ethunol/10 mM sadium chlordde 111 (v/y). The sample/matrix mixiuee wus
dried by vacoum. [lor analysis in (he nogative made, the desalted N-jinked oligasaccharides (0.5 ju aliquots)
ware applied (o the stalnless target along with 0.5 d 2°,4* 6*rihydroxyacctophcnone mstrix (THAT)
prepared in 143 () acetonitrile’13.3 mM ammorium citrate buffer. The sanple/matrix mixiure was
vacuum dricd and then dllowed to absorh atmospherdc molsture prior to undlysis. Released oligosaccharides
wero snalyzed by MALDIST'OF on a PecSeplive BioSystomin Vayager-DB niase spectromence, The masy
spectrameter was operated at 20 KV either fa the posiilwe or nogative mode with the linear configuration and
utillzing delayed extractlon, Data were acquired using & Juscr power of 1300 and in the data summation
moda (240 scans) to Improve the signal 1o solse, The lustrument was culibrated with o mixture of standerd
allgosnccharides and the data wag smoothed using a 19 polat Savitsky-Golay algorithm hefore the masses
were assigoed. Integration of the mass specival data was achieved using Cacsur 7.0 duts anglysix software
packuye (SciBridge Softwure).

Natural kliler (NK) call anelbody dependent ¢yproxleity assays.
ADCC nssays were performed as described io Hxample 9, NK, to targed cell (WIL2-8) ratio wus 4

to I, aseays wers tun for 4 houts, aud toxlelty wag measured as before using lactose dehiydrogenase asewy.
Target cells were opsonized with the coneenttatons of antbody Indicated for 30 mlo prlor to additlon of NK.
colls. The Rituxan® antibody used was from Geoentech (5. San Franclsco. CA). Figute 12shows the rasults
af a representative ADCC assay,

The resulty show thar underfitcosylated anthodics mediate NK cell target cell killing more
efficiendly than do sntfbodies with & full complement of fucose, The underfucosylated antibody, 2H7v.31, is
maost sfficient at medinting target ool killing. This antibody is effcetive at lower concentrations and is
capable of medlating killing of o greater percentage of target cells at higher concentrations than are the other
antihadies. The activity of the antibadics is as follows: Loul3-derived 2H7 v3 1> Lec 13 derived 2H7v16>
Dp12 derlved 2HTvA 1> Dp12 derived 2B7v16 > or = to Rituxan. The protein ond carbohydrate alterations
are additlve. Comparlsoss of the carbohydrate found on natlve IgG fiom the Lec13-produced and CHO-
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produced 1gG showed no appreeioble differences Inihe extent of pulactosyladon and benee the results can be

ultrihuted solely 10 the presence/absence of fucose.

Fxuample 12
Fucese-deficient 2B7 vaciant sntthodies with coliwnrved ADCC in vive

Thiy cxample describes ADCC activity In viva of tha fucoss-deficiont humanized 2H7 variunts
Including v.16 and v.31 produced in Lec)3 compared to bormal fucosyluted countespasts produccd in DP12,

it mice expressing humun CD 16 [FeRyIN) and buman CD20.

Generatlon of luCL20Tg* huCDI6Tg* mCDIE? mice
Humun CD20 wansgenic mics wers gonsrated from human CD20 BAC DNA (avitrogen, Carlsbad,

CAY Mlee were sereened hased o tha FACS analysts of human CD20 axpression, HuCD20 Tg" mice wers
then crossed with huCD 6 Tg* mCDIG™ mics 1o generute huCD20Tg*huCD16TE* mCD 167 miice.
I vivo treatinent

Ten to 100 pg of each of the 2H7 varianis or Rituxan® Jg admindstruled to
hCD20TE huCDIATE MCN16™ idce via tntraperltoneal injections. Bqual amount of isotype-matched
antbadics wil] be applied simiterly to tho nopgutive control group of anlinals,

Maouse dynphocytes preparutive
Mause lymphocytes from whole biood, splooa, Iymph nudes and bone marrow are prepurcd

according to standard protocol desceibed In “Current Protocols In Tmmunology, edited by John Culigan, Ada
Kruisbeek, David Margoles, 14ban Shevach und Wamen Strober, 1994™,

FACS analysis
Rl million cclls ure washed and resuspended in 100 pl of RACS buffer, which is phosphate

buffered saline with 1% BSA, containing 5 p of staining or cantral antibody. Al the stabuing antibodies,
tncluding leatypa controls, are, abralied from PharMingen, San Diego, CA. Humun CD20 cxpression i
asuoseed by Raining with Rituxan® along with FITC-conjugated satl-human [gG1 secondary imtibody,
FACS analysis lg condusted using FACScan and Cell Quest (Bacton Dickinson lmmunocytometry Systoms,
San Joae, CTA), All the lymphaoytas nve defined in the forward and gide light coatterings, while all the B

[ymphocytes are defined with the expresslon of B220 on the cell gurface.
B cel) depletion and recovery are assessed by analyzing peripheral B cell counts und unulysis of

RGO+ B cells by FACS in the spleen, lymph node und bone marvow on a daily hasls for the first week
afior injection and thereaster on o weekly basis. Serum lsvels of the injected 2H7 varians antibody are

monltored,
The resuils of tls In vivo assay confirng the In vitro findings on the inereased ADCC acilvity and

grealer B cell deplelion of fucose-deflclent 2447 variants over wild-type (with resopet to fucnsylation)

glycosylution counterparis.
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Exgmple 13

Apoptosls Actlvity

Anti-CD20 antibedies Including Rituxan® huve been shown to Induce upoprosis in vitra when

crosstinked by 4 sccandury antibody or by chemical means (Shan ot ul., Blaod 9:1644-1652 (1998): Byrd et
ol Blood 99:1038-43 (2002); Pederson ¢ ul, Blood 99:1314.19 (2002)3. Whesy chemlcally crosslinked,
towine 2117 dliners Induced spoplosis of Daudi cellx (Ghetie et al,, Proc Natl Acad Sci USA 94:7509-14
(1997)), Crosslinking with n secondury untibody alse induced apoptosis with the murloe 2H7 anGbidy (Shan
ct ul, 1998), Those setlvitiex are helleved 1 be phjslo!oglcnlly refavamt because a varlety of mechanlsms
could lead to erosslinking of anti-Ci20 auribodles bound 1o cell-surface CD20 i vive.

RhuMADb 2H7.v16 [hunasized 2H7 v16; RhuMADb standy fur recqimbinant human monoclonal
antibody! und Rituxsn® were compared in apoptosis assays & virro using a secovdary crossfinklng anbody.
Ramaos cells (CRI-1596, ATCC, Manassas, VA), a CH20-expressing, human 8 lymphocyts ¢cll line, were
vred to measuce the ability of the anti-C1920 monoclonal antibodles thuMAb 2)47.v16 and Rltuximab versus
a nogatlve-cantrol antibody, Trastuzumaly (Herceptin®, Genantech, South San Franciseo, CA), to Induce
apoptosls as measvred through Annexin V stalning and propldium iadide dye exclusion (Vybsant®
Apoptogis Assay Kit, Molecular Probes, Scude, WA), The Ramos cells were cultured in RPMI-1640
medium ((lihco, Rockville, MD) conteining (1% fotul bovine scrum (Biosource Intcmutionad, Cumarilla,
CA) aud 2 aM L-glucasmlng (Glbeo), Prior 10 being assayed, the celis were washed twice in fresh media and
then adjusted to a cell concentration of 2 X 10° per sl Cells (150 pL) were added (0 96-well assay plates
(Becton Dickingon, Pala Alta, CA) which contuined 150 UL of & predetermined wmount of control 1xG1,
rhuMAb 2H7.v16, or Rituxiniab, along with F(uh)*2 goat anti-human Re (Pierce Biatechnnlogy, Rockford,
IL). The §inal IgG concantrations wera 100, 10, 1.0, 0.1, 0.01 and 0.001 nM, and the F(ab)'2 gaat anti-
humur I3 anlibody concentration wes set at twice the respective sumple antibody coucentration, Euch
diiution waes sot up in triplicate, After a 24-hour incubation at 37° C, the cells were washied twice with PBS
and then stained with Annexin V and propidium jodide according 1o the maswfacturer*s tecommendations.
The wtadnlng patterns of the Ramas cells wera analyzod by flow cytomelry using a FACscan Flow Cytometer
(Becton Dickinsaa, San Jase, CA), und duty weze collected for 10 s-perlods, The data were reduced using
the Cellquest Pro software (Boetun Dickinson). _Ranos cells that wee positive for (1) Annexin V rtaining,
(2) Annexln V and propidulm iadide double-stainlag, and (3) the vumber of nastained live cells, were
eaunted and plotted using KalelduClruph suftware (Synergy Sofiware, Reading, PA).

Bottt thuMAb 287,v16 aod Rituximab indused upoptusis of Rumos colfs when crosslinked with
antl-buman Fe and ar compured 1o an irrelevant 1801 control antibody (Figures 13-15). The apoptotic
activily of (thuMAb 2H7) was slightly lower than thut of Rituximab, At 10 nt concentrations of
crogstiuked rhuMAD 2H7, Rituxiniab, and control IyG1 andbody, fractions of Auexin V stalned cells were
18.5, 16.5, 2.5%, respectvely, fractions of doubly labeled colly were 29, 38, aud 16%, wnd numbers of live
cally counted per 10§ were 5200, 3100, and $600.

These in virre data demonsuate that apoptosis 1s one potential mechanism for in vive B ccll
depletion. T vive crosslinking of rhuMAb 2H7 ot Rltuximab bound to cell-surfage CD20 may occur

through FoyR on the surfaces of imtnune effector cells,
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Txample 14
In Yivo Suppression of Tumor Growth

The ability of rhuMAb ZH7,v16 to inhibit the growth of the Ryji humun B-cells, a lymphoma ceil
line (ATCC CCL ¥6), was cyaluated in Balb/e nude (atiysnic) mice. The Raji cells express CD20 and have
been reported to grow in nude mice, producing metestatic disease: tumor growlh it inbibited by Rluxan®
(Clynes et al.. Nuture Meditine 6, 443-446 (2000)), Bifty-six 8-10 week old, Ball/e nuds mice were divided
inte 7 groups (A-G) with each geoup conslsting of 8 mice. On day 0, each mouse received n subcutaneoys
Injectlon of 5 x 10 Raji B-lymphomu ecllx in the flank, Beginning at day 0, oach mousc received sithar 10
ul, of the negative-control solution (PBS; phosphute-buffered saline), Rltuxao® or 2H7.vJ 6., Dosage was
dependent on weight and drug delivery was intruvennusty via the tajl veln, Group A miice received PBS,
Groupe B~ recoivad Rifuxun® ut 5.0, ma/kg, 0.5 mg/leg, and 0.08 mg/kg rospoctively. Gruups B-G mics
reeotved 2H7 v.16 01.5.0 mg/kg, 0.8 me/kg, and 0,05 mg/kg réspectively. The fnjections were repeated every
week for 6 weeks, At weokly Intervals Quring treatragnt, euch mouso was inspected for the presence of
palpuble tumors at the site of inject'ion, and the volume of the tumors if present werm pwxasured and recocded.
A fingl inspection was made at week 8 (after a two-week interval of no treatments).

The results of this study showed that both shuMAb 2H7.v16 and Rituxant® and were effective at
tnhihiting suhcutaneous Raji-call tumior growth in pude mice (FIGs. 16-18). Tumer growth was obsesved in
the PRS control group beginning at 4 weeks. Hawever, no wumar growth was observed in groups weated
with Riuxan® or 2H7.v16 at 5 mg/kg or 0.5 mg/kg far the 8-week duration of the study. Tn the lavw-dose
0.05 mp/ke treatnient groups, tumors wers obsarved in ons animal in the 217 group and in one anfmal in the

Rituxen® group FIG. 18).

Exomple 13
Cloning of Cyuemolgus monkey CD20 and antihody binding

The CD20 DNA sequence for cynomolgus monkey (Macacn fascicularis) was determined upon the
Isolatlon of cDNA encoding CD20 from a eynomolgus spleen cDNA library. A SUPERSCRIPT™ Plusmid
System for cDNA Synthekis und Plasiid Cloning (Caw18248-013, Invitrogen, Carlshad, CA) was used with
slight modificattung to construce the library. The cDNA Hbrary way [igated into a pRESE vector uslng
rostriction sites Xhu l-and Not 1. mRNA was isolated from spleen tissue ((Cwlifornis Regional Ressarch
Primate Conter, Duvis, CA). Primes to amplify cDNA encoding CD20 were designed based on non-coding
saquoncok of human CD20, N-termlnal region primer 5" AGTTTTGAGAGCAAAATG-3' (SBQ ID NO, 37)
and C-rerminal region pritner SSNAAOCTATCAACACTAATG-3' (SEQ ID NQ. 38) were used to clone by
polymorass chain reaction (PCR) (he ¢DNA encoding cynomolgus monkey G20, The PCR redetion was
carried out nging Platinum Tug DNA Polymerase High Fldelity accordlng to the manufacturers
recommendution (Gibeo, Rockville, MD). The PCR product was subclpned into pCR %2,1-TOPO © Vector
{Invltrogen) sind transtarmed into XL-1 bluc E, coli (Stratagens. La Jolla. CA). Plasmid DNA contaiulng
lgated PCR products was isolated from individual clones and sequenced,

The aming scid sequence for eynamalgus monkey CD20 s shows In Uigore 19, 1Mgure 20 shows a
comparlson of cynomalgus and humun €D20. The cynomolgus monkey CD2U is 97.3% similsr 0 human
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CD20 with § ditferences. The exteacellufur domain containg one change at VIS7A, while the renining 7
residuos can be found In the sytoplusmic o ransmenibrane regions.

Antibodices directed against fiuman CD20 were ussuyed for the abillty 1o bind and displace FITC-
eonjuguted murine 2F7 binding to cynomolgus monkey cells expresslng CD20. Twenty millilirers of bipod
wera drawn from 2 cynonielgus mankeys (Culifornia Regiona) Research Prmute Center, Davis, CA) into
sodium lepardn and shipped dircetly 1 Glenentech Ine., On thy saune day, tho bland samples were pooled and
diluted 171 by the addition of 40 m! of phosphats buffered salins (PBS). 20 ml of diluted blood was layercd
on 4 x 20 ml of Fieoll-Paqus ™Pfus (Amcrshum Biascicnces, YUppsala, Sweden) it 50 ml coneul tube
(Cat#352098, Linleon, Franklin Lukes, NJ) and centrifuged at L300 tpm for 30 minutes R.T. in a Sorva) 7
centrifuge. (Dupont, Newtows, CT), The PBMC Jayer was isolated and washed in PRS. Red blood cells
wena lysed in a 0,2% NaCl solotlon, restored to isotonicity with an cyuivalent valume of a 1.6% NaCJ
soludan, and centrifuged for 10 mloutes ac 1000 REM, The PBMC pellot was resuspended in REMT 16540
(Glbeo, Rockville, MD) containing 5% fetal bovine serum (RBS) and dispensed into & 10 om fissue culture
dish for 1 hour st 37° C, ‘The non-adhierent B und T cell pupulations were vemoved by aspiration,
centrifuged and counted, A total of 2.4 x 107 cells wors recovered. The tesuspended PBMC were disiributed
inte twenty 12 x 75 mm culture tuhes (Cath352053, Faloon), with ench tube contalnlng 1 x 10% cells in 2
volume 0£0.25 ml. Tubes were dlvided into four sets of five tubes, To each set was udded cither media
(RPM11640, 5% FBS), Girated amovnts of control hunian IgG,; antlbody, Rituxan®, 2H7.v16, or 2HT.v31,
‘The final concentration of each antibady was 30, 10, 3.3 and 1.1 nM. Tn additan, each whe also received 20
1] of Fluarescein Yeothiooyanaste FITC)-canjuguted anti-human CD20 (CutiS55622, BD Biasciences, San
Dicgo, CAY. Lhe cclls wers gasly mixed, incubnted for 1 hour onice and then washied twice in cold PBS.
The oall surface stalolng was analyzed on a Epic XI-MCL (Coulter, Miami, ¥1.), the geametric means
dorived, plolted (XaleidaGraph™™, Synecgy Software,, Reading, PA) versus antlbody concentrattons.

Data in Figure 2| showed that ZH7 v.16 and ZH7 v.31 competitivoly displaced EXTC-mutlne 217
blndlng to eynomolgus mankey cells, Furthermore, Rituxan® also displaced FITC-murine 2H7 bivdlag thus
demonswrating that both 2H7 und Rituxan® blod to an overlapping epltape an CD20. Tn addition, the data
show that the YCgq value for 2H7 v.16, ZH7 v.31 and Rltuxan are similar and fall in the 4-G WM range.

Example 16
Phase YIT sludy of thulMAb 2H7 (287.¢10) In mederate to severe rhenmatoid arthvitis

Pratocul Synopsis
A randomired, placeha-caontrolled, multicenter, blinded phase VIS study of the safety of escalating doses af

PRO70769 (MuMAb 2H7) in subjects with moderate to severe thevmatold arthejtle receiving stable doses of

voncomllan methotrexate.

Objeotives
‘The prlmary objective of this study is to evaluate the safoty und tolesability of eacalating Intravencus (IV)

duses of PROT0769 (chuMAb 27) in subjects with maderate to kever theumatoid arthritis (RA).

07




L9 .3

10

24

35

40

Study Design
This Is a randomized, pliccha-comtrolled, multicenter, bllnded Plhuso I/, investigutor- aud subject-bfinded

study of tho safety of escalating doses of PROTO769 in cormbination with MTX ln subjects with moderate to
sever RA, The study consints of a dose escalation phase and a second phase with enrallment of a larger
number of subjects, The Sponsor will remaln unblended to treatment asgignment,

Subjects with moderate to severo RA whio have failed one ta five disease-modifying antitheumatio
drugs or blologies who currenily have unsubisfactory clinical responses to treatment with MTX will be
onrolied,
Subjeuts will bo required €0 receive MTX i the range of 10-25 g weekly for ut Teust 12 weeks
prior to study entry nnd to be o a stable dose for at feast 4 weoks before receiving their initial dose of study
dewg (PRO0769 or placebo). Subjects may ulso reecive stable dises of oral corticosterolds (up to 10 mg
daily or prednisone cyuivalent) and stoble dosey of nonsreroidal anti-Jnflamamatosy drugs (NSATDx).
Subjcots will receive two 1V infusions of PRO70769 or placebo squivalent at the indicated dase on Days 1

and {5 aceording to the following dose escafation plan {see Flgure 22),
Dasc excalation will acour accarding te specific criterin and after review of safety data by an

internal safaty data review committee and assessment of coute taxicity 72 hours followlng the second
infusion 14 the last subject treated In each cohiort, Afterthe dose escatadon phase, 40 additiona! subjects (32
active und 8 placebo) will be randomized (o cach of (he following doss Iovols: 2x50 sag, 2x200 mg, 2x500
mg, tnd 251000 mg, if the dose levels have been demonstrated o be tolerable duringg the dosc esealution
phuse, Approximutely 209 gubjects will be cnrolicd in the stady,

B-cell caunts will bo abtuined and reewrdod, B-cell counts will bo vvaluated. using flow cytotnutcy

in u 48-wock Tolluw-up pesiod beyond the 6-ntouth efficacy evaluation. B-cell depletion wil siot be
considercd 4 dose-limiting foxkity (OLC), but rather the expected pbarmacodynamic outcome of PRO70769
tregtnient.

T un optiohy) substudy, blood for serum and RNA analyses, as well as vrine samples will be
obtained from subjects at varfaus imepoints. These sumples muy be used to identify biomarkers thut may be

predicdve of response to PRO70769 twatment in subjecrs with maderare 1o severe RA.

Outcome Mensures
‘The primary outcome messure for thia atudy is the rufety und tolcrability of PRO70769 in subjouts with

micdetate 1o severe RA,

Study Treatment 4
Coharis vf subjects will recelve 1wo IV Infusions of PROTO769 or placeho equivalent at the indicated dose

on Days | and 1S sccording (o (he Tollowing escalation plan:

10 mg PRO7076Y or plucebo equivalents 4 subjects active dig, 1 control
30 mg PROTOTG9 or placehn equivalent: § subjeets active drug, 2 control
200 nig PRO70769 o placebo equlvalent: 8 subjects active drug, 2 control
00 g PRO7TO769 or plucebo equivalent: § subjecis active drug, 2 conlrol
1000 mg PROT0O769 or placebo equivalont: 8 subjects aative drug, 2 control

TR
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Kfficacy
The efficacy of PROT0769 will bu measured by AGR responscs, The percentage of subjects who

achlave an ACR20, ACRS0, and ACR7U ruspunse will be suinmiarized by treatiment group und 95%
canfidence intervaly Wil bs generated fur cach group. Thbe componcents of these nesponse und their change

{rom baseline will be summarizod by trestment and visit,

e 11}

‘The durs ubrve demonstrated the success In producing bumanized CD20 hinding antibodles, in
purdenter humanized 2H7 anttbody variunty, ther maintalned and even cohanced their Mological properiies.
The humanized 2147 antibodies of the inventian bound 10 CD20 ut effinities similar ro the murlne donor und
¢himerle 2H7 antbodles mid were offisctivo at B cell killing In a pedimate, leading o B cell depletion, Ceriuin
varjaots showed enbanced ADCC over a chimeric antl-CD20 aatlbody cinrently used ta treat NHL, favoring
the uss of fower dases of the therapeutlo antibody in patents. Additional, whereag it o)y be neccssury for u
chimerlc antilyody that hes nurine FR rusiducy to be adminiscered at a dose effective 16 uchicve complete B
eell depletion to obviate an antibody response dguinst it, the present buunanized antibodics can be
administered wl dosuges thut nehieve partial or complets B cell depletlon, and for difforent durations of e,
ag dexired for (he picticulor divease and patient. Tn sdditlon, thess aodbodies dentonstrated stubility in
solutiva, These propertics of the humanizod 2H7 antibodies make them ideal for use as immunothexapeutic
sgemt du (e treatment of CO20 pusitive cuncers and steirrune discares; these antibodies are not expecied -
t be mmunogonio or will ut least be Tess immunagenic than fully surins or chimeric ant-CID20 antibodies
1 human patients,
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CLAIMS

1. An antigen binding fragment of a humanized antibody that binds human CD20,
wherein the humanized antibody comprises the VH sequence of the amino acid sequence of

SEQ ID NO. 8 and the VL sequence of the amino acid sequence of SEQ ID NO. 2.
2. The antigen binding fragment of claim 1 conjugated to a cytotoxic agent.

3. The antigen binding fragment of claim 2, wherein the cytotoxic agent is a radioactive

isotope or a toxin.

4. A composition comprising the antigen binding fragment of any one of claims 1-3 and

a pharmaceutically acceptable carrier.

5. An article of manufacture comprising a container and a composition contained
therein, wherein the composition comprises the antigen binding fragment of any one of

claims 1-3.

6. The article of manufacture of claim 5, further comprising a.package insert indicating

that the composition can be used to treat a CD20 positive cancer and/or an autoimmune

disease.

7. The article of manufacture of claim 6, wherein the autoimmune disease is multiple

sclerosis.

8. An isolated nucleic acid that encodes the antigen binding fragment of claim 1.
9. An expression vector comprising the nucleic acid of claim 8.
10. A host cell comprising the nucleic acid of claim 8.

11. The host cell of claim 10, which is a CHO cell.
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12 A method of producing an antigen binding fragment of a humanized antibody,
comprising culturing a host cell that produces the antigen binding fragment of claim 1 and

recovering the antigen binding fragment produced by the cell.

13.  Anantigen binding fragment produced by a method comprising expressing a nucleic
acid encoding an antigen binding fragment of an antibody comprising the VH and VL
sequences of SEQ ID NO. 8 and 2, respectively in a host cell, and recovering the antigen

binding fragment produced by the host cell.

14.  Use of the antigen binding fragment of any one of claims 1-3 in the manufacture of a

medicament for depleting B cells in a mammal.
15. The use of claim 14, wherein the mammal is a human.
16.  The use of claim 14, wherein peripheral B cells are depleted in the mammal.

17, The use of claim 14, wherein the peripheral B cells are partially depleted in the

mammal.

18.  Use of the antigen binding fragment of any one of claims 1-3 in the manufacture of a
medicament for treating a CD20 positive cancer, comprising administering to a patient

suffering from the cancer, a therapeutically effective amount of the antigen binding fragment.

19.  The use of claim 18, wherein the CD20 positive cancer is a B cell lymphoma or
leukemia.
20. The use of claim 19, wherein the CD20 positive cancer is non-Hodgkin's lymphoma

(NHL) or lymphocyte predominant Hodgkin's disease (LPHD).

21. The use of claim 18, wherein the CD20 positive cancer is chronic lymphocytic

leukemia (CLL) or small lymphocytic lymphoma (SLL).

i The use of claim 19, wherein the antigen binding fragment is to be administered at a
dosage range of about 250 mg/m? to about 500 mg/m>.
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23. The use of claim 19, wherein the antigen binding fragment is to be administered at a

dosage range of about 275 mg/m? to about 375 mg/m”.

24.  The use of claim 19, wherein the patient is to be administered at least two doses of the

antigen binding fragment at 375 mg/m” per dose.
23, The use of claim 24, wherein the two doses are administered two weeks apart.

26.  The use of claim 19, wherein the patient is to be further administered with at

least one chemotherapeutic agent.

27. The use of claim 26, wherein the cancer is non-Hodgkin's lymphoma (NHL) and the
chemotherapeutic agent is selected from the group consisting of doxorubicin,

cyclophosphamide, vincristine, prednisolone, and CHOP.

28. The use of claim 18, wherein the antigen binding fragment is administered by

intravenous administration or by subcutaneous administration.

29. Use of the antigen binding fragment of any one of claims 1-3 in the manufacture of a
medicament for treating an autoimmune disease, comprising administering to a patient
suffering from the autoimmune disease, a therapeutically effective amount of the antigen

binding fragment.

30.  The use of claim 29, wherein the autoimmune disease is selected from the group
consisting of rheumatoid arthritis, juvenile rheumatoid arthritis, systemic lupus
erythematosus (SLE), lupus nephritis, ulcerative colitis, Wegener's disease, inflammatory
bowel disease, idiopathic thrombocytopenic purpura (ITP), thrombotic thrombocytopenic
purpura (TTP), autoimmune thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis, vasculitis, ANCA vasculitis, solid
organ transplant rejection, graft versus host disease, diabetes mellitus, Reynaud's syndrome,

Sjorgen's syndrome and glomerulonephritis.
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31. The use of claim 29, wherein the antigen binding fragment is administered by

intravenous administration or by subcutaneous administration.

32. The use of claim 30, wherein the autoimmune disease is multiple sclerosis.

33. The use of claim 30, wherein the autoimmune disease is rheumatoid arthritis.

34.  The use of claim 33, wherein the patient is suffering from moderate to severe
rheumatoid arthritis and has failed treatment with at least one disease-modifying

antirheumatic drug.

35.  The use of claim 33, wherein the patient is to be administered with a second

therapeutic agent.

36.  The use of claim 35, wherein the second therapeutic agent is an immunosuppressive
agent.
37 The use of claim 36, wherein the immunosuppressive agent is methotrexate.

38. The use of claim 33, wherein the antigen binding fragment is to be administered at a

dosage selected from 2x10mg, 2x50mg, 2x 200mg, and 2x500mg.

39.  The use of claim 38, wherein the antigen binding fragment is to be administered by

intravenous infusion.

40.  Use of the antigen binding fragment of any one of claims 1-3 in the manufacture of a
medicament for treating rheumatoid arthritis (RA) in a human subject, wherein the antigen
binding fragment is to be administered at a dosage selected from the group consisting of 2x10

mg, 2x50 mg, 2x200 mg, and 2x500 mg.

41. The use of claim 40, wherein the rheumatoid arthritis is moderate rheumatoid arthritis

to severe rheumatoid arthritis.
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