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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.

3k 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.

7 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

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

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

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

antigen binding fragment at 375 mg/m” per dose.

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 theumatoid 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, I[gA
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 rheumatoid arthritis.
33.  The use of claim 32, wherein the patient is suffering from moderate to severe
rheumatoid arthritis and has failed treatment with at least one disease-modifying

antirheumatic drug.

34. The use of claim 32, wherein the patient is to be administered with a second

therapeutic agent.

35. The use of claim 34, wherein the second therapeutic agent is an immunosuppressive
agent.

36.  The use of claim 35, wherein the immunosuppressive agent is methotrexate.

37.  The use of claim 32, wherein the antigen binding fragment is to be administered at a

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

38.  The use of claim 37, wherein the antigen binding fragment is to be administered by

intravenous infusion.

39.  Use of the antigen binding fragment of any one of claims 1-3 in the manufacture of a
medicament for treating theumatoid 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.

40. The use of claim 39, wherein the rheumatoid arthritis is moderate rheumatoid

arthritis to severe rheumatoid arthritis.
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1. A humavized antibody thut binds human CD20, or an antigen-binding fragment thersof, wherei

2. 'The untibudy of claim 1, further comprising the H chaln CDR1 sequence of SEQ
CDRZ sequoence of SEQ TD NG, 11,

3. The antibody of ¢lalm 2, further comprising the I chain CDRI sequencs of SKQ 1D NO. 4, COR2
gequence of SEQ 1D NO. 5, CDR3 sequence of SRQ ID NO, 6 and subnéunﬁqlly the’liwman consenyus
framework (FR) residues of human light.chaln « subgroup 1 (VidD).

4. The antibody of the preceding claims, comprising the Vy sequence

5. 'Ths andbody of claim 4, further comprising the V). scquence of

6. The antihody of claint 3, whereln the Vy region it joined to a fuman lgG chain constant region,

7. ‘The antihiady of clalm 6, wherein the human IgG is TgG1 of

8. The antibody of claln 1, whetein (he antibody is 2H7.y16 having the lght and heavy chain amino
actd scquence of SBEQ TD NO. 21 and 22, respectively,

9. The amihody of claim 1, whereln the antibody is ZH7.v31 having the light and heavy chaln atino
acld sequence of SIQ 1D N, 21 and 23, respoutivaly. ‘

10. The antibody of claim §, but with the aming acid substitutlons of DS6A and N100A in the H chain
and S92A in the L chein, '

11. ‘The antibody of any of the precading/clalms, further comprising at least one amino scid substitation
fa tha Fc region that improves ADCC andfér CRC actvity.

2. Tha antibody of claim 11, whefein the amino acid substitutions are S208A/E3IIZA/KI34A,

13, The antibody of claim 12, wherein the antibady is 2H7.v31 having the heavy chain amino acid

acquence of SEQ I NO. 23.

14, ‘The antibody of any o claimns 1-10, further comprising at least one antino acid substitution in the
Ba region that deorsases GO aolivity.

(5. The antibady uf uny of oluim 14, oomprising ut loast tho substitution K322A.
of olaim 1410 whercin the sntibudy is 2H7.vi 14 or 2H7.v1 15 faving at least 1Q.fold

. ‘The antikady of uny of tho preceding ulaims, which antibody i praduced in CHO celis.
21. An lsolated nucleic reid that encodes the antibody of any one of the preceding clalms,
22, An expression vector encoding the antibody of any of the preceding clatms.

23, A host cell comprising a vuclele acld of claim 21,

24, The host cell of claim 23 that produces the antdbody of any one of preceding clams,
.25, "The host cell of claim 24 which §s w CHO cell,
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cell that produces the antibody of clalm 24 and recovecing the antibody from the cell culturs.

27. A composition comprising tho antibody of clalm 1 and a carrer;

28. The composition of claim 27 wherein the antibody is 2H7.v16 and €ic carvier iy a phartnscous
acceptuble carrier,

29. A attiole of manufacture comprising a container and a composition contalned (heroin, Wherein the
commposition comprises an antibody of any of the preceding vlaims.
30, The article of maunfacturs of claim 29, fusther comprising a packuge insert indigafing that the
vempusition can be used to weat non-Hodgkin's Iymphotiia.

31. A method of Inducing apuptosis in B cells In vivo, comprising contacting ¥ cells with the antibady
of uny of the preceding claims, thercby killing the B cells,

32, A method of treating & CD20 positive cancer, comprising siministeying to a patlent suffering from
the caticet, a therapeuticnlly cffective amount of the humanized CD20 bipfling antibody of any of the
preceding claims.

33, 'The mathod of clalm 32 wherein the CD20 positive canceris a B ¢all lymphoma or leukemia.

34, The method of ¢luim 33 wherein CD20 positive cancegds non-Hodgkin’s lymphoma (NHL) ar
lymphotytes pmdomitia_nt Hodgkin's disease (I.PHD).

35, Thc mcthod of claim 32 wherein the cancer is chfonlc lymphocytic leukemis or SLI.

36. The methaod of claims 34 or 35 wherein the aptibody is selected frow the group consisting of
ZH7.v16, v31.996, v114, v1 15 having the respectiyé amino acid sequences as ghown in the fswes and
tables.

47, The method of claim 34 or 33 whepdin the antibody (s 2E7.v16 having the light and heavy chain
amino acid sequence of SEQ I NO. 21 aitd 22, sespectively. _

38. The method of cluim 33, whefein the antibody is administerod al a dosuge range of ubout 275-
$75mg/m?,

39, The method of cladm
chemotherapeutic agent.

40. The method of ¢lum 39, whereln the cances Is non-Hodgkdn's lymphoma (NHL) 2nd the
t 15 selected from the group conststing of doxorubicin, cyolophosphumide, vinotistne

. furthec comprising admlnlstaring to the patieat at Jeast ove

chomotherapautic a

2. Tho methad of ¢laini 41, whereln the autolounune disease is selected fyom the group consisting of
vieumatoid arthritis, juvenile rheumataid urthritis, systemic Jupus erythematosus (SLE), Wegener's disease,
inflammatory bowel discase, idiopathic thrombocytopenic purpura (IXF), thrombotic thrombocytopenic
purpura (TTP), sutoimmune theordbocylopenia, muftiple sclerosls, psorasis, IgA nephropathy, 1gM
polyncurnpathies, myasthenia gravis, vusculitis, disbetes mellitus, Reynaud's syndrome, Sjorgen's syndrome
and glomervlonephsitls,

43, ‘I'he method of ¢lalm 42, whereln the autoimimune disease is rheumatoid artheitis.
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44—TFho-methad-of clalm43-furthoreomprising-admisistoring-lo-the-patient-arseeomt-thermpenticagent,

45. The method of clnim 44, whereln (he second therapeutic agent {s un immunosuppressive agent.

46, The method of claim 45, wherein the limmunasuppressive agont is methotrexate,

47. A method of trealing un auroimmune disease selected fron the gloup consisting of
Dermuomyasitis, Wegner's granulomatosis, ANCA (included voder vasculitis), Aplastic anemis,
Autoimmune hemalytic anemia (AIHA), factar VITT deficlency. bemophilia A, Auteimmune neulr:
Castlemun's syndrome, Goodpasture's syndrome, solid organ transplant rejection, graft versus hodt dissase
(GVHDY), IgM mediated, thrombotic thrombocytopanic purpura ('ITI.’), Hashimoto's Thyrold)ds,
autoininune hepatitis, lymphoid inrergritial pneumonitls (ELLV), bronchiolitis oblitetans (nét-trunsplunt) vs.
NSLP, Guillain-Barre Syndroms, latge vessel vasoulitis, giant cell (Takayasu's) arteeills! medium vessel
varculitis, Kawasakl's Disease, and polyartcritis nodosa, comprising administering #6 u patient suffering
from the dizkcasc, a therapewtically effective amaount of a CD20 binding antibodyor functional fragment
thorcof.

48. The method of claim 47 wherein the CD20 binding antibody is Bituxan®.

49. An isolated nucleic acid comprising the nucleotide sequence of SEQ LD NO.: 24 of the
Cynomolgus monkey CD20, or & degenerate variant of (bls sequenpe,

50. Anisolated nucleic acld comprising a sequencs that eptodes a pulypeptide with the amino acid
sequence of SEQ ID NO. 25, or SEQ ID NO. 25 with conseypvative amino acid substitutions.

51. A veetar comyprising the nucleic acid of claim 50

52. The vectar af claim 51 which is an expression’ vector comprising the nucleic acid of claim 49
aporably lined to an expression control scquence.

53. A host cell comprising the nucleic acigrof claim S0,

54. Anisolated polypeptide comprisingtho amino scid sequence of SEQ 1D NO. 25 of the Cynomulgus
monkoy CI20.

55, A liquid formulation comprigfng a humanized 2H7 antibody it 20mg/mlL., 10mM histidine rulfate at

pH3.8, 60mg/ml sucrose, 0.2 mg/pd polysorbate 20.




