
IMMUNOGLOBULIN VAT<IANTS AND USES THEREOF 

FIELD OF THE INVENTION 
Tlie invention relates to anti-CD20 antibodies and their use in the treatment ofB-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 three major classes of lymphocytes are B lymphocytes (B cells), T 
lymphocytes (T cells) and natural killer (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 surface. "When a naive B cell first encounters the 
antigen for which its membrane-bound antibody is specific, the cell begins to divide rapidly and its progeny 

differentiate into memory B cells and effector cells called "plasma cells". Memory B cells have a longer life 
span and continue to express membrane-hound 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 el al 
EMBOJ. 7(3):711-717 (1988)), The antigen is also expressed on greater than 90% ofB cell non-Hodgkin's 
lymphomas (NHL) (Anderson et 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 at 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 lymphomas, 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 more 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 (commercially available from Genentech, Inc., South San Francisco, California, U.S.) 

is used for the treatment of patients with relapsed or refractory low-grade or follicular, CD20 positive, B cell 

non-Hodgldn'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 

have demonstrated that RITUXAN® binds human complement and lyses lymphoid 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 monkeys, presumably through complement and cell-mediated processes (Reff et al 



5 Blood 83(2):435-445 (1994)). Other an(i»CD20 antibodies indicated for the treatment of NHL include tho 
murine antibody Zovolin™ which is linked to (lie radioisotope, Yttrium-90 (IDBC Pharmaceuticals, San 
Diego, CA), Bexxar™ which is a another fully murine antibody conjugated to 1-131 (Corixa, WA). 

A major limitation in the use of murine antibodies in human therapy is tho human anti-mouse 
antibody (HAMA) response (see, e.g., Miller, RA, ct at, "Monoclonal antibody therapeutic trials in seven 

10 patients with T-cell lymphoma" Blood, 62:988-995,1983; and Sobroff, R.W., et al "Human anti-murine 
immunoglobulin response in patients receiving monoclonal antibody therapy" Cancer Res,, 45:879-885, 
1985). Even chimeric molecules, where the variable (V) domains of rodent antibodies are fused to human 
constant (C) regions, are still capable of eliciting a significant Immune response (HACA, human afld-
chirucrio antibody) (Ncuberger et al. Nature (Lond,), 314:268-270,1985). A powerful approach to 

15 overcome these limitations in the clinical use of monoclonal antibodies is "bumanlzation" of the murine 
antibody or antibody from a non-human species (Jones etol. Nature (Lond), 321:522-525,1986;Rieciiraan 
e< at., Nature (Lond), 332:323-327,1988). 

Thus, it is beneficial to produce therapeutio antibodies to the CD20 antigen that create minimal or 
no antigenicity when administered to patients, especially for chronic treatment. The present invention 

20 satisfies thJs and other needs. The present invention provides anti-CD20 antibodies that overcome the 
limitations of current therapeutic compositions as well as offer additional advantages that will be apparent 
from the detailed description below. 

SUMMARY OF THK INVENTION 
25 The present invention provides CD20 binding antibodies or functional fragments thereof, and their 

use in the treatment ofB-cell associated diseases. These antibodies are monoclonal antibodies. In specific 
embodiments, the antibodies that bind CD20 are humanized or chimeric. The humanized 2H7 variants 
include those that have amino acid substitutions in the PR and affinity maturation variants with changes in 
the grafted CDRs, The substituted amino acids in tho CDR or FR are not limited to those present la the 

30 donor or recipient antibody. Xn other embodiments, the anti-CE>20 antibodies of the invention further 
comprise changcs in amino acid residues in the Fc region that lead to improved effector function including 
enhanced CDC and/or ADCC flmctlon and B-cell killing (also referred to herein as B-cell depletion). Other 
anU-CD20 antibodies of the invention include those having specific changes that improve stability. In a 
spcoifio embodiment, tho humanized 2H7 variants with increased stability are as described in example 6 

35 below. Fucosc doflclent variants having improved APCC Amotion in vivo are also provided, In one 
embodiment, tho ohimcrio anfi-CD20 antibody has murine V regious and human C region, One such 
specific ohimcrio anti-CD20 antibody le Rituxan® (RJtuxlmab©; Geoenteoh, Inc.), 

In a preferred embodiment of all of the antibody compositions and methods of use of this invention, 
the humanized CD20 binding antibody Is 2H7.vI 6 having tho light and heavy chain amino acid sequence of 

40 SBQ W NO, 2 J and 22, respectively, as shown in FIG. 6 and FIG. 7. When referring to the polypeptide 
sequences in Figures 6,7 and 8, it should be understood (hat the first 19 or so amino acids that form the 
secretory signal sequence are not present in the mature polypeptide, 

Therefore SEQ ID Nos. 40 and 39 represent the mature light and heavy chain amino acid sequences 
of 2H7.vl6 minus the secretory signal sequence. The V region of all other variants based on version 
16 will have the amino acid sequences of vl6 except at the positions of amino acid substitutions 
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5 which are indicated in the disclosure, Unless otherwise indicated, the 2H7 variants will have the same L 
chain as that of vl 6. 

The invention provides a humanized antibody thai binds human CD20, or an antigen-binding 
fragment thereof wherein the antibody Is effective to deplete primate B cells in vivo, the antibody 
comprising in the H ehjun, Variable region (VH) at least a CDR3 sequonce of SEQ ID NO, 12 from an anti-

10 human CD2Q antibody aud substantially die human consensus framework (FR) residues of human heavy 
chain subgroup HI In one embodiment, the primate B cells ero from human and Cynomolgus 
monkey. In one embodiment, the antibody further comprises tho H chain CDR1 sequence of SEQ ID NO, 
10 end CDR2 sequonce of SEQ ID HO. U. In another embodiment, the preceding antibody oomprises the L 
Chain CDR1 sequence of SBQ ID NO, 4, CDR2 sequence of SEQ ID NO, 5, CDR3 sequence of SEQ tO 

15 NO, 6 with substantially the human consensus framework (FR) residues of human light chain K subgroup I 
(VKI). In a preferred embodiment, tho FR region in Vi has a donor antibody residue at position 4$; in o 
specific embodiment, FR2 in Vthas an amino acid substitution ofleul/ltfpro (Leu in the human <1 
consensus sequence changed to pro which is present in the corresponding position in m2H7). 
The VH region fUribcr comprises a donor antibody residue at at least amino acid positions 49,71 and 73 in 

20 the framework. In one embodiment, in the VH, the following FR positions in the human heavy ohatn 
subgroup in are substituted: AlaH49Gly in FR2; ArgH71 V&l and AsnH73Ly« in FR3. In other 
embodiments, the CDK regions in the humanized antibody further comprise amino acid substitutions where 
the residues are neither from donor nor recipient antibody. 

The antibody of tho preceding embodiments can comprise the V« sequence of SEQ ID NO. 8 of 
25 vl(i, as shown in FIG, IB. In a farther embodiment of the preceding, (lie antibody further comprises tho Vi, 

sequence of SEQ ID NO.2 of vl6, as shown in FIG. 1A. 
Jji other embodiments, the humanized antibody is 2H7.v31 having the light and heavy chain amino 

acid sequence of SBQ ID NO. 2 and 23, respectively, a9 shown in FIG, 6 and FIG, 8; 2H7.V31 having the 
heavy chain amino acid sequence of SBQ ID NO, 23 as shown in FIG. 8j 2H7.V9C with the amino acid 

30 substitutions of D56A and N100A in the H chain and S92A in the L chain of vl6. 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 Fc region that improves ADCC and/or CDC 

35 
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 S298A/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 

40 ID NO. 23. Antibody 2H7.vl 14 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 vl6 in most cases. One such antibody with decreased CDC activity as compared to vl6 
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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5 In a preferred! embodiment, tb« antibodies of the invention arc fill) length antibodies wherein the VH 

region is joined to a human JgG heavy chain constant region. In preferred embodiments, the IgG is human 
JgGl Orlg03. 

In one embodiment, the CD20 binding antibody is conjugated to a cytotoxic agent. In preferred 
embodiments the cytotoxic agent is a toxin or a radioactive isotope. 

'0 In one embodiment, the antibodies of the invention for us« in therapeutic or diagnostic purposes arc 
produced in CHQ cells. 

Also provided li a composition comprising an antibody of any one of the preceding embodiments', 
and a carrier. Jn one embodiment the carrier is a pharmaceutical^ acceptable carrier. These compositions 
can be provided in an article of manufacture or a J<Jt. 

15 The invention also provided a liquid formulation comprising a humanized 2H7 antibody at 
20mg/mL antibody, I OmM histidlne sulfate pi 15.B, 60mg/oiJ sucrose (6%), 0.2 mg/tnl polysorbate 20 
(0.02%). 

The invention also provides an isolated nucleic acid thai encodes any of the antibodies disclosed 
herein, including on expression vcctor for expressing the antibody. 

20 Another aspect of the invention are host cells comprising the preceding nucleic acids, and host cells 
that produce the antibody. Itta preferred embodiment of the latter, tho host cell is a CHO cell. A method of 
producing these antibodies is provided, the method comprising culturing the host cell that produces the 
antibody and recovering the antibody from the cell culture. 

Yet another aspect of the invention is mi artiolc of manufacture cojnprislag a container and a 
25 composition contained therein, wherein the composition comprises an anribody of atly of the preceding 

embodiments. For use in treating NHL, the urticlc of manufacture further comprises a packagc insert 
indicating that the composition is used to treat non-Hodgkb's lymphoma. 

A further aspect of the invention is A method of inducing apoptosis in B ceJJs in vivo, comprising 
contacting JB colls with the antibody of any of the preceding, thereby killing the 13 cells. 

30 The Invention also provides methods of t fen ting the diseases disclosed heroin by administration of a 

COZQ binding antibody or functional fragment thereof, to a mammal such as a human patient suffering from 
the disease. In any of die methods for treating an autoimmune disease or a CDZ0 positive canccr, in one 
embodiment, the antibody is 2H7.vl6 having the light and heavy chain amino acid .sequence of SEQ ID NO. 
21 and 22, respectively, as shown in FTG. 6 and FIG. 7. Thus, one embodiment is a method of treating a 

35 CD20 positive cancer, comprising administering to a patient suffering ftom the cancer, a therapeutically 
effective amount of a humanized CD20 binding antibody of tho invention. In preferred embodiments, the 
CD20 positive cancer is a B cell lymphoma or leukemia including non-Hodgkln's lymphoma (NHL) or 
lymphocyte predominant Hodgkin's disease (LPHD), chronic lymphocytic leukemia (CLL) or SLL. In one 
embodiment of the method of treating a B ccll lymphoma or leukemia, the antibody is administered at a 

40 dosage range of about 275-375mg/m2. In additional embodiments, the treatment method further comprises 
administering to the patient at least one ehemotberapeutic agent, wherein for non-Hndgkin's lymphoma 
(NliL), the chewotherapeutic agent is selected from the group consisting of doxorubicin, cyclophosphamide, 
vincristine and prednisolone. 
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5 Also provided is a method of treating an autoimmune disease, comprising administering to a patient 
suffering from the autoimmune disease, a therapeutically effective amount of the humanized CD20 binding 
antibody of any one of the preceding claims. The autoimmune disease is selected from the group consisting 
of rheumatoid arthritis, juvenile rheumatoid arthritis, systemic lupus erythematosus (KLE), Wegener's 
disease, inflammatory bowel disease, idiopathic thrombocytopenic purpura (J.TF), thrombotic 

f 0 thrombocytopenic purpurn (TTF), autoimmune thrombocytopenia, multiple sclerosis, psoriasis, IgA 
nephropathy, IgM polyneuropathies, myasthenia gravis, vasculitis, diabetes mellitus, Reynaud's syndrome, 
Sjorgen's ttyndrome and glomerulonephritis- Where the autoimmune disease is rheumatoid arthritis* the 
antibody can be administered in conjunction with a second therapeutic agent which is preferably 
methotrexate. 

15 In these treatment methods, the CD20 biodifl# antibodies can be administered alone or in 
conjunction with a second therapeutic agent such as a sccond antibody, or a chcmodierapeutic agent or an 
immunosuppressive agent The second aatibody can be one that binds CD20 or & different B cell antigen, or 
a NK or T cell antigen. Tn one embodiment, the sccond antibody Is a radiolabeled anti-CD20 antibody. Tn 
other embodiments, the CP20 binding antibody is conjugated to a cytotoxic agent including a toxin or a 

20 radioactive isotope. 
J» another aspect, the invention provides a method of treating an autoimaiune disease selected from 

the group consisting of Oermatomyosilis, Wcgncr's granulomatosis, ANCA, Aplastic anemia, Autoimmune 
hemolytic anemia (AH1A), factor VIII deficiency, hemophilia A, Autoimmune neutropenia, Cattleman's 
syndrome. Goodpasture's syndrome, solid organ transplant rejection, graft versus host disease (CVJtiD), IgM 

25 mediated, thrombotic thrombocytopenic purpura (TTP), Hashimoto's Thyroiditis, autoimmune hepatitis, 
lymphoid Interstitial pneumonitis (HIV), bronchiolitis obliterans (tion-tra.nspj.ao0 vs. NSIP, Guilluin-Barre 
Syndrome, large vessel vasculitis, giant cell (Takayaju's) arteritis, medium vessel vasculitis, Kawasaki's 
Disease, polyarteritis nodosa, comprising administering to a patient suffering from the disease, a 
therapeutically effective amount of a CD20 binding antibody. Tn one embodiment of tills method, the CD20 
binding antibody is Rituxan®. 

The invention also provides ao isolated nucleic acid comprising the nucleotide scqucncc of SEQ ID 
NO.: 24 of the Cynomolgus monkey CD20 (shown In HO. 19). or a degenerate variant of this scqucncc. 
One embodiment Is ao isolated nucleic acid comprising a sequence that encodes a polypeptide with the 
amino acid sequence ofSliQiDMO. 25 (shown HO. 20), or SBQ ID NO. 25 (FIO. 20) with conservative 
amino acid substitutions. Another embodiment is a vector comprising the preceding nucleic acid, including 
an expression vector for expression in a host cell, Included as well Is a host cell comprising the vector. Also 
provided is an isolated polypeptide comprising the amino acid sequence fSEQ ID NO. 25; FIG. 20) of the 

Cynomolgus monkey CD20. 

BRIEF OESC1 ? IPTiQN OF THE FIGURES 
FIG. 1A is o sequence alignment comparing the amino acid sequences of the light chain variable 

domain (VxJ of each of murine 2H7 (SBQ ED NO. J), humanized 2H7. variant (SLiQ ID NO. 2), and 

human kappa light chain subgroup I (SEQ ID NO. 3). The CDRs of Vf. of 2H7 andhu2H7.vl6 are as 
follows; CDR1 (SBQ JUD NO.4), CDK2 (SEQ ID NO.5), and CDR3 (SBQ ID NO.6), 
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FIG. IB is a sequence alignment which compares the VH sequences of murine 2H7 (SBQ ID NO. 

7), humanized 2H7. v 16 variant (SEQ ID NO. 8), and the human consensus sentience of heavy chain 
subgroup m (SEQ ID NO, 9). The CDRs of V„ of 2H7 and hu2H7.vl6 are as follow; CDRI (SEQ ID 
NO. 10). CDR2 (SEQ ID NO. 1J)} and CDR3 (SEQ TD NO. 12). 

Tri FIG. 1A and FIG. IB, the CDR I, CD\t2 and CDR3 in each chain are enclosed wjihin brackets, 
10 flunked by the framework regions, FRJ-FR4, as indicated. 2H7 refers to the murine 2H7 antibody. The 

asterisks in between two rows of sequences indicate the positions that are different between the two 
sequences. Residue numbering is according to Kabat et a!.. Sequences of Immunological Interest. 5th Ed. 
Public Health Service, National Institutes of Health, Bothcsda, Md. (1991), with insertions shown as a, b, c, 
d, and c. 

15 FIG. 2 shows the sequence of phagemtd pVX4 (SEQ ID NO, 13) used for construction of 2H7 Fab 
plasmids (see Example 1) as well as the amino acid sequences of the L chain (SEQ ID NO, 14) and H chain 
(SEQ ID NO. 15) »f the Fab for the CDR-grafted anti-IKN-a humanized antibody. 

FIG. 3 shows the sequence of the expression plasmld which encodes the chimeric 2H7.v6.8 Fab 
(SEQ ID NO.16). Tbo amino acid sequence? of the L chain (SEQ ID NO.l7) and H chain (SEQ TD NO.l 8) 

20 arc shown. 
FIG. 4 shows the scquenec of the plasmid pDRl (SEQ ID NO.l 9; 5391 bp) for expression of 

Immunoglobulin light chains us described i» Example I. pDRl contain* sequences encoding an irrelevant 
antibody, the light chain of a humanized anti-CD3 antibody (Shalaby el al., J. Exp. Mod. 175: 217-225 
(1992)), the start and stop codons for which are Indicated in boJd and underlined, 

25 FIG. 5 shows die sequence of plasmid pDR2 (SEQ TD N0.20; 6135 bp) for expression of 
immunoglobulin heavy chains as described in Example 1. pDR2 contains sequences encoding an irrelevant 
antibody, the heavy chain of a humanized afit"-CD3 antibody (Shalaby et al., supra), the start and stop 
eodons for which arc indicated in bold and underlined. 

FIG. 6 shows the amino acid sequence of the 2H7.v16 complete L chain (SBQ ID NO.21). The 
30 first J 9 nmluo acids before DIQ are the secretory signal sequence not present in the mature polypeptide 

chain. 
FIG. 7 shows the amino ttcid sequence of the 2H7.v16 complete FT chain (SEQ TD N0.22). The 

first 19 amino acids before EVQ before arc-the secretory signal sequence not present In the mature 
polypeptide chain. Aligning the VH sequence in FIG. IB (SEQ ID NO, 8) with the complete H chain 

35 scquencc, the human yl constant region is from amino add position 114-471 in SEQ ID NO. 22. 
FIG. 8 shows the amino acid sequence of the 2H7.v31 complete H chain (SEQ TD NQ.23). The 

first 19 amino ucids before EVQ before are die secretory signal sequence not present In the mature 
polypeptide chain. The L chain is the same as for 2H7.V 16 (see FIG. 6). 

WG. 9 shows die relative stability of2H7.vl<5 and 2H7.v73 TgO variants as described in Example 6. 
40 Assay results were normalized to the values prior to Incubation and reported as percent remaining after 

incubation. 
FIG. 10 is a flow chart summarizing the amino acid changes from the murine 2H7 to a subset of 

humanized versions up to v75. 
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FIG. 11 is a summary of mean absolute 13-cell count rCD3VCD40+j 111 all groups (2H7 study and 
Rituxan Study combined), as described in Example 10. 

HO. 12 shows the results of a representative ADCC assay on fueosc deficient 2H7 variants as 
described in Example 11. 

FIG, 13 shows ihc reguJts of the A.anexin V staining plotted as a function of antibody concentration. 
10 Ramos cells were treated with Jui irrelevant TgOl control antibody (Herceptin®; circles), RituxLmab 

(nquares), or rhuMAb 2H7.vl6 (triangle*) in The presence of a erosglitikhig secondary antibody find were 
analyzed by FACS. Figures 13-15 are described in Example 13. 

FTG. 14 shows tho results of the Annexin V and propidiunt iodide doublostainiog are plotted as a 
function of antibody concentration. Ramos cells were treated with an irrelevant lgG1 control antibody 

IS {Hcrccprih®; circles), Rituxiroab (squares), or rhuMAb 2H7.vl6 (triangles) in thejprcscnce of a crosslinking 
secondary antibody and were analyzed by FACS. 

FTG. 15 shows the counts (per 10 H) of live, unstained cells are plotted as a function of antibody 
concentration. Ramos cells were treated with an irrelevant TgG1 control antibody (Herceptin®; circles), 
Rltuxirtmb (squares), or rhuMAb 2H7.vI<5 (triangles) in die presence of a crosslinking secondary antibody 

20 and were analyzed by FAGS. 
FlGs. 16, 17, IB show inhibition of Rajiocll tumor growth in nude mice, as described ia Example 

14. An I awls were treated weekly (as Indicated by vertical arrows; t»=B micc per group) for 6 weeks with 
PBS (control) or with Rituxan® or rhuMAb 2H7.vl6 at 5 nig/kg (FIG. 16), 0.5 mg/kg (FTC. 17), or 0.05 
tng/kg (FIG. IR). 

25 FTG. 19 shows the nucleotide (SEQ ID NO- 24 ) and amino acid (SEQ ID NO. 25 ) sequences of 
Cynomolgus monkey CD20, as described in Example 15. 

FIG. 20 shows die amino acid sequence for cynomolgus monkey CD20 (SEQ ID NO. 25), Residues 
that differ from human CP20 are underlined and the human residues (SEQ ID NO- 2$) ore indicated directly 
below tho monkey residue. The putative extracellular domain of the monkey CD20 is in bold type. 

30 FTG. 21 shows the results of CynoflwJgus monkey cells expressing CD20 binding to hu2H7.vf 6, 
,v31, and Rituxan, as described Ifl Example 15. The antibodies were annaycd for the ability to bio,d and 

. displace HTC-conjugated murine 2H7 binding to cynomolgus CD20. 
FfG. 22 shows dose escalation schema for rheumatoid arthritis phase 1/11 clinical trial. 
FIG, 23 shows tho vector for Expression of 2H7,vl 6 irt CHO cells. 

35 
DETAILED DESCRIPTION OF THE PREFERRED EMBODTMENTS 

The "CD20" antigen is a non-glycosylatcd, transmembrane phosphoprotein with a molecular weight 
of approximately 35 kP that is found on the surface of greater than 90% of B eel Is from peripheral blood or 
lymphoid organs. CD20 Is expressed during early pre-B ceil development and remains until plasma cell 

40 differentiation: it is not found on human stem cclls, lymphoid progenitor cells or normal plasma cells. CD20 
is present on both Jiormal B cells as well as malignant B cells. Other names for CD20 in the literature 
include "B-lymphocyte-re-stricted differentiation antigen" and "Bp35H. The CD20 antigen is described in, for 
example, Clark and Ledbetter, Adv. Can. Kds, 52:8J.-149 (1989) and Valentine et al. J. BioL Clrcm. 
264(19):) I2H2-J1287 (1989). 
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5 The term "antibody" is used in the broadest sense and .specifically covers monoclonal antibodies 
(including full length monoclonal antibodies). muItispecific antibodies (&#.. bispecifio antibodies), and 
antibody fragments so long as tilcy exhibit the desired biological activity or function. 

The biological activity of (he CD20 binding and humanized CD20 binding antibodies of the 
invention will include al least binding of the antibody ro human CD20, more preferably binding to huniAn 

10 and other primalc CD20 (including cynomolgus monkey, rhesus monkey, cliirtipan^es). The antibodies 
would blud CD20 with a value of no higher than I x 10"'. preferably a Ku value no higher than about I x 
JO and he able to kill or deplete B cells in Vivo, preferably by at least 20% when compared to the 
Appropriate negative control wbicll is not treated with such an antibody. B celi depletion can be it result of 
one or more of ADGC, CDC, apoptosis, of other mechanism. In some embodiments of disease treatment 

15 heroin, specific effector functions or mechanisms may be desired over others and ccrtain variants of the 
humanized 2H7 are preferred to achieve those biological functions, such as ADCC, 

"Antibody fragment*" comprise a portion of a full length antibody, generally the antigen binding or 
variable region thereof. Examples of antibody fragments include Fab, Fab'. F(&b')2, and Fv fragments: 
diabodies; linear antibodies: single-chain antibody molecules; and roultlspecifie antibodies formed from 

20 antibody fragments. 
"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -

binding site. This fragment consists of a tlimcr of one heavy- ami one light-chain variable region domain in 
tight, flon-covidcnt association. From (he folding of these two domains emanate six hypervariaWe loops (3 
Joopx each from file H atjd h chain) thai contribute the amino acid residues for antigen binding and confer 

25 antigen binding specificity to the antibody. However, even a single variable domain (or half of an Fv 
comprising only d)ree CDRs specific for an antigen) has the ability to rccognizc and bind antigen, although 
at a lower affinity than the entire binding site. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from « population of 
substantially homogeneous antibodies, £.<the individual antibodies comprising the population are identical 

30 except for possible naturally occurring mutations that may be present in minor amounts. Monoclonal 
notlbodte are JilsWy specific, being OkoctcU against a single antigenic she. Furthermore, in contrast TO 
conventional (polyclonal) antibody preparations which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody is directed against a single determinant on the 
antlgeu. "Die modifier "monoclonal" Indicates the character of d)e antibody as being obtained from a 

35 substantially homogeneous population of antibodies, and is not to be construed as requiring production of 
the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hybridoma method first described by Kohler ct <?L, Nature 
256:495 (1975), or may be made by recombinant "DNA methods (see, <?•£., U.S- Patent No. 4,81.(5,567). The 
"monoclonal antibodies" may also be Isolated from, phage antibody libraries using the techniques described 

40 in Clackson ctai, Nature 352:624-62tt (1991) and Marks etaL, J. Mot. Biol. 222:581-597 (1991), for 

example. 
"Functional fragments" of (be CP20 binding antibodies of the Invention are those fragments thai 

retain binding to CJD20 will) substantially the same Affinity as the intact full length molceuJc from which 
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5 (hey are derived and show biological activity including depleting B cells as measured by in vitro or in vivo 
assays such as those described heroin. 

The term "variable" refers to tha feci that certain segments of the variable domains differ 
extensively fit sequence among antibodies, The V domain mediates antigen binding and define specificity of 
a particular antibody for its particular antigen. However, the variability is not evenly distributed across the 

JO 110-amino acid span of the variable domains. Instead, the V regions consist of relatively invariant stretches 
called framework regions (FRs) of 15-30 amino acids Separated by shorter regions of extreme variability 
cullod "hypervuriable regions" that are each 9-12 amino acids long. The variable domains of native heavy 
and iiyht chains each comprise four PRs, largely adopting a (5~sheet. configuration, connected by three 
hypervariablc regions, which form loops connecting, and in some cases forming part of, the (3-sheet 

15 structure. Tine hypervariable regions In each chain are held together in close proximity by tlie I-'JRs tuid, with 
the bypefvariablc regions from the other chain, contribute to the formation of the anttgen-blcding site of 
antibodies (see Kab-at et al., Sequences of Proteins of Immunological Interest. 5th Ed. Public Health Service, 
National Institutes of Health, Bethesda, MD. (1991)). The constant domains are not involved directly in 
binding an antibody to an antigen, but exhibit various effector functions, such as participation of the 

20 antibody in antibody dependent cellular cytotoxicity (ADCC). 
The term "hypervariable region" when used herein refers to the amino acid residues of an antibody 

which are responsible for antigen-binding. The hypervariable rcgio# generally comprises amino acid 
residues from a "complementarity determining region" or XTJR" (e,g, around about residues 24-34 (Ll), 

30-56 (JL2) and 89-97 (L3) in the VL, and around about 31-35B (HI), 5<MS5 (H2) and 95-302 <H3) in the VH 

25 (Rabat etal,, Sequences of Proteins of Immunological Interest. 5th Ed. Public Health Scrvicc. National 
Institutes of Health, Bcthcsda, MD. (1991)) and/or those residues from a "liypcrvariablc loop" (e.g. residues 

2f>-32 (LI), 50-52 <JJl) and 91-96 (L3) in the VL, and 26-32 (HI), 52A-55 (H2) and 96-101 (H3) in the VH 

(Chothia and T^k J. Mo). Biol. 196:901-917 (1987)). 
As referred to herein, the "consensus sequence" or consensus V domain sequence is an artificial 

30 sequence derived from a comparison of the amino acid sequences of known human immunoglobulin variable 
region sequences. Based on these comparisons, recombinant nucleic acid scqucnccs encoding the V domain 
amino acids that ore a consensus of the sequences derived from, the human, K aud the human H chain 
subgroup IJT V domains were prepared. The consensus V sequence does not have any known antibody 

binding specificity or affinity. 
35 "Chimeric* antibodies (immunoglobulins) have n portion of the heavy and/or light chain identical 

with of homologous to corresponding sequences in antibodies derived from a particular specie or belonging 
to a particular antibody class or subclass, while the remainder of the chain(s) is identical with or homologous 
to corresponding sequences In antibodies derived from another species or belonging to another antibody 
class or subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological 

40 activity (U.S. Patent No. 4,816,567; and Morrison <?e al, Proc. Nad. AccuL Scu USA #1:6851-6855 (1984)). 
Humanized antibody as used herein is a subset of chimeric antibodies. 

"Humanized" forms of non-human (e.g.. murine) antibodies arc chimeric antibodies which contain 
minimal scqucncc derived from non-human immunoglobulin. For the most part, humanized antibodies are 
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3 human immunoglobulins (recipient or acceptor antibody) in which hypervnrJable region residues of die 
recipient are replaced by liypcrvarlablc region residues from a non-human species (donor antibody) such ns 
mouse, rat, rabbit or nontiuman primate having the desired specificity, affinity, and capacity. In so»ie 
instances, Fv framework region (FR) residues of the human immunoglobulin are replaced by corresponding 
non-human residues. Kirthcrmore, humanized antibodies may comprise residues which are not found in the 

10 recipient antibody or i n the donor antibody. These modifications are made »o further refine antif>ody 
performance such as binding affinity, Generally, the humanized antibody will comprise substantially all of 
at least one, and typically two, variable domains, in which all or substantially all of the hypervariable loops 
correspond to those of a non-human immunoglobulin and all or substantially ajl of tho FR regions tiro those 
of a human immunoglobulin sequence although the FR regions may include one or more amino acid 

15 substitutions that improve binding affinity. The number of these amino acid substitutions in the FR arc 
typically no more than 6 in the H chain, and in fbe L chain, no more than 3. The humanized antibody 
optionally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically tbat of a 
human immunoglobulin. For further details, sec Jones e.t aL, Nature 321S22-535 (19H6); Reichmann et al, 
Nature 332:323-329 (1988); and Presta, Curr. Op. Struct Biol 2:593-596 (1992). 

20 Antibody "effector functions" refer to those biological activities attributable to the Fc region (a 
nativo sequence Fc region or amino acid sequence variant Fc region) of an antibody, and vary with the 
antibody isotype. Examples of antibody effector functions include: CI q binding and complement dependent 
cytotoKicity; Fc receptor binding; antibody-dependent cell-mediatcd cytotoxicity (ADCC): phagocytosis; 
down regulation of cell. Surface receptors (e.g. B cell receptor); and B ccll activation. 

25 "Atttlbody-depcndcnt cell-mediated cytotoxicity" or "ADCC" refers to a form of cytotoxicity in 
which secreted ig bound onto Fb receptors (FcRs) present Oft certain cytotoxic cells (e-g- Natural Killer (NK) 
cells, neutrophils, and macrophages) enable these cytotoxic effector cells to bind specifically to an antigen-
hearing target cell and subsequently kill the target ccll with cytotoxics. The antibodies "arm" the cytotoxic 
cells and are Absolutely required for such killing. The primary cells for mediating ADCC, NK cclls, express 

30 PcyKIIJ only, whereas monocytes express FeyRI, FcyRII and FcyRTJI. FcR expression on hematopoietic 
cells is summari7«d in Table 3 on page 464 of Ravetch and Klnet, Artnu. Rev. Immunol 9:457-92 (1991). To 
assess ADCC activity of a molecule of interest, an in vitro ADCC assay, such as that described in US Patent 
Ho. 5400.362 or 5,821,337 may be performed. Useful effector cells for such assays include peripheral 
blood mononuclear cctls (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC 

3.1 activity of the molecule of interest J nay be assessed In vivo, e,g., lu a animal model such as that disclosed in 
Clynes et aL FNA$ (USA) 95:652-656 (1998). 

"1'c receptor" or "FcR" describes a receptor that binds to tho I?c region of an antibody. The 
preferred FcR Is a native sequence human 1'cR, Moreover, a preferred FcR is one which binds an IgG 
antibody (a gamma receptor) and includes rcccptors of the FcyRI, FcfRn, and FCYRITT subclasses, including 

40 allclic variants and alternatively spliced forms of these rcccptors. FeyR!! receptors include Fc/RTTA (an 

"activating receptor") tutd FcylUIB (an "inhibiting receptor"), wliicli have similar amino acid scqucnccs that 

differ primarily Jn tho cytoplasmic domains thereof. Activating receptor FcyRUA contains an 
immunorcccptor tyrosine-baKed activation motif (ITAM) in its cytoplasmic dooiaio. Inhibiting receptor 

FcyRTIR contains aJi iramunoreceptor tyrosine-based inhibition motif (1TXM) in its cytoplasmic domain, (.see 
10 



5 review M. fo Daliron, Amu. Rev. Immunol. 15:203-234 (1997)). FcRs arc reviewed in Ravctch and Kiner, 
Atinu. Key. Immunol 9:457-92 (1991); Capcl et al, Immuwmelhods 4:25-34 ((994); and de Haas et al., J, 
Lab. Ch't. Med. 12(5:330-41 (1995), Other FcRs, including those to be identified in the future, arc 
encompassed by the (erm "FcR" herein, The term also Includes the neonate) reccptor, FcRn, which Is 
responsible for the transfer of maternal IgCJs to the fetus (Gvyer et al, J. Immunol. 117:587 (1976) and Kim 

J0 e(«/.. J. Immunol. 24:249 (1994)). 

WOOO/42072 (Presra) describe/: antibody variants wjth improved of diminished binding to Fcfts. 
The content of that patent publication is specifically incorporated herein by rcfcrence. See, also. Shields et 
al J: Biol. Cham. 9(2): 6591-t5(S04 (2001). 

"Human effector Cells'" are leukocytes which express one or more FcRs and perform effector 
15 function?. Preferably, the cells express at least FcyR TCI and perform AJDCC effcctor function. Examples of 

human leukocytes which mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer 
(NK) cells, monocytes, cytotoxic Tcells and neutrophils; with PBMCs and NK cells being preferred. The 
cffcctcir cell? may be Isolated from a native source, e,.g, from blood. 

"Complement dependent cytotoxicity" or "CDC' refers to the lysis of a target cell in the prcscnce 
2,0 of complement. Activation of the classical complement pathway is initiated by the bindi ng of the first 

component of the complement system (CI q) to antibodies (of the appropriate subclass) which are bound to 
their cognate antigen. To assess complement activation, a CDC assay, e.g. as described in Gazzano-Santoro 
61 aU J. Immunol Methods 202:163 (1996), may be performed. 

Polypeptide variants with altered Fc region amino acid sequences and increased or decreased Clq 
25 binding capability are described in US patent No. 6,194,55101 aod W099/51642. The contents of those 

patent publications arc .specifically incorporated herein by reference. See, also, ldusogie etal J. Immunol. 
164:4178-4184(2000). 

The N-glycosylan'on site in I&G is at Asn297 in the CH2 domain. The present invention also 
provides compositions of a CD20-bind'mg, humanized antibody having a Fc region, wherein about 80-10(1% 

30 (and preferably about 90-99%) of the antibody in the composition comprises a mature core carbohydrate 
structure which lucks fucu.to, attached to tho Fc region of tho glycoprotein. Such composition.? were 

demonstrated herein to exhibit a surprising improvement in binding to FcyRniA(F158), which is not as 
cfTcctive as FeyRUJA (V158) in interacting with human IgG- Thus, the compositions herein are anticipated 
to bo superior to previously described anti-CD20 antibody compositions, especially for therapy of human 

35 potieots who express FcyRHIA (FJ58). FCYRJTIA (F158) is mote coawnoo than FcyRIHA (VL58) in 
normal, healthy African Americans and Caucasians. Sec LchmbccTicr et al Blood 94:4220 (1999). The 
present application further demonstrates the synergistic increase in FcyRTTI binding and/or APCC function 
(hat results from combining the giycosylation variations herein with amino acid sequence modification(s) in 
the Fc region of the glycoprotein). 

40 An "isolated" antibody is one which lias been idcrttilied and separated and/or recovered from a 
component of its natural environment. Contaminant components of its natural environment arc materials 
which would interfere with diagnostic or therapeutic as CM for the antibody, and may include enzymes, 
hormones, and other proteinaeeous or nonproteinaceous solutes, In preferred embodiments, the antibody 
will be purified (I) to greater than 95% by weight of antibody as determined by the Lowry method, and most 
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5 preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal 0r 
inrernal ami no acid sequence by us«. of a spinning cup jequcnator, or (3) to homogeneity by SDS-PAOE 
under reducing or noorcducing conditions using Cooftiassie blue or, preferably, silver stain, Isolated 
antibody includes the antibody in. situ within recombinant ceils since at least one component of the 
antibody's natural environment will not be present Ordinarily, however, isolated antibody will be prepared 

) by at least one purification step. 

An "isolated" nucleic acid molecule is a nucleic acid molccule that is identified and separated from 
fit least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural source of 
tho antibody nuclcic acid. Ail isolated nucleic acid molecule is other than In tho form or setting in which it is 
found in nature. Isolated nucleic acid molecules therefore are distinguished from (ho nuclcic acid molecule 
ax it exists In natural cells. However, an isolated nuclcio acid molecule includes a nucleic acid molecule 
contained in cells thai ordinarily express the antibody whett-, for example, the nucleic acid molecule is in a 
chromosomal location different from that of natural colls. 

The expression "control sequences" refers to DNA sequences necessary for the expression of on 
opcrably linked coding sequence in a particular host organism. The control sequences that are suitable for 
prckaryotes, for example, include a promoter, optionally an operator sequence, and a ribosomc binding site. 
Eukarvotic cells are known to utilize promoters, polyadeuylation signals, and enhancers. 

Nucleic acid is "opcrably linked'1 when it is placed into a fiancdotwJ relationship with another 
nucleic add sequence. For example, DNA for a pnesequcnoc or secretojy lead ex is opcrably linked to ONA 
for a polypeptide if it is expressed as a preproteSn that participates in the secret ion of the polypeptide; a 
promoter or enhancer fs operabJy IJnJced to a coding scqucncc if it affects the transcription of the sequence; 
or a ribosomc binding site is operably linked to a coding sequence if it is positioned so as to facilitate 
translation. Generally, "opcrably linked" meatW that the DMA scqucnccs being linked are contiguous, and. 
In the case of a secretory leader, contiguous and in reading phase. However, enhancers do not have to bo 
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the 
synthetic oligonucleotide adaptors or linkers arc used in accordance with conventional practice. 

"Vector" includes shuttle and expression vectors. Typically* the pbiStuld construct will also include 
an origin of replication (<?.£., the ColEI origin of replication.) and a selectable marker («.#. axnpicillin or 
tetracycline resistance), for replication and selection, respectively, of the pJasmi.ds In bacteria. An 
"expression vector*' refers to a vector that.contains the necessary control sequences or regulato.ty elements 
for expression of the antibodies Including antibody fragment of the Invention, in bacterial or eukwyotie cells, 
Suitable vectors are disclosed below. 

TJie cell that produces a humanized CP20 binding antibody of the invention will Include the 
bacterial and eukaryoiic host cells into which nucleic acid encoding (lie antibodies have been introduced. 
Suitable host colls arc disclosed below. 

The word "label1' when used herein refers to a dctcctablc compound or composition which is 
conjugated directly or indircctly to the antibody. The label may itself be detectable by itself (o./j., 
radioisotope labels or fluorescent labels) or, in the ease of an enzymatic label, may catalyse chemical 
alteration of a substrate compound or composition which is detectable, 
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5 An "Autoimmune disease" herein is a non-malignant disease or disorder arising from and directed 
against an individual's own (sell) antigens and/or (issues. 

As used herein, "B cell depletion" refers to a reduction in B cell levels in an animal of human after 
drug or antibody treatment, as compared to the 13 cell level before treatment. B cell levels are measurable-
using well known assays such ax those described in the Experimental Examples. B cell depletion can bo 

10 complete or partial, in one embodiment, the depletion of CD20 expressing B cells Is at )caw 25%, Not to be 
limited by any one mechanism, possible mechanisms o/B-ccll depletion include ADCC, CDC, apapfosis, 
modulation of calcium flux or a combination of two or more of the preceding. 

The term "cytotoxic agent" as used herein refers to asubslancc that inhibits or prevents the function 
of cclls a»d/or causes destruction of cells. The term is intended to Include radioactive isotopes (e.g., ]13'. 

15 y°° And Rc'M), chemotherapeutic agents, and toxins such as enzymatically active toxins of bacterial, 
fungal, plant or animal origin, or fragments thereof. 

A "chemotheropeutic agent" is a chemical compound useful in the treatment of cancer, lix&mplcs 
of chcmotherapeutic ageots include alkaly/jng or alkylating agent? such as thiotcpa and cyclophosphamide 
(CYTOXAN™); alkyl sulfonates such as busulfao, imprOsulfan and plposulfan; aziridines such as 

20 benzodopa, carboquono, meturcdopa, and uredopa; Cthylonimincs nod merhylamelamincs including 
altrotamlne, trlethylenemclaminc, trictylenephosphoramlde, trietbylcocthiophosphaoramide and 
trircetliylolomeUmmo; nitrogen mustards such as chlorambucil, chlomaphazine, cholopbospharoide, 
cstfamustine, Ifosfeiradc, roechlorethamiae^ mccWorcthaminc oxide hydrochloride, melphalan, novcmbichio. 
phencsterinc, prednimustine, trofosfaiuide, uracil mustard; nitrcsureas such as catmuslinc, ehlurozotocm, 

25 f'otcmustine, lomusticc, nimustine, ranimustinc; antibiotics such as aclacinomysins, actinomyrin, 
autbramycin, azaseriite, bleomycins, eactinomycin, calicheamicin, carablcln. eaiminoroycin, carzinophilin, 
ohromomycinS, daCtirtumycin, daunorubicin, dctorubicin, 6-diazo-5-oxo-l^-norJeucirtc, doxorubicin 
<Adflamyclti).eplrublcla, esorubicin, idarubicin, mareollomycin, mitomycins, mycophenollc acid, 
nogalamycln, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorubiein, streptonigrin, 

30 sircptozoeio, tubcreidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-
fluorouracil (S-FU); folic acid analogues such as denopterin, methotrexate, pteropterlfl. trimetrexate; purine 
analogs sucb as fhidarabine, 6-aiercaptopurine, tblamiprine, thioguanlne; pyrimidino analogs such as 
ancitabinc, azadtidinc, 6-azauridinc, carmofur, cytarabinc, didcoxyuridinc, doxifluridine, enocitabine, 
floxuridinc, 5'FU; androgens such us calusterone, dromostatiolone propionate, epitiostanol, mcpitiostanc, 

35 icstolactonc; unti-adrenals such as iuninoglutethlmide. mitotane, trilostane; folic acid replenisher sucli as 
frolinic acid; aceglatone, aldopbosphamidc glycoside; aminolevulinic acid; amSacrirttt; bcstrabucil; 
bismitrenc; edateaxate; defofarolne; demecolcine; diaziqupne; elfornifhine; elliptinium acetate; etogludd; 
galllom nitrate; hydroxyurea; tentkan; lonldawme; jnitogwsooe; mUoxantroue; mopidamoj; jaltracrirve; 
pentostarin; phenamct; pirarubicin; podophyllinie acid; 2~cthylbydrazidc; procarbazine; PSK®; rsewxane; 

40 ftizofiran; splrogermanlum; (eiiuazo;)ic acid; triatlquone; 2, 2,,2"-ti.'Jchlorotiiethylamlne: uretltan; vindesine; 
dttearbazJne; maooomustlne; mJtobronUol; mltolactoH plpobroman; gacytosbe; arablnoslde ("Ara-C")! 
thiotcpa; taxoids, e.g. paclitaxel (TAXOL*, Bristol-Myers Squibb Oncology, Princeton, NJ) and doxemel 
(TA-XOTIiRli^, Kh6ne-FouJeac Rorer, Antony, France); chlorambucil; gemcitabine; 6-thioguaninuj 
mcruaptopurinc; methotrexate; platinum analogs such as cinplatin and carboplatm; platinum; etoposide (VP-

13 



5 [(5), ilosfanilde; mitomycin C. mitoxantrone; vincristine; vinblastine; vinorclf?ii>e; navelb'ne; novautronc; 
tenyposide; daiuiomycin; aminopteriu; xeloda; ibandronate; CPT-1J; lopoisomerasc inhibitor RFS 2000; 
difluoromethytonrithine (DMFQ); retinoic add; esperamlcins; eapecltabine; aod pbarmaceuticaliy 
acccpinble salts, acids or derivatives of any of the above. Also included in this definition are anti-hormonal 
agents that act to regulate or Inhibit hormone action on tumors such as anti-estfOgcns including for example 

10 tamoxifen, raloxifene, aromutH.se inhibiting 4(5)-imidazoles, 4-hydn)xytamoxii'cn, trioxifene, keoxifcnc, 
LYl 17(11 H, onaprlstone, and torcmifene (Fareston); ajiti-andragens such as flutamlde, nilutaroide, 
bScahitamidc, leuprollde, and goserelio; other chemotlicrapeutic agents such as prednisolone, 
l3harmaceiitleslly acceptable salts, acids or derivatives of any of ihc above are included. 

"Treating" or "treatment" or "alleviation" refers to both thcrapeutlo treatment and prophylactic or 
J 5 preventative measures, wherein tbo object is to prevent or slow down (lessen) tbo targeted pathologic 

condition or disorder. A subjcct is successfully "treated" for a CD20 positive cancer or an autoimmune 
disease if, after receiving a therapeutic amount uf a CD20 binding antibody of the invention according to the 
methods of the present invention, the subject shows observable and/or measurable reduction in or abscnce of 
one or more signs and symptoms of the particular disease. For example, for Cancer, reduction Jtt the number 

20 of cancer cells or abscncc of the cancer cells; reduction in the tumor size; inhibition (i.e., slow to some 
extent and preferably stop) of tumor metastasis; inhibition, to some extent, of tumor growth; increase in 
length of remission, and/or relief to some extent, one or more of the symptoms associated with the specific 
cancor; reduced morbidity and mortality, and improvement In quality of life Issues. Reduction of the signs 
or symptoms of a disease l»ay also be felt by the patient. Treatment can achieve a complete response, 

2S defined as disappearance of all signs of cancer, or a partial response, wherein the size of the tumor is 
decreased, preferably by more than 50 percent, more preferably by 75%. A patient is also considered treated 
if the patient experiences stable disease. Id a preferred embodiment, the cancer patients are still 
progression-free in the cancer after one year, preferably after 15 months. These parameters for assessing 
jaicccssfijl treatmeotaod improvement in the disease are readily measurable by routine procedures familiar 

30 to a physician of appropriate S&1U k the art. 
A "therapeutically effective amount" refers to an amount of an antibody or a drug effective to 

"treat" t disease or disorder in a subject In the case of cancer, the therapeutically effective amount of the 
drug may reduce the number of cancer cells; reduce the tumor site) Inhibit (La* Slow to some extent, and 
preferably stop) cancer cell infiltration into peripheral organs; inhibit (i.e., slow to some extent and 

35 preferably stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one 
or more of the symptoms associated with the cancer. See preceding definition of "treating". 

"Chronic" administration refers to administration of the agen(Cs) in a continuous mode as opposed 
to an acute mode, so as to maintain the initial therapeutic effect (activity) for an extended period of little, 
"intermittent" administration is treatment that Is not consecutively doito without interruption, hut rather is 

40 cyclic in nature. 

Compositions aud Methods of (he Invention 
The Invention provides humanized antibodies thai bind human CD20, and preferably oilier prlwate 

CD2Q as well, comprising a li chain having at least one, preferably two or all of the TJ chain CDRs of a non-
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5 human species anti-human CD20 antibody (donor antibody), and substantially all of the framework residue* 
of a human consensus antibody as the rooipie.ot antibody, The donor antibody can be from various JlOn-
human species including mouse, rat, guinea pig, goat, rabbit, horse, primate but most frequently will be a 
murine antibody, "Substantially all" in this context is meant that the recipient FR regions in the humanized 
antibody may include one or more amino acid substitutions not originally present In die human consensus 

JO PR sequence. These PR changes may comprise residues not found Jo tile recipient or the donor antibody. 
Tn one embodiment, the donor antibody is the murine 2H7 antibody, the V region including the 

CDR and 1\R sequences of each of the H and L chains of which are shown in FTC. 1A and IB, JLn a specific 
embodiment, the residues for the human Fab framework correspond to the consensus sequence of human 
Vtcsubgroup I and of VH .subgroup III, these consensus Scqucnces ate shown in Figure 1A and Figure IB, 

15 respectively. The humanized 2H7 antibody of (he invention will have at least one of the CDRs In the H 
chain of the mtutine donor antibody- III one embodiment, the humanized 2H7 antibody that biods human 
CD20 comprises the CDRs of both the H and L chains of the donor antibody. 

In a friJU length antibody, the humanized CD20 binding antibody of the invention will comprise a 
humanized V domain joined to a C domain of a human immunoglobulin. In a preferred embodiment, the H 

20 chain C region is from human IgO, preferably TgGI or IgG3. The L chain C domain is preferably from 
human K chain, 

Unless indicated otherwise, a humanized 2H7 antibody version herein will have the V and C 
domain sequences of2JH7.Vl6 L chain (HO. <>, SEQ ID NO, 21) and H chain (FIG 7., SEQ ID NO. 22) 
cxcept at tha positions of amino acid substitutions or changes Indicated in the experimental examples below. 

25 The humanized CD20 binding antibodies will bind at least. hw)>an CD20 and preferably bind other 
primate CD20 such as that of monkeys including cynomolgus and rhesus monkeys, and chimpanzees. The 
sequence of the cynomolgus monkey CD20 is disclosed in Example IS and Figure ) 9 

The biological activity of the CD20 binding antibodies and humanized CD20 binding antibodies of 
the invention will include at least binding of the antibody lo human CD20, more preferably binding to 

30 human end primate CD20 {Including cynomolgus monkey, rhesus monkey, chimpanzees), with a K<f value of 
no higher than 1x10"*, preferably a valuo no higher thttu About 1 A 10'*, CVUII i«oie pietfeiuMy u K<j valuu 

no higher than about 1 x 10"'°, and be able to kill or deplete 13 cells in vitro or in vivo, preferably by at least 
20% when compared to the baseline level or appropriate negative control which is not treated with such an 
antibody. 

35 The desired level of B cell depletion will depend on the disease. For the treatment of a CD20 
positive cancer, It may be desirable to maximize the depletion of (he B cells which arc tho target of the anti-
CD20 antibodies of the invention. Thus, for the treatment of a CD20 positive B ccll neoplasm, it is desirable 
that the B cell depletion be sufficient to at least prevent progression of the disease which can be assessed by 
the physician of skill in the art, e.g., by monitoring tumor growth (size), proliferation of the cancerous cell 

40 type, metastasis, other signs and symptoms of tho particular cancer. Preferably, the B cell depletion is 
sufficient to prevent progression of disease for at. least 2 months, more preferably 3 months, even more 
preferably 4 months, more preferably 5 months, even more preferably 6 or more months. In even more 
preferred embodiments, the B cell depletion is sufficient to increase the time jo remission by at least 6 
months, more preferably 9 months, more preferably one year, more preferably 2 yours, more preferably 3 

15 



5 year*, even more preferably 5 or more years. In a most preferred embodiment, the B cell depletion is 
sufficient 10 cure tlw disease, lit preferred embodiments, the B cell depletion in a cancer patient Is tit. least 
about 75% and more preferably, 80%, 85%, 90%. 93%, 99% and even 100% of the baseline level before 
treatment. 

Por treatment of an autoimmune disease, it may be desirable to modulate tile extent of B cell 
10 depletion depending on the disease and/or (lie severity of the condition in the individual patient, by adjusting, 

tho dosage of CD20 binding antibody. Thus, B cell depletion can but does not have to be complete. Or, 
total B cell depletion may be desired in Initial treatment but in subsequent treatments, the dosage may be 
adjusted to achieve only partial depletion. In one embodiment, the B cell depletion Is at least 20%, i.e., 80% 
or less of CD20 positive B cells remain a$ compared to tho baseline level before treatment. ID other 

J 5 embodiments, B cell depletion is 25%, 30%, 40%, 50%, 60%, 70% or greater. Preferably, the 13 ccll 
depletion is sufficient to halt progression of the disease, more preferably to alleviate the signs and symptoms 
of the particular disease under treatment, even more preferably to cure the disease. 

The invention also provides bispecific CD20 binding antibodies wherein one arm of (lie antibody 
has a humanized 0 and L chain of the humanized CD20 binding antibody of (he invention, and the other arm 

20 has V region binding specificity for a second notigett. In specific embodiments, the sccond antigen Is 
selected from die group consisting of CD3, CDCJ4. CD32A, CD16, NKG210 or other NK activating ligaAds. 

In comparison with Rituxan (rituximab). v 16 exhibits about 2 to 5 fold increased ADCC potency, 
-3-4 fold decreased CDC than JRituxan. 

25 Antibody production 
Monoclonal antibodies 
Monoclon&l antibodies may be made using the hybridoma method first described by Kohlcr et al.. 

Nature, 256:495 (1975), or may be made by recombinant DMA methods (U.S. JPatent No. 4,816,567). 
In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is 

immunized as described above to elicit lymphocytes that produce or arc capable of producing antibodies that 
will specifically bind to the protein used for immunisation. Alternatively, lymphocytes may be immunized 
in vitro. After immunization, lymphocytes are isolated and then fused with a myeloma cell line using a 
.suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding,Monoclonal 
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium which 
medium preferably contains one or more substances that Inhibit the growth or survival of tho unfused, 
parental myeloma cells (also referred to as fusion partner). For example, if the parental myeloma cells lack 
tlic enzyme hypoxanthine guanine phospborjbosy) transferase (FJOPRT or JEJPRT), the selective culture 
medium for tho hybridOmas typically will include hypoxanthine, aminoptcrin, and thymidine (HAT 
medium), which substances prevent the growth of HGPRT-dcficicnt cells. 

Preferred fusion partner myeloma cclJs are (hose that Juse efficiently, support stable high-level 
production of antibody by the selected antibody-producing cells, and arc sensitive to a selective medium that 
selects against the unfused parental cells. Preferred myeloma cell lines are murine myeloma Jines, such as 
those derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution 
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5 Center, San Diego, California USA, and SP-2 and derivatives e.g., X63w\g8-653 cells available from the 
American Type Culture Collection, Rockville, Maryland USA. Human myeloma and mousfi-human 
hctcromyeloma ceil lines also bave been described for tbe production of human monoclonal antibodies 
(Kozbor,JrttmunoL, 133:3001 (1984): and Rrcxieur el al.. Monoclonal Antibody Production Techniques 
an/I Applications, pp. 51-63 (Marcel Dckker, Inc., Mew York, 1987)). 

,0 Culture medium in whicb hybridoma cells are growing is assayed for production of monoclonal 
Antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies 
produced by hybridoma celJs Is determined by lmmunopreclpltation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or cnzyme-JinXftd immunosorbent assay (EI JSA). 

The binding affinity of the monoclonal antibody can, for example, be determined by (he Scatchacd 
15 analysis described it) Munson at at-, Anal Biochem., 107:220 (1980). 

Once hybridoma cells that produce antibodies of the desired specificity, affinity, and/or activity are 
identified, th.6 clones may be subcloned by limiting dilution procedures and grown by standard methods 
(Coding, Monoclonal AntUwdi^: Principles and Practice, pp.59-103 (Academic Press, 198(5)). Suitable 
culture media for this purpose Include, for example, D-MBM Or RPMI-1 <540 medium. In addition, the. 

20 liybritfoim cells mayhegrpwu in vivo as ascitcs tumors loan animal e.g, by i.p. Injection of the cells into 
mice. 

The monoclonal Antibodies sccrcted by the subclones are suitably separated from the culture 
mediom, ascites fluid, or serum by conventional antibody purification procedures such as. for example, 
affinity chromatography (e.g., using protein A or protein G-Sephatose) or ion-exchange chromatography, 

25 hydroxyTapatitc chromatography, gel electrophoresis, dialysis, etc. _ 
DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 

procedures by using oligonucleotide probes that arc capable of binding specifically to genes encoding 
the heavy and JLigbf chains of murine antibodies). The hybridoma cells serve as a preferred source of such 
DNA. Once isolated, (he DNA may be placcd into expression vectors, which ate then traosfected into host 

30 cclls such as E. coli cclls, simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do 
not otherwise produce antibody protein, to obtain tbe synthesis of monoclonal antibodies in the recombinant 
host cells. Review articles On recombinant expression in bacteria of DNA encoding the antibody include 
Skcrra et aL, Curr, Opinion in Immunol, 5:256-262 (1993) and PlOckthun, Immunol Revs., 130:151-1 88 
((992). 

35 In a further embodiment, monoclonal antibodies or antibody fragments can be isolated from 
antibody phage libraries generated using the techniques described in McCaffcrty etaL, Nature, 348:552-554 
((990). Clucknon cttiL, Nature, 352:624-628 (1991) and Marks etal, J. Mol Biol, 222:581-597 (1991) 
describe the. isolation of murine, aud liumaii antibodies, respectively, using phage libraries. Subsequent 
publications describe (he producti.oo of higb affinity (nlvT range) human antibodies by chain shuffling (Marks 

AO <t aL, Bia/Tcchnotogy, 10:779-783 (1992)), as well as combinatorial Infection and in vfvo recombination as a 
strategy for constructing very large phage libraries (WatefhOuse el al.. Nuc. Acids. Res,. 21:2265-226'6 
(1993)). Thus, those techniques are viable alternatives to traditional monoclonal antibody hybridoma 
techniques for isolation of monoclonal antibodies. 
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The that encodes the antibody may be modified to produce chimeric or fusion antibody 
polypeptides, for example, by substituting human heavy chain and light chain constant domain (CH and Q) 
sequences for the homologous murine scqitenccs (U.S. Patent No. 4,816,567; and Morrison, el aL, Proc, 
Nat! AC(«L Set. (JSA, 81:6851 (1984)). or by fusjug the immunoglobulin coding sequence with all or part of 
the coding sequence for a nort-lmrnunoglobulln polypeptide (heterologous polypeptide). The non-

10 immunoglobulin polypeptide sequences can substitute for the constant domains of an antibody, or they are 
substituted for the variable domains of one antigen-combining site of an antibody to create u chimeric 
bivalent antibody comprising one antigen-combining site having specificity for an antigen and another 
antigen-combining site having specificity ft?r a different antigen. 

15 Humanized antibodies 
Methods for humanizing non-buman antibodies have been described in the: art. Preferably, a 

humanized antibody has one or more amino acid residues introduced into it from a source which is non-
human. These non-human amino acid residues are often referred to as "import" residues, which are typically 
taken from an "import'1 variable domain. Humaiilzation can be essentially performed following the method 

2(1 of Winter and co-workers (Jones ct al, Nature, 321 :522-525 (1986); Reichmann ct aL, Nature, 332:323-327 
< 1988); Vcrboeyen et aL, Science, 23?: 1534-1536 (1988)), by substituting hypervariablc region sequences 
for (he comcspottdmg sequences of a human antibody. Accordingly, such "humanized" antibodies are 
chimeric anybodies (U.S. Patent No. 4,816,567) whertin substantially less than ao intact human variable 
tlonwin has been sabstitwd by the corresponding scqucncc from a non-human species. In practice, 

25 humanized antibodies fire typically human antibodies in which some hypervariablc region residues and 
possibly some 3FR residues are substituted by residues from analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the humanized 
antibodies Is very important to reduce antigenicity and HAMA response (human anti^mouse antibody) when 
the antibody is intended for human therapeutic use. According to the so-called "best-fit" method, the 

30 Kcqucnce of the variable domain of a rodent antibody is screened agah>st the entire library of known human 
variable domain sequences. The bvman V domain sequence which is closest to tlrnt of the rodent is 
identified and the human framework region (FR) within it accepted tor the humanized antibody (Sims et aL, 
J, Immunol, 151:2296 (1993); Oiothja eta)-, J. Mol BloL, 196:901 (1987)). Another method uses a 
particular framework region derived from the consensus sequence of all human antibodies of a particular 

35 subgroup of light or heavy chains. The same framework may be used for several different humanized 
antibodies (Carter ctaL, Proc. Natl. Acad, ScL USA, 89:4285 (1992): Presta el al., J, Immunol, 151:2623 
(1993)). 

It is further important that antibodies be humanized with retention of high binding affinity for the 
antigen mid other favorable biological properties. To achieve this goal, according to a preferred method, 

40 humanized antibodies arc prepared by a process of analysis of the parental sequences and various conceptual 
humanized products using three-dimensional models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly available and are fapiiliar to those skilled in the Ml. 
Computer programs are available which illustrate and display probable three-dimensional conformational 
structures of selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of 
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5 liic likely rote of the residues in the functioning of (he candidate immunoglobulin sequence, the analysts 
of residues that influence the ability of the Candidate immunoglobulin to bind its antigen. In this way, |\R 
residues can be selected and combined from the recipient and import sequences so that the desired antibody 
characteristic, such as increased affinity for (he target aotigcn(s)T is achieved. In general, the Itypcrvariable 
region residues are directly and most substantially involved in influencing antigen binding. 

10 'Hie humanized antibody may be an antibody fragment, such as a Fab, which is optionally 
conjugated with one Or more cytotoxic agents) 111 Order to generate an immunoconjugato. Alternatively, the 
humanized antibody may be an full length antibody, such as un full length IgGI antibody. 

Hu/iuiti. an tibodies and phage display methodology 
• 5 As an alternative to humanizatlon. human antibodies con be generated. For example, It is «Ow 

possible to produce transgenic aninoals (<?,#„ micc) that are capable, upon immunization, of producing a full 
repertoire of human antibodies in the absencc of endogenous immunoglobulin production. For example, U 
has been described thatf.be homozygous deletion of tbe antibody hcavy-chaJn joining region (Jn)£ene la 
chimeric and germ-line mutant micc results in complete inhibition of endogenous antibody production, 

20 Transfer of the human germ-line immunoglobulin gene array into such germ-line mutant mice will result in 
the production of human antibodies upon antigen challenge, Sec, c,g.t Jakobovits el aL, Proc. Natl. Acad. 
ScL USA. 90:2551 (1993); Jakobovil* et al. Nature, 362:255-258 (1993); Bruggcmann et aL. YMr in. 
immune., 7;33 (1993): U.S. Patent Nos. 5,545,806,5,569,825.5,591,669 (all ofGcnPhttrm); 5,545,807; and 
WO 97/17852. 

25 Alternatively, phage display technology (McCafferty et al. Nature 348:552-553 [ 1990]) can he 
used to produce human antibodies and. antibody fragments In vitro, from immunoglobulin variable (V) 
domain gene repertoires from unimmunized donors. According to this technique, antibody V domain genes 
arc cloned Jo-frame Into either a major or minor coat protein gene of a filamentous bacteriophage, such as 
Ml 3 or fd, and displayed as functional antibody fragments on the surfacc of the phage particle. Because the 

30 filamentous particle contains a single-stranded DNA copy of the phage genome, sclcctions based on the 
functional properties of flic antibody also result in selection of tho gene encoding the antibody exhibiting 
those properties. Thus, the phage mimics some of the properties of the B'ccll. Phage display can be 
performed in a variety of formats, reviewed in, e.g., Johnson, Kevin f>. and Chiswell, David J., Current 
Opinion in Structural Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage 

35 display. Claokson et al., Nature, 352, 624-628 (1991) isolated ft diverse array of anti-oxazolone antibodies 
from a small random combinatorial library of V gcncs.dcrivcd from the spleens of immunized micc. A 
repertoire of V genes from uojmmunized human donors can be constructed and antibodies to a diverse array 
of antigens (including self-antigens) can be isolated essentially following the techniques described by Marks 
at ah, J. Mol BfoL 222:561-597 (199J), or Griffith efal, EMBO J. 12:725-734 (1993). See, also, U,S. 

40 Patent Nos. 5,565,332 and 5,573,905, 
As discussed above, human antibodies may also be generated by In vitro activated B cells (see \J.$. 

Parents 5,567,610 and 5.229,275). 
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5 Antibody fragments 

fn certain circumstances there are Advantages of using antibody fragments, rather ttm whole 
antibodies. The smaller size of Lhc fragments allows 1'or rapid clearance, and may lead to improved access to 
solid tumors. 

Various techniques have been developed for the production of antibody fragments. Traditionally. 
10 these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.. Morimoto ct al, 

Journal of Biochemical and Biophysical Methods 24:107-J17 (1992); and Brennan eta!., Science, 229:81 
(1985)), However, these fragments Can now be produced directly by recombinant host cells. Pub, Fv and 
SePv antibody fragments cart all be expressed in and secreted from B. coli, thus allowing tho facile 
production of large amounts of these fragments. Antibody fragments can be isolated from the antibody 

IS phage libraries discussed above. Alternatively, Jpab'-SH fragments can be directly recovered from & coli 
and chemically coupled to form F(ab')} fragments (Carter etal, Bio/Technology 10:)63-167 (1992)). 
According to another approach, F(ab")* fragments can be isolated directly from recombinant host cell culture, 
Fab and FCab')i fragment with increased in vivo half-life comprising a salvage receptor binding epitope 
residues are described in U.S. Patent JNo. 5.869,046. Other techniques for the production of antibody 

2 {> fragments will be apparent to the skilled practitioner. In other embodiments, tho antibody of choice is a 
single chain Fv fragment (ucFv). See WO 93/16185; U.S. Patent No. 5,571,894; and U.S. Patent JNo. 
S.5fl7.458. Fv and sFv are the only species with intact combining sites that arc devoid of constant regions; 
thus, they are suitable for rcduccd nonspecific binding during in vivo use. sFv fusion proteins may be 
constructed to yield fusion of an effector protein at either the amino or the carboxy terminus of an sFv. See 

25 Antibody Engineering, cd. Bonebaecfc, supra. Tbe antibody fragment may also be a "linear antibody", e.g.. 
as described in U.S. Patent 5,641,870 for example. Such linear antibody fragments may be monospecific or 
bi specific. 

Bispecifie antibodies 
30 Bispccific antibodies arc antibodies that have binding specificities for at least two different 

epitopes. Exemplary bispecifie antibodies may bind to two different epitopes of the CD20 protein. Other 
such antibodies may combine a CD20 binding site with a binding site for another protein. Alternatively, an 
anti-CD20 arm may be combined with an arm which binds to a triggering molecule on a IcuKoeytc such as a 
T-uell receptor molecule {c.g. CD3), or Fc reccptors for IgG (FoyR), such as FeyRT (CD64), FcYRII (CD32) 

35 and FeyRHI (CD 16), or NKG2D or other NK ccll activating ligand, so as to focus and localize cellular 
defense mechanisms to (be CD20-expresslng cell. Bispeeific antibodies may also be used to localize 
cytotoxic agents to cells which express CD20. These antibodies possess a CD20-blnding arm and an arm 
which binds the cytotoxic agent (e.g. saporin. &nti-in(eribrOo-CC vinca alkaloid, ricin A chain, methotrexate 
or radioactive isotope hapten). Bispeeific antibodies can be prepared <1S full length antibodies or antibody 

40 fragments (c./?. F(ab');> bispecifie antibodies). 
WO 96716673 describes u bispccific anti-Erbl3 2/an ti-FcyKTU antibody and U.S. Patent No. 

5.837,234 discloses a bispccific anti-ErbB2/anti-FeyRT antibody. A bispecffic and-Iit()l32/Fca antibody is 
shown in WO98/024(53. U.S. Patent No. 5.821,337 teaches- a bispccific anti-FrbB2/anti-CD3 antibody. 
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5 Method? for making bispccific antibodies are known in the art, Traditional produclion of foil 
length bispecilic antibodies is based on the co-expression of two immunoglobulin heavy chain-light chain 
pairs, where the two chains have different, specificities (Mitlsteln etai, Nature. 305:537-539 (1983)). 
Because of the r/uidom assortment of immunoglobulin heavy and iigbi chains, these bybrjdomas 
(quadromas) produce a potential mixture of JO different antibody molecules, of which Only «ns has the 

10 correct bispecifie structure. Purification of ihe correct molecule, which is usually done by affinity 
chromatography steps, is ratber Cumbersome, and the product yields are low. Similar procedures are 
disclosed in WO 93/08829, and In Tfcauncekcr r.t al, BMBO J., 10:3655-3659 (t991). 

According to o different approach, antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused 10 immunoglobulin constant dOMftin sequences. Preferably, the 

15 fusion Is with un Ig heavy chain constant domain, comprisl ng at least part of the hinge, Qj2, and C«3 
regions. it is preferred Co have (he first heavy-chain constant region (Q)1) containing the site necessary for 
light chain bonding, present in at least one of the fusions. JDNAa encoding the immunoglobulin heavy chain 
fusions and, If desired, the immunoglobulin light chain, are inserted into separate expression vectors, and are 
W-transJeetcd info a suitable host ccll. This provides for greater flexibility in adjusting (he mutual 

20 proportions of the lliree polypeptide fragments in embodiments when unequal ratios of the three polypeptide 
chafns used In the construction provide the optimum yield of the desired bispccific antibody, ft is, however, 
possible to insert the cod ing sequences for two or all three polypeptide chains into a single expression vcctor 
when the expression of at least two polypeptide chains in equal ratios results in high yields or when the 
ratios have no significant affect on the yield of the desired chain combination. 

25 In a preferred embodiment of this Approach, the bispecifie antibodies arc composed of a hybrid 
immunoglobulin heavy chain with a first binding specificity In one arm, arid a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second binding specificity) in the other arm. Tt was found that this 
asyjnractric structure facilitates the separation of die desired bispccific compound from unwanted 
immunoglobulin chain combinau'ons, as the presence of <U) immunoglobulin light chain in ooly one half of 

30 the bispccific molceulc provides for a facile way of separation. This approach is disclosed in WO 94/04690. 
For further details of generating bispecific antibodies see. for example. Surcsh ct aL. Methods In 
Enzymohgy, 121:210 (1986). 

According to another approach described in U.S. Patent No. 5,731,168, (he interface between a pair 
of antibody molcoulcx can be engineered to maximize the percentage of heterodimers which arc recovered 

35 from recombinant cell culture. The preferred interface comprises at least a part of the Q>3 domain. In this 
method, one or more small amino acid side chains from the interface of the first antibody molcculc arc 
replaced with larger side chains (e.g. tyrosine or tryptophan), Compensatory "eavitics" of identical or 
similar size to (he large side chain(s) are created on (he interface of the sccond antibody molecule by 
replacing large amino acid hide chains with smaller ones (e.g. alanine or threonine), This provides a 

40 mechanism for increasing the yield of the heterodimer over other unwanted cnd*producf$ such as 
homodimcrs. 

Bispccific antibodies includc cross-linked or "heteroconjugate" antibodies. For example, one of the 
antibodies in the hctcroconjugate can be coupled to avidin, the other to biotln. Such antibodies have, for 
example, heen proposed ro target ImntUOe system cells to unwanted cclls (U.S. Patent No. 4,676,980), and 
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5 for treatment of HIV infection (WO 91/00360, WO 92/200373, and HP 03089). Hcterocofljugate antibodies-
may bo made using any convenient cross-linking methods. Suitable cross-linking a genu are well known in 
the arli and are disclosed in U.S. Patent No. 4,6*76,980, along with a number of cross-linking techniques, 

Techniques for generating bispecifie antibodies from antibody fragments have also been described 
in (lie literature. For example, bispecifie antibodies can be prepared using chemical linkage. Brennan et ol. 

10 Science, 229: 81 (1985) describe a procedure wherein intact antibodies are protcolyticaJly cleaved to 
generate F(ab')2 fragments. Ill esc fragments arc reduced in the presence of the dithjol completing agent, 
sodium uTNcnite, to stabilize vicinal diliiSola and prevent intcrmoJecular disulfide formation. The I-'ab' 
fragments generated are tlieu converted to thlortltrobcn^/jate (TNB) derivatives. One of the Fab'-TNB 
derivatives is then reconverted to theFab'-thiol hy reduction with merc«pioctbylamuie and is mixed with an 

15 equimolar amount of tho other Fab'-TNB derivative no form the bispecJfic antibody. The bispecifie 
antibodies produced can be uned as agents for the selective Immobilization of enzymes. 

Recent progress has facilitated the direct recovery of Fab'^SfJ fragments from E. ccti, which can b« 
chemically coupled to form bispccific antibodies. Slwlaby etai, J. Exp. Med., 175:217-225 (1992) describe 
the production of a fully humanized bispecifie antibody F(ub')j molecule. Each Fab1 fragment was separately 

20 sccreted ftojn & coli and subjected to directed chemical coupling in vitro to form tbe bispecifie antibody. 
'Ibc bispccific antibody thus formed was able to bind to cells ovcrexpressing the JErbB2 reccptur and normal 
human T cells, as well as trigger the lytic activity of human cytotoxic lymphocytes against human breast 
turatr targets. 

Various techniques for flwkirig and isolating bispecifie antibody fragments directly from 
25 recombinant cell culture have also been described. For example, bispccific antibodies have been produced 

using leucine zippers. Kostclny <rr aL, J. Immunol, I48(5):1547-1553 (1992). The Icueine r.ipper peptides 
from the Fox and Jun proteins were IhUced to the Fab* portions of two different antibodies by gene fusion. 
The antibody hooiodimers were reduced at the hinge region to form monomers and then re-oxidized to form 
the antibody heterodimeis. This method can also be utilized for the production of antibody hothodimcrs. 

30 The "diabody" technology described by Hollkger et al., Proc. Natt. Acad. ScL USA, 90:6444-<S44$ (t 993) 
has provided nil alternative mechanism for making hlspecific antibody frogmcnf# Tbr. fmgrne.nrK mmpriw o 
V[( connected to a VL by u linker which is too short to allow pairing between the two domain? on the same 
chain. Accordingly, the VH and Vc, domains of one fragment are forced w pair with the complementary VL 

and VH domain? of another fragment, thereby forming two antigen-binding sites. Another strategy for 
making bispccific antibody fragments by the use Of single-chain Fv (sFv) dimcrs has also been reported. See 
Orubcr ctal., J. Immunol., 152:5368 (1994). 

Antibodies with more than two valenoics arc contemplated. For example, trispecific antibodies can 
he prepared, Tutt^raL.T, fmntunoL 14-7:60 (1991). 

Multivalent Antibodies 
A multivalent antibody may be internalized (and/or catabolixcd) faster than a bivalent antibody by <t 

cell expressing ao antigen to which the antibodies bind. The antibodies of the present invention can be 
multivalent antibodies (which are other titan of the lgM class) with tliree ur more antigen binding sites (e.g. 
tctravalcnt antibodies), which can be readily produced hy recombinant expression of nucleic acid encoding 
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5 (he polypeptide chains of the antibody. The multivalent antibody can comprise a dimerizalion domain and 
three or more antigen binding sites. The preferred dimerizalion domain comprises (or consists of) an Fc 
region or a hinge region. In tbis scenario, the antibody will comprise an Fc region and three or more antigen 
binding sites ami no-terminal to the Fc region. The preferred multivalent antibody herein comprises (or 
consists of) three to about eight, but preferably four, antigen binding sites. The multivalent antibody 

10 comprises at J east one polypeptide chain (and preferably two polypeptide chains), wherein tbe polypeptide 
chain(«) comprise two or more variable domains. For instance, the polypeptide chatn(s) may comprise VDI-
(X1 )„-YD2-(X2)„-Fc, wherein VD1 is a first variable domain, VD2 is a second variable domato, Fc is one 
polypeptide cliain of an Fc region, XI and X2 represent an amino acid or polypeptide, and n is 0 or I. For 
Instance, the polypeptide chain(«) may comprise: VH-CHl-ftexiblc linker-VH-CH 1 -Fc region chain; or VH-

15 CHI -VH-CHI -Fc region chain, The multivalent ant/body herein preferably farther comprises at least, r.wo 
(flrtd preferably four) light chain variable domain polypeptides. The multivalent antibody herein may, for 
instance, comprise from about two to about eight Jjghl chain variable domain polypeptides. The light chain 
variable domain polypeptides contemplated here comprise a light chain variable domain and, optionally, 
further comprise a CL domain. 

20 
Other amine acid sequence modifications 
Am!oo acid seijuuncc modification^) of the CD20 binding antibodies described herein arc 

contemplated. For example, it may be desirable to improve the binding affinity and/or other biological 
properties of the antibody. Amino acid sequence variants of the anti-CD20 antibody are prepared by 

25 introducing appropriate nucleotide charges into the anti-CD20 antibody nucleic; acid, or by peptide 
synthesis. Such modifications include, for example, deletions from, and/or Insertions into and/or 
substitutions of, residues within the amino acid sequences of the anli-CD20 antibody. Any combination of 
deletion, insertion, and substitution is nwdo to arrive at the final construct, provided that the final construct 
possesses the desired characteristics. The amino acid changes also may alter post-transJatlonai processes of 

30 the anti-CD20 antibody, such as changing the number or position of glycpsylation sites. 
A useful method for idcuitifioation of cortain residues or regions of tbe anti CD20 antibody that are 

preferred locations for mutagenesis is callcd "alanine scanning mutagenesis" as described by Cunningham 
and Wells in Science, 244:1081-1085 (1989). Here, a residue or group of target residue? ore identified 
chnrgod residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino 

3? acid (most preferably alanine or polyalanlne) to affect the interaction of the amino acids with CD20 antigen. 
Those amino ncid locations demonstrating functional sensitivity to the substitutions then are refined by 
introducing further or other variants at, or for, the sites of substitution, Thus, while the site tor introducing 
an amino acid sequence variation is predetermined, the nature of the mutation per se need not be 
predetermined. For example, lo analyze the performance of a mutation at a given site, ala scanning or 

4() random mutagenesis is conducted at the target codon or region and (be expressed iinti-CD20 antibody 
variants are screened for the desired activity. 

AjniflO acid sequence insertions include amino- andfor earboxyl-terminal fusions ranging in length 
from one residue to polypeptides containing a hundred Or more residues, as well as intrasequence insertions 
of single or multiple amino acid residues. Examples of terminal insertions include an anti-CD20 antibody 
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5 with an terminal mstiiionyl residue or the antibody fujod to a cytotoxic polypeptide. Other Insertion^ 
variants of the <iiiii-CD2Q antibody molecule include tbe fusion to 1hc N- OK C-tcrminvs of the antj-CD20 
antibody to an enzyme (e.g. lor ADEPT) or a polypeptide which increases the servoi half-life of die 
antibody. 

Another type of variant }s an amino acid substitution variant These variants have at least one 
! 0 Amino acid residue in the n/)tl-CD2fl antibody raolccule replaced by a different residue. The sites of greatest 

interest for substitutional mutagenesis include tbe hypervarlable regions, but FR alterations arc also 
contemplated. Conservative substitutions are shown in the Tabic below voder the heading of "preferred 
substitutions". Xf such substitutions result in a change In biological activity, then more substantial changes, 
denominated "exemplary substitutions" in tho Table, or as further described below in reference to amino acid 

15 classes, may be introduced and the products screened. 

TABLE of Amino Acid Substitutions 

Original Residue Exemplary 
Substitutions 

Preferred 
Substitutions 

Ala (A) val; leu; ilo val 

Arg(R) lys; gin; asn Jys 

As«(N) i gle;bte;asp, !ys;ar£ glo 

Asp(D) glajasn sh 
Cys(Q serjala ser 

C?1«(Q> asn; gtu asn 

C»« (E) asp; gin asp 

Gly(G) ala i3a 

His (H) asn; gin; lys; arg afg 

no (I) leu: val: met; ala; phe; norleocina feri 

T.eu (T) norfeucine; ile; val; met; ala; phe lie 

r.ys(K) arg; gin; asn nrg 

Met (M) leu; phe; He leu 

Fhc (10 J.eu; val; i(« ̂ !a; tyr tyr 

Pro (F) ala vila 

Scr (S) thr thr 

Thr (T) ser ser 

Trp (W) tyr; phe tyr 

Tyr(Y) trp; phe; thr; ser phe 

| Val (V) le; leu; wet; phe; ala; norleucine leu 
. 
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Substantial modifications in the biological properties of tbe antibody are accomplished by selecting 
substitutions that differ significantly in their effect on maintaining (a.) the structure of tho polypeptide 
buck bone in the area of (be substitution, for example, us a sheet or helical conformation, (b) the charge or 
liydropJiobicity of the molecule at the target site, or (c) tbe bulk of the .side chain. .Naturally occurring 

10 residues arc divided into groups based on common side-chain properties: 
(1) hydrophobic: norloucina, met, ala, val, leu, ile; 
(2) neutral hydrophilic: eys, ser, the, 
(3) acidic: asp, glu; 
(4) basic; usn, gin, his, lys, arg; 

15 (5) residues that influence chain orientation; gly, pro; and 
(6) aromatic; tip, tyr, phe. 
NoA-conservati vc substitutions will entail exchanging a member of ooe of these classes for another 

class. 
Any cysteine residue not Involved in maintaining the proper conformation of the anti-CD20 

20 antibody also may be substituted, generally with serine, to improve the oxidative stability of the molecule 
and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to (lie antibody to improve its 
stability (particularly where the antibody is an antibody fragment utich as an Jpv fragment). 

A particularly preferred type of substitutional variant involves substituting one <rr more 
bypcTvariable region residues of a parent antibody (c.g. a humanized or human antibody). Generally, the 

25 resulting v«riant(s) sclccted for further development will have improved biological properties relative to (he 
parent antibody from which they are generated. A convenient way for generating such substitutional 
variants Involves affinity maturation using phage display, Brielly, several hypervariable region sites (•e.g. <y 
1 sites) are mutated to generate all possible ami/jo substitutions at each site. The antibody -variant"; thus 
generated urc displayed in a monovalent fashion from filamentous phage particles as- fusions to the gene Til 

30 product of Ml 3 packaged within each particle. The phase-displayed variants are then screened for their 
biological Activity (e.g. binding affinity) as herein disclosed. In order to identity candidate hypervariable 
region sites- for modification, alanine scanning mutagenesis can be performed to identify hypervariable 
region residues contributing significantly to antigen binding. Alternatively, or additionally, it. may be 
bcncficiaJ to analyze a crystal structure of the antigen-antibody complex to identify contact points between 

35 the antibody and human CD20. Such contact residues and neighboring residues arc candidates for 
substitution according CO die techniques elaborated herein. Oncc such variants are generated, rhe panel of 
variants is subjected to screening as described herein and antibodies with superior properties in one or more 
relevant assays may be selected for further development. 

Another type of amino acid variant of the antibody alters the origi nal glycosylatloti pattern of the 
40 antibody. By altering is meant deleting one or more carbohydrate moieties found Jti the antibody, and/or 

addirtg one or more gly cosy hition sites' that arc not present in the antibody. 
GtyCoSyladon of antibodies' is typically either N-linked or 0-1 inked. N-linked refers to (lie 

attachment of (he carbohydrate moiety to the side chain of an ftsparagitte residue. The tripeptide sequences 
asparagJne-X-serine and asparagine-X-threonine, where X is any amino acid except, proline, are the 
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5 recognition sequences for enzymatic attachment of the carbohydrate moiety to the asparaginic side chain. 
Thus, the presence of cither of these tripeptide scqucnccs in a polypeptide crcutcs a potential glycosylation 
site, O-linked glyuusylau'on refers to tbe attachment of one of'he sugars N-accylgalactosaruioe. galactose, 
Of xylose to a hydroxy ami no acid, most commonly serine or threonine, although 5-bydroxyproline or 5-
hydroxylysine may also be used. 

I () Addition of glycosylation sites to the antibody is conveniently accomplished by altering the amino 
acid Sequence such that .it contains one or more of the abovc-dcxcrlbed trJpeptide sequence? (for N-Udked 
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more 
serine or threonine residues tp the sequence of the original antibody (fbr O-linked glycosylation sites).. 

Nucleic acid molecule? encoding amino acid sequence variants of the anti-CD20 antibody are 
15 prepared by a variety of methods known in (lie an. These methods include, but are not limited to, isolation 

from ft natural source (in the case of naturally occurring amino acid sequence variants) or preparation by 
oligonuclcotide-mediated (or sitc-direcfad) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an 
earlier prepaid variant or a non-variant version of the anti-ClDitO antibody. 

Jit may be desirable to modify the antibody of the invention with respect to effector function, so 
20 as to enhance antigen-dependent cell-mediated eyotoxicity (AJDCC) and/or complement dependent 

cytotoxicity (C0C) of the antibody. This may be achieved by introducing one or more amino acid 
substitutions in ftrt Fc region of the antibody. Alternatively or additionally, cysteine rasidue(s) may be 
Introduced in Che Fc region, thereby allowing intcrchain disulfide bond ftjnrtation in this region. The 
homexJimcric antibody thus generated may have improved internalization capability and/or increased 

25 complement-mediated cell killing and antibody-dependent ccllular cytotoxicity (ADCC). See Caron et al., J. 
ExpMtd. 176:1191-1195 (1992) and Shopes.B. J. trtwiunoL 148:291(^2922(1992). Homodimeric 
Antibodies with enhanced anti-tumor activity may also be prepared using beteroblfunctional cross-linkers as 
described in Wolff et aL Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be 
engineered which has dual Fc regions arid may thereby have enhanced complement mediated lysis and 

50 ADCC capabilities. See Stevenson et aL Anii-Cancer Drug Design 3:219-230 (1989). 
To increase the serum half life of the antibody, one may incorporate a salvage receptor binding 

epitope into the antibody (especially an antibody fragment) as described in U.S. Patent 5,739,277, for 
example. As used herein, the term "salvage receptor binding epitope" refer# to an epitope of tbe Fc region of 
an TgG molecule (e.g., TgGi, IgCy. IgOj, or lgGj) that Is responsible fbr increasing the hi vivo serum half-life 

55 of the TgG molecule. 

Other antibody modifications 
Other modifications of the antibody are contemplated herein. For example, the antibody may be 

linked to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, 
40 polyoxyalkylcrws, or copolymers of polyethylene glycol and polypropylene glycol. The antibody also may 

be entrapped in microcapsules prepared, for example, by coacervation techniques or by intcrfacial 
polymerization (lbr example, hydroxymethylcellulose or gelaiin-miarocapsules and poly-
(njelhylmctbacyJatc) microcapsules, respectively), in colloidal -drug delivery systems (for example, 
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5 liposomes, albumin microspheres, roicroemulsion.?, nano-partiele.? and nartOoapxules), or In macroemulsions. 
Such techniques arediscJosed in Remington'sPharmaceuticalScicrtces, J6tli edition, Qslo, A., Ed.t (1980), 

Screening for antibodies with the desired properties 
Antibodies with certain biological characteristics may be selected as described in the Experimental 

10 Examples. 

The growth Inhibitory effcct? of mi <mti-CD20 antibody of the invention may be assessed by 
methods known in the art, e.g., using cells which express CD20 cither Cndogenously or following 
trans feet ion with the CD20 gene. For example, tumor cell lines and CD20-tcansfectcd cells may treated with 
an anti^CD20 monoclonal antibody of the invention at various concentrations for a few days (e.g., 2-7) days 

15 and stained with crystal violet or MTT or analyzed by some other colorinietric assay. Another method of 
measuring proliferation would bs by comparing 3H-tbymidinc uptake by tbe cells treated in the presence or 
absence art anti-CD20 antibody of the invention. After antibody treatment, the cells are harvested and the 
amount of radioactivity incorporated into the DNA cjuanUtatcd in a scintillation counter. Appropriate 
positive controls include treatment of a selected cell line with a growth inhibitory antibody Icnown to inhibit 

20 growth of that cell line. 
To sclcct for antibodies which induce ccll death, loss of membrane integrity as indicated by, e.g., 

propidiuni iodide (PI), trypan blue or 7AAD uptake may be assessed relative to control. A PI uptake assay 
can be performed in tbe absence Of complement aod immune effector cclls. CD20-expressi<jfi tumor cell* 
arc incubated with medium alone or medium containing of the appropriate monoclonal antibody at e.g, about 

25 10|ig/ml. The cells are Incubated for a 3 day time period. Following each treatment, cclls are washed and 
aliquoted into 35 mm strainer-capped 12 x 75 tubes (1ml per tube, 3 tubes per treatment group) lor removal 
of cell clumps. Tubes then receive FT (lOjig^11)- Samples may be analyzed using a FACSCAN™ flow 
cyrometcrand FACSCONVER'I™ CellQuest software (Bccton Dickinson). Those antibodJ.es wliich induce 
statistically significant levels of cell death as determined by Pr uptake may be selected as cell death-inducing 

30 antibodies, 
To screen for antibodies which bind to ao epitope on CD20 bound by an antibody of interest, a 

routine cross-blocking assay such as that described la Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed Harlow and David Lane (198ft), can be performed. This assay can be used to determine if a 
test antibody binds the same site or epitope as an anti-CD20 antibody of the invention. Alternatively, or 

35 add! tJotially, epitope mapping can be performed by methods known Jui tine art. Fox example, the antibody 
scqucnco can be rnutagenized such as by alanine scanning, to identify contact residues. The mutant antibody 
is (nitailly tested for binding with polyclonal antibody to ensure proper folding. In a different method, 
peptides corresponding to different regions of CD20 Can be used in competition assays with the test 
antibodies or with a test antibody and an antibody with a characterised or known epitope. 

Vcctors, Ifo.rt Cells and Recombinant Methods 
The invention also provides an isolated nucleic acid encoding a humanized CD20 binding antibody, 

vectors and host cc/ls comprising (he nucleic acid, and recombinant, techniques for the production of the 
antibody. 
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•* For recombinant production of die antibody, the nucleic acid encoding It is isolated and inserted 
into a explicable vector lor further cloning (amplification of tbe DNA) or for expression, DNA encoding tbe 
monoclonal antibody is readily isolated and sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding specifically to genes encoding the h&avy and light chains 
of the antibody), Many vectors are available. The vector components generally include, but are not limited 

10 to, one or more of tbe following: a signal sequence, an origin of replication, one or more marker genes, an 
enhanecr clement, a promoter, and a transcription termination sequence. 

(I) Signal,sequence component 
The CD20 binding antibody of this invention may be produced rccombiM fitly not only directly, but 

also as a fusion polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other 
1 5 polypeptide having a specific eleavage site at the fJ-terminus of the /nature protein or polypeptide. The 

heterologous signal sequence selected preferably is one that is recognized and processed (£<?., cleaved by 0 
signal peptidase) by (he host cell. For prokaryotic host cell? that do not recognize and process the native 
CD20 binding antibody signal sequence, the signal sequence is substituted by a prokaryotic signal sequence 
sclcctcd, for example, from the group of the alkaline phosphatase, penicillinase, lpp, or heat-stable 

20 cntcrotoxitt 11 leaders. For yeast secretion the native signal sequence may 1>e substituted by, e.g., the yeast 
invcrtasc leader, (x factor leader (including Saccharomyces and Kluyvcramyces tx-factor leaders), or acid 
phosphatase leader, the C albicans glucoamylasc leader, or The signal described in WO 90/ J 3646. in 
mammalian cell expression, mammalian signal sequences as well as viral sccrctory leaders, for example, the 
herpes simplex gD signal, are available, 

25 The DNA for such precursor region is ligatad in reading frame to DNA encoding the CD20 binding 
antibody, 

(H) Origin Of replication 
Uolh expression and cloning vcctors contain a nucleic acid sequence llinl enables the vcctor to 

rcplicatc in one or mora selected host cells. Generally, in clotting vectors this scqucncc is one that enables 
30 the vector to repJicute independently of the host chromosomal DNA, and includes origins of replication or 

autonomously replicating sequences. Such sequences ore well known for a variety of bacteria, yeast, and 
viruses, The origin of replication from (he plasmid pl3R322 is suitable for most Gram-negative bacteria, the 
2f* plawnid origin is suitable for yeast, and various vkal origins (SV40, polyoma, adenovirus, VSV or BPV) 
arc useful for cloning vectors in mammalian cells. Generally, the origin of replication component is not 

35 needed for mammalian expression vcctors (the SV40 origin may typically be used only because it contains 
ihc early promoter). 

(Hi) Selection gene component 
Expression and cloning vectors may contain a sclcction gene, also termed a selectable marker. 

Typical sclcction genes encode proteins that (a) confcr resistance to antibiotics or other toxins, e.g., 
40 umpicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 

critical nutrients not available from complex media, e.g., the gene encodingD-alanine racemase for BaciUi-
Ooe example of a selection scheme utilizes a drug to arrest growth of a host ceil. Those cells lliat 

are successfully transformed with a heterologous gene produce a protein conferring drug resistance and thus 
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.1 survive the selection regimen. "Examples of such dominant selection use the drugs neomycin, mycophenolic 

acid and ItygrOrtiyclrt. 
Another example of suitable selectable markers for mammalian eells tiro Jho.so that enable the 

identification of cells competent to take up the CJ>20 binding antibody nucleic acid, such as DHFR, 
thymidine kinase, mctallothioncin-l and -IT, preferably primate metallothionein genes, adenosine deaminase, 

10 ornithine decarboxylase, £ti\ 
For example, cells transformed with the DHFR selection gene are first identified by cuiuirinfi all of 

the transformants in a culture medium that contains methotrexate (MtX). a competitive antagonist of DHFR. 
An appropriate bost cell when wild-type DHPR is employed is the Chinese hamster ovsay (CHO) ccll line 
deficient in DHFR activity (e.g., ATCC CRL-9096). 

15 Alternatively, host cells (particularly wild-type hosts that, contain endogenous DHFR) transformed 
or co-transformed with DNA sequences encoding CD20 binding antibody, wild-type DHFR protein, and 
another selectable marker such as aminoglycoside 3-pbosphotr.msfcrasc (APH) can be selected by cell 
growth lit medium containing a selection agent fbr the selcetablc marker such as an aminoglycoside 
Antibiotic, e.j>„ kanamycln, neomycin, or G418. See U.S. Patent No. 4,965,199. 

2f> A suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid YRp7 
(Sflnchcomb el <xL Nature, 282:39 (1979)). The trpl gene provide a selection marker for a mutant strain of 
yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP-4-1. Jones, Gcturticx, 
85:12(1977). Theprcscttceof ihcrrpt lesion in the yeast.hosr cell genome thett provides an cffoeSve 
environment fbr detecting transformation hy growth in the absence of tryptophan. Similarly, £c«2-defjcient 

25 yeast strains (ATCC 20,622 or 38,626) are complemented by known jplasmids bearing fhc LcUT. gene. 
In addition, vectors derived from the 1.6 ftm circular plajmid pKl>J can be used for transformation 

of K/uyveromycct yeasts. Alternatively, an expression system for large-scale production of recombinant calf 
chymosin wan reported for K, lactis. Van den Berg, Bio/Technolofty, 8:135 (1990). Stable multi-copy 
expression vectors for secretion of mature recombinant human serum albumin by industrial strains of 

30 Kluyueromyces have also been disclosed. Fleer et al, Bio/Technotogy, 9:968-975 (1991). 
(iv) Promoter component 
Expression and cloning vectors usually contain a promoter that is recognized by the host organism 

and is opcrably linked to the nucleic acid encoding the CD20 binding antibody. Promoters suitable for use 
with prokaryotic hosts include the phoA promoter f p-laetamasc and lactose promoter systems, alkaline 

35 phosphatase promoter, a tryptophan (tip) promoter system, and hybrid promoters such as the tac promoter. 
However, other known bacterial promoters arc suitable. Promoters for use in bacterial systems also will 
contain a Shine-Dalgarno (S-D.) sequence opcrably linked to the DNA encoding the CD20 binding antibody. 

Promoter scqucnccs arc known for eukaryOles. Virtually all cukaryotie genes have an AT-rieh 
region located approximately 25 to 30 bases upstream from the site where transcription is initiated. Another 

40 sequence found 70 to 80 bases upstream from the start of transcription of many genes is a CNCAAT region 
where N may be any nucleotide. At the 3' end of most cukaryotie gene? is an AATAA A sequence tlwt may 
ho the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these sequences arc 
suitably Inserted Into eukaryotlc expression vectors. 
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5 Examples of suitable promoter sequences for use with yeast hosts Include the promoters for 3-
phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyccraldehyde-3-phosphatc 
dehydrogenase. hexoki71a.se, pyruvate decarboxylase, phosphofhictokinase, glucose«6-phosphate i50mcra.se. 
3-phosphofilyeerutc mulase, pyruvate kinase, triosephosphale isomerase, phosphoglucose isomerasc, and 
glucokinasc. 

10 Other yeast promotere, which are inducible promoters having the additional advantage of 
transcription controlled by growth conditions, arc the promoter regions for alcohol dehydrogenase 2, 
Isocytochromo C, acid phosphatase, degradaftve enzymes associated with nitrogen metabolism, 
motallothioncin, glyccraldehyde-S-pbosphnte dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Suitable vectors and promoters for use in yeast expression are further described in EP 

f 5 73,657, Yeast enhancers also are advantageously used with yeast promoters. 
CD20 binding antibody transcription from vectors in mammalian host cells Is controlled, fcjr 

cxamplc, by promoters obtained from the genomes of viruses such as polyoma virus, fowl pox virus, 
adenovirus (such as Adenovirus 2), bovine papillojna vims, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatlfis-B vims and most preferably Simian Virus 40 (SV40), from heterologous mammalian 

20 promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock promoters, provided 
such promoters are compatible with the host cell systems. 

The early add late promoters of the SV40 virus are conveniently obtained as an SV40 restriction 
fragment that also contains (he SV40 viral origin of replication. Hie immediate early promoter of the human 
cytomegalovirus 5s conveniently obtained as a HindlE E restriction fragment- A system for expressing: DNA 

23 In mammalian hosts using the bovjne papilloma virus as a vector is disclosed in U-S- Patent No. 4,419,44ft. 
A modification of (bis system is described in U.S. Patent No. 4,601,978. Sec also Reyes et aL, Nature 
297:59ff-601 (19X2) 00 expression of human interferon cDNA Itl mouse cells under the control of a 
thymidine kinase promoter from herpes simplex vims. Alternatively, the Rous Sarcoma Virus long terminal 
repeal can be used as the promoter. 

30 (v) Enhan&s dement component 
Transcription of a DNA encoding the CD20 binding antibody of this invention by higher 

cukaryotes is often increased by inserting an enhancer sequence into the vcctOf. Marty enhancer sequences 
ore now known from mammalian genes (globin, elastase, albumin, (^fetoprotein. and Insulin). Typically, 
however, one will use an enhancer from a eukaryotlo cell virus. Examples includc tho SV40 enhancer on the 

35 late side of the replication origin (bp 100-270), the cytomegalovirus early promoter enhancer, the polyoma 
cnhanccr on tho lato side of the replication origin, and adenovirus enhancers. See also Yaniv, Nature 
297:17-18 (1982) on enhancing elements for activation of eukaryotic promoter?. The enhanccr may be 
spliced into (he vector at a position 5' or 3' to lhc CD20 binding antibody-encoding sequence, but. is 
preferably located at a site 5" from tbe promoter. 

-40 (vl) Transcription termination Mfnponent 
Expression vectors used in eukaryotic host cclls (yeast, fungi, insect, plant, animal, human, or 

nucleated cells from other multicellular organisms) will also contain sequences neccssary fbr the termination 
of transcription a/id for stabilizing the mRNA. Such sequences are commonly available from the 5* and, 
occasionally 3", untranslated regions of eukaryotic or viral DMAs orcDNAs. These regions contain 

30 



5 nucleotide segments transcribed as polyadenylated fragments in the untranslated portion of the niRNA 
encoding CD20 binding antibody. One useful transcription termination component is the bovine growth 
hormone polyarienylatiOrt region. See W094/J1026 and the expression vector disclosed therein, 

(vii) Selection and transformation of host cells 
Suitable host cells for cloojng or expressing the DNA in tbe vectors herein are the proloryotc, 

(0 yoatrt, or higher eukaryote cells described above. Suitable pro"kiiryotes for this purpose include eubacterin, 
such as Gram-negative or Gram-positive organisms, for example, Ettlerobacrariaceae such as Escherichia, 
<t.p„ E. coli, Enterobacter, Envinla, Klebsiella, Proteus, Salmonella, e.g., Salmonella lyphtmuriam, Sarralia, 

Sarratla marccsaxm, and Shigella, m well fts Bacilli such as B. subtitis and B- Ucheniformis (e.g., B. 
Uchamformls 41P disclosed In DP 266,7 to published 12 April 1969), PxeudonwnaS snob as P. aeruginosa, 

15 and Slreptomyces. One preferred E, coll cloning host is E, coli 294 (ATCC 31,446), although other strains 
such as E. coti B, £ coli X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325) are suitable. These 
examples are illustrative rather than limiting. 

Full length antibody, antibody fragments, and antibody fusion proteins can be produced in bacteria, 
iit particular when glycosylstlon and Fc effector function are not needed, such as when the therapeutic 

20 antibody is conjugated to a cytotoxic agent (e.g., A toxin) and the immunoconjugate by itself shows 
effectiveness in tumor cell destruction. Full length antibodies have greater half life In circulation. 
Production in E. coli is faster and more cost efficient. For expression of antibody fragments and 
polypeptides to bacteria, sec, U.S. 5.648,237 (Carteret al.)t U.S. 5,789.199 (Joly eta?.), and U.S. 
5.H40,523 (Simmons et al.) which describes translation initiation region (T1R) end signal sequences fbr 

25 optimizing expression and secretion, tbeso patents Incorporated herein by reference. After expression, the 
" antibody Is Isolated from the E. coli ccll paste >n a soluble fraction and can be pudfied through, e.g., a 

protein A or G column depending Ort the Isotype- Final purification cart be carried out similar to the process 
for purifying antibody expressed c,g,; in CHO cells. 

In addition to proJcaiyotes, eukaryotic microbes such as filamentous fungi or yeast pre suitable 
30 cloning or expression hosts for CD20 binding antibody-encoding vectors. Saccharamyces cere vis fas, or 

common baker's yeast, is the most commonly used among lower eukaryotic host microorganisms. However, 
a number of other genera, species, and strains are commonly available and useful herein, such as 
SchizPiuceharomyccs pomhe\ KUtyveromyces hosts such as, e.g„ K, fact is, K. fbigllls (ATCC 12,424), K. 
iHtlguri&iS (ATCC 16,045), K. wickirmil (ATCC 24,178). K. wulUi (ATCC 56,500), K. dmsophilarum 

35 (ATCC 36,906), K. ihcrmatolcrwvs, and K, marxianu.r; yarrowla (EP 402,226); Plchia paxtoris (EP 
183,070); Candidas Trichodcrma rccsia (EP 244,234); Ncurospnra craw, SchmmriiOfttyces such a« 
Schwanniotnycas occidentalis; md filamentous fungi such as, e.g., Neurospora, Penlcillium, Tolypocladiuttu 
and Aspergillus hosts such as A. nididtms and A. nlger. 

Suitable host ceJJs for the expression of glycosylated CD20 binding antibody are derived from 
40 multicellular organisms. Examples of invertebrate cells include plant and insect cells. Numerous 

baculovlral strains and variants and corresponding permissive insect host cells from hosts such as 
Spodoptc.rafrugipcrda (caterpillar), A tides acgyptc (mosquito), Aedvs albapicius (mosqtuto). Drosophlla 
nielunoguster (fniitfly), and Bombyx mod have been identified. A variety of viral Strains for transfeetion are 
publicly available, e.g., IheL-J variant of Autographa californka. NPV and the Bm-5 strain of Bombyx mod 
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5 NPV. and sucb viruses may be used a$ (be virus herein according to tbe present invention, particularly for 
transfeetion of Spodoptera fwgiperdu cells. 

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and tobacco can also be utilized 
as hosts. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture 
10 (tissue eulture) has become a routine procedure. Example? of useful Mammalian host cell lines are monkey 

kidney CVI line transformed by SY40 (COS-7, ATCC CRL1651): human crnbryonic kidney line (2D3 or 
293 cells subclone^ for growth in suspension culture, Graham tl al, J. Gen Virol 36:59 (1977)): baby 
hamster kidney cells (BHK, ATCC OCT-10); Chinese hamster ovary ccHsADHFR (CHO, Uriaub et al, 
Proc. Net!, Acad. Sc.L USA 77:4216 (1930)); mouse Sertoli cells (TM4, Mather, BioL Reprod. 23:243-251 

15 (1980) ); monkey kidney cells (CV J ATCC CCL 70); African green monkey kidney cells (VKRO-76, ATCC 
CRL-1587); human cervical carcinoma cells (llGLA, ATCC CCL 2); canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL J442); human lung cells (Wl33, ATCC CCL 75); 
human liver cclls (Hep G2, HB 8065); mouse mammary tumor (MTVTT 0605(32, A'Jt'CC CCL31); TRI colls 
(Mather nt/rl, Annals N-X. A.ceui Sci. 383:44-68 (1982)); MRC5 cclls; FS4 cells; and a human hepatoma 

20 lino (Hep G2). 
Host cclls are transformed with the above-described expression or cloning vectors for CD2U 

binding antibody production and cultured in conventional nutrient media modified as appropriate for 
inducing promotions, selecting traasfomaiits, or amplifying the genes encoding the desired sequences. 

(vtU) CuUuring tiic host ceils 
25 The host Cells used to produce the CD20 binding antibody of flits invention may be cultured In a 

variety of media, Cooxmercially available media such as Ham's F] 0 (Sigma). Minimal Essential Medium 
((MEM), (Sigma). RPM1-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are 
suitable for eul luring the host cells. In addition, any of the media described in Ham et al., Meth, Enz. 58:44 
(1979), Barnes etal, Awl Biochetn. 102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762: 
4.560,655: or 5,122.469; WO 90/03430; WO 87100195; or U.S. Patentee. 30,985 may be used as culture 
media A>r the host cellc, Any of these media may be supplemented «e neccuwuy 'with hormoncn andSor other 
growth factors (such as insulin, transferrin, or epidermal growth factor), sails (such as sodium chloride, 
calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as adenosine and 
thymidine), antibiotics (such as GENTAMYCIN™ drug), trace elements (defined as inorganic compounds 
uKually present at final concentration*; in the micromolar range), and glucose or an equivalent energy source. 
Any other necessary supplements may also be included at appropriate concentrations that would be known to 
those skilled in the art. The culture conditions, such as temperature, pH, and the like, are those previously 
used with the host cell selected for expression, and will be apparent to the ordinarily skilled artisan. 

(ix) Purification of antibody 
When using recombinant techniques, the antibody can be produced inlracellularly, in the 

periplasmic space, or directly secreted into the medium. If (he antibody is produced intracelhilarly. as a first 
Step, the particulate debris, either host cclls or lysed fragments, are removed, for example, by centrifugation 
or ultrafiltration. Carter et al, Eto/Technology 10:163-167 (1992) describe a procedure for isolating 
antibodies which are secreted to the periplastic space of B. coli. Briefly, cell paste is thawed in the 
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5 presence of sodium acetate (pH 3.5), BDTA, and phcnylmethylsuj.foiiylfhioridc (PM.SF) over about 30 rain. 
Ccll debris can be removed by cenlrifugution. Where the antibody js sccreted into tbe medium, supernatant* 
from such expression systems arc generally first concentrated using a commercially available protein 
concentration filter, for example, an' Ajtiicoa or Milliporc PeTlicon ultrafiltration unit. A protease Inhibitor 
Kuoh as PMSF may be included in any of the foregoing steps to inhibit proteolysis and antibiotics may be 

10 included to prevent the growth of adventitious contaminants. 
The antibody composition prepared from the cells cax) bo purified using, for example, 

hydroxylapatitecbroflifttogrrtpliy, gel electrophoresis, dialysis, and affinity chromatography, with affinity 
chromatography being the preferred purification technique. The suitability of protein A as an affinity ligand 
depends on the species and isot.ype of my immunoglobulin Fc domain that is present in tho antibody. 

15 Protein A can be used to purify antibodies that Arc based on human yl, -fi, or l4 heavy chains (Lindmark et 
al, J, Immunol Melh. 62:1-13 (1983)). Protein G is recommended foralJ mouse isotypes and lor human y2 
(GUSH et aL, EMBQJ. 5:15671575 (1986)). The matrix to which the affinity ligand is attached is most often 
agarose, but other matrices are available. Mechanically stable matrices such as controlled pore gjpss Of 
poly(sfyrenedivioyl)beozene allow for faster /low rates and shorter processing times than can be achieved 

20 with agarose. Where the antibody comprises a c«3 domain, the Balcerbond ABX™resin (J. T. Baker, 
Phillipsburg. NJ) is useful for purification. Other techniques for protein purification such as fractionation on 
an ion-cxchange column, Cthanol precipitation, Reverse Phase IJPLC, chromatography on silica, 
chromatography on heparin SEPHAROSB™ chromatography on an anion or cation exchange itshi (such as 
a polysspartfc acid column), chromatofocusltig, SDS-PAGE, and ammonium sulfate precipitation arc also 

25 available depending on (lie antibody to be recovered, 
Following any preliminary purification S(ep(S), the mixture comprising the antibody of interest and 

contaminants may be subjected to low pH hydrophobic interaction chromatography using an ekition buffer 
at a pH between about 2.5-4.5, preferably performed at low saJ.t concentrations («•.£., from about 0-0.25M 
salt). 

30 
Antibody conjugates 

The antibody tnay be conjugated TO a cytotoxic agent such as a toxin or a radioactive Isotope. In 
certain embodiments, (lie toxin is callcheainlcui, a maytansinoid, a dolastatin. auristatin B and analogs or 
derivatives thereof, are preferable 

35 Preferred drugs/toxins include DNA damaging agents, inhibitors of microtubule polymerization or 
dcpolymeri/ation and antimetabolites. Preferred classes of cytotoxic agents include, for example, the 
enzyme Inhibitors sucb as dihydrctfblate reductase inhibitors, and tbymidylate synthase inhibitors, DNA 
intercajators, DNA olca vers, topoisomerase Inhibitors, ihcf.nthracyciine family of drugs, the vinca drugs, the 
mitomycins, the bleomycins, the cytotoxic nucleosides, the picridine family of drugs, diynenes, the 

40 podophyllytoxins and differentiation inducers. Particularly useful members of those classes include, for 
example, methotrexate! methopterin, dicb (oromethotrexate, 5-fluorout'acil, 6-niercaptopurlne, cytosine 
urubinoside, melphalan, leurosloe, leurosldejne, aetinomycin, daunorubicin, doxorubicin, N-(5.5-
diaoctoxypentyl)doxorub!ejn. morpholino-doxorutx'cln, l-(2-choroehthyl)-l,2-dimethanesulfonyl liydrazide, 
NR-acefyl spermidine, aminopterin met.hop'.erin, esperamicin, mitomycin C, mitomycin A, ac7,inomycin, 
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5 bleomycin, carmmomyoin, iiminopterin, tallysomycin, podophyllotoxlrt aa<l podophyiloroxin derivatives 
such os etoposide or etoposide phosphate, vinblastine, vincristine, vindcsinc, taxol, taxotere, retinoic acid, 
butyric acid. Ns'aectyJ spermidine, pamptothccin, ealicheamicin. bryostutins, cephalpstatins, nn.sumitocin, 
aetosin, niayumsinolds such as DM-1, mnyransine, maytftnsinol, N-dc.smetliyl-4,5-d<;scfH)xymayuinsino.(, C-
19-dechlorotnaytansinol, C-20-hydroxymaytansiaol, C-2f)-demetljoxyjiiaytansin«l, C-9-SH maytausiriol. C-

)0 14-aikoxyniethyliriaytansinol, C~]4-hydroxy or aeetyloxytnetlilmaytansinol, C-15-
liydrozy/acetyloxymaytansinol, C-15-t)ietfioxyfttaytiwsinol, C-18-N-demerhylmaytan,sinol and 4,5-
dcoxymayunsino), auristatins such as auristatin E, M, PHE and PE: dolostatins such as dolostatin A, 
dolostatin B, dolostatin C, dolostatin D, dolostatin B (20-epi and 11-epi), dolostutin G, dolostatin H, 
dolostfilin 1. doliwtatin 1, dolostatin 2, dolostatin 3, dolostatin, 4, dolostatin 5, dolostatin 6, dolostatin 7. 

15 dolostatin 8, dolastatin 9, dolostatin 10, deo-dolostatfo 10, dolostatin 11, dolostatin 12, dolostatin J 3, 
dolostatin 14, dolostatin 13, dolostatin 16. dolostadn 17, and dolostatin 18; eephalostatins such as 
cephalostatin 1, cephalostatin 2, cephalostatin 3, cephalostatin 4, cephalostatin 5, cephalostatin 6, 
ccphalostai.in 7,2S-ept-cepbA)ostatiJl 7,20-epi-ceplialostatin 7, ccphaloatatin 8, cephalostatin 9, 
cophalostatin 10, cephalostatin 11,cephalostatin 12,cephalostatin 13,ccphtilo:;tutin 14, cephalostatin 

20 IS.cephaiosiatio ) 6,cephalostatin 17, cephalostatin 18, and cephalostatin 19.. 
MaytansinoJds are mitototic inhibitors which act by inhibiting tubulin polymerization. Maytansine 

was first isolated froco the east African shrub Mayltnus serrate (U.S. Patent No, 3.-8%, 111). Subsequently; 
it was discovered that certain microbes also produce inaytonshioids, such as maytacsinoJ and C-3 
TTiaylanrinol esters (U.S. Patent No. 4,151,042). Synthetic maytansrno! and derivatives and analogues 

25 thereof are disclosed, for example, in U.S. Patent Nos. 4, f 37,230; 4,248,870; 4,256,746; 4,260.608; 
4.265,814; 4,294,757; 4,307,016; 4,308,268; 4,308,269; 4.3G9/42R; 4.313,946; 4,315,929; 4,317,821; 
4.322,348; 4,331,598; 4,361,650; 4,3 64,866; 4,424.219; 4,450,254; 4,362,663; and 4,37 J ,533, ihe 
disclosures of which are hereby expressly incorporated by reference. 

Maytajjsine and njaytanstnoids have been conjugated to antibodies specifically binding to tumor 
30 cell antigens, Imnwiioconjugat&s containing maytansinoids and their therapeutic use are disclosed, for 

example, in It.S. Patent Nos. 5,208,020, .'5,416,064 and Hiiropean Patent HP 0 425 235 1(1. the disclosures of 
which arc hereby expressly incorporated by reference. Liu ct aL, Proc. Natl. Aead. Sci. USA 93:8618-8623 
(1990) described i»mi unconjugate? comprising a maytansinoid designated DM1 linked to the monoclonal 
antibody C242 directed against human colorectal cancer. The conjugate was found TO be highly cytotoxic 

35 towards cultured colon cancer ceils, and showed antitumor activity Jr> ao in vivo tumor growth assay. Chari 
ct al. Cancer Research 52:127-131 (1992) describe JoJiflWtQconjugates ill which a maytansinoid was 
conjugated via a disulfide linker to the murine anlibody A7 binding to ail atltigeti oil human colon cancer cell 
lines, or to another murine monoclonal antibody TA1 that binds the HER"2Jneu oncogene. 

There are many linking groups known In tbe art for ranking antibody-waytanslnoid conjugates, 
40 including, for example^ those disclosed in U.S. Patent No. 5,208,020 or EP Patent 0 425 235 B1, and Chari 

ct al Cancer Research 52: 127-131 (1992). The linking groups include disufide groups, thioether groups, 
Mid labile groups, photolabile groups, peptidase labile groups, or esterase labile groups, us disclosed in tbe 
above-identified patent.?, disulfide and thioether groups being preferred. 
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5 Conjugates of the antibody and maytansinoid may be made using a variety of bi functional protein 
coupling agents such as N-succln]mldyi-3-(2-pyridy1dithio) propionate (SPDP), succinimidyM-(N-
nialeimidotuethyl) cycJohexane-!-carbnxylatc, iminolhiolane (ri'), bifuactional derivatives of imidoesters 
(such as dimethyl adipimidaie JHCL), active esters (such as disuccinimidyl subcratc), aldehydes (Such as 
glutareldehyde), bis-axido compounds (Such as bis (p-az)dobenzoyl) hexanediamine), bis-diazomum 

JO derivatives (such as bis-(p-diaxoniumbcn2oyl)-ethyleoediamii)e). diisocyanates (such os toluene 2,6-
diisocynnate), and bis-active fluorine compounds (such as i,5-dilluoro-2,4-di nitro b enzen o), Particularly 
preferred coupling agents include N-5Cccinimidyl-3-(2-pyridylditbio) propionate (SPDP) (Curlssoti at aL, 
Rinc/tnm. J. 173:723-737 1197HJ) find N-succiitfmtdyl-4-(2-pyridyJt)iio)per*tnnoate (SPP) to provide for a 
disulfide linkage, 

15 The linker 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 hydroxyl group using 
conventional coupling techniques. Hie reaction may occur at tbe C-3 position having a hydroxyl group, the 
C-14 position modified with hyrdoxymethyl, the C-I5 position modified with a hydroxyl group, and the C-
20 position having a hydroxyl group. In a preferred embodiment, the linkage is formed at the C-3 position 

20 Of maytansinol or a maytansinol analogue. 

Callchcttmicin 
Another iiatttunocoju jugate of interest comprises an CU20 binding antibody conjugated tx» one or 

mono calichdamiein molectdes, lh« caGchearoicin family of antibioticE are capable of producing double-
25 stranded DNA breaks at sub-picomolar concentrations. For the preparation of conjugates of the 

caiicheamicio family, see U-S. patents 5.712,374,5,714,5tf6,5,739,1 16,5,767,285,5,770,701,5,770,710, 
5,773,001,5,5577.296 (all to American Cyan amid Company). Structural analogues of calicheamicin which 
may be used include, but aire not limited to, 7<f, Ct?', ft?', N-acetvl-y/, PSACJ and ft'i (Hinman et aL Cancer 
Research 53:3336-3342 (1993), Lode et aL Cctticcr Research 58:2925-2928 (1996) and the aforementioned 

30 U.S. patents to American Cyanamid). Another anti-tumor drug that the antibody can be conjugated i$ QFA 
\wblch If an <»nrifol»t« Rnfh nal ichfinm ir.i n and QFA have; intracellular si/os of action and <1rt nOl rrtrtdify 

cross the plasma membrane. Therefore, cellular uptake of these agents through airtibody mediated 
itJtemaIi7atioi» greatly enhances their cytotoxic effects. 

Radioactive isotopes 
For selective destruction of the tumor, the antibody may comprise a highly radioactive atom, A 

variety of radioactive isotopes are available for the production of radioeonjugatcd anti-CD20 antibodies. 
Examples include At211,113', l'25, Yw, RelW, Re'w, Sm's?, Bi2'2, P31, Pb213 and radioactive isotopes of Lu. 
When the conjugate is used for diagnosis, it may comprise a radioactive atom for scintigraphic .studies, for 
example to«m or I123. or.a spin label for nuclear magnetic resonance (NMR) imaging {also known as 
magnetic resonance imaging, rnri), such as iodine-123 again, iodine>-l3l, ifidltim-l 11, fluorlne-19, carbofl-
13, niu'ogtin-15, oxygejti-17, gadolinium, mangane.se or iron. 

The radio- or other labels may be incorporated in the conjugate in known ways, For example, the 
peptide may be b.iosyntbesized or may be synthesized by chemical amino acid synthesis using suitable amino 
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S acid precursors involving, for example, fluorine-IP in place of hydrogen. Labels such as re5*7* or l'a, -Rc,wi, 
RCIHX and In"1 can be attached via a cysteine residue in the peptide. Yttrium-90 can be attached via a lysine 
residue. The JODOGBN method (Fraker et al (1978) Biochem. Biopliys. Res. Comrnun. 80-' 49-57 Can be 
used to incorporate indine-123. "Monoclonal Antibodies lAlmmunoscintigraphy" (Cllfttal.CRC Press 1989) 
describes other methods In detail 

J 0 Conjugates of the antibody and cytotoxic agent may be made using a variety of Afunctional protein 
coupling agents such as N-succinimidyl-3-(2-pyt'ldyldithio) propionate (SPDP), SuceinirnidyM-(N-
ntaleimidomethyl) cyclohexane-J-carboxyiatc, iminothiolane (IT), bllWctJonul derivatives of liuldoestcrs 
(such us dimethyl ndipimlcJate UCL), active esters (such as disuccinimidyl suberafe), aldehydes (such as 
glutareldehydc), bis-a/.ido compounds (such as bis (p-uzidnbcnzoyl) bexanediaminu), bi.s-diazonium 

15 derivatives (such as bis-(p-diazoniumbojwwyl)-cthy1&nediamine), dilsocyatitUes (such as tolyene 2,t>-
<lHsncyanatt), and bJs-active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobcnzcnc). For example, a 
rich lirwunocoxin can be prepared as described in Vitetta <?/ al Science 23$: 1098 (1987). Carbon-14-
labeled l-isott)ioCyanatobcnvsyl-3-mcthyldieihy!ene triaminepentaacetlc acid (MX-DTPA) !s an exemplary 
chelating agent for conjugation of nidionucleotidc to the antibody. See W094/11026. The linker way be a 

20 "clcavablc linker" facilitating release of the cytotoxic drug in the ceil. For example, an acid-labile linker, 
pcpridase-sensitlve linker, photolabile linker, dimethyl linker or disulfide-containing linker (Char!«(al 
Cancer Research 52: 127-131 <1992); ti.S. Potent No. 5,208,020) way bee$cd. 

Tltcrapcutic Uses of the binding Antibodies 
25 The CD20 binding antibodies of the invention arc useful to treat a number of malignant and non-

malignant diseases including autoimmune diseases and related conditions, and CD20 positive cancers 
Including B cell lymphomas ond leukemias. Stem cclls (B-cell progenitors) in bono marrow lack the CD20 
antigen, allowing healthy B-cells to regenerate after treatment attd return to normal levels within several 
months. 

30 Autoimmune diseases or autoimmune related conditions include arthritis (rheumatoid arthritis, 
juvonile rheumatoid arthritis, osteoarthritis, psoriatic arthritis), psoriasis, dermatitis including atopic 
dermatitis; chronic autoimmune urticaria, polyjtiyositis/dertnatoinyosids, toxic epidermal necrolysis, 
systemic scleroderma and sclcrosis, responses associated with inflammatory bowel disease (IBD) (Crolin'a 
disease, ulcerative colitis), respiratory distrcsK syndrome, adult respiratory distress syndrome (ARDS), 

35 meningitis, allergic rhinitis, encephalitis, uveitis, colitis, glomerulonephritis, allergic conditions, eczema, 
asthma, conditions involving infiltration of T cells and chronic inflammatory responses, atherosclerosis, 
autojjujtituoe myocarditis, leukocyte adhesion deficiency, systemic lupus erythematosus (STJR), lupus 
(Including oephrllfc, non-renal, discoid, alopecia), juvenile onset diabetes, multiple sclerosis, allergic 
encephalomyelitis, immune responses associated with acute and delayed hypersensitivity mediated by 

40 cytokines and T-lymphocyles, tuberculosis, sarcoidosis, granulomatosis including Wegener's 
granulomatosis, agranulocytosis, vasculitis (including ANCA), aplastic anemia, Coombs positive anemia, 
Diamond Rlackfan anemia, immune hemolytic anemia including autoimmune hemolytic anemia (A Iff A), 
pernicious anemia, pure red cell aplasia (PkCA), Factor V1H deficiency, hemophilia A. autoimmune 
neutropenia, pancytopenia, leukopenia, diseases involving leukocyte diapedesis, CNS inflammatory 
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5 disorders. Multiple organ injury syndrome, myasthenia gravis, antigen-antibody complex mediated diseases, 
anti-glomcrular basement membrane disease, anri-phosphuiipid antibody syndrome, allergic neuritis, Beclict 
disease. Casrlcman's syndrome, Goodpasture's Syndrome, Lambcrt-Tsaton Myasthenic Syndrome, Reyilaud's 
syndrome. Sjorgen's syndrome, Stevens-Johnson syndrome, solid organ transplant rejection (including 
protroatiueni lor high panel reactive antibody titers, TgA deposit in tissues, etc), graft versus host disease 

10 (G VHD), pemphigoid bullous, pemphigus (a)J including vulgaris, folfacetis), autoimmune 
poJyendocrinopatbicx, Reitor's disease, stiff-man syndrome, slant cell arteritis, immune complex nephritis, 
IgA nephropathy, igM polyneuropathies or TgM mediated neuropathy, idiopadiic thrombocytopenic purpura 
(1TP), thrombotic Ibrobocytopcnic purpura (TTP), autoimmune thrombocytopenia, autoimmune disease of 
tbe testis and ovury including Qutoimune orchitis and oophoritis, primary hypothyroidism; imtoimmune 

15 endocrine diseases including autoimmune thyroiditis, cl ironic thyroiditis (Hashimoto's Thyroiditis), subacute 
thyroiditis, idiopathic hypothyroidism. Addison's disease, Grave's disease, autoimmune polyglandular 
syndromes (or polyglandular endocrinopatby syndromes). Type I diabetes also referred to as insulin-
dependent diabetes mellitus (IDDM) and Sheehfin's Syndrome; autoimmune hepatitis. Lymphoid interstitial 
pneumonitis (HIV), broncliiolitis obliterans (non-transplant) vsNSIP, Guillain-Barre' Syndrome, Large 

20 Vessel Vasculitis (including Polymyalgia RhcumaCica and Giant Cell (Takayasu's) Arteritis), Medium 
Vessel Vasculitis (Including Kawasaki's Disease and Polyarteritis Nodosa), ankylosing spondylitis, tferger's 
Disease (JgA neplcropathy), Rapidly Progressive Glomerulonephritis, Primary biliary cirrhosis, Celiac spiw 
{gluten enteropathy), Cryoglobulinemia, ALS, coronary artery disease. 

CD20 positive canccrs arc those comprising abnormal proliferation of cells that express CD20 on 
25 the coll surface. The CD2Q positive B cell neoplasms include CD20-positive Hodgkiii's disease including 

lymphocyte predominant Hodgkin's disease (LPHD); non-Hodgk/n's lymphoma (MAIL); follicular center 
cell (FCQ lymphomas; acute lymphocytic leukemia (Al J.); chronic lymphocytic .leukemia (CLL)i Hairy 
cell leukemia. The non-Hodgkins lymphoma include low grade/folliculajr ooh-Hodgklo's lymphoma (NHL), 
small lymphocytic lymphoma (SLL), Intermediate grade/follicular NHL, intermediate grade diffuseN>.1L. 

30 high grade Jwmunoblastlc NHL, high grade lymphoblastic NHL, high grade small non-cleaved ccll NHL, 
bulky disease NH1, plasmacytold lymphocytic lymphoma, mantle cell lymphoma, AIDS- related lymphoma 
and Waldenstrom's macroglobulincmia. Treatment of relapses of thcHc canccra arc also contemplated. 
LPHD Is a type of Hodgkhi's disease that tends to relapse frequently despite radiation or chemotherapy 
treatment and is characterized by C02Q-posirive malignant cells. CIJ-, is one of four major types of 

35 leukemia. A cancer of mature B-cells called lymphocytes, CLL Is manifested by progressive accumulation 
of cclls in blood, bone marrow and lymphatic tissues, 

In specific embodiments, the humanized CD20 binding antibodies and fuoctlooal fragments thereof 
arc used to treat non-Hodgkin's lymphoma (NHL), lymphocyte predominant Hodgkift's disease (LPHD), 
smalt lymphocytic lymphoma (SLL), chronic lymphocytic leukemia, rheumatoid arthritis and juvenile 

40 rhoumatoid arrhritis, systemic lupus erythematosus (SLE) including lupus nepliritis, Wegener's disease, 
inflammatory bawei disease, idiopathic thrombocytopenic purpura (FTP), thrombotic throbocytopcnic 
purpwa (TTP). autoimmune thrombocytopenia, multiple sclerosis, psoriasis, IgA nephropathy, IgM 
polyneuropathies, myasthenia gravis, vasculitis, diabetes mellitus, Rcynaud's syndrome, Sjorgcn's syndrome 
and glomerulonephritis, 
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5 'Die humanized CD20 binding antibodies or functional fragments thereof ore useful as a single-
agent treatment in, e.g., for relapsed or refractory low-grade or follicular, CD20-poiitivc, B-ecll NHL, or can 
ho administered to patients in conjunction with other drugs In a multi drug regimen. 

Indolent lymphoma ig a Slow-growing, Jucurable disease in which the average patient survives 
between six and 10 years following numerous periods of remission and relapse. ID one embodiment, the 

10 humanized CD20 binding antibodies or functional fragments theieof arc used to treat indolent NHL-
Tho parameters for assessing efficacy or succcss of treatment of tbe neoplasm will be known to the 

physician of skill In the appropriate disease. Generally, the physician of skill will look for reduction in the 
w'gns und symptoms of the specific disease. Parameters can include median time to disease progression, 
time in remission, stable disease. 

15 The following references describe lymphoma9 and CLL, their diagnoses, treatment and standard 
mcdicul procedures for measuring treatment efficacy, Candles OP, Lister, TA, SWac JL: The Lymphomas. 
W.B.Saunders Company, Philadelphia, 1998; van Besien K and Cabanlllas, 1': Clinical Manifestations, 
Staging and Treatment of Non-Hodgkin'a Lymphoma, Chap, 70, pp 1293-1338, in: HemaJtrjloRy, Basic 
Principles and Practice, 3rd ed. Hoffman etal. (editors). Churchill Livingstone, Philadelphia, 2000; and Rai, 

20 K and Patol, D:Chronic Lymphocytic Leukemia, Chap, 72, pp 1350-1362, in: Hematology, Basic Principles 
and Practice, 3rd cd. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000. 

The parameters for assessing efficacy or success of treatment of an aatoinamune or autoimmune 
related disease will be known to the physician of ekJJl in Che appropriate disease. Generally, the physician of 
skil 1 will look for reduction in the sjgos and symptoms of the specific disease. The following arc by way of 

25 extunplos. 
Tn one embodiment, the antibodies of tbe Invention are useful to treat rheumatoid arthritis. RA is 

characterized by inflammation of multiple joints, cartilage loss and bone erosion that lead.? to joint 
destruction and ultimately rcduced joint function. Additionally, since RA is a systemic disease, Jr. can have 
effccis in other tissues such as the lungs, eyes and bone marrow. Jfewer than 50 pcrccnt of patients who 
have had RA for more than 10 years can continue to work or function normally on a day-to-day basis, 

Tho antibodies can be used a? first-line therapy in patients with early RA (i.e., methotrexate (MTX) 
naive) und as monotherapy, or io combination with, e.g., MTX or cyclophosphamide. Or, tbe antibodies can 
be used in treatment as second-line therapy for patients who were DMARD and/or MTX refractory, and as 
monotherapy or in combination with, e.g., MTX. The humanized CD20 binding antibodies are useful to 
provont and controt joint damage, delay structural damage, decrease pain associated with inflammation in 
RA, and generally reduce the sign? and symptoms in moderate to severe RA. The RA patient can bo treated 
with the humanized CP20 antibody prior to, after or together with treatment with other drugs u«cd in 
treating RA (see combination therapy below). In one embodiment, patients who had previously failed 
disease-modifying antirheumatic drug.s and/or had an inadequate response to methotrexate alone are treated 
with a humanized CD20 binding antibody of the invention. In one embodiment of this treatment, the patients 
are in a 17-day treatment regimen receiving humanized CD20 binding antibody alone (Jg iv infusions on 
days I and 15); CD20 binding antibody plus cyclophosphamide (750mg iv infusion days 3 and }.7)i or CD2Q 
binding antibody plus methotrexate. 
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5 One method of evaluating treatment efficacy in RA is based oo American College of Rheumatology 
(ACR) criteria, which measures the percentage of improvement in tender and swollen joints, among other 
things, The RA puticnc can be scored at Air example, ACR 20 (20 percent improvement) compared with no 
antibody treatment (e.g„ baseline before treatment) or treatment with placebo, Other ways of evaluating the 
efficacy of antibody treatment include X-ray scoring such as the Sharp X-ray score used to seorc structural 

10 damage such as bone erosion and joint space narrowing. Patienls can also b<f evaluated l'or the prevention of 
or improvement in disability based on Health Assessment Questionnaire PRAQJ score, AIMS score, SP-36 at 
time periods during or after treatment The ACR 20 criteria may include 20% improvement in both tender 
(painful) Joint count and swollen joint count plus a 20% improvement in at least 3 of 5 additional measures! 

1. patient's pain assessment by visual analog scale (VAS), 
15 2. patient's gloNJ assessment of disease activity (VAS), 

3, physician's global assessment of disease activity (VAS), 
4, patient's self-assessed disability measured by the Health Assessment Questionnaire, 

and 
J. acute phase rcaelanM, CRP or F.SR. 

20 
The ACR 50 and 70 are defined analogously. Preferably, the patient is administered an amount of a C.D20 
binding antibody of the invention effective To achieve at least a scorc of ACR 20, preferably al least ACR 30, 
more preferably ar leasr ACR50, eveti more preferably ut least ACR70, most preferably at least ACR 75 and 
higher. 

25 Psoriatic arthritis has unique atld distinct radiographic features. For psoriatic arthritis. Joint erosion 
and joint space narrowing can fee evaluated by the Sharp score as well. The humani7«d CD20 binding 
antibodies of the invention can be used to prevent the joint damage as well as reduce disease signs and 
symptoms of the disorder. 

Yet another aspcet of the invention is a method of treating Lupus or SLE by administering to the 
30 patient suffering from STJFJ, a therapeutically effective amount of a humanized CD2!) binding antibody of the 

Invention. ShBOAl scores provide a numerical quantitation of disease activity. The SLEDAI is u weighted 
index, of 24 clinical and laboratory parameters known to correlate with disease activity, with a numerical 
rang# of 0-103, sea Bryan Clescuk &. John Davis, "Novel therapeutic agent for systemic lupus 
erythematosus" In Current Opinion in Rheumatology 2002,14:515-521, Antibodies to double-stranded DNA 

35 arc believed to cause renal flares and other manifestations of lupus. Patients undergoing antibody treatment 
can be monitored for time to renal flare, which is defined as a significant, reproducible increase in scrum 
creatinine, urine protein or blood in the urine. Alternatively or in addition, patients can be monitored for 
ICVCIH of untinucicar antibodies and antibodies to double-stranded DNA. Treatments for SLR Include high-
doso corticosteroids and/or cyclophosphamide (HJDCC). 

Spondyloarthropathies are a group of disorders of the joints, including ankylosing spondylitis, 
psoriatic arthritis and Crohn's disease. Treatment success can be determined by validated patient and 
physician global assessment measuring tools-

Various medications arc used to treat psoriasis; treatment differs directly li) relation to disease 
severity. Patients with a more mild form of psoriasis typically utilize topical treatments, sucJt as topical 
steroids, nnthralin, culcipoirlene, cJobetasol, and taarotene, lo manage the disease while patients with 
moderate and severe psoriasis arc more likely to employ systemic (methotrexate, retinoids, cyclosporins, 
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5 PUVA and UVB) therapies. Tan; are also used, These therapies have a combination of safety concerns, time 
consuming regimens, or inconvenient processes of treatment. Furthermore, home require expensive 
equipment and dedicated space in the office selling. Systemic medications can. produce serious side effects, 
including hypertension, bypei'lipidcrnia, bone marrow suppression, liver disease, Kidney disease and 
gastrointestinal upset. Also, the use of phototherapy can increase (he incidence of skin cancers. In addition 

) (> to the Inconvenience and discomfort associated with the use of topical therapies, phototherapy and systemic 
treatments require cycling patients on and off therapy and monitoring lifetime exposure due to their side 
effects, 

Treatment efficacy for psoriasis is assessed by monitoring changes it) clitlical signs and symptoms 
of the disease including Physician's Global Assessment (PGA) changes and Psoriasis Area and Severity 

)5 Index (PAST) .scores, Psoriasis Symptom Assessment (PSA), compared with the baseline condition. The 
patient etui bo measured periodically throughout treatment on the Visual analog scale used (o indicate the 
degree of helling experienced at specific time points. 

Patients may experience an infusion reaction or infusion-related symptoms with their first infusion 
of a therapeutic antibody. These symptoms vary Iti severity and generally are reversible with medical 

20 Intervention. These symptoms include but are not limited to, flu-like fever, chills/rigors, nausea, urticaria, 
headache, bronchospasm, angiocdema. It would be desirable for the disease treatment methods of the 
present invention to minimis infusion reactions. Thus, another aspect of the invention is a method of 
treating the diseases disclosed hy administering a humanised CD20 binding antibody wherein the antibody 
has rcdueed or no complement dependent cytotoxicity and results in reduced infusion related symptoms as 

25 compared to treatment with Riftjxan<3>. In one embodiment, the humanized CD20 binding antibody is 
2H7.vl 16. 

Dosage 
Depending on (he indication to be treated and faclors relevant to the dosing that a physician of skJJJ 

In tho field would he familiar with, the antibodies of the Invention will be administered at a dosage that is 
cfflcacioos for the treatment nf thjif indirjition whilrt minimizing toxicity and side effects, For the treatment 
of a CD20 positive cancer or an autoimmune disease, the therapeutically effective dosage will be in the 
range of about 250mg/m2 to alxmt 400 mg/mJ or 500 mg/tna, preferably about 250-375mg/mI. In one 
embodiment, the dosage range is 275-375 mg/iti*. Jin one embodiment of the treatment of a CD20 positive 13 
coll neoplasm, the antibody Js administered at a range of 300-375 mg/m2, For the treatment of patients 
suffering from B-cell lymphoma such us rtoti-Hodgkins lymphoma, in a specific embodiment, the onti-CD20 
antibodies and humanized antl-CJD20 antibodies of Ihc invention will be administered to a human patient at a 
do«Hgc of 1 Omg/kg or 375mg/m4. I'or (renting NHL, one dosing regimen would he to administer one dose of 
the antibody composition a dosage of lOmg/kg in the first week of treatment, followed by a 2 week Interval, 
then a second dose of the same amount of antibody is administered, Generally, NHL patients receive such 
treatment ones during a year but. upon recurrence of the lymphoma, such treatment can be repeated. In 
another dosing regimen, patients treated with low-grade NHL receive Four weeks of a version of humanized 
2H7. preferably vl6 (375 mg/m2 weekly) followed at week five by three additional courses of the antibody 
plus wtanditrd CHOP (cyclophosphamide, doxorubicin, vincristine -Arid prednisone) or CVP 
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5 (cyclophosphamide, vinori.'sttJie, prednisone) chemotherapy, which was given every tlyee week? for tiirec 
cycles. 

Foe treating rheumatoid af(Jiritis, in one embodiment, tbe dosagi range for tbe humanized antibody 
is 125mg/m2 (equivalent to about 200m^do$u) to fiOOmg/m2, given in two doses, e.g., the first dose of 
200mg is administered on day one followed by a second dose of 200mg on day 15. In different 

0 embodiment*, the dosafie is 250mg/dose, 275m/j, 300mg. 325mg, 3$0mg, 37Smg, 400mg, 425 mg. 450mg, 
475mg, 500mg, 525»lg, 55Grttg, 575mg, (SOQmg. 

In treating disease, the CD20 binding antibodies of the invention can be administered lo the patient 
chronically or intermittently, as determined by the physician of skill in the disease. 

A patient Administered a drug by intravenous Infusion or subcutaneously may experience adverse 
> events such an fever, chills, burning sensation, asthenia and hendache, To alloviatc or minimize such 

adverse events, the patient may receives an initial conditioning dose($) of the antibody followed by a 
therapeutic dose. The conditioning- dose(s) will be lower than the therapeutic do.se to condition tlw patient to 
tolerate higher dosages. 

Route of administration 
The CJD20 binding antibodies are administered to a human patient JR accord with known methods, 

such as by intravenous administration, e.g., as a bolos or by continuous infusion over a period of time, by 
sufteutuacous, intramuscular, intraperitoneal, jntracerohrosjimal, intra-artl&fatr, latrasyaovlal, Intrathecal, or 
inhalation routes, generally by intravenous or subcutaneous administration. 

In on embodiment, the humanized 2H7 antibody is administered by intravenous infusion with 0.9% 
sodium chloride solution as an infusion vchiclc. 

Combination Therapy 
In treating tho B ccll neoplasms desoribed above, the pattenr.con be treated with the CD20 binding 

antibodies of the present invention in conjunction wltb. one or more therapeutic agents such as a 
ehomothornpeurio agent in ti multidrug rtfglrtteii. The CD20 binding antibody can be administered 

concurrently, sequentially, or alternating with tho chemotherapeufic agent, or after non-rcsponsivcncss with 
other therapy. Standard chemotherapy for lymphoma treatment may include cyclophosphamide, eytarabme, 
rnclphalan and mltoxamrone plus melphoJan. CHOP is one of the roost common chemotherapy regimens 
for treating Non-Hodgkitt'S lymphoma. The following arc the drugs used In the CHOP regimen: 
cyclophosphamide (brand names Cytoxan, neosar); adriamycin (doxorubicin / hydroxydoxoriiblclll); 
vincristine (Oncovin); and prednisolone (sometimes called Deltasone or Orasone). In particular 
embodiments, the CD20 binding antibody is administered to a patient 1ft oeed thereof in combination with 
one or more of the following Chemotheropeutlc agents of doxorubicin, cyclophosphamide, vincristine and 
prednisolone, Tn a specific embodiment, a patient suffering from a lymphoma (such as a non-Hodgkin's 
lymphoma) is treated with an unti-CD20 antibody of the present invention lis conjunction with CHOP 
(cyclophosphamide, doxorubicin, vincristine and prednisone) therapy. In another embodiment, the canccr 
patient can be treated with « humanized CD20 binding antibody of the invention in combination wi?h CVP 
(cyclophosphamide, vincristine, and prednisone) chemotherapy. In 4 specific embodiment, tho patient 
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5 suffering from CD20-positive NHL is treated with humanized 2H7,vl6 in conjunction with CVP. In a 
specific embodiment of the Lreatme-nt of CLL, tbe CD20 binding antibody is administered in conjunction 
with chemotherapy with one or both of fludarabinc and cytoxiui. 

In treating the autoimmune diseases or autoimmune related conditions described above, the patient 
can be (rented with the CD20 binding antibodies of the present invention in conjunction with a xccond 

10 therapeutic agent, such as an immunosuppressive agent, such as in a rovJti drug regimen. The CD20 binding 
antibody can be administered concurrently, sequentially or alternating will) the immunosuppressive agent or 
upon non-responsiveness with other therapy. The immunosuppressive agent can be administered at the 
same or lessor dosages than as set forth in the art, The preferred adjunct Immunosuppressive agent wlH 
depend on many factors, including the type of disorder being treated as well as the patient's history. 

15 ''immunosuppressive agent" as used herein for adjunct therapy refers to substances that act to 
suppress or mask r.he immune system of a patient Such agents would include substanccs that suppress 
cytokine production, down regulate or suppress self-antigen expression, or mask the MHC antigens, 
lixsmples of sueb agents include steroids such as glucocortiepsteroids, <*.£., prednisone, methylprednisolone, 
and dexametbasone; 2-anijno-G-aryl-5-9uhst.irufed pyrimidines (sea T.J.S. Pat. No. 4,665,077), awathioprine 

20 (or cyclophosphamide, if there is an adverse reaction to azathloprine); bromocryptine; glvtaraldehyde (which 
masks tbe MHC antigens, us described in U.S. Pat. No. 4,120,649); anti-idiotypic antibodies for MHC 
antigens and MHC fragments; cyclosporin A; cytokine or cytokine rcccptor antagonists including anti-
intcrfcron-y, ~p, or -<x antibodies; tod-tumor neocsis foctor-ec antibodies; anti-tumor necrosis factor-p 
antibodies; anti-intcrlcukin-2 antibodies and anti-IL-2 rcccptor antibodies; anti-L3T4 antibodies; 

25 heterologous anti-lymphocyte globulin; p«n-T antibodies, preferably anti-CD3 or artti-CD4/CD4a 
antibodies; soluble peptide containing a LFA-3 binding domain (WO 90/OH187 published 7/26/90); 
streptokinase; TOF-(3; strcptodomase; RNA or DNA from the host; "FK506; RS-61443; dcoxyspergualin; 
rapamycin; T-cell receptor (U.S. Pat. No. 5,114,721); T-ceJl receptor fragments (OfiW tt al, Sclent* 
251:430-432 (1991); WO 90/H294: and WO 91/01133,): and TceJf receptor antibodies (HP 340,109) such as 

30 TI0B9. 
For the treatment of rheumatoid arthritis, the patient can be treated with a CD20 antibody of the 

Invention in conjunction with any otto or more of the following drugs: DMARDS (disease-modifying anti­
rheumatic drugs (e.g., methotrexate), NSA1 or N5A7JD (non-steroidal anti-inflammatory drugs), 
HIJM1 RA™ (adalimunwib: Abbott Laboratories), ARAVA® (leflunomide), REMTCADE® (infliximab; 

35 Ccniocor Tnc., of Malvern, Pa), ENBRF.L (etancrccpt; Immunex, WA), COX-2 inhibitors. DMARDs 
commonly used in RA ore hydroxycloroquine, sulfasalazine, methotrexate, Ieflunomida, etanercept, 
Infliximab, tmuhioprine, D-penicillaminc, Gold (oral). Gold (intramuscular), minocycline, cyelosporine, 
Staphylococcal protein A toimunoadsorption. Adaliinumab Is a human monoclonal antibody that, binds to 
TNFa. Infliximab is a chimcric monoclonal antibody that binds to TNFa. Htanercept is an 

41) "immtmoadbesin" fusion protein consisting of the extracellular ligand binding portion of the human 75 kD 
(p75) tumor necrosis factor rcccptor (TNJPR) linked to the Fc portion of a human TgOL For conventional 
treatment of RA, see, e.g., "Guidelines for the management of rheumatoid arthritis" Arthritis & Rheumatism 
46(2): 328-346 (February, 2002). In a specific embodiment., the RA patient is treated wilh a CD20 antibody 
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5 of the invention in conjunction with methotrexate (MTX). An exemplar dosage of MTX is about 7.5-
25 mg/kg/wk. MTX can bn administered orally and Suboutajicously. 

For the treatment of ankylosing spondylitis, psoriatic arteritis and Crohn's disease, the patient can 
he treated with a CD20 binding antibody of the invention in conjunction with, fbr example. Remicade© 
(Infliximab; from Centocor JbtC.( of Malvern, Pa,), iiNBREL (etanercept; Irnrnuncx, WA). 

10 Treatments for SLE include high-dose corticosteroids and/or cyclophosphamide (HDCC). 
For the treatment of psoriasis, patients can be administered a CD20 binding antibody in conjunction 

with topical treatments, such as topical steroids, anthralin, calcipofcricne, clobetasol, and tazarotene, or with 
methotrexate, retinoids, cyclosporin^ PUVA and UVB therapies. Jn on© embodiment, the psoriasis patient 
is treated wilh the CD20 binding antibody sequentially or concurrently with cyclosporins. 

15 
Pharmaceutical Formulations 

Therapeutic formulations of the CD20-binding antibodies used in accordance with the present 
invention are prepared for storage by mixing an antibody having the desired degree of purity with optional 
phaririaceutically acceptable earners, excipients or stabilizers Remington's Pkarnuicmkal Sciences 16th 

20 edition, Osol, A, Ed. (J 980)), in the form of lyophlJizcd formulations or aqueous solutions. Acceptable 
earners, excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations employed, and 
include buffers such as phosphate, citrate, and other organic acids; antioxidants Including ascorbic acid and 
methionine; preservatives (such os octadccyMimctliylbejvyJ ammonium chloride; Jwxwuethoniuro cbloridc; 
benzatkumum chloridc, bcnzcthonium chloride; phenol, butyl or benryl alcohol; alkyl parabefls such as 

25 methyl or propyl paraben; catechol; resorcinol;cyclohcxanol; 3-pentanol; and m-cresol); low molecular 
weight (less than ttbout 10 residues) polypeptides; proteins, such as scrum olbumin, gelatin, or 
immunoglobulins; hydrophilie polymers such as olyvinylpyrrolidonc; amino acids such as glycine, 
gluttunlne, asparaglne, Wstidifle, argintne, or lysine; monosaccharides, disaccharides, and other 
carbohydrates including glucose, inaflnose, or dextrin?; chelating agents such as EDTA; sugars such as 

30 sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes {e.g. Zn-
prntcin complexes); and/or non-ionic surfactants -such &.% TWF.RN™. PLURONTCS™ or polyethylene glycol 
(PHfj). 

Exemplary anti-CD20 antibody formulations are described in W098/56418, expressly Incorporated 
herein by .reference. Another formulation is a liquid muitidose formulation comprising the anti-CD20 

3.1 antibody at 40 tiig/mL, 25 JTOM acetate, 150 mM trehalose, 0.9% benzyl alcohol, 0.02% polysorbatc 20 at pH 
5,0 that has a minimum shelf lift of two years storage at, 2-8°C. Another attti-CD20 formulation of Interest 
comprises (flmg/mJL antibody In 9,0 mg/ml. sodium chloride, 7.35 mg/mL sodium cjtrare dlhydrate, 
0.7mg/mT, polysorbatc 80, and Sterile Water for Injection, pH 6.5, Yet another aqueous pharmaceutical 
formulation comprises 10-30 mM Sodl.Ufl) acetate from about pH 4.8 to about pH 5,5. preferably at pB5-5, 

40 polysorbate as a surfactant in a an amount of about 0-0) -0.1 % v/v, trehalose at an amount of about 2-10% 
w/v, and benzyl alcohol as a preservative (U,S. 6,171,586). Lyo phi feed formulations adapted for 
subcutaneous administration are described in W097/04801. Such lyOphilized formulations may be 
(^constituted with a suitable diluent to a high protein concentration and the reconstituted formulation may be 
administered Subcutaneously to the mommal to be treated herein. 
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3 One formulation for the humanized 2H7 variants 1$ antibody 3ft 12-14 mg/mL in 10 mM histidine, 
(i% sucrosc, 0.02% polysorbata 20. pH 5.8. 

Tn a speed jit: embodiment, 2H7 variants and in particular 2H7.v I <3 is formulated at 20ii)g/mL 
antibody in 10mM histidine ;;ulfato. 60rn<j/mi sucrose,, 0,2 mg/ml polysorbatc 20, and Sterile Ware; for 
Injection, atpH5.8. 

10 The formulation herein may also contain more than ooe activc compou ad SS ncecssary for the 
particular indication being treated, preferably those with complementary activities (hat do not adversely 
affac? each other, For example, ft may be desirable to further provide a cytotoxic agent, ohemotberapeutic 
aECJit, cytokine or Immunosuppressive agent. (<./». one wfoiuh acts on T cells, such as cyclosporin or an 
antibody that binds T cells, e.g. one which binds LFA-I). The effective amount of such other agents 

1.1 depends on (he amount of antibody present in the formulation, the typo of disease Of disorder or treatment, 
and other factors discussed above. These are generally used in the sams dosages afld with administration 
routes as described herein or about from 1 to 99% of the heretofore employed dosages. 

Tbe active ingredient*; may also be entrapped in microcapsules prepared, for example, by 
coacervation techniques or by interfacial polymerization, for example, hydroxymethyJcellulose or gclatin-
microcapsules and poly-(mcthylmethBcytote) microcapsules, respectively, in colloidal drug delivery systems 
(forexample, liposomes, albumin, microspheres, mierocrnulsions, nano-partlcfes afid nanoeapsules) or in 
macro emulsions. Such techniques arc disclosed in R&n/ngton'ir Pharmaceutical Sciences 1 <Sfh edi?3on, Osol, 
A, lid. (19H0). 

Sustained-release preparations may be prepared. Suitable e.xaitipfcs of sustained-release 
25 preparations include semi-pcrmcablc matrices of solid hydrophobic poiy/ners containing the antagonist, 

which matrices are in the form of shaped articles, e.g. films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrugcls (for example, poly(2*-hydroxyethyl-methaerylate), or 
poly(vinylaicobol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glvtaatic acid aild, «thyl-L-
glutamate, non-degradabfe ethylene-vinyl acetate, degr&dable lactic acid-glycolie acid copolymers such us 

30 the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and 
leuprolide acetatc), and poly-D-(-)-3-hydroxybutyrlc acid. 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished 
by filtration through sterile filtration membranes. 

35 Articles of Manufacture and Kite 
Another embodiment of the Invention js an article of manufacture containing materials useful for 

the treatment of autoimmune diseases and related conditions aad CD10 positive caacers such as rton-
Hodgkin's lymphoma. The article of manufacture comprises a container and a label or package Insert o.« or 
associated wilh the container. Suitable containers includc, for example, bottles. vials, syringes, etc. The 

40 containers may be formed from a variety of materials such as glass or plastic, The container holds a 
composition which is effective for treating tha condition and may have a sterile access port (lor example the 

. container may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection 
needle). At least one active agent in the composition is u CD20 binding antibody of the invention. The label 

44 



3 or package insert indicates that the composition is used for treating the particular condition. The label or 
pneknge insert will further comprise instructions for administering the antibody composition to the patient, 
Package insert refers to instructions customarily Included in commercial packages of thcrupcutio products, 
that contain information About the indications, uSAge, dosage, administration, contraindications and/or 
warnings concerning the use of such therapcutiu products. In one embodiment, the package insert indicates 

10 that the composition is used for treating non-Hodgkins' lymphoma, 
Additionally, the article of manufacture, may ftirther comprise a sccond container comprising a 

pharmaceutlcalJy-accepiable buffer, such us bacteriostatic water for injection (BWFF), phosphate-buffered 
saline. Ringer's solution and dextrose solution, It may further Include 0titer materials desirable from a 
commercial and user standpoint, including other buffers, diluents, filters, needles, and syringes. 

H Kits are also provided that are useful lor various purposes, e.g., for B-ccll killing assays, as a 
positive control for apoptosis assays, for purification or Immimoprccipltation of CD20 from cell.-?. For 
isolation and purification of CD20, the kit can contain an anti«CD20 antibody coupled to beads (e,g„ 
sepbarose beads). Kits can be provided which contain the antibodies for detection and quantitation of CD20 
in vitro, e.g. in an EJL1SA or a Western blot. As with the article of manufacture, the kit comprises a 
container and a label or package insert on or associated with the container. The container holds a 
composition comprising at least one antl-CD20 antibody of the invention. Additional containers niAy be 
included that contain, e.g., diluents and buffers, control antibodies. The label or package insert may provide 
a description of the composition as well as instructions for the Intended in vitro or diagnostic use. 

Cynomolgvs ujoj&kcy CD20 

The invention also provides ao Isolated nucleic acid comprising the nucleotide sequence of SEQ ID 
NO.: 24 of the Cynomolgus monkey CD20 as shown in FIG. 19. Tn one embodiment, the nucleic acid is a 
CDNA. In One embodiment, the nuelcic acid encoding the monkey Cl)20 is la an expression vector for 
expression in a host ccIL The nucleotide sequence of SHQ ID NO,: 24 in the expression vector is opcrably 
linked to an expressioo control scquonec such as a promoter or promoter «md enhancer, The expression 
control sequence can be "can be the native sequence normally associated with the Cynomolgus CD20 gene, or 
heterologous to the gene. Also provided is un isolated polypeptide comprising the amino ucid sequence 
I SEQ ID MO. 25; FIG. 19 & 201 of the Cynomolgus monkey CD20, as well as host cells containing the 
Cynomolgus CD20 nucleic acid. JJI one aspect the host cells urc cukaryotie cells, e.g., CHO cells. Fusion 
proteins comprising the Cynomolgus CD20 amino acid sequence or. fragments of Ihc sequence are also 
contemplated, 

Experimental Examples 
Example 1 

Hurtmaization of 2H7 anti-CD20 rmutfac monoclonal antibody 
Humaiilzntion of (lie murine anti'-human CD20 antibody, 2H7 (also referred to herein as m2H7, m 

for murine), was earned out in a series of site-directed mutagenesis steps. The murine 2H7 antibody 
variable region sequences and the chimeric 2H7 with the mouse V and human C have been described, see, 
c.g,, U,S, patents 5,846,818 artd 6",204,023. The CDR residues of 2H7 were identified by comparing the 
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amino acid sequence of (he murine 2H7 variable domains (disclosed in U.S. 5,846,818) with the sequences 
of known antibodies (Kabut et al., Sequences of proteins of immunological interest, Ed 5. Public Health 
Service, Rational Institutes of Health, .Bethesda, MD (1991)). The CDR regions for tbe light and heavy 
chains were defined bused on sequence hypervariability (Knbat et al,, suprct) and are shown in Fig. J A and 
Fig. IB, respectively. Using synthetic oligonucleotides (Table 1), site-directed mutagenesis (Kunkel, Proc. 
NotL Acad. Set, 82:488-492 (398.5)) was used to introduce all six of the murine 2H7 CDR regions into a 

complete human Fub framework corresponding to a consensus sequence VJ.VH1II (VL kappa subgroup I. VH 
subgroup 111) contained on plasmid pYX4 (Fig. 2). 

The phagemiri pVX4 (1%. 2) was used for mutagenesis as well as for expression of F(ab)s In li. 
col), Based on the phagemid pb0720, a derivative of pB0475 (Cunningham etal„ Science 243:1330-1336 
(1989)), pVX4 contains a DNA fragment, encoding a humanized consensus K-Subgruup I light chain (VI,K1-

CL) and a humanized consensus subgroup III heavy chain (VHUI-CJI 1) anti-JFN-a (Interferon a) antibody. 
pVX4 also has an alkaline phosphatase promotor and Shinc-Dalgamo sequence both derived from another 
previously described pUC119-based plasmid, pAK2 (Carteret al,, Proc. Natl. Acad. ScL USA 89:4285 
(1992)). A unique Spel restriction site was introduced between the DNA encoding for the F(ub) light and 
heavy chains. The first 23 amino acids in both anti-lFN-cc heavy and light chains art: the SflT secretion 
signal sequence (Chang et aL, Gent 55:189-196 (1987)). 

To construct the CDR-swap version of 2H7 (2H7.V2), site-directed mutagenesis was performed on 
a dcoxyuridine-conrajning template of pVX4; all six CDRs of anti-IFN-cc were changed to the marine 2H7 
CDRs. The resulting molcculc in referred to as humanized 2H7 vera on 2 (2H7.v2), or the "CDR-swap 
version" of 2H7; it has the m2U? CDR residues with the consensus human FR residues shown in Figures 1A 
and IB. Humanized 2H7,v2 was used for further humanization. 

Table 1 shows (he oligonucleotide sequence used to create each of tbe murine 2H7 (m2H7) CDRs 
in tho H and L chain. For example, the CDR-H1 oligonucleotide was used to recreate the ni2H7 H chain 
CDR1, CDR-H1, CDR-H2 and CDR-H3 refers to tho H chain CDR 1, CDR2 and CD.R3. respectively; 
similarly, CDR-L1, CDR-L2 and CDR-L3 refers to each of the L chain CDRs. The substitutions lit CDR-H2 
were don© in two steps with two oligonucleotides, CDR-H2A nnd CDTI-H2B. 

Table I. Oligonucleotide sequences used for construction of the CDR-swap of murine 2H7 CDRs into a 
human framework io pVX4, Residues changed by each oligonucleotide arc underlined. 

Substitution Oligonucleotide sequence 
CDR-HJ C TAC ACC TTC ACQ AOC TAT £A£ ATQ CAC TOO OTC CO 

(SEQ ID NO. 27) 
CDR.H2A G ATT AAT CCT GAC AAC GGC GAC ACG AGC TAT AAC CAG AAG 

TTC A AO OOCCG (SBQ ID NO. 28) 
CDR-H2B OA A TGG GTT OCA OCG ATC TAT CCT OOC AAC OOC OAC AC 

(SEQ ID MO, 29) 
CDR-H3 AT TAT TGT OCT CGA G TO GTC TAC TAT AGC AAC AGC TAC TOO 

TAC TTC GAC GTC TGG GGT CAA GGA (SEQ ID NO. 30) 
CDR-LI C TGC ACA GCC AGC TCTTCT GTC AOC TAT ATG CAT TO 

(SEQ ID NO. 31) 
CDR-L2 A A CTA CTG AIT TAC OCT CCA TCG AAC CTC OCG TCI GGA GTC C 

(SEQ ID NO. 32) 
CDR-L3 1 TAT TAC TGT CAA CAG TGG AGC TTC AAT CCO CCC ACA TTT GGA 

CAG (SliQ ID NO, 33) 
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5 

For comparison with humanized constructs, a plasmid expressing a chimeric 2H7 Fab (containing 

murine Vj_ and VH domains, and human CL and CHi domalcs) was constructed by site-directed mutagenesis 

(FCtmkel. supra) using synthetic oligonucleotides to introduce the murine framework residues into 2H7.V2. 
The scqucnce of the resulting plasmid construct for expression of the cliimcric Fab known us 2H7.v6,8, is 

10 «hown in Pig. 3. Each encoded chain of the Fab has a 23 amino acid SrH secretion signal sequence as 
described for pVX4 (Pig,2) above. 

Based tm a sequence comparison of the murine 2H7 framework residues with tbe human VKI,VHni. 

consensus framework (Figures 1A and 1B) and previously humanired antibodies (Carter et al., Froc. Natl. 
Acad Set. USA 89:4285-4280 (1992)), several framework mutations were Introduced into tbe 2U7.v2 Fab 

15 construct by site-directed mutagenesis. These mutations result in a change of certain human consensus 
framework residues to those found in the murine 2117 framework, at sites that might affect CDR 

conformations or antigen contacts. Version 3 contained Vu(R71V, N73K), version 4 contained VH(R71V), 

version 5 contained Vjfj(R7l V, N73K) and VL(L46P)T and version 6 contained VH(R71V, N73K) and 

Vj.(U6T>, T47W). 

20 Humanized and chiracric Fab versions of m2H7 antibody were expressed in R. coli and purified as 
follows, Plasmids were transformed into R. coli strain Xl>3 JJlwe (Simagcnc, San Diego, CA) for 
preparation of doublc-and singJc-strawded DNA. For each varfcset, both light and heavy chains were 
completely sequenced using the didcoxynucleotlde method (Sequefiase, U.S, Biochemical Corp-). Pi asm ids 
were transformed into E. coli strain 1C)C9, a derivative of MM224, plated onto LB plates containing 5 Jig/ml 

25 c&rbenicillin, and a single colony selected for protein expression. The single colony was grown in 5 ml F.B-
J 00 jig/in) carbenicillin for 5-8 b at 37° C. Tbe 5 ml culture was added to 500 ml AP5-7 00 pg/ml 
earbenlcillln and allowed to grow for 16 h in a 4 L baffled shake flask at 37"C, APS media consists of: l.5g 

glucose, J1,0 Hycase SF, O.fig yeast cxtnict (certified). 0.19g anhydrous MgSOa. 1.07g WLtCl, 3.73g KC1, 

1.2g NaCl, 120 »)1 J M triethanolaminc, pH7.4, to 1L water and then sterile filtered through 0.1 pm 
30 Sea I keen filter. 

Cclls were harvested by centrlfugafion in a 1 L centrifuge bottle (Nalgene) at 3Q00xa and the 
supernatant removed. After freezing for 1 h, the pellet was resuspended in 25 ml cold 10 mM MES-lOmM 
liDTA, pH 5.0 (butter A). 250 ftl of 0.1M PMSF (Sigma) was added to inhibit proteolysis and 3.5 ml of 
stock (0 mg/rnl hen egg white lysozymc (Sigma) was added to aid lysis of the bacterial cell wall. After 

35 gende shaking on ice for 1 h, the sample was centrifuged at 40,000xg for 15 min, Hie supernatant wns 
brought to 50 ml with buffer A <V)d loaded onto a 2 ml DBAB column equilibrated with buffer A. Die flow-
througji was then applied 10 A protein O-Sepharosc CL-4B (Pharmacia) column (0,5 ml bed volume) 
equilibrated with buffer A. The column WAS washed with 10 ml buffer A and eluted with 3 inl 0.3 M 
glycine, pH 3.0, into 1.25 mJ. J M Tris, pH 8.0. Hie F(ab) was then buffer exchanged into PBS using a 

4() Ccntricon-30 (Amicon) and concentrated to a final volume of 0.5 ml. SDS-PAGE gels of all F(ab)s were run 
to ascertain purity and the molecular weight of each variant was verified hy elcctrospray mass spectrometry. 
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-*> In cell-based EL1SA binding assays (dwcribcd below), the binding of Fabs, including chimeric 2H7 
Fab, to CD20 was difficult to detect. Therefore, tbe 2H7 Fab versions wec<j reformatted as ft)ll-Jength IgGI 
antibodies for assays and further mutagenesis. 

Plasmidii for expression of full-length TgG's were constructed by subcloning the VL and VH 

domains oi'chirncric 2H7 (v6.8) Fab as well as humanized Fab versions 2 to 6 into previously desoribed 
10 pRK vcctors for mammalian ccll expression (Gorman et al., UNA Prot. En£. Te.rM. 2:3-10 (1990)). Briefly, 

ouch Fab construct WUH digested with EcoRV and Blpl to excise a. V,, fragment, which was cloned into the 

F.c.oRVIBlpl sites of plasmid pDRl (i%. 4) for expression of the complete Ughl chain (VL-CL domains). 

Additionally, each Fab construct was digested with PvuTX and Apal to excise a VH fragment, which was 
cioncd into the PvuUJApal sites of plasmid pDR2 (Fig. 5) for expression of the complete bcavy chain (VH-

IS CH(-hingc-CIl2*CHj donnJLos). For cach IgO variant, transient transfectioos were performed by 

cotransfecting a light-chain expressing plasmid and a heavy-chain expressing plasmid into an adeoovirus-
transfrirmed human embryonic kidney cell line, 293 (Graham etal., J. Guru ViroL, 36:59-74, (1977)). 
Briefly, 293 cells were split on the day prior to fransfceuott, and plated in scrum-containing medium. On the 
following day, double-stranded DNA prepared as a calcium phosphate precipitate was added, followed, by 

20 pAdVAntage™ DNA (Fromega, Madison, "WJ), and cells were incubated overnight at 37UC. Cells were 
cultured in serum-frcc medium and harvested after 4 days. Antibodies were purified from culture 
supernatants using protein A-Sepharose CL-4B, then buffer exchanged Into 10 ftlM sodium succinate, 140 
mM NaO, pH 6.0, and conccniraied usittg a Centricon-10 (Amicon). Protein concentrations were 
determined by quantitative amino acid analysis, 

2$ To measure relative binding affinities to the CD20 antigen, a ceJJ-based CJUSA assay was 
developed. Human B-lymphoblasioid WJL2-S cclls (ATCC CRL 8885, American Type Culture Collection, 
Rockvillc, MD) were grown in RPMF 1640 supplemented With 2 mM L-glutamine, 20 mM HEPRS, pH 7.2 
and \0% heat-inactivated fetal bovine serum In a humidified 5% COj incubator. The colls were washed with 
PBS containing J % FBS (assay buffer) and seeded at 250-300,000 cell/well ;n 96-we.U round bottom plates 

30 (Nunc, Roskilde, Denmark). Two-fold serially diluted standard (15-6-1000 ng/ml of2B7 v6,6 chimeric lgG) 
and threefold serially diluted samples (2,7-2000 ng/ml) in assay buffer were added to tbe plates. The plates 
were buried in ice and incubated for 45 ntin. To remove the unbound antibody, 0.1 cnLassay buffer were 
added to the wells. Plates were centrifuged and supernatants were removed. Cells were washed two more 
times wilh 0,2 mL assay buffer. Antibody bound to the plates was dctcctcd by adding peroxidase conjugated 

35 goat anti-human Fc antibody (Jackson JlmmtmoResearch, West Grove, PA) to the plates. After a 45 min 
incubation, cells were washed as described before. TMB substrate (3)3',5,5'-tctrat«e(Iiyl benzidine; 
Klrkegflard & Perry Laboratories, Gaithersburg, MD) was added to tho plates, The reaction was stopped by 
adding 1 M phosphoric acid. Titration curves Were fit with a four-parameter nonlinear regression curve-
fitting program (KaieidaGraph, Synergy software, Reading, PA). The absorbanee at the midpoint of the 

40 titration curve (rnid-OD) and its corresponding concentration of the standard were determined. Then the 
concentration of each variant at this mid-OD was determined, and the concentration of the standard was-
divided by that of cach variant, Hence the values are a ratio of the binding of each variant relative to the 
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standard. Standard deviations in relative affinity (equivalent concentration) were generally +/-.10% between 
experiments. 

As shown in Table 2, binding of the CDll-swap variant (v.2) was extremely reduced compared to 
chimeric; 2K7 (v.6,8). However, .versions 3 to 6 showed improved binding. To determine the minimum 
number of mutations that might be required to restore bkdjngaJEfimty to that of chimeric 2H7, additional 
mutations and combinations of mutations were constructed by site-direct mutagenesis to produce variants 7 
to 17 as indicated in Table 2: In particular, these included V» mutations A49G, F67A, 169L, N73K, and 
L78A; and VL mutations M4L/M33I, and F71Y. Versions 16 and 17 showed tho beat relative binding' 
affinities, wifidn 2-fold of that of the chimeric version^ with no significant dlCfercnco (s.d, *=+/-10%) 
between (ho two. To minimize,tbe number of mutations,.version l6/having;only 4'mutations of human 
irameworic residues to murine framework residues (Table 2),wa3 therefore chosen as the humanized form 
for additional characterization. ' 

Table % Relative binding affinity i>f humanized 2Z1V IgG variants to'CD20 compared to ohiuieric 2117 
using cell-based EkEjAi The relative bindingus expressed -as'thc* conceutratipn^of tho chImcrio2H7 over'the 
concentration of the -Variant req^dred for eqUivalknt binding; hencea ratio'<l indicates wealoer affinity for " 
the variant Standard deviation in relative affinity determination averaged +/-10%.' Frame work 
substitutions in the variable domains are relative to the CDR-cwap version according to tho numbering 
system bfKabal{Kabat 

2H7 
version 

Heayy cJiaiaCVn) 
substitutions 

:U0.-Ouxin(\y. 
substitutions 

Relative 
binding 

6J& (CSihnCia>' (CJiimelttr) -1-
...,2 j(q^.<?wap) . . <cpRCTan) O.Ol 

3 R71V.N73K (CPRcwap) 0.21 
4 * R71V L _,-u^ „ t C . 4 * (CDR swap) 0.21 
5 R71V.N73K: CM 
6 R71V.N73K. L46P.L47W 0.58 
7 R71V L46P 033 
8 mmiMH U6P . 0.19 

R7IV.F67A .IAW 0.07. • 
.10 R7IV; Ft?7A. 169L ' *A6P. 1 o;t2 
11 IASP . . U9 

.12 .. Jmv LMP.Mrfk 0*2 

.13 mv • L^P.M33I 0*1 
14 1171V UKF.F71Y 045 

•IS R71V Ssf.M4L.Kb3i 
16 R71V.N73K.A4PO. mP m 
17 IAGV. M7W M7 
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Table 3 Oligonucleotide sequences used for construction of jnutations VH(A49G, R71 V.N73K) and 
Vr,(L46P) in humanized 2H7 version 16 (2H7.vl<>), Underlined codons cncode the Indicated amino acid 
Substitutions. For Vu (R71V, N73K.) und (L46P), the oligos are shown as ib.e sense .strand since these 
were used lbr mutagenesis on (he Fab template, while for VH (A49G), the ollgo is shown as tbe anti-Ncnje 
standi since this was used with the pRK (JtgC heavy chainj (eitipiatc. The protein sequence of version 16 is 
shown in Pig. 6 and Fig. 7. 
Subwlilulion Ollgomicleotide sequence 
Vu (R7IV, N73K) GT '1TC ACT ATA ACT GTC OAC AAG TCC AAA AAC ACA TT 

(SEO TD 1NO. 34) 
V„(A490) GCCAGGATAGATGGCCCCAACCCATTCCAGGCC (SHO ID NO. 35) 
VL(L46P) AAGCTCCOAAACCACTGATTTACGCr (SEO ID NO. 36) 

Eyamnle 2 
Antigen-binding dcteroiluunts (paratope) of 2H7 

Alanine substitutions (Cunningham V/eUs, Scie/icc 244: 1081-1085 (iy89) were made in 
2H7.vl <5 or 2U?,v 17 in order to test the contributions of individual side chains of the antibody In binding to 
CD20. JfiG variants were expressed in 293 cells from pDRl and pDR2 vectors, purified, and assayed for 
relative binding affinity as described above. Several alanine substitutions resulted in significant decreases in 
relative binding to CD20 on WIL-2S cells (Table 4). 

Tabic 4, Effects of alanine substitutions in the CDR reg Ions of humanized 2H7.v16 measured using cell-
based EUSA (WJJL2-S cells). Tbe relative binding is expressed as the concentration of the 2H7.V16 pareot 
over the concentration of the variant required for eqoivaJeot binding hcnce a ratio <1 indicates weaker 
affinity for the variant; a ratio >1 Indicates higher affinity for tbe variant, Standard deviation It* relative 
affinity determination averaged •»/- 10%, Frauwwork substitutions in the variable domains are Telative to 
2147. v] 6 according to die numbering system of Kabat (Kubat ct ul-> supra). NBD means no detectable 
binding. The two numbers for version 45 arc from separate experiments. 

2H7 CDR Heavy chain LiKbt chain Relative binding 
version locution .substitutions substitutions 

16 - -1' 
140 m G26A 0.63 
141 m 727A 0.47 
34 m P28A 0.86 
35 HI F29A 0.07 
36 HI T30A - 0.81 
37 HI S31A . 0.97 
142 01 732A _ 0.63 
143 HI N33A NDB 
144 HI M34A . 1.2 
145 HI FIS5A w <0.25 

146 m A50G 0,31 
147 n 51A 0,65 

50 



38 112 IY52A | - 0.01 
MR HZ (p52tiA 1 - 0,66 
39 112 G53A 1. o.«y 
67 H2 N54A L J.4 
40 H2 G55A I. 0.79 
41 H2 D56A | - 2.0 
89 H2 T57A 1" 0.61 
90 H2 S58A |» 0.92 
IP] m Y59A j .. 0.74 
92 H2 N<50A 1. 0.80 
93 H2 061A * 0.83 
94 H2 K62A lw 0.44 
95 112 F63A i M 0.51 
83 JH2 V71A |- 0.96 
149 FT2 K64A j. 0-82 
150 pi2 CtfSA 1 M 1.2 

153 Im V95A " 0.89 
42 \m V96A 1- 0.98 
43 JFJ3 Y97A |. 0.63 
44 H3 Y98A 1 M 0.40 
45 H3 S99A I" 0.84; 0.92 
46 M100A. . 0-81 
4? H3 SlOOaA - 0.85 
48 m YJOObA 0.78 
49 [H3 WJOOcA - 0.02 
59 H3 YIOOdA 0.98 
<50 IH3 1-lOOeA NDB 
61 IH3 0J.P1A _ 0.31 
151 J FT3 V102A - JJ 

ii7 i -1 1 *24A ).85 
118 I A r K25G 3,86 
(19 r A If J26A )-96 
120 1 A i >27 A ).98 
121 L .1 r 28A .0 
122 L I P mh f )-41 
50 L I P 30A f 196 
51 L 1 '32 A 1 .0 
123 L 1 jis <f33A J .0 
124 L 1 IE 134A a .21 

125 L 2 \A i500 0 .92 
126 |L 2 JP 5JA 0 .88 
52 L 2 r 52A 0 .80 
53 L' I r 53A 0 .7(i 
54 L: I JL 54A 0 .60 
127 L; A 55 G 1 .1 
m JL; ! |s. 56A 1 I 



129 U - Q89A 0.46 
130 L3 - Q90A <0,22 
55 r,2 W91A 0-88 
56 13 - S92A 1.1 
57 L3 F93A 0.36 
58 L3 % N94A 0.61 
13J u P95A NDB 
132 L3 P96A 0.18 
133 L3 1- T97A <0.22 

Example 3 
Additional mutations witWitt 2U7 CDR regions 

Substitutions of additional residues and combinations of substitutions at CDR positions that were 
identified as important hy Ala-scanning were also tested, Several combination variants, particularly v.96 

10 appeared to bind more tightly than v. 16. 

Table S. Effects of combinations of mutations and nort-alaninc substitutions in (lie CDR regions of 
humanized 2H7.vl6 measured using cell-based ELISA (WIL2-S cells), 'file relative binding to CD20 is 
expressed OS the concentration of the 2H7.vl 6 parent over the concentration of the variant required for 

15 equivalent tending; hence a ratio <1 indicates weaker affinity for the variant; a rario >t 5 ndicates higher 
aifmity for the variant. Standard deviation in relative affinity determination averaged +/- 10%. Framework 
.substitutions In the variable domains are relative to 2H7.V16 according to the numbering system of Kobat 
(TCabar et af„ supw). 

2H7 
version 

Heavy chain 
substitutions 

Light chain 
substitutions 

Relative binding 

16 - -1-
96 D36A, moo A S92A 3.5 
97 S99T,N100a.Y100br _ 0.99 
98 S99G.N100S, YlOObI 1.6 
99 NI00G, YlOObl 0.80 
101 N54S, D56A - 1.7 
102 N54K. D56A .. 0.48 
103 D56A, NIOOA »s 2.1 
104 S99T, Ni00Q - 0,81 
105 S99Ci.NI AOS - 1.1 
J 06 N100G - 1 
167 StOOaO, YlOObS -
136 D56A, N100A S56A, S92A 2.6 
J 37 DSO'A, N) OOA A55G,S92A 2.1 
J 56 ")56A, N100A 526A, S56A, S92A 2.1 
107 556A, N100A, YlOObl S92A not expressed 

J 82 (2TW -
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183 V27F 
184 V29Y 
185 L29W -
part rnv • 
187 Y32W • 
!B8 N33Q 
i«y N33D 
190 N33Y -
191 N33S -

EOK H35S »• r 
209 A50S _ 
210 A50R • 
tar A50V -
|2J2 A50T- -
168 Y52W -
169 Y52F M 0,75 
170 NS4D - 0.25 
171 N54S - 1.2 
172 D56K - I 
173 D56H -
174 D56H - J,5 
175 05 €11 - U2 

[213 D56S 
hiT" D56G -
BIS D56N -
216 D56Y -
h?6 Y5SJW -
It 77 Y59F . 
180 Kom -
181 K62D 

1178 F63W -
[179 F63Y -

(157 IT97W « 0.64 
158 C97F t* i.2 
J59 1 «8W - ).64 
1(50 'S r9 8F - DM 
106 h flOOG 
161 V VIOOcY - \05 
jj62 V ZlOOcF * ).27 
163 F 100cY MS 
164 P IOOCW ).7I 
165 n 101N ),54 
166 S 990, N100G, SJOOaD.YJOOb delete ).9D 
217 V I02Y 1.0 

207 T-134Y 1 
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192 - 0B9E 
193 - QB9N 
194 - QV0E 
(.95 - Q9QNT 
19.6 - W91Y 
197 - W9li; 

2(15 S92N 
206 „ S92 G 
198 fti F93Y 
ISO w F93W 
204 n F93S, N94Y 
200 f F$6'L 
201 m P9dY 
202 . P9<5W 
m P96R 

Example 4 
Mutations at site? of framework Immunization substitutions 

Substitutions of additional residues at framework positions that were changed during Immunization 
were also tested in the 2H7.vi6 background, la particular, aJlernatlve framework substitutions that were 
neither fxiund in the murine 2H7purcntnor tbo human consensus framework were made at Vt(P46) and 
YII(049, V7J, and K73), 

These substitutions generally led to little change in relative blodiag (TabJe (>% indicating that t*>ero 
is some flexibility in framework residues at these positions. 

Table 6. Relative binding in a ccU-bascd (W1L2-S) assay of framework substitution, AgG variants dxt 
shown with mutations with respect to the 2FJ7.vl6 background. Tbe relative binding is expressed as the 
cortcetiuwlon of tJie 2H7.v<J.8 chimera over the concentration of tbe variant required for equivalent binding; 
iicnce ft Mi.O <1 indicate? weaker affinity forths variant; a ratio >1 indicates higher affinity for the variant 
Standard deviation in relative affinity determination averaged +/- 10%. Framework substitutions in the 
•variable domains are relative to 2H7.v16 according to) tho numbering system of Kabat (Kftbal e( al., supra), 
(*) Variants tlutt W«J,IJ assayed with 2H7.vt<> as tbe standard comparator; relative values are normalized to 
that of the chimera. 

2H7 Heavy chain Light chain Relative binding 
/endon substitutions substitutions 

6.8 (chimera) ("ehimcra) -1-
Id - a64 
7fl FC73R . 0.72 
79 K.73H 0.49 
80 mo D.5H 
SI V7IX w 0.42 
32 V71T V 0.5 B 
33 V71A u 

84 0491 ft 0,32 
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R5 G49L . 
ad - P46E 0.22 
87 1* P46V 0J5I 
88 * P45T 
I OK C749A, V71T, K73R S.92A, M32L, P46T 0.026* 
109 Q49A, A49G, V71T. K.73R v S92A, M32L. P46T 0.026* 
110 K73R, D56A, N100A S9ZA, M32L Not expressed 
111 G49A, V7IT, K73R «. 0.46"' 
'll2 G49A, A50G, V71T, K73R - 0.12* 

(*) Variants tbut woro asNuyed with 2H7,vl6 05 the standard comparator; 
relative valucK urc normalized to tliPt of the cbinietu 

5 

Exaronlfe 5 
Hvtttanfettl 2117 Variants wKfc enhanced effector functions 

Bccausc 2H7 can mediate lysis of B-eells through both complement-dependant cytotoxicity (CDC) 
J 0 and antibody-dependent cellular cytotoxicity (ADCC), we sought fo produce variants of hoirmnJzed 2H7.V16 

with Improved CDC and ADCC activity. Mutations of certain residues witbJfl theFc regions of other 
Antibodies have been described (Xdusogle ei aJ„ J. Immunol* 166:2571-2575 (2001)) for Improving CDC 
through enhanced blading to HID complement component Clq. Mutations have also been described (Shields 
ct al.,/ Biol Cham. 276:6591-6604 (2001); PrtStad fit. Biockenu See. Thms. 30:487-490 (2002)) for 

15 Improving ADCC clirougti enhanced IgQ binding to activating Fey receptors and reduccd TgG binding to 

inhibitory l'cy receptors, b) particular, three mutations havo been Jdanrlfied for improving CDC and ADCC 
activity: S298AJB333A/K334A (also referred 10 lieteiu as a triple AlA inutoit or variant; numbering irt tht Fc 
region i.i according to the EU numbering system; Ksbfit et at, supra) as described (ldusogfe el al,. supra. 
(200!): Shields et ul., supra). 

20 In order to enhance CDC and ADCC activity of 2H7, (1 triple Ala mutant of the 2H7 Fc was 
constructed, A humanized variant of the anti-HBR2 antibody 4d5 has been produced with mutations 
S298A/E333A/K334A and Is Jaiown a9 4D5P0110 (/•<!., ond-p,wKF.R2 I&G1 (S298A/H333A/K334A); 
Shields et »1„ supra)' A plnsmid, p4D3JtvcllO encoding antibody 4D5Fc110 (Shields et nl„ supra) wos 
digested with Apal and llindUl, and the l'C-fra£munt (containing mutations S298A/E333A/K334A) was 

25 Hgiucd into the ApaWlindlU. sites of the 2H7 heavy-chain vector pDR2-v1<3, to produce pDR2-v31. The 
amino acid xcqucnoc of tlvc virslon3l complete HcJWo issbowo io Fig. 8, The T.chain is the same ns that 
ofv1<», 

Although die constant domains of dieFcjegiofl of IgGl nutjbodi.es are relativejy conserved within 
» given spcdon, allclic variations exist (Wviewcd by Lefranc and Lefraiic, In tfw human 1%G subclasses1! 
mnlccular analysis ofstructure, function, and regithlivrr, pp. 43-7U, F. Siiakib (ed,)r FSrgrtmmon Press, 
Oxford (1990)). 

Table 7. Effects of substitutions in the Fc region on CD20 binding. Relative binding to CD20 was 
mcaKurcd in a cell-based (W1L2-S) assay of framework substitutions. Fc mutations (*) are indicated by EU 
numbering (Knbat, supra) nnd are relative to the 2H7, VI 6 parent. The combination of three All) changes in 
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5 the I'c Kgion of v.31 i? described as "Fol 10." TgQ variants are SJlOwn with mutations wilh rcspect to the 
2H7.vl6 background, "Jlie relative binding is expressed as (be concentration of the 2H7,v6.R chimera over 
(he concentration of tile variant required for equivalent binding; henee a ratio < I Indicates weaker affinity 
for fhfi- variant, Standard deviaiion jn relative Affinity determination tivefr.gcd +/- 10%. 

2H7 Fc Relative 
version Substitutions* binding 
6.H • 
16 • 0.65 
31 S298A, E333A, K334A 0.62 

Ffx)ifflpU> f> 

Humanized 2H7 variants with enlmnccd stability 
For development as therapeutic proteins, it 5st desirable to choose variants that remain stable with 

respcct to oxidation, dcumidnuon, or otheT processes that nifty affect product quality, in a suitable 
formulation buffer. Tn 2H7.vl<$, several residues were Identified as possible sourocs of instability: VT« 
(M32) and VH (MM, N100), Therefore, mutations were kwodueed al these sites Ibr comparison with v16. 

Table 8. Relative binding of 2H7 variants designed for enhanced stability and/or effector function, to CD20 
In Acell-based (WTL2-S) assay. TgG variants aw shown with mutations with respect to the 2H7.v3 6 
background, Hw relative binding is expressed as tlte ooitcentrAtkm of the 2H7.v6.8 chimera over the 
concentration of tbe varhnt required for ecjuivakmt binding; benoe a ratio < J indicates weaker affinity for 
rite variant Standard deviation in relative affinity determination averaged +/- 10Framework 
KubscitutionR in the variable domaina arc relative to 2H7.vl6 according t» die numbering system of Kabat 
and Fc mutations (*) are indicated by EU numbering (Kabat et al., fupra). (**) Variants that were measured 
with 2H7.vl6 us the standard compart tor; relative values are normalized to ttrnt of the chimcra. 

Additional Fc mutHtions were combined with stability or affinity-enhancing mutations to alter or 
enbanea effector functions based on previously reported mutations {Idusogic ct ul. (2000); 
Idusogle ct of. <2001); Shields et aL (2001)). These changes include S298, E333A, K334A as described in 
Example 5,- K322A to reduced CDC activity; D265A to reduce ADCC Activity; K326A or K326W to 
enhance CDC activity; and B326D/M35SL to lest the effects of allotypic changes In die Fc region. None of 
these mutations caused significant differences in CD20 binding affinity. 

2H7 
version 

Heavy chain 
(V«) changes 

Light chain 
(Vi) changes 

Fc changes * Relative 
binding 

(S.« (chimcra) (chimcra) - -1-
! 6 * - - 0.65 
62 • M321 * 0.46 
63 M341 , 0.49 
M NIOOA W * 
65 N100A L47W • 0.74 
66 W)A L47W . 0,62 
67 H54- A - " 
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68 . M321 _ 0.46 
69 . M32L _ 0,52 
70 NIOOA t# S298A, E333A, K334A 0.80 
71 NI00D - S298A, B333A, K334A 0.44 
72 NIOOA M32T - 0.5B 
73 N100A M32L 0.53 
74 N100A M32I S29AA, H333A, K334A 0.61 
75 N100A M32L 5298A, R333A, K334A 0.60 
113 . - E35AD, M358L 0.60*'* 
1J4 D5&A, NIOOA M32L, S92A 529BA, R333A, K334A 1.2** 
115 D56A, NIOOA M32L, S92A S298A, E333A, K334A, R356D, M358L 1.4** 
lift r>56A, NIOOA M32JL, S92A S298A. K334A, K322A 1.2** 
134 D56A, NIOOA M32T„ S92A E356D.M358UD265A 1.5** 
135 D56A, N100A M32L,S92A E356D, M358L. D265A, K326W 0,95** 
138 D56A, NIOOA M32L. S92A S298A, B333A, K334A. K326A 1.2"* 
139 056A. NIOOA U32L. S92A S298A, B333A, K334A, K326A, E356N, M358L 1.1** 
154 w - 0265A 0.70*" 
(55 - _ 3298A, K322A, K334A 0.70'"" 

(+*) Variants that were measured with 2H7.vl (3 as comparator; 
rc I Aifvc binding value* are. normalised to that of the chimera. 

To test (be effects of stability mutations on the rate of protein degradation, 2H.7.vl(J and 2H7.v73 
were formulated at 12-14 ing/mL In 10 mM hlstldfrie. 6% swfOtt. 0.02% polysorbatc 20, pH 3.8 and 
Incubated at 40°C for J 6 days. Tho Incubated samples were then assayed fbr changes in chwgo variants by 
ion exchange chromatography, aggregation and fragmentation by size exclusion chromatography, and 
relative binding by testing in a cell-based (WJT^t*S) ussay. 

The rtsvhs (Fig, 9) show that 2H7 V.73 ha? greater stability compared ft? 2H7 v. 1<5 with re$pect. to 
losses In the fraction of main pwfc by Ion exchange chromatography under accelerated stability conditions. 
No significant differences were seen with respect to aggregation, fragmentation, or binding affinity. 

Eynmplc 7 
Scatchard analysis of antibody binding to 01)20 on WIL2-S cells 

Equilibrium dissociation constants (K$ were determined for 2H7 TgO variant? binding to W1L2-S 
ccllx using radiolabeled 2H7 IgG, JgO variants were produced Jn CHO cells. ]Rituxan<5> (source for all 
experiments U Gononteeh, S. St<n Francisco, CA) and murine 2tf7 (flD PharMlngen, San Diego, CA) ware 
uxod for comparison with humanized variants, The murine 2H7 antibody i$ also available from other 

.wurccs, e.g., cBioscicnce, and Calbiochem (both of San Diego, CA), Accurate Chemical & Scientific Corp., 
(Wcxtbury, NY), Anccll (Bayport, MJN), and Vlttcl-Wochem (Vinci, Italy). AIJ dilutions were performed in 
binding assay buffer (DMEM media containing 1% bovine scrum albumin, 25 mM HEPES pH 7.2, und 
0,01 % .sodium uzidc). Aliquote (0.025 niL) of llV2H7.vl6 (iodlimted wltli lftctopcroxldase) at a 
coi'CQntrution of 0.8 nM were dispensed into wells of a V-bottorn 96-wcII mioroawiay ploto, and serial 
dilutions (0.05 ml.) of cold antibody were added and mixed. WIL2-S oclls (60,000 cells in 0.025 mL) were 
then added. ThB plate wan sealed and incubated at room temperature for24h, then centrifuged for 15 min at 
3,500 KPM. The supernatant was then aspirated and the cell pellet wn$ washed and eeotrifuged, The 
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5 supernatant was again aspirated, and the pellets were dissolved In ] N NaOH awl transferred to tubes for 
gamma counting. The data were used for SeutuhanJ analysis (Munson and Rodb;u-d, Arutl. Jiivchem. 
107:220-23y (19B0)) usin^thc program Ligand (McPlierson, ComptiL Programs Jiwmad. 17: 107-114 
(19M)). The results, shown fo Table 9, IndkftW thai humani^d 2H7 variants had similar CD20 binding 
affinity as compared to murine 2H7, and similar binding affinity to Rituxan©. 11 is expected dial 2H7.v3 J 

10 will have very similar IQ to v.16 on the basis of the binding shown in Table 7 above. 

Table 9, Equilibrium binding affinity of 2H7 variants from Soitehurd analysis 
Antibody variant Kj(nM) Tl 

Rituxan 0.99±0.49 3 
2H7 (murine) 1.23±0,29 3 
2117,vl6 0.fi4±0.37 4 
2H7.v73 1.22±0.39 4 
2H7.v75 1.09+0,17 4 

.Bxqmplo 8 
Complement Dependent Cytotoxicity (CDC) Assays 

21-J7 IgO variants wcro assayed for their ability to mediate complement-dependent lysis of WIL2-S 
cclls, u CD20 expressing lymphoblastoid B-cell tine, essentially 64 described (Idusr>gie ex al., J. fmmuncL 
I M;4I78-4IW (2000); Idusogic ct *L, /. Immunol 166:2571-2575 (200 J)). Antibodies were serially diluted 
1:3 from a 0,1 «)£/mL stock solution. A 0.05 rnL aliquot of each dilution was r.dded to a 96-welJ tissue 
culture plate Uiat contained 0.05 mL of a solution of normal human complement (Quidel, San Diego, CA) 
To this mixture, 50,000 WIL2-S cclls wera added in a 0.05 UiL volume. After incubation for^h at 37®C, 
0.05 mL of a solution of AJamar blue (Accuined International, Westlske, OH) was added, and incubation 
was continued for ac additional 18hat37"C. Covers were then removed from the plates, and they were 
shaken for 15 min f\< room tentperalure on an orbital idtukcr. Relative fluorescent units (RPU) were read 
»S(0£ a 530 tun excitation filter and a 590 nm emission filter. An EQo was calculated by fitting R FU as a 
tbnefion of concentration for each Antibody tretofi KaJeJdaGrapJl software, 

The results enable 10) show sutprislng Improvement in CDC by humanized 2H7 antibodies, will) 
relative potency similar to Rituxan® for v.73,3-fold more potent than Rituxan® for v.75, and 3-foJd weaker 
than Rituxan® tor v.16. 
Table 10, CDC activity ojf2H7aotibodles compared to Rituxan. Numbers >1 indicate loss potent CDC 
activity thun Kituxiin® and numbers <1 indicate mure potent activity than Rituxan®. Antibodies were 
produced from stable CHO lines, cxccpt that those indicated by (*) were produced transiently. 

Antibody variant n ECjuCvUrianO/ECsflfRituxan) 

Rituxan® 4 -1-
2H7.vl6 4 3.72; 4.QJ5 
2B7.v31* 4 2.21 
2H7.V73 4 1,05 
2H7.V75 14 0.33 
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2H7,v9<r* 4 0.95C) 
2H7.vl 14* 4 0.378 
2H7.V115* 4 0.475 
2H7.vl 16* 1 >100 
2H7.VI35* 2 0,42 

5 

Example 9 
Antibody Dependent Cellular Cytotoxicity (ADCC) A .ways 

2H7 JgG variants wore assayed for their ability (o roedJate NaUiral-Kilkr ccll (NK ccll) lysis of 
J 0 WIL2-S cclls, a CD20 expressing lymphoblosraid B-cell line, essentially as described (Shields ct al., /, Biol 

Chain. 27<5:C>591-<5(304 (2001)) using a laclaw dehydrogenase (LDH) readout. NK cells were pvepared from 
100 ML of heparinized blood, diluted with 100 mL of PBS (phosphate buffered sall&e), oblalned from 
normut human donors who had been iisotyped for F<?yRJJI, Also known as CD16 (Koenc ct ul., Bland 
90:1109-1114 (1997)). In this experiment the NK cells were from human donors heterozygous for CD 16 

15 (FIS8/V15R). The diluted blood was layered over 15 mL of lymphocyte separation medium (ICN 
Biochemical, Aurora, Ohio) and oentrifuged for 20 min at 2000 RPM. White cclls at the Interface between 
layers were dispensed to 4 clcun 50-mL tubes, which wcro filled with KPMI medium contusing 15% fctaJ 
cnlf scrum, Tubes were centrifiiged for 5 min ct 1400 RPM and tho supernatant discarded. Pellets were 
rocijspcnded in MACS huffcr (0.5% BSA, 2mM EDTA), and NK cells were purified using beads (NK Cell 

20 Isolation Kit, 130-046-502) according to the manufacturer's protocol (Milietiyl Biotech,). NK cells were 
diluted in MACS buffer to 2x10* ceUtftaL, 

Serial dilutions of antibody (0.05 mL) In assay medium (1T2/DMI5M 50:50 without glycine, J mM 
HBPIiS butler pH 7,2, Pe otil ci 11 i n/StrepiQmycin (100 unlte/mL; GibcoX glmamine, and 1% heai-lnacrf voted 
fcUU bovine s^wtti) were added to 0 Powell round-bottom tissue culture plate. WIL2-S cells were diluted in 

25 assay buffer to a concentration of 4 x iOVmL, WIL2-S cells (0.05 n\t per well) were mixed with diluted 
antibody in the 96-wcll plate and incubated for 30 min al room temperature to allow binding of antibody to 
CD20 (opsonization), 

Tlwi ADCC reaction wn« inifintwl by nrtdSng 0 1 ml. of NK c.nilK to CHCII wrtll, In <tnnfn»1 wells, 7% 
Triton X-I00 WAS added. Tbe plate was then incubated for 4b at 37°C. Levels of LDH released were 

30 measured tislnfi a cytotoxicity (LDH) detection "kit (K: (#1644793, Rocho Diagnostics, Indianapolis, Indiana,) 
following tho manufacturers instructions, 0.1 mL of LDH developer was added to each well, followed by 
mixing for 10s, The plate was then covered with aluminum foil und Incubated 5n the dark at room 
temperature lor 15 mttt. Optical density at 490 IWJ was then read and use to calculate % lysis by dividing by 
the total LDH measured in control wells. Lysis was plotted as & function of antibody cortccrtlralion, and a 4-

35 parameter curve fit (KaleidaOraph) was used to determine EC50 concentrations. 
The results showed that humanized 2H7 antibodies were active In ADCC, with relative potency 20-

fi>.Id higher than Rituxan® for v,31 and v.75,5-foJd J»ore potent than RJtuxon® for v.1 (5, and almost 4-fold 
higher (linn Rituxan® for y.73, 
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TAMO 11, ADCC activity of ZH7 antibodies oil W1L2-S cells compared to 2H7,v36, based on n 
experiments'. (Vulue$ >1 indicate lower potency than 2H7.vl6, and values <1 indicate greater potency.) 

Antibody variant rt BCv,(variftnt)/ECraf2W.v16) 
Kiluxun© 4 5.3 
2H7.vl<S 5 1 
2H7.V31 1 0,24 
2H7.V73 5 1.4 
>H7,v73 4 0.25 

Additional ADCC assays ware cairied out to compare combiiuidon-vorianta of 2H7 with Rituxan®. 
1U The results of these assays Indicated lh«t2H7.vl 14 and 2H7,v113 Kfive>lO-lbld improved ADCC potency 

as compared to Rituxan® (Table 22). 

Table 12. ADCC activity of 2H7 antibodies on W1L2-S cclls compared to Rituxan®, based Oft ft 
experiments (Values >1 Indicate lower potency than Rituxun®, and values <1 indicate stealer potency), 

)5 

Amihodv variant BC50(vflriant)/RC50(RitU3<aii) 

Rlttixaft® 2 -1-
2FI7 v.16 2 0.52 
2H7 v.ffrt 2 0.5K 
2H7.vi14 2 0.093 
2H7.vll5 2 9,083 
2H7.VU6 2 0.30 

Rymnplc 10 

la vivo cffccts of 2H7 variants in a pilot study in cynomolgus rooakey* 
2H7 variants, produced by transient trsuisfectlotl of CliO cclls. were tested In normal male 

20 cynomolgus (Ma#ic.afaxc.lcularh) monkeys in order to evaluate their in vivo activities, Other ant.i-CD20 
antibodies, sueii as C2BS (Rituxan®) have demonstrated an ability to deplete B»cells in normal primates 
(Reff c( ftl,. VhadZ 3:435-445 0994)). 

Tn ono study, humanized 2117 variants were compered. Tn a parallel study( Rituxan® WUK ulso 
tested in cynomolgus monkeys. Four monkeys were used Ln each of five dose groups: (1) vehicle, (2) 0.05 

i5 nig/kg liu2H7.v?f7, (^) 10 mg% hu2H7,vl6, (4) 0.03 mg/kg Jio2H7.v31, and <5) 10 mg/kg hu2H7.v31. 
Antibodies were administered intravenously at a concentration of 0,0-2, or 20 mg/mL, for a total of two 
doses, one on day 1 of the study, and another on day (!, The first day of dosing is designated day 1 and the 
previous day is designated day-l! the first day of recovery (fw2 animals in cucli group) is designated as 
day 11, Blood samples were collected on days -19, -12,1 (prior to dosing), and at. <jh, 24h, and 72h 

30 following the fi.est dose. Additional samplea wcru taken on day 8 (prior to dosing), day 10 (prior to sacrifice 
«}*2 animals/group), and on dnys 36 and C>7 (for recovery animals). 

Peripheral B-cel! concentrations were determined by a FACS method that counted CD3-/CD40+ 
cells. The percent of CD3-CD40+13 cells of total lymphocytes in monkey samples were obtained by the 
following gating strategy. The lymphocyte population was marked on the forward scalier/ side scatter 
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5 scuttcrgram to define Region I (RI). Using events In R1, fluorescence intensity dot plats were displayed for 
CD40 und CQ3 markers, FJijorescently labeled Isotype controls were used to determine respective cutoff 
points for Q»0 and C£>3 positivity. 

'I'll® results indicated that both 2H7.vl6 and 2H7.v31 were capable of producing full peripheral B-
ccJI depletion at the I ft mg/kg dose and partial peripheral B-cell depletion at the 0-05 mg/kg dose (Fig. 11). 

J 0 The time course and extent of B-cell depiction measured during tbe first 72h of downy were similar for the 
two antibodies. Subsequent analysis of the recovery antnspls Indicated thut unimula treated with 2H7-V31 
showed a prolonged depletion of B-cells as COrtlpArtid to those dosed with 2H7.vl6, In particular, recovery 
animals treated with 10 mg/kg 2H7.vl6, B-cellij showed substantial B-cell recovery ut some time between 
sampling on Day lOund on Day 36. However, for recovery animals treated with 10 mg/kg 2H7.v31, B-ce)Js 

J 5 did not show recovery until some time between Day 3(5 and Day 67 (Fig. J1). This' suggests a greater 
duration of futl depletinn by about one month for 2H7-V31 compared k>2H7.vJ6. 

No toxicity was observed fi» tho /not)key study fit low or lilglt dose und the gross pathology was 
normal, )« other studies, vi6 was well tolerated up to the highest dose evaluated ot'(100mgflcgx2 = 1200 
mg/m* x2) following; i,v. administration of 2 doses given 2 weeks apart in these monkeys, 

20 Data in Cynomolgus monkeys with 2H7.V 16 versus Rituxan® suggests that a 5-fold reduction ltt 
CDC activity does not adversely affect potency. An antibody witb poteot ADCC activity but reduced CDC 
activity way have more favojuWe safety profile with regard to first l«A«loji reactions than one with greater 
CDC activity. 

25 flxnmnlc ti 
Fucose deficient 2H7 variant antibodies with enhanced. cttector function 

Normal CHO and HEK293 cells add Aicose to IgG oligosaccharide to a liigb degree (97-98%). IgG 
from sora are also highly focosylatecL 

DP J 2, a dihydrofofote reductase minus (DJHFR-) CHO cell line that is fucosyltttion competent, and 
30 Lccl 3, a cell line that is deficient in protein fucosylution were used to produoe untibodies ibr this study, Tbe 

CHO cell line Pro-Led 3,6a (Lcc 13), was obtained from Professor Pamela Stanley of Albeit Einstein 
College of Medicine of Yeshiva Univcraity. Parental lines arc Pro- (pwlfoe autotroph) and Oat- (glycine, 
adenosine, thymidine auxotropb). The CHQ-DPI2 cell line is & derivative of tbe CHO-K1 ceil tin© (ATCC 
#CCL-61), which is dihydrofolate reductase deficient, and has a reduced requirement for insulin. Ccll lines 

35 were transfcctcd with oDNA using the Superfect method (Qlafleu, Valencia, CA). Selection of the Lec13 
ceils expressing tronsfected antibodies was performed using puromycin dlliydroclilorlde (Cslblochoin, Sa» 
Diego, CA) at 10 In growth medium containing: MEM Alpha Medium wilh L-glut&nutie, 
ribonueleosldes and deoxyrilxmucleosides (G1BCO-BRL, Gaitlwrsburg, MD), supplemented wJtb 10% 
Inactivated JL'i3J5 (GIBCO), 10 mM HF.PF.S, and IX pcniciJlin/strcptomycin (GIBCO), The CHO cells were 

40 similarly xclcctcd in growth medium containing Ham's FJ2 without OFJT: IJOW Glucose DMEM without 
Glycine wlrfi NaHC03 supplemented with 5% FBS (GIBCO), 10 jnM HBP115,2 mM JU-gfttamlne, IX 
OHTCglyciOft, liypoxanthine,thymidins), und IX penicillin/Streptomycin. 

Colonics formed witliin two to three weeks end were pooled for expnit?ian nnd protein expression. 
Tlw ccll pools were seeded initially at 3 x 106 celfs/10 cm plate for small batch protein expression. The cellg 
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5 wore converted to serum-free media mice they grew to 90-95% confluency and After 3-5 days ccll 
supernatant* were collected and tested lit an Fc IgG- and intact TgG-ELlSA io estimate protein expression 
ICVCIN. I-ac 13 und CHO cells were seeded at approximately 8 x 10*5 Cfills/15 em plate one day prior to 
converting to PS24 production medium, supplemented with 10 mg/L .recombinant human insulin and J mg/L 
trace elements. 

10 LecI3 cclis and DP 12 cells remained in wrum-free production medium for 3^5 days. Supernatant* 
were collected und clarified by cenfrifbgolipn in J 50 roJ cofllcal lubes to remove cells and debris. 'Hie 
protease inhibitors PMSF and uprotinitj (Sl£ma, St. Louis, MO) were added and the superoatants were 
canccnrrntfid 5-fold on stirred cells using MWC030 filter* (Amicon, Beverly, MA) prior to Immediate 
purification using protein O chromatography (Amersham Pharroacja Biotech, Plscaiaway, NJ)). All proteins 

15 were buffer exchanged into plio?plipte-buffored saline (PUS) using Centripricp-30 concentrators (Amicon) 
and analyzed by SDS-pcdyaerylaitiide gel electrophoresis. Protein concentrations were dofej'iiiJived uslli£ 
A280 and verified using amino acid composition analysis. 

The CHO cells were (nmsfected with vcctora expressing bumanir^d 2H7v16,2H7V.31 and selected 
os described. The 2H7v,J6 antibody retains 1he wild type Fc region while v.3l (see Example 5, Table 7 

20 above) bus an Fc region wherein 3 amino acid changes were made (S298A, E333A, K334A) which results in 
higher affinity for the FcyRITTa receptor (Shields et al. X Biol. Chem. 27(5 (9):6591-<5(504 (200X)). FoUowina 
transection anil sclcction, individual colonics of cclls were isolated and evaluated for protein expression 
level and the highest producers were subjected to methotrexate selection to select for cells that had amplified 
the plasmid copy number and which therefore produced higher levels of tmtibody. Cells were $row% 

25 transferred to scrum free medium for a period of 7 days, then th£ medium was colioded, loaded onto a 
protein A column and the antibody was clutcd using standard techniques. Hie final concentration of the 
antibody was determined using an Ellstt that measures intact antibody. All proteins were buffer exchanged 
Inro phosphate-buffered saline (PBS) using Ccntrlpriep-30 concentrators. (Amicon) and analyzed by SDS-
polyacrylamMe gel electrophoresis. 

30 Matrix-Assisted laser Desorpibtt/JonizMlon T'une-of-jttghi (MALDJ- TOF) Maxx Spectra! Analysis 
tif A.iparugine-Linkad OligostiCcfiarides.'N-linkcd oligosaccharides ware released from recornbinnnt 
glycoproteins using the procedure ofFapae e( al., Glycobiohgy 8,445-454 (199$). Briefly, the well? of a 96 
well PVDF-Jinod nricrotitre plate (MJWipore, Bedford, MA) were conditioned with 100 ft! methanol that was 
drawn Uirough the PDYI' membranes by applying vacuum to the Millipore Multiscreen vacuum manifold. 

35 Tho conditioned PVDF membranes were washed with 3 X 250 til water, Betweeo -all wash steps tbe wells 
were drained completely by applying gentle vacuum to the manifold. The membranes were washed with 
reduction and cwboxytnethylation buffer (RCM) consisting of 6 M guanidinc hydrochloride, 360 mM Tri«, 2 
mM RDTA, pH 8.6, Glycoprotein samples (30 ng) were applied to Individual wells, afiato. drawn, through the 
PVDF membranes by gentle vacuum and the wells were Washed with 2 X 50 ptl of RCM buffer. Tbe 

40 Immobilized samples were rcduccd by adding 50 jxi of a 0,1 M dlthiotbrellul (DTT) solution to each well, 
nnd incubating the microfjtrc plutc at 37°C for 1 hr. DTT was removed by vacuum and the wells were 
washed 4 x 250 fil wacer. Cysteine residues were carboxylmethylatcd by the addition of 50 [ri of a 0.1 M 
iodottcetio ucid (IAA) solution which was freshly prepared in J M NaOH and diluted to 0-1 M with P.CM 
buffer, Carboxymcthylation was accomplished by incubation for 30 illia in the dilrk at ambient temperature, 
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5 Vacuum was applied to the plate to remove (he IAA solution aod the wells were washed with 4 x 250 j.il 
purified water. The PVJDP membranes were blocked by the addition of 100 |U of 1% PVP360 
(pi)lyviny!pyiTolidJj;e 360,000 MW) (Sigma) solution and incubation for ) hr at ambient temperature. The 
FVP-JWO solution was removed by gentle vacuum and the -wells were washed 4 x 250 pi water. The PNGasc 
P<New lingland Biolabs, Beverly. MA) digest solution, 25 ul of a 25 Unit/ml solution In 10 mM Tri$ 

10 ucctatc, pH 8,4, w«j added c<> cacb well and the digest proceeded for 3 lir at 37 "C. After digestion, the 
samples were transferred to 500 fiJ Eppendorflubes and 2.5 jtJL of a J 5 M acetic acid solution was added to 
cach sample. The acidified samples were intubated fbr 3 for at ambient temperature to convert the 
oligosaccharides from glycosyiamlnes to tho hydroxyl form. Prior to MAl.DF-TOF mass spixtral analysis, 
thu released oligosaccharides were desalted using n 0.7-mi bed of ua(!on exchange resin (AG50W-X8 resin 

(5 in the hydrogen form) (B lo-Rad, Hercules, CA) slurried packed into compact reaction tubes- (US 
Blochomlcal, Cleveland, OH). 

Fur MALDT-TOF mass spectral rtnulysis of the samples In the positive mode, the desalts 
oligosaccharides (05 jitl aliquots) were applied to the stainless target wilh 05 |tl of tbe 25 dihydroxybonr.oic 
acid matrix (sDBB) that was prepared by dissolving 2 mg 2,5 dUiydroxybcnzoic acid with 0.1 mg of 5-

21) mcthoxyslicyllc acid in I Mil Ol'ethanul/1 D mM sodium chloride 1:1 (v/V), Tho sample/matrix mixture wis 
dried by vacuum. Pot analysis in the negative mode, the desalted N-iinked oligosaccharides (05 |U aliquots) 
wens allied to the stainless target along witit OS }U 2\4',6-triliydroxyflcutopbcnonc matrix (THAP) 
prepared in 1:3 (v/v) acelomtrilc/133 mM ammonium citrate btififec. The sample/matrix mixture was 
vacuum dried and then allowed to absorb atmospheric moisture prior to analysis. Released oligosaccharides 

25 wcro analyzed by MAUW-lOf- on a PerSepti ve BioSystcnw Vflyager-DB mass spectrometer The mass 
spectrometer was operated at 20 kV either id the positive or negative mode with the linear configuration and 
utilizing delayed extraction. JData were acquired using alaser power of 1300 and in the data summation 
mo do (240 scans) to Improve tbe stg».al to noise, The Instrument was calibrated with n mixture of standard 
oligosaccharides and the data was sntootbed lisbifi a IP point SavilSfky-Golay algorithm before the masses 

30 were assigned. Integration of the mass spectral daia was achieved using Caesar 7.0 data analysis software 
packagc (SeiBridgc Software). 
Natural kilter (NK) all <?ndbody Atpcndenl cytoxicity assays. 

ADCC assays were performed as described in lixample 9, .NK <o target cell (WIL2-S) ratio was 4 
to I. assays were run for 4 hours, aud toxicity was measured as beforo using lactose dehydrogenase asswy. 

35 Target cells were opsonized with (he concentrations of antibody Indicated for 30 jain prior <o addition of NK. 
col IK. Tho Rituxan© antibody used was from GeaeMwh (S. San Fmokco* CA). Figure 12shows the results 
of a representative ADCC assay. 

The results show that underfucosylated antbodie# mediate NK cell target cell killing more 
efficiently Iht-m do antibodies with a full complement of fucose, The undeifiicosylated antibody, 2H7v.31, is 

40 mo,st efficient at mediating target cell killing. This antibody is effective at lower concentrations and is 
capable of mediating killing of a greater percentage of target cells at higher concentrations than ere the other 
antibodies. Tho activity of the antibodies is as follows: Leo 13-dcrived 2H7 v31> Lec 13 derived 2H7v1(5> 
Opt2 derived 2H7v31> Dpl2 derived 2H7v16> or <= to Rituxan. The protein and carbohydrate alterations 
are additive. Comparison of tho carbohydrate found on native IgG from tlieIxcl3-pro<iuced and CHO-
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5 produced 1$G showed no appreciable differences In llltf extent of gulactosylatioii Anil benoethe results can be 
attributed .solely to tho pre-scnce/ttbsuncc of fucose. 

Example 12 
Pucrwie-dcficieot 2K7 variant antibodies with enhanced ADCC in vivo 

10 Tin's example describes ADCC activity in vivo ofthe flicoee-d&iiciont humanized 2H7 variants 
including v.16 and v.31 produced in Lcc)3 compared to DOrmal fueosylatwi counterparts produced in DP 12, 

in mice expressing hurnun CD 16 [PcR-yJU] and human CD20. 
Generation of)wCD20T^ kuCD16Tg+ mCOI<^ mUitt 

Human CD20 transgenic mica were generated from human CD20 BAC DNA (Invitrogen, Carlsbad, 
15 CA), Mice were screened based on tha FACS analysis of human CD20 fixprwsiOrt, HuCD20 Tg? mice were 

then crossed with huCDI 6TgtmCDl.<5"/" mice to generate huCD20TgihuCDl 6Tg+mCD 16"'" mice. 
In vivo treatment 

Ten to 100 fJg of each of the 2H7 variants or Rituxan®* is administrated to 
huCD20T^Ti uCD I fiTg+mCD 1<57' wee via Intraperitoneal injections. Equal smou/it of isotypc-matchcd 

20 antibodies wil) be applied similarly to tho negative control £<oup of animals, 
Manse lymphocytes preparation 

Mouse lymphocytes from whole b3ood, spleen, lymph iwdes and bone marrow are prepared 
according to standard protocol described in "Current Protocols in Immunology, edited by John Cuiigan, Ada 
Kryisbeek, David Margvlles, Bthan tJhevncb and Warren Strobcr, 1994". 

23 FA CS analysis 
Hall'million cclls are washed and resu&pended in 100 Jil of FACS buffer, which >8 phosphate 

buffered &dine with 1 % BSA, containing 5 jrl of staining or control antibody. All tho staining antibodies, 
including Isotyps conrrols, are. obtained from PharMlnfieu, San Diego, CA. Human CD20 expression la 
awoxficd by mining! with Rituxan®) along with FTTC-conjugated awl-huttian IgGl secondary antibody. 

30 FACS analysis Is conducted using FACScau and Cell Quest (Becfo/i Dickinson liiintuiiocytomctry Systems, 
San ,1oae» CA), All the ly/yiphooytos nr« defined in the forward and oid» llfiht <wa(twli>£o, while all the B 
lymphocytes are defined with the expression of JS220 on the cell surface. 

B cell depletion and recovery are assessed by analyzing peripheral B eel) counts and analysis of 
hCD20+ B cclls by FACS in the spleen, lymph node and bono marrow on a daily baals for the first week 

35 after Injection aod thereafter oo a weekly basis. Serum levels of the injected 2H7 variant antibody are 
monitored, 

The results of tills In vivo assay confirms the In v3tro findings on tbe Increased ADCC activity and 
greater B ccll depletion of fucose-deflclent 2H7 variants over wild-type (with resopct to focosylatlon) 
glyetwylation counterparts. 
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5 Example 13 

Apoptosts Activity 
Anri-CD20 antibodies Including Rituxmi® have been shown to Induce upvpiosh In vitro when 

crosslink by a secondary antibody or by chemical means (Shan ct ul., Blnod 9:1644-1(352 (1998); iiyrd et 
10 uL Blood 99(1038-43 (2002); JPederson «*«••, BJixx! 99:1314-19 (2002)). Wlwo chemically crosslinkcd, 

murine 2117 dinars Induced apoplo.sit; of Daudi ccllx (Ghetie etal,, Proc Nail Acad Sci USA 94.7509-14 
(1 S&7)). CrossJinfdng witli a secondary antibody also induced apoptosis wilh the murine 2H7 antibody (Shan 
ci :il., 1998). These activitleK ore believed to bo physiologically relevant because a variety ofmcchanlsms 
could lead to eras slinking of anti-Ct>20 autlbodies bound 10 cell-Surface CD20 In vivo. 

I 5 RhuMAb 2H7.vl6 [humanized 2H7 v]<5; RhuMAb stands for recombinant human monoclonal 
antibody! und Ri(ux«n® wore compared in spopwh assay? tn vitro using a secoodary Cfosslinklng antibody. 
Ramos cells (CRI/-1 $96, ATCC, Manassas, VA), a CD20-expressing. human B lymphocyte ccll lino, were 
W«i to measure the ability of the onti-CD20 monoclonal antibodies rhuMAb 2H7.vl<5 ajid Rliuximab versus 
a negative-control antibody, Trastu/umab (Herceptin®, Genentech, Soudi San Francisco, CA), to Induce 

20 npoptcsls os measured through Arinexin V staining and propldlum iodide dye exclusion (Vyb«mt<5> 
Apopto«is Assay Kit, Molccular Probes, Seattle, WA). The Ramos cells were cultured jn RPMI-1640 
medium (Clibco, Kockvflle, MD) containing iQ% fcta! bovine soman (Biosowrcc Intcrmitional, Camarillo, 
CA) and 2 mM L-giutainlae (Glbco). Prior to being assayed, tha cells were washed twice in fresh media and 
(hen adjusted to a ccll concentration of 2 X106 permL. Cells (150 pL) were added to 96-well assay plates 

25 (JJcctoa Dickinson, Pain Alto, CA) which contained (50 pL of a predetermined amount of control IgO 1, 
rhuMAb 2H7.vl<S, or Rituximab, along with P(ab)*2 goat anti-human Fe (Picroe Biotechnology, Rockfbrd, 
1L). The iinHl IgG concewrAtJons were 300,10,1.0,0.1,0.01 and 0.001 nM, and the F(ab)*2 goac anti-
human Be antibody coRCentratioit wo? jet at twice the rcKpcetlvc oamplc antibody concentration. Bach 
dilution was set up irt triplicate, After a 24-hour iflcubotion at 37® C, the cells were woshed twicc with PBS 

30 and than stained with Annexin V and propidium iodide according to the manufacturer's recommendations. 
The utaJnlng pattern of die Ramns calls were analyzed by flow cytometry using a FACSCAJJ I'low Cyfoweter 
(UectOrt Dickinson, San Jose, CA), und data were collected for 10 s-perlods, The data, were reduced using 
the CellquestPro software (Bc«on Dickinson). Raaws cells ti\nt wew positive for (1) Annexin V Gaining, 
(2) Annexin V and pmpiduim iadido double-staining, and (3) tbe uumber of unstained live cells, were 

35 counted and plowed using KalclduOntph software (Synergy Software, Readiog, PA). 
Both rhuMAb 2H7,Y16 aod RltuxJmnb induocd Bpoptusii* of Ramos colls when crossiinked with 

ami-human Fcandos compared to an irrelevant IgOl control antibody (Fiijutes 13-15). The opoptotic 
autivlly of (rhuMAb 2H7) was slightly lower than that of JRituxlmab. At 10 nM concentrations of 
cross-linked rhuMAb 2H7, Rituximab, arid control %<31 antibody, fractions of Amiexln V swifted cells v/erc 

40 18.5, 16.5, 2,5%, respectively, fractions of doubly labeled cells were 29,38, and 16%, and numbers of live 
cclk counted per 10 s were 5200, 3100, and 8600. 

These in vitro data demonstrate that apoptosis is one potential mechanism for In vivo B cell 
depletion. !n vivo croa,slinking of rhuMAb 2H7 or Kituximab bound to cell-surface CD20 may occur 
through Po'fR on I ho surfaces of immune effector cells. 
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5 Kxanmlo <4 
In Vivo Suppression of Tumor Growth 

Tho ability of rhuMAb 2H7.vJ 6 to inhibit the growth of the Raji human B-cells, a lymphoma ccll 
line (ATCC CCL B6), was evaluated in Ralb/c nude (atiiymic) micc. The Rty? cclls express CD20 and have 
beer reported to grow in nude mice, producing metastatic disease; tumor growth i« inhibited by Rituxan® 

) 0 (Clynas et al,. Nature Medicine 6,445-44(5 (2000)). Fifty-six 8-10 week old. BolWo nude mice were divided 
into 7 groups (A-G) with each group consisting of 8 micc, On day 0, each mouse received u subcutaneous 
)njccflon of 5 x JO5 Rj\ji B-iyrophomu cclls In the flank. Beginning at day 0, each mouse received either 100 
ul, of the itegatlvc-conlfot solution (PBS; phosphide-buffered .saline), Rltuxao® or 2H7.vI6. Dosage was 
dependent on weight and drug delivery was intravenously via the fajl vein, Croup A mice received PBS. 

J5 CroupnB-DrecoivadRUuKun<®utS.O,mg/kg, 0.5 mg.1<g,end0,05 mg/kgrespectively, OmupuB*0mioe 
rccotvcd 2H7 v. 16 at 5-0 nig/kg, 0.5 nig/kg, and 0.05 mg/kg respectively. The injections were repeated every 
week for 6 ww-ks. At weekly intervals during treatment, cucb mouao was inspected for the presence of 
palpable tumors at the site of injection, and tbe volume of the tumors if present were measured and recorded* 
A final inspection was made al week fl (after a two-week interval of no treatments). 

20 The result* of this study showed that both rhuMAb 2H7.v16 and Rituxan® and were effective at 
Inhibiting subcutaneous Raji-cell tumor growth it» nude mice <FJGs. 16-18). Tumor growth was observed in 
tho PBS control group beginning at 4 weeks. However, no tumor growth was observed in groups treated 
with Rituxan® or 2H7.v t $ at 5 mg/kg or 0.5 mg/kg for the 8-week duration of the study. In the low-dose 
0.05 mg/kg treatment groups, tumors were Observed in one animal in the 2H7 group and in one animal in the 

25 Ritu xan® group (FIG. 18). 

Kxuronle 15 
Cloning of Cynomolgus monltsy CD20 antibody binding 

Tbe CD20 DNA sequence for cynomolgus monkey (Macacn fascicular)#) wa.s determined upon the 
30 Isolation of oDNA encoding CD20 from a cynomolgus spleen cDNA library. A SUPERSCRIPT™ Plasmid 

System for cDNA Synthesis und Plasmid Cloning (Cat#! 8248-013, InvJvogen, Carlsbad, CA) was used with 
slight modifications to construct the library. The cDNA library was Hgatctl into a pRK5J3 vector using 
restriction sites Xho I-wid Not 1. t»RNA was isolated from spleen tissue ((California Regional Research 
Primate Center, Davit. CA). Prlmeos to amplify cDNA encoding CD20 were designed baaed on non-codtog 

35 scqucnccs of human CD20, N-temnlijal region primer 5'-AGTTTTGAGAGCAAAATG-3* (SBQ ID WO. 37) 
and C-tcrmlnal region primer 5-AAOCfATGAACACTAATG-3' (SEQ TD NO. 38) were used toclono by 
polymerase chain reaction (PCR) the CDNA encoding pynomolgus monkey CD20. Tbe PCR reaction was 
carried out using Platinum Taq DNA Polymerase High Fidelity according to the manufacturers 
recommendation (Gibco. Rockvlile, MD). Tbe PCR product wu$ subclnned into pCR ®2.1-TOPO ® Vector 

40 (InvJtroeen) and transformed into XL-1 blue B. coli (Straiagcne. La Jolla. CA). Plasmid DNA containing 
ligafed PCft productfl wai isolated from individual clones and sequenced, 

The amino acid sequence for cynomolgus monkey CD20 Is shown In Figure 19, l'igure 20 shows n 
comparison of cynomolgus and human CD20. The cynomolgus monkoy CD20 is 97,3% similar to human 
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H CD20 with X differences. Tl>e extracellular domain contains one change ftt V157A, while tJie remaining 7 
rosiduos can be found Inihecytoplusmlc ox transmembrane regions. 

Antibodies directed against kunian CD20 were assayed t'or the ability to bind und displace FITC-
conjugutcd murine 2H7 binding to cynomolgus monkey cells expressing CD20. Twenty milliliters of blood 
wcro drawn froiu 2 cynomolgus monkeys (California Regional Research Primate Center, Davis, CA) into 

11) sodium heparin and shipped directly to Ocnentcch Inc., On tho same day, thu blood sample/; we;a pooled and 
diluted I;| by the addition of 40 ml of phosphate buffered stilino (PBS). 20 ml of diluted blood was layered 
on 4 x 20 ml of Picoll-Paque ™Mw (Amcnsham Biosciences, TJppsnln, Sweden) ill 50 ml conical lubes 
(Cat#352098, Falcon, Franklin Lukes, NJ) and ccrinrifuged at 1300 rpm for 30 minutes R.T. in a Sorva) 7 
ccntrifbgo. (Duponr, Nawtowo, CT). The W3MC Jayer was isolated and washed in PBS. Red blood cells 

15 were !yse<( in a 0,2% NaCl solution, restored to isolonicity with an equivalent volume nf a 1.(3% NaCJ 
solution, «n<( centrlfuged for 10 minutes at 1000 RPM. The PBMC pellet was resuspended in RPMT1640 
(Glbco, Rockvlile, MD) containing 5% fetal bovine serum (FBS) and dispensed into a 10 cm tissue culture 
dish for 1 hour at 37® C. 'lite non-adherent B und T cell populations were removed by aspiration, 
ccntriiligcd and counted, A total of 2.4 x I07 cclls were recovered. Tho resuspended PBMC were distributed 

20 into twenty 12 x 75 mm culture tubes (Catl/352053, Falcon), with epch tubs containing 1 x 10" cells in a 
volume of 0.25 ml. Tubes were divided into four sets of five tubes. To each set was added cither media 
(RPM11640,5%FBS), titrated amounts of control human IgOj antibody, Rituxan®, 2H7.vl6, or2H7.v3J, 
The final concentration of each antibody was 30,10,3.3 and (.1 nM. In addition, each tube also received 20 
t»1 Of Fluorescein fsothiocystwte (HTC)-conjugatcd anti-human CD20 (Caf#555622. BD Biosciences, San 

25 Olcgo, CA). The cclls were gentfy mixed, incubated for 1 hour on ice and then washed twice in cold PBS. 
The oetl surface staloltifi was analyzed on a Bpic XI--MCI- (Coulter, Miami, FT-), die gonmctric means 
derived, plotted (3CalddaGxaplt'l'M, Synergy Software,, Reading, PA) versus antibody concentrations. 

Data in Figure 21 showed (hut 2H7 v.I6 and 2H7 v3I competitively displaced HTC-murlos 21X7 
bl ndl tig to cyno wolflus monkey cells. Furthermore, Rituxan® also displaced FlTC-murine 2117 binding thus 

30 demonstrating that both 2H7 und Riluxan® bind to an overlapping epitope on CD20. Tn addition, tho data 
show that the ICW value lor 2H7 v.l 6, 2H7 v,31 aitd Rituxan are similar and foil In the 4-6 nM range. 

Example 16 
Phase m study of rhuMAb 2H7 (2B7.vlti) In moderate to severe rheumatoid arthritis 

35 
Protocol Synopsis 
A rflndomlwd, plncebo-contrallcd, multiocntor, blinded phase 1/0. study of tbe safety of escalating doses nf 
PR070769 (rhuMAb 2H7) in subjects with moderate to severe rheumatoid arthritis receiving 6table doses of 
concomitant methotrexate. 

0 
Objectives 
The primary objective of this study is to evaluate the safety und tolerebility of escalating intravenous (IV) 
tliwet* of FR0707© (rhuMAb 2H7) in subjects with moderate to sever rheumatoid arthritis (RA). 
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.1 Study Dosifitt 
This Is n randomised, placebo-controlled, multicenrer, blinded Phase I/ll, investigator-at>d subjscl-blindcd 
study of the safety of escalating doses of PR070769 in combination with MTX Id subject* with moderate to 
.sever RA. Tll6 study consist# of a dose escalation phnse and a. second phase with enrollment of a larger 
number of subject*. The Sponsor wDJ remain unbonded to treatment assignment, 

I0 Subjects with Moderate to severe RA who have failed on« to five disuse-modifying antirlieuniatlo 
drugs or biologies who currently haw unsatisfactory clinical responses to treatment with MTX will be 
enrolled, 

Subjects will bo required to receive MTX in tbe range of 10-25 mg weekly for at least 12 weeks 
prior tn study entry mid to he OJI a stable dose for al least 4 weeks before receiving their initial dose of study 

15 drug (PR070769 or placebo), Subjects may also receive stable doses pf oral corticosteroids (up to lOmg 
doily or prednisone equivalent) and stable doses of nonsteroidal atttHnflamiittlory drugs (NSAIDK). 
Subjects will receive two IV infusions of PR070769 or placebo equivalent at the indicated dose on Days 1 
and (5 according to the following dose escalation plan (see Figure 22). 

Dose escalation will occur according to specific criteria and after review of safety data by ft/i 
20 internal safety data review committee and assessment of acute toxicity 72 hours following the secood 

inlbsloti J« the last subject treated In each cohort. After tfie dose escalation phase, 40 additional subjects (32 
active und 8 placebo) will bo randomised (o each of the following dose levels; 2x50 mg, 2x200 mg, 2x500 
rag, and 2x1000 nig, if (he dose levels have been demonstrated to be tolerable during the dose escalation 
phase. Approximately 205 subjects will be enrolled in the study, 

25 B-cell counts will bo obtained and rcwrdod, B-cell counts wiB be evaluated using flow cytometry 
In H 48-week follow-up period beyoad tbe 6-mocith efficacy evaluation. JJ-cell depletfoo will not bo 
considered a dose-limiting toxicity <DLC), but rather the expected pharmacodynamic outcome of PR.070769 
treatment 

In an optional substudy, blood for scrum and RNA analyses, as well as urine samples will be 
30 obtained from subjects at various timcpoints. These samples may be used to identify biomarkcrs that may be 

predictive Of response to PR070769 treatment in subjects with moderate to severe RA. 

Outcome Measures 
Tho primary outcome measure for this ntudy is the safety and tolcrabjlity of PR070769 in subjects with 

35 moderate to se vere RA. 

Study Treatment 
Cohorts of subjects will receive two IV Infusions of PR.070769 or placebo equivalent at the indicated dose 
<in Day.f I and IS according to (lie following esoaifltioo plan: 

10 mg PR07070y or placebo equivalent; -4 subjects active drug, 1 control 
50 mg PR0707ti? or placebo equivalent K subjects active drag, 2 control 
200 mg }>K0707(39 Of plscebo equivalent: 8 subjects active drug, 2 control 
500 mg PR07Q769 or placcbo equivalent: 8 subjects active drug, 2 control 
1000 mg PR070769 or placebo oqulvnlom: 8 subjects active drug, 2 control 
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J Efficacy 
The efficacy ofPR07Q7G9 will be measured by ACR responses. The percentage of .subjects who 

achieve on ACR20, ACR50, and ACR70 response will ba summarized by treatment group and 95% 
confidence Intervals will l?a gejierftlid /or cach group. Tbe components of these response und their change 
from baseline will bo summarized by treatment and visit. 

10 
PftHflBSiW 

Tlie (Jiim ubovo demonstrate fhc- success in producing humanized CD20 binding antibodies, in 
purtioulur humanised 2H7 antibody variants, that tminmfoed and even enhanced their biological properties. 
Tlic humanized 2H7 antibodies of the Invention bound to CD20 at affinities similar to the murine donor und 

J 5 chimeric 2H7 antibodies atld wire cflbctivo at B eel! killing In a primale, leading to B cell depletion. Cerl«ln 
variants showed enlianccd ADCC over a chimeric antl-CJD20 ftoilbody currently ased tn treat NHL. favoring 
Che utm of lower doses of the therapeutic antibody In patients. Additional, whereas it ojay be accessary for u 
chimeric antibody that has murine FR rosiductt to be administered at. a dose effective to achicvc complete B 
C$11 depletion to obvJatoad antibody response against it, the present humanized antibodies can bo 

20 administered al dosages that achicvc partial or complete B cell depletion, and for different durations of time, 
as dc#ired for the particular disease and patient Tn addition, these antibodies demonstrated stability in 
solution. These properties of the humanized 2H7 antibodies rnalce diem ideal for use as to)munolh«apeuti« 
agent in tli<f treatment of CD20 positive canccrs and MKcirarmmc diseases; these antibodies are not expected 
Wj be hnmunogonio or will at least be less immunogenic than fully murine or chimeric anti-CD20 antibodies 

25 In 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. An antigen 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), 

22. The use of claim 19, wherein the antigen binding fragment is to be administered at a 
0 9 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 
2 2 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 
2 antigen binding fragment at 375 mg/m per dose. 

25. 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 2xl0mg, 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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