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IMMUNOGLOBULWV AR!ANTS AND USES THEREOF 

FIELD OF THE INVENTION 
10 Tl1e inventlon 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 

15 respond to foreign antigen. The ihree major classes oflymphooyteS are B lymphocytes (B cells), T 
lymphocytes (T cells) and natural killer (NK) cells. B lymphocytes are fue cells responsible for antibody 
production and provide humeral immunity. B cells mature within the bone marrow and leave fue 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 

20 di.ffurentiate into memory B cells and !'ffector cells called "plasma cells". Mem01y B cells have a longer life 
span and continue to express membrane-bound anllbody with the same specificity as the original parent cell 
Plasma cells do not produce membrane-bound antibody bnt instead produce secreted form of the anll'body. 
Secreted antibodies are the major effeclor molecules ofhumoral immunity. 

The CD20 antigen (also called humanB-lymphocyte-restrlcted diff<;rentiation antigen, Bp35) is a 
25 hydrophobic transmembrane protein with a molecular weight of approximately 35 kD located on pre-B and 

mature B lymphocytes (V a\entine et al. J. Biol. Chem. 264(19): 11282-11287 (1989); and Einfeld et al. 
EMBOJ. 7(3):711-717 (1988)), The antigen is also expressed on greaterthan90% ofB cell non-Hodgkin's 
lymphomas (NHL) (Anderson et al. Blood 63(6):1424-1433 (1984)), but is not found onhematopoietic stem 
cells, pro-B cells, normal plasma cells or other normal tissues (Tedder et a/. J. lmmunol. 135(2):973-979 

30 (1985)). CD20 is thought to regulate an early step(s) in the activation process for cell qycle initiation and 
differentiation (Tedder et al, supra) and possibly functions as a calcium ion channel (Tedder et al. J. Cell. 
Bioclzem. I4D:l95 {1990)). 

Given the expression ofCD20 in B cell lymphomas, lb.is antigen bas been a useful therapeutic 
target to treat such lymphomas. There are more than 300,000 people in the United States with B-cell NHL 

35 and more than 56,000 new cases are diagnosed each year. For example, the rltuximab'(RITUXAN®) 
antl'body which is a genetically engineered chimeric murine/human monoclonal antibody directed against 
human CD20 antigen (commercially available from Genentecb, Inc., South San Franc\sco, California, U.S.) 
is used for the treatnient of patients with relapsed or refractory low-grade or follicular, CD20 positive, B cell 
non-Hodgkin's lymphoma. Ritwdmab is the antl'bodyrefetred to as "C2B8" in US Patent.No. 5,736,137 

40 issued April 7, 1998 (Anderson et al.) and in US Pat No. 5,116,456. In vitro mechanism of action studies 
have demonstrated that RITUXAN® binds human complement and lyses lymphoid B cell lines through 

complement-dependent cytatoxicity (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 tbat RITUXAN® depletes B cells from the peripheral blood, lymph nodes, and bone 

45 marrow of cynomolgus monkeys, presumably through complement and cell-mediated processes (Reff et al. 
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5 Blood 83(2):435-445 (1994)). Other 1111ti-CDZO antibodies indicated for \he treatment of NHL include the 

murine antibody Zeva!Jn ™ which is linked to U1e radioisotope, Yt1rium·90 (IDEC Phannaceut!cal>, S!lll 

Diego, CA), Bexxar™ which is a another fully murlne antibody coajugatcd to I-131 (Corixa, WA). 

A major limitation in the uso of murine antibodies Jn human therapy is the human anti-mouse 

antibody (HAMA) respqnse (see, e.g., MiJlc;r, R.A. ct al, "Monoclonal antibody therapeutic trials in S<>Ven 

l 0 paUents with 'I'-cell l)'lllphomo" Blood, 62;988-995, 1983; and Schroff, R. W., et al. "Human anti-murine 

lmmunoglobuttu res~ iu patlenll! receiving mo11oclonal ann'body lberapy" Cancer R~. , 45:879·885, 

1985). Even cblm,erlc molecules, where the variable (V) domains of rodent an«bodillll are fused to human 

c<>nstant (C) reglom, are still capable of elW!tlng a slgllifimit lmmuue mponso (HACA, human anti· 

cbilnerlo 1U1tibody) (Neuberger et Ill. Nature (LQnd.), 314:268-270, 1985). A powerful approaoh to 

1 S overcome d1ello Jimita!ions in the clinical use of monoclonal antibodies ls "bwnanlwtlon" of the m\lrlne 

antibody or antibody from a non·human species (Jones et al. Nature (Loud), 321:522-525, 1986; Riechman 

et al., Na!ufe (I.ond), 332:323-327, 1988), 

Thu>, It is beneficial to produce thmpeut!o antibodies to the 0020 antigen tl1at create mlnlmal or 

no Mtigenloity when adcnlnlstered to patlenw, cspeclal!y for chronic treatment. The present invention 

20 satisfies tlIJs and other needs. The present Invention provides anti-CDZO antibodies that overcome the 

limitations of curcent therapeutic compositions as well as offer additional advantages that will be appaNnt 

from U\e delailed description below. 

S!JMMARY OF Tm: INYJi'.NTIQN 

The present love.,tionprovides CD20 binding antibodies or funot!onal fragmenta thereof, and U1eir 

use in the treatlllent ofB·cell associated dU.eases. These antibodies are monockmal antlhodles. IJl specific 

embodiments, the antibodies that bind CD20 aro humanized or cblmerio. The humanl':"d 2H7 varianw 

Include those that have amJnq acid subslltutions in the FR and affinity matwatlon varlauw with changes In 

the srai\ed CDRs. The substituted am!Ao acids In tho CD!t or FR arc not limited to those present in the 

30 do110t or recipient antibody. In other cmbodin1cnf4, tho antl·CP20 antibodies of the invcntlon further 

comprlse changes in amino acid residues In thc);to region that lead to Improved effeotor function Including 

enhanced CDC and/or ADCC f\lncl!011 and B·ceU ldUing (also rofeaed to hereia as B·cell depletion). Other 

1ntti·CD20 ll!ltlbodles oftbo invention l.acllldf !Mse having specllio cllan&es that improve stability. Ina 

speolfto embodimcn~ the humaulzed 2H7 vari!llUI with ·lnor®sed stability are as deserlbed In •~ample 6 

35 below. Fucoso doficiMt varlanw having .lm,P!Ovcd ADCC iilnolfon In vivo are also provided, In one 

embodiment, tho ohfmcrlo anli•CD20 antibody has lllllrine V rogious and human C region. One suoh 

specifio Qlilmwfo snli·CP20 autibody le l.Ulll1Cllri® (Rltuxlmab®; Ocoentcoh, Inc.). 

In a preterrcd embodiment of all of th$ aatlbody OOJJ:1P08llions and method$ of use of this inventlon, 

tho hun1attlzed CD20 binding antibody Is 2H7,vl 6 having tho light aud heavy oheln amino sold sequoMo of 

40 SEQ ID NO. 21 and 22, rospeollvoly, as shown !nFlO. 6 and FI<l. 7, When refening lo U10 polypeptide 

sequences lo Fig\ll'es 6, '! and 8, lt sb.ould be understood !hat the fitSt 19 or so amlno acids that forw Ill~ 

secretory sign.at sequonce are not present In tbe tru1ture pol)'Peptide. 

Therefore SEQ ID Nos. 40 and 39 represent the mature light and heavy chain. amino acid sequences 

of 2H7.v16 min.us the secretory signal sequence. The V region of all other variants based on version 

16 will have the amino acid sequences of v 16 except at the positions of amino acid substitutions 
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S wblcb are indicated in tbe ofooloswe. Unloss otherwise indicated, the 2H7 varian1s will have the same L 

chain M lhat ofvl 6. 

The invention provideii a humanlzed !llltibody that binds human CD20, or 11111111tigen·blndlos 

fragment therco~ wherein 1he antibody Is effective to deplete primate :a cells In vivo, the anl!body 

comprising in the H chpin, Vatiable region (V !I) at least a CDR3 sequence of SEQ ID NO. 12 from an !lllti· 

10 human CD20 antibody aud mibstantially the h1lI!lan consensus framework (FR) residues of human heavy 

chain subgroup Ill (VHIII). IJJ. one embodiment, Ute primate :a cells are from humnn and Cyl)omolil11$ 

monkey. In one embodiment, die antibody t\uther comprises lite H ehaln CDRI seque11Ce ofSBQ lP NO. 

lQ and CDR2 ,equonoe ofSBQ ID NO. 11. In another emoodiment, tho preceding antibody comprises the L 

chain CORI sequen% of SEQ ID NO. 4, CDR2 sequence of SEQ ID NO, 5, CDR3 sequence of SEQ ro 
15 'NO. 6 with s11bstaatially the human consensus framework (FR) reoldues of human light chain K subgroup l 

(Vl<l). In a preferred embodi.tncnt, tho FR region in VL bas a donor antibody residue at position 46; hi a 

'pecillc crubodimen~ l'R2 Jn VLbss an amino acid substitution ofleuL46pro (Leu in the hllll1an i;I 

<>omensus sequence 0!1anged to pro which Is prese11t In tho comspondillg position In m2H7). 

The VH region further coruprlses •donor antibody residue al at toast amino acid positions 49, 71 and 73 in 

20 the framewoik. In one embodi.tneot, In the YH, the following PR positions In the hum~o heavy ohalu 

GUbgwup m aro substituted: AlaH49Gly in FR2; Axg'!l7 l Val and MnR73Lys in. FM. In other 

embodlmcnls, the CDR regions in the humanized antibody funber oomprise amlno. acid substitutiom where 

the residues arc neitl1er from donor norr~lpient an11'body, 

The antibody ct tho precediog embodiments can ·comprise the Vu sequence of SEQ ID NO.$ of 

25 vl 6, as show.a ln FIG. IB. lu a further embodiment of Che pree>:di!lg, tlie antibody further compdsos the V L 

eequence of SEQ ID N0.2 ofvl6, as shown ln l'lG. !A. 

In other embodlmonts, lbe humanized antibody ls 2H7. v3 l having tbe llgbt and heavy chain amino 

neld $e<juence of SEQ IDNO. 2 and 23,mpootively, as shown lnFIO. 6 and FIG. 8; ZH1.v31 having the 

heavy chain amino aold sequenoe of SEQ lD NO. 23 as shown l11FIO. 8; 2H7 .v96 with lhe 8llllno Mid 

30 substitutions ofD56A and NIOOA in the H chain and S92A in the L chain ofv16. SEQ ID No. 

41 represents the mature heayy chain amino acid sequence of 2H7. v31 minus the secretory signal 

sequence. 

35 

In separate embodiments, the antibody of any of the preceding embodiments further 

comprises at least one amino acid substitution in the Fe region that improves ADCC and/or CDC 

activity over the original or parent antibody from which it was derived, v. 16 being the parent anttbody 

being compared to in most cases, and Rituxan in other cases. One such antibody with improved activity 

comprises the triple Alanine substitution of S298AIB333AIK334A in the Fe region. One antibody having 

S298A/E333AIK334A substitution is 2H7.v31 having the heayy chain amino acid sequence of SEQ 

40 ID NO. 23. Antibody 2H7. vll 4 and 2H7. vll 5 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 Fe. region that decreases CDC activity as compared to the parent antibody from which it was derived 

which is v16 inmost cases. One such antibody with decreased CDC activity as compared to v16 

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

can be assayed as described in the examples. 
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5 In •preferred embodbnca~ the antibudies of tl1c invention arc full length antibodies whereil1 rhc Yu 

reg.ion is joined to a hunntn JgG heavy chain crn1stnnt region. ln prtfcrrcd e1nbodime:nts, the JgG is hun1an 
JgG 1 tlr lg(}3. 

In one embodiment, tb.e CD20 binding antibudy is conjugated to" cytotoxic ogent. ln preferred 

cmbodlmeni' lhc cytotoxic agent fa o toxin or a ntdiooclive isotope. 

J() Tn one embmlimeni. tbeMllhodie• of the Invention for us~ in lhcrapeutio or dia!l.Jlosric purposes HTo 

produce(! in CHO coll11. 

Afan providoo h a ~"mpooidon comptisiog an antibody of 3l1Y one of the prc:ccding embodiments, 

and a carrier. Jn one cmbodJment, the carrier is a ph"1maceulically aCC<.'Pbble c;u:rier. 11ic:;e composltlons 

can be provided in an micle of manufacture or a kfr, 

15 Tho invention also provided a U9uld formulation comprising a humani7.ed 2H7 antibody at 

20mBfmL antibody, J OmM histi<llne sulfate pHS.8, 60m8fmJ sucrose (6%), 0.:2 ms/utl polysurbate 2Q 

(0.02%). 

The invention also provldot an isolated nucleic acid thal on codes any of the <liltibodies di1'Cfo.<od 

llcrc:in. includJna an expression vector for expressing the .antibody. 

;1.() AnoOicr ui.-pcct of the invention IU'e host cells cnmprising tlio pre.:eoing nuclcic a.aids, aJJd host cells 

I.hat produce rho autibody. ln a preferred embodiment of the latter, the hoot cell is a CHO cell. A method of 

ptoducirtg U1csc antibodi"" is provi<:lod, the method tompriirinl' culturing tho Jiost cell that pmducc. the 

tl.lltibody rutd r<!COVcring tho antibo(!y from the cell culture. 

Yet another aspect of the Ulven.ti on is WI article of n1a0ufacture co1npr.islog a ~ontaincr and .a 

,_5 cornpomdon contained therein, wJ1erein the comp<l:;ition compii1'£::l a.n ~nt;body of any of tho preceding 

cmOOdimonts. For use iJ1 treating NHL, Ibo article of manufac111rc further comprises a package insert 

fodioating fhal the cumpn•ition i• used to treat non-Hodgkin's lymphoma. 

so 

A filrtber aspect of the lnYentlon is a method of induoing npop!Qsis in 11 cells ln vJvo. comprfoing 

contacting B ~-,,us with lhe ontibody of any of lhe preceding, !hereby k!llliig tile 1J cells. 

The invention JllS-O provideG Diethods: oftreati"-.Q tho- <fjs.eases disclosed huwirt b1 s.dminintr.1tion of a. 

CT.l2() i;>Jndlµg Mtlbody or functlolMll ftt®llent tltereoi. to a Jl1llil1Irnll s~cb ""a bumun patient suffuling from 

the disease. In any of die methods for trelltins an au1oimmuno disease or a C.'DZO positive cancer, in one 

embodiment lhe antibody is 2HI. v I 6 having tbe fjght Md boavy chain amino uoid •O<Jncnoe of SEQ ID NO. 

2l and 22, r'"'pectivoly, ._,shown hr FIG. 6 and FIG. 7. Thu.<, one embodiment is a method of treating • 

~5 Cf>20 poslt!ve ~an=. comprlsfog adwlnlster!ng to a patient suffering from the cancer, a therapeutically 

effccr.ivo uninuntofa hutni;t1d1.ed C020 binding antibody of the invcntiun. ln prefmed embodimen~ the 

CDW positive cancer is a B cell ly111phom11or1¢ukemla lncludin€: non-Hod&kl11's lymplloma CNHL) or 

lymphocyte prcdomimmt Hodgkin's dl'"'8se (LPHD), chronic lymphocytic leult.emia (CLL) ot SLL. lo one 

cm\mdimcntoftho motlmd of treating a B ccll lymphOma or leukemia, Ulc •lntib<itly is ~tlntini!llorcd at a 

40 <fOMge range of about 'J.75-375mgfm2. fo addilfonal embodiment,, the trea!mcnt:mcthod further compriO<:S 

adtnJnlsteJ'Jng to the parjent at lea$tQnechem(}therapsuti'c agent, wherein for non~Hrnlgki11":;; 1ymphnma 

(NHL), the chemotherope.utic agent i$ selected fi"om the group comrlsting of doxorubicin, cyclophosphamide, 

vincrh.:tinc 2nd prc<lnh;oJonc. 
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5 Also provided i~ a 111etb6tl of treating an autohnmune clisea<>e, con\prl~ing adnlinistcring. co a p:!tienl 
suffering from the nutoi1nmune dlse.<i~c, a theritpeutit:aJly effective amount of the hu1nanb:ed C020 bind;ng 
anrib<)dy of any one of the preceding claim•. The autoimmune disca.<e is selected from lhe group consi•ting 
of rlteumaf<Jid artllritfa,juvenile rheumatoid arthriti;, systemic lupus etythcmatosus (SLE), Wegencr's 
dfoe-1Se, lntlammatory bowel disease. idiopathic tbrombucytopeo!c purpura (1.11'), thmmbotlc 

!O fhrOmbocyll>penfo purpura (!Tl'), autoimm\1110 thrombacytopeoia, multiple sclet<»i., psoriasis, JgA 

ncphropatby, lgM pnlynett.ropalhics, mJllsd1enla gravi•, vasculili•, diabetes mellitus, Reynaud's syndrome, 
l!,jorl."en '• Hyndrome and glomerulonephrilis. Where the autolmmuno disease is mcumatoM arlhriti .. the 
nntihody can be administered Jn coajunctkm with a second therapeutic agent whic~ is preferably 
inetholrcxace. 

15 1-n tbose treatment methods, tho CP21) biod~ antlbodie• can be adniinist<:r<d alo•le or ;n 
conjunction wit.ha seco.nd therapeutic ageot sucl1 ;.1:S a s~ond antibody. or a chcmad1ernpeutic agent or an 

lmnmnoS11pptessivc agent The $eCOnd antibody cao be one that blnds CD20 or a different B cell antigen, or 
a NK or T c'Cll antigcn. Jn one embodilllcnl, tho second antibody is a r•diolabeled nnli.CD20 antibody. In 
otber el!lbo<limcnts, tbc CD20 binding anlibotly is conjugated to a oy1otoxfo agent including n toxin or a 

20 radio~clivc isotope. 

Jn another as pee~ the inventiQn provides a method of 1n:ating an autoimmune dlsc .. c •elected from 
lhi;,; gruup consi:.iting Qfl)ermatomyosit.is, Wcgncr's. granulomatoslst ANCA, ApJa:;Uc anemia. At.ttoJmmune 
hc.molytic: aneroJa (AlHA). factor Vil! <lcficiencyr hemophilia A. Autohnmuao ncutropenia, Casdeoian's 
syndrome. Ooodpasture's syndrQmc, solid organ transplallt reJe¢l!OJ1, grnft verso• h<>" di.wase (OVHO). lgM 

25 medi.Ated. lhrombofic thrombocytopcnic purpur.a (IT'P), T-Jashimoto•s TI1yx-oiditis, untoimmane hepatlds. 
lymphoid lnterstltial pneuil!OJ!ifil (HIV), bronchioliti> obliteraM (non-UWtSplant) vs. NSJP, Guill:tin-Bam: 
Sy1tdtoJ11e, Jarg.:i vo"""1 va.o;culiti., giant coll (fakayasu"s) arterltis. medium vessel vasculitis, Kawa.aki's 

Di"""-"'• polyarteri!is nodosa. comprising admlnlstctlng tu a patient sutrering !Tom the disease. a 
tJ101·apeu!iC.Uly effective mnuunt ofn CD20 binding antibody. Tn <me embodlruent oflltis mothod, the CD20 

30 binding antibody l• Riruxan®. 

The Invention also provides an Jso!ated nucleic acid comp.dshlg tbe nuciwlidc •cqucncc of SEQ lD 
NO.: 24 of t~e CynomolgllS ntonkey CJ.:>20 (shown ~• l'J.0. 19). or a degenexme va<illllt of Ibis se<Jucncc. 
One embodlmen1 Is au isofated JIUoleic acld COJ>.>pcislng a sequence that encodes a polypeptide with the 
amino acid sequence ofSllQ lD NO. 2S (shownl'!G. 20), orSllQ ID NO. 23 (FIG. 20) wltb 0011SCTVativc 

ZS amino acid $;tJhstitution~. Another embodiment iR a vector compri$-ing the preceding nucleic acid, CncJudjog 
an e11presslou vector fot expressio11 lu a host rel!. Included as well ls a host C6ll eomprlsing Ille vector. Als<l 
provided i$ an i~lllled polypeptide compri:;ing the amino acid •equence [SEQ JD NO. 25; FTG. 20) of rhe 
Cyno.molgus monkey CD20. 

4() l!RIE~' DESCRIPTION OF Tlffi FIGURES 
FIG. JA is a seque11e~ aligrunent comparia~ the runlno acid sequertces of the llgbt chain vmfablc 

donmln (VI) of e<ic)J of. mvrine ?.H7 (SEQ ID NO. J). hvmanized 2H7. v16 val'lant (SU.Q 1D NO. 2 }. ruid 

humnn knppa light chain i;ubgmup l (SEQ JD NO. 3). The CDRs ofVr. of2H7 and hu2H7.vl6 are as 
follows: CDRI (Sf!Q ID N0.4), CDR2 (SUQ ID N0.5 ), and CDR3 (SEQ ID N0.6). 
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f'l(J, Jl3 i> a $C<jUence alignment which complll"cs lhe VH sequence• of murine 2!l7 (SEQ ID NO. 

7), humaoh:cd 2B7,v16 vodaal (SRQ J1J NO. 8), aad the human consenous m1uence of heavy chain 

subgroup lJl (SEQ ID NO. 9). Tbe CDRs of V11 <>f2H7 Md hu2H7.vl6 are as follow: CDRI (SUQ ID 

NO.I(}), CDR2 (SBQ ID NO.lJ),andCDR3 {SEQ lDN0.12). 

10 
In 1'.10. IA and l'IG. Ill, the CDRI, CDk2and CDR3 in each chain nrc enclosed within brackets. 

flanked by the framew<>rk regions, FRl-FR4, ••indicated. 2A7 .-ef¢r.; to the murlno 2lf7 anllbody. The 

"'"crisks ln between two row$ of sequc= indicate !be positlons that al>) diflbrent be1wocn the two 

""'lucnces. Residue numbering i• ac:cordil\g I<> Kabat et al., Sequences of Immunologic-al Tnte(esl. SUt Ed. 

Public Hcallh Service, National Insdlulc• of Health, .B~lhcsdo, Md. ( 1991), with i11sertion• •hown as a, b, c, 
d, and c. 

15 PlO. 2 shows the sequence of phage.mid pVX4 (SEQ ID N0.13) cscd for comltuction of2ITT P.ab 

plasmids (see Exnl)lpJe I) as wcll a.•th• amlnoacid sequences of ti1e Lchain (SEQID N0.14) and H cl1ain 

(SEQ ID NO. l 5) of the Fab for !he CDR-grafted anti-IFN-« humanized antibody. 

FlG. 3 show• !he sequellce of lhe cxprc••ion plasm.id which encodes the cblmoric 2H7. vo.8 Fab 

(SEQ ID N0.16). Tho ~ml no acid sequence:; of !ho L chain (SEQ ID N0.17) and H ctraiu (SEQ ID NO. J 8) 

2() ~re •how11. 

2S 

JIJG. 4 shows the sequence of !he ploi;mld p))Rl (SEQ 1D N0.19; 5391 l>J>) for ¢Xprc.,iun of 

lmmunoglobulin light clurlns es described ln FJample 1. pDRI contain• sequences encodlt11); an iuclcvant 

M!lbody, Ute light chain of a humanized anti-CDS mtlbody (Sbalaby ct al., J. Rxp. Med. 175: 217-225 

( 1992)), tbo stan and ;st~p codoos for which ia'c indicated in bold and underUned. 

Fle:J. 5 shows lhe sequence <>fpla,mid pDR2 (:SEQ ID N0.:20; 613S bp) for C>Pr••.<fon of 

immunoglubulin heavy chains as described in Example 1. plJ.ltl con(runs scqucn= encoding an irrelevant 

antihody, the heavy chain of a humanized aitti-CD3 antibody (Sllalaby et or., supra), !be Rlart and lit<>p 

codons fur which arc indicated in bold and underlined. 

FTG. 6 •h<>wi; !he amino acid sequence of the 2H7.vl 6 complete L chain (Sl!Q ID N0.21). The 

30 first 19 ~m!t10 acl<ls before DIQ m tbe secretory signal sequence not present in Ille mature pol)'FCptidc 
cbrd.n. 

FIG, 7 show• the amino acid scquern:o oft!K: 2H7.v16 complete H chain (SEQ ID N0.22). 'J'he 

first 19 aittillo acids before EYQ before are·lhe secret01y slt;nal sequence not J.'l'=t ln the mature 

polypeptide chuin. Aligning lhc V11 sequence In 1'1G. l.B (SEQ 10 .NO. 8) wilh the c-omplcte H ch.Un 

35 .HCqucncc, tho human rl constant region is from amhto acid position 114-471 ln SliQ IV N0.12. 

FIG. 8 shows the ami11<;> acid sequence of the 2H7.v31 complete H choin (SRQ IDN0.23)- Tho 

11.-.t 19 amino acids b<;foro EVQ before are the secretory signal sequence not present Jn tl1e matui\'I 

polypcptide chain. The f, chain i• the sam<> "-' for 2H7. v 16 (occ FIG. 6). 

FJ.O. 9 shows die relatlves~1bill1Y of2H7.v16 and 2H7.v73 IgO varfants as described in Example 6. 

40 A•H•y i-csults were normllliied 10 ~1e values prior 10 lncubalion ~nd reponed as percenl remaining after 

incubati<>n. 

FJa. 10 i~ a flow chart nummarit.ing the .amino acid change~ from the rnwinc 2H7 to a ::;ubset of 

hu1uani7.ed versions up to v75. 



FIG. l 1 is a summ~cy ofmem1 abRolutel3-<:tll count fCD3-/CD40+J in all grnups (2H7 srudy and 

RitllXM Rtudy combine<!), as described in Example{(). 

FIG. 12 shows the results of a l'ejlrCRcni:atjve ADCC ass;.y on fucosc de.ucicnt 2H7 v"1iants as 

dcscrlb<!tl in F.xamplc 11. 

FIG. l 3 shows the results or the Annex.in V stllinlng ploTted as a function of antibouy concentrution. 

! () Ramos cells wem troate(I witl1 WI irrel~vi1nt Ig01 control antibody (Herceplln®; circles), Ritmdmab 

(nquores), or rhuMAb 2H7. v! 6 (triangle$) in 1he pn:.'iCnce of a emsslinklng secondary until>ody and were 

anafyt"d by FACS. Figuros 13-l!i are described In &ample 13. 

FTG. 14 shows the results of the Anneldn V and propldium indit;l11> doublc~•tainiag are plotted as a 

function of <mUb\Xly conceotration. Ramos cells were treated with an irrelevant JgG1 control Hlllibndy 

15 {Hcrcoptih®: cltclc:<), Rituximab (liq113m•), or rhuMAb 2m.vt6 (lrlangles) in the presence of a crosslinking 

•oco~dary antibody and were analJ7.ed by FACS. 

Ff(), 15 show• 1he counts (pet 10 •) of live, unstfilned rell3 are t>lolled a• a function <>f onnlmdy 

c<>ncentralion. Ramo• cells were Wilted with on irrelov•nt TgGI control antibody (Jl'er.cep!ln®; circle$), 

Rltuximab (<qwrres), ord1uMAb 2H7.v16 (trlangfos) in the presen.ee of a cro,.,linking secoml"'Y antibody 

;I.I} and were analyuJ by FACS. 

:30 

l'!Gs. 16, 17, 18 show inhlbltion ufRaji cell tumor growth in nude mice, as descn""'1;,, &ample 

14, Animals were treated weekly (as ludlcat«l by vertical arrows; tr-8 mlcc per group) for 6 weeks with 

PUS (ootUto!)or wltlt Rimxan® or rhuMAb 2H7.v 16 at S mg/kg (FIG. 16), 0.5 mg/kg (Ff(l. 17), or 0.05 

mg/kg (FlG. 18). 

FIG. 19 shows the nucloo!idc (SEQ ID NO. 24) and am.lno acid (SEQ ID N0.15) sequences of 

CyDon1olsus monkey co20, a.• d011Cribed in &ample 15. 

fiJCl. 20 shows Ifie ami110 acid sequ¢nce for cynomolgu• monkey C02() {SbQ ID NO. 25). Rc;:,idue.• 

that differ from human CD20 lite underlhtoo and th.¢ humM residues (SEQ ID NO. 26) ~l'Q indi~ato<J directly 

helow the monkey residue. The putatlve exttaC¢llular domain of the m<>nk•y CD2G i• in bold type. 

FTG. 21 •bow,• the results of CyijOllll>l&us monkey cells e><pr=ing CD20 binding to hu2H7.vl6, 

.v31, aod Ritu~n. ns deser.ibod ht llxrunplo 15, •fhe Arttibodic.'i wtlt'e tumo.yed fQr the .ability to bjo.d ~nd 

displace llJTC-<:ol\fugaWd murinc 2!J7 bin<ling to cynomnlgus CD20. 

FIG. 22 shows dose escalation schema for rheumatoid arthritis phase l/ll clinical trial. 

1'1G;23 shows the vector for lll<pr¢$$lon of2H7.vl 6 ill CHO e<>lls. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The "CDW" antigen fa a non•gly<meylatcd, transmcmbrane phnsphopmrein with a molecular weight 

of apprmdmately 3S kD that is found on the ~urface Qf greal•>< than 90% of B cells from peripheral blood or 

lymphOid orgaM. CJJ20 ls expressed during early pre-B cell development and rerutlins un!ll plnstnace!l 

4Cl differentiation: it is not found on humon stem cclfa, lymphoid progenitor cell5 or normal pl:<$ma cells. CD2(l 

is preseot on both normal .B cells as w¢lL as mafignan1 ll cells. Other narues for CD20 Jn the lite1-ature 

include "l3-lympho¢yte-r<)._"1rlcted diffQi;entlation otllige.n" and "J3.p35", 'Il1e CD20 amiten ls des..'tib<ld in, .for 

example, Clark~ud L«lbetter, Adv. C<"I- Res, 5;2:8!-149 (1989) ~nd ValentlM et al. J. Biot <.1rem. 

Z64(19):11282·11287 (1989). 
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5 The term "antilxxly" is used in the broadest •cnse and specifically covers monoclonal antibodies 

(including fnll leno'111 mottoo!onal antibodies), multisp¢eilic antibodies (e.g., bispecifiu nnrlbodics), a1td 
antil>ody frugrneots so long as tlicy ext,ibil the desired bioroglcal activity or function. 

The blological activity of th~ CD20 binding and hun""1ir.ed CD20 binding antibixlfos <>f the 
invcntjon wiJJ include al k•.st bindfog of the antib<>dy ro human CJ)20, more preferably l>illdlng to hu1>l>\n 

and other primate CD20 (including cynomolgu• monktly, rhesus monkey, dtimp1U1r.ees). The antibodies 

would blll<I CD20 wid1 a K, valueofu<I bighertl1an l " 10.e. pteforably a K,i valiu:no higher than about I x 
io·9, and beable 10 Jdll or deplete B cells in Viv<>, preferably by at least 20% when compared to the 

appropriate negative contnil wblch ls not tr...t<od with •uch on antibody. "B cell depiction can be u wiult of 

one or more of ADC:C, CDC, apoptn$IS, or other mechanism. In so mo e.mbodimcnL• of dlsellSc treatment 
·l S heroin, specific o&ctor functlons or mecbanfsm. mar be deslr¢d over others atld' CC11ain variants of the 

hutnaruzt<l 2H7 are preferred k> achieve tbose biololJical functions, such as AI>CC. 

• AnTibodY .frai)m"'1L<" compdse a porfion of a Ml fong:tb antibody, generally tile antigen binding or 
variable region thereof. Examples of 1mtibody fragments include Fab, F•b'. l'(ab'),, and Fv fulgntenll.; 
diabodles; Jin= antibodies: single-chain antibody ruolcculc.; and multfopeeific anb1lodies farmed from 

:20 antihocty l'rngments. 

"Fv" i.~ tht minin)UJAl ~ntibody fragment which contains a complete. antJge.nwr~ognition and -
bfodlot; •ito. Thi• fragment conslslS or a dlmcr of one heavy- <lll.d ono light•chain variable region dornafo in 
t1$ht. non-covalent a.<;.<ociation. From the folding of thc.<e two domaJJ!S emanate six bypervariat>le loops (3 

loop• C3Ch rrom tile ff a11d L chain) Ulat contribute the amin<> acid residues for antigen binding and confer 
ZS antigen hindi11g SP"<'JfiCl!Y lo Oie •ntibody. However, even 11 sillgle variable domain (or half of an Fv 

comprisJng only three CDRs specific fur WJ antigen) Jins the ability 1orecugni7.c ond bind alttigen, although 
at a lower affinity than the entire bh1dJug site. 

The terJn "mo.nool0ttal antibody" as uScd herein rerer• lll an on!lbody obtain.ed from a population of 
$Ubst.anrlally bomogeneous anllbodies, i.e., the individual onrillodi"" comprising the population ore i<lcnrl<:al 

))() except for possible JJaturally occurdng mutatlons t11a1 may be present in minor amount'!. Monoclonal 
nmlbo~ir;:s '"" Jd;:ll!Y gpo<:itlc. bolng lllr<l<1cd t<galns1 a single antigenic l!lte. Purlllennore, In contrnst to 
convenlion>ll (JloJyclonal) antibody prcpardtiOns which typically include different antil;o<lles directed a.galast 

different determinant• (epitopllS), each rnonoclornil anuoody is dii:ecwd asainst a slngle determinant on the 

antlgeu. Tl1e modifier "monoclonal" Indicates the character of the antibody ll>l bclng obtained Imm a 
35 subswntially humogcncnus p<lpulution of anb"bodic11, and ;. not t~> be constn1ed n• requiring production of 

tho .antilmdy by any particular method. For example, the monoclonal anrlbodie.• to be used in accordance 
with tho present invention may ho made by the hybtidon1a method fir.1td,,.,cribed by Kohler el q.L, N!Itu.re 

256:495 (1975), or may be made by TeCQmbinant DNA merhoc)s (sea, e.g., U.S. Patent No. 4,8l.6,567). The 

"monoclonal antibodles" may also be Jsolated from. pbage antibody librarles using- the t«:hniques described 
40 in Clack.,on et al., Natura 352;624·628 ( 1991) and Markset al, J. Mo/. Bini. 222:5R 1-597 (1991), for 

e~nmple. 

"Functional !Tagme~ts" of tbe CD20 binding •ntibodle$ of the l11venclon are those fragmtlnts !but 

relrun blndlng ro CV20 witl1 s11bs1ant!ally che same nffinity as Ute intHCI full l~ngth nmlcculc fr1>m which 
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5 lhey are derived and show blolngioo/ activity including depleting B cells os mea.>ured by in vitro or in vivo 

a.~<•ys •uch :is ihose de.=ihed he.rein. 

The tenn "variable" reftrs tu the fact lbat certain scgn1ents of the vru1ablc d1;tn1.flirt:; tliffer 

extensively In sequence amollg antihoQJes. Tho V domain medlales antigen binding and define spocif!city of 

a partlcuktr antibody for il' panicular anti gel\. However, tl1e variability is n<Jt evenly di.>tn1n1ted acr<ms die 

JO I IQ.amino acid span nf the variable domains. Jns~d. 1he V regions consist of relatively invru:iant rnetd1es 

called ftalllcwnrk reaiortS (FR.•) of !S-30 amino QC!ds tcpurated by shorter (eglons of el<.treln~ vari•bilily 

called "hypervllrlable regionstt lhat are each !1-12 amino acids hmg;. The variable domains of native heavy 

and li!lht chains each compri:;e four PRs, largely udoptlntt a ~-sheet configu111tion, conoeeled by three 

hypetV~llablc regions, whleb form lunp• connecthlg, ~nd in oonw ~scs forming 1>af! of, tho ~-sheet 

IS slruc!ura. The hypetvmiable regions In each chain are held logntlter in close proximity by the !;Rs 1<nd, with 

t~c. by~.rvarlablc regions from ti1e other chain, cootrlbule t<> lhe formation of the antigell-blnding &ite nf 

antibudics (•ee Kot>~t et al., S.gucnce11 of Proteins of Immunologlcat lnlernst, .5th Ed. J>ubl!c Hoalth Service, 

National Institutes of Health, Beth<-.<d•, MD. (1991 )). The constant .;lomains are not involved directly in 

binding l!ll antibody t() ao vo.tiaen, but exhibit various effector fW!Ctiun.<, •uch os pa.nlclpalion of the 

20 anb'body in antibody dependen! collular cytoroxicity (AJJC{,j, 

The term '"hypervariable region" when u=I herein ref~ lo the amino add rt?$id\1¢S <rt an ilnb'body 

which arc rc.<pon•ihla for anligen-blfiding. The hyJ'Ol"arlal>lo region generally cumprfae:; amino add 

re.•lduc.< frnm a •coQlplementarlly determining- rc~on" or "CDR" (e.g. aroun<I about rcsidu"" 24-34 (Ll). 

50·56 (1,.2) ~nd 89·97 {L.~) in the Ve, and ru:ouJld aboUI 3l-35B (HI), 50-<IS (H:Z) and 95-J02 (ID)in the Vil 

:25 (Kahmet al., Seauences of Proleirts oflmmunulugical lnter~!!t 5th Ed. J?\lbllc Health Service, National 

lrtstitules of li•alth, Bethesda, MD. (1991 )) and/or those residues fiom a '1t)'Fcrvariablc loop" (~.g. rei;idues 

26-32 (l,J), S0-S:Z(L2).and 91-515 (L3) in the VL, amJ 26-32 (HI), 52A-55 (H2) and 96-10! (tl3) m tl1e Va 

(Chothia and T.e.~J. Mol. Biol, 196:901-!>17 (1987)), 

As l'efen'ed to herein. the .. consensus sequence" oteonsensu:; V domain sequence. is an nrtlficfa1 

30 $0Qllence d¢rlved ®Ill Q comparison of the a!l!ino acid se<JUcnccs of km>wn human immunoglobulin varial>le 

region se.iuences. Uased on d1ese comparisons, tCCQmblnant nuelcio aoid sequence• encoding the V domain 

amino acids thar are a consensus of tlte sequences derived from the humao. x Md the h11roa11 H chal!I 

subgroup ffi Y dlllllains Were prepared. The C<IU>'Ct!SUS V sequence does not have any known antibody 

binding specifieit;Y or affinity. 

35 "Chimeric• antibodies (immunoglobulins) have a portion of the heavy and/or light chain identiC<>J. 

with or homologo\13 1-0 eor:respond)ng seq1.1ences in antibodies derived. from a particular specl<:S or ~JOl)ging 
to a pMflt;t1)$r andbody class or subclo....,, while the remainder of the chain(s) is i<lentical wllll or homologo\IS 

10 oorrOllponding sequO'llees lrt antibodies derived from anotl1er species or belonging to another antlbOdy 

class or s.ubdass. as weJI as fr~go1ents of such antibodies. so long Bil they exhi.bit the desired biolo_gi.cal 

40 aclivll)' {U.$. Pacent NQ, 4,816,567: aud Morrfaon et al., !!roe. Na/{, Am<! Sci. USA 81;6851·6B55 (!984)). 

,Humanized untibody as used hetclrt is a subset ofclifoi<\tic antibodi~..,,. 

"Hurntinized" tbrrns ufnon-htUilHil (e.g .• nnuinc) untibuUiel\ aro chimeric antibc1dics which contail'l 

minimal scqucnt.'C dcrlWld frum non .. human immunoglobuliJL For the moHt paftt hurnani1.ed antibodies are 
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:; human immuMglnbt•Hns (reolplent or nccoptor antibody) in whicb byporvarll\ble region re_<idues of rh~ 
recipient are replaced by hypcrvarlab!c region rc.'idues fmm a non-human 'pocies (donor antibody) such 0$ 

muu.w. ratt rabbit or nunhuman primate h"vlng the desired specificity, ..affinity, atid cnpaclty. Jn so1ne 
insi~nccs, Fv framework region (FR} residues of the human immunoglobulin atd replaced by CQrresponding 
non-hun>an re.'1idu~. 1:urthcrrnore, humanized antibodies .tnay comprise rci;;idues which a.re not fnunc( in the 

r<>elplenl antibody or iu the donor antibody, The•• modlfications arc made 10 further reline nn6bQdy 

pcrformnnce such._, bindfog affinity, Generally, the humanlud antibody wlU compri~ subsfantiolly all of 

at feast one, and typically two, variable domains, In which all or •ublitantlally all of the hyperv•riable luops 

corm;pond 10 tho."" of a non-human i.lll1llunoglobulin alld all nr substanliaUy all of lllo FR re.iJons uro thi:>se 

uf a humnn immun<>globulin scqucru.'C although tltc FR regioos may includ¢ one or more amino acid 

JS •ulmtllutlons th:1t improve binding llffinity. Tbe number of these ruruno ncid substituliuns in the l'R arc 

t)lf'ical)y no more than 6 in tlJe H chain, and ln rbe L choin, no more thoo 3. The hwnanizod a,;tibody 

optlonnUy also wm comprise at lo11.'t a PQrlioo of an immunoj!)obulin constant regio.n (Fe), typically !bat of a 

buman immuno&lobulln. For further dellllls, sco Jones .r aL, Naturo 321 :.522-5:25 (1!186); Reich111ann at al, 
Nature 332:323-329 (1988); and l>resw, Curr, Op. StrucL Blot 2:593...596 (1992). 

2S 

Antibody "effector functions» rcfur to those blolugi.,;.1 acrlvitles aurlbutable to the Fe region (a 
native sequence Fe region or amino acid sequence varl:!ot Fe reg.Ion.) of an antibody. and vary with tho 
antibody ismype. EMmpl"" of antJ'llody effector filnction• icclude: Cl q bJ~<rmg und complement. <;lep¢~denl 
cytutoxicity; Fe receptor binding; antr"body-dependent cel!-mediatcd cyrntoxicicy (AlJ(.."(,°'); pnagocyto•iR; 

down rcgulailon of cell svrfacc roecptots (c.IJ. B cell receptor): ruid B cell activatiQn. 

•Antlbody-<lependcnt ccll•mediated C)'!O!oxlclty" or "ADCC" refe~ ro a form of cytotoxicity in 
which secreted 1g bound onto Fe roceptors (FcRs) present on cert:iln cytotoxic cells (e.g. Natural Killer (NK) 

cells, ncutrophll"1 Hild macrophages) e.oa!>le these cytolox!c cffuctor ce!Js to bind specifically to an untigen­

hcaring i,irget cell and subseqll<'4lily kill the target cell with cyll>to~ins. The atttibOOios ''llrm" the cytot.oxic 
.;:ells Md flre absolutely required for such killing. The primal)' cells fQr me<flatlng ADCC, NK cells, cxpre.'5, 

SO Pc1RJJJ only. whe~s nionocylts express FcyRI, F<.'°)'RII and Fc~UI. FcR expression on homalopo!ctfo 

cell• iR summari7.ed in Table 3 on page464 ofRavetch aod K.IJlet, Annu. Rev. ln"!'111wl 9'A51-92 (1991). 'J'o 

"-"-"'"" ADCC activicy of" molecule of interes~ an ilt vitro ADCC nssay, such os that described in US Patent 
Nn, S,500.%2 or S,821,337 may be performed. Useful effeeiot cells fur web a.<.'leyl! include peripheral 

bf<lod monunuclcor cells (PBMC) und Natur,il Killer (NK) cells. Alternatively, or additioMlly, ADCC 

35 octivily of the molec~Je of iJ1tel'l'!ll inay oo assessed /Jt. vivo. e.g., Ill a rutlnu\l tnodel sucb ;is that disclosed in 

Clynes et al PNAS (USA) 95:65'2-GS<i (1998). 
"1 lc: receptor" or "FcR" describes a receptor that blttds ro the l'c region of an 1\lltibody. The 

prof¢1'red i'cR ls a nallve sequence h!llllan l'cR. Moreover, a preferred FcR is one which liinds an TgG 

antibody (a gamma :r<>ceptor) and includes .n."C<>ptors uf the FqRI, Fc')'RTI, and FC')'RIIT •ubcla.•ses, including 

40 allelic vurfonts and aHernativo!y spliccu fmms of these receptor.;. Fc)RlJ receptorn include FC')'RITA (an 

"nclivot.ing receptor'') rutd .!'C')'!UID (M "lnblbltlng 1-ec~ptor"), which have similar uminu acid sequence.• that 

differ prlm~dly Jn the cytoplasmic donmlns thereof. Actlvnting receptor FeyRl!A conluin• an 

immun<ircccptor tyrosinc-bru;cd activation motif (IT/\M) in it.5 cytoplasm.ic doo1aio. lllhiblting receptor 

FcyRTIB comalns an i.mmQDore.;~ptor tyrosine-based illhlbllion mollf (U.lM) in its oyt<>plasmic domain. (.1ee 
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5 review M. io Da~rnn, Annu. Rev. lmmunol. 15:203·234 (1997)). FcRs are reviewed i 11 Ra vetch and Kiner, 

Annt1. Rw. lmmuno/9:457-92 (1991); Capel etaL, Jmmutl()tnel/wd•4:25-34 (1994); and de f.Iaaseral., J, 

Lah. Cli1i Med. 121):330-41 ([995). Other FcRs, includina U"'"" tr.> be iucntifi<W in lh• fuwr¢, arc 

cncompa.'\Sed by ilic term 11PcR" hereln, •Jhc term also lnclude.s the nconata.J receptor. FcRn, which Js 

rc.<ponsiblc for the traiisfcr of maternal IgGs to the fotus (Cl~yer et al, J. !P!lmmol. 117:587 (1976) nod Kim 
f 0 ~I a/., J. f1111111t110L Z4:249 (1994)). 

W000/42072 (Presra) des<!rlbc• anribody variants wlth improved 01· diminished binding to FcRs. 
Th~ contenl of thnr patelll publication is specillcally incorporated hereill h)' rcfurence. See, also, Shlelds et 

a&. J. JJ/oL Chem. 9(2): 6.'i!ll-6<504 (20D I). 

"Human otreecot e¢JIS" are leukocytes which express one <>r more FcRs and perform eff<:<.-tor 

15 functions. l.'tef.:t;1bly, tbc cells express at lcostFcyRTll and perform AOCC effoctur function. Examples of 

humon leuk(>Cytes which mediate APCC biclude pcripheml blood mononuclear cells (PBMC), narural kUier 
(NK) cells, monocytes, cylotoxic T cells and ueutrophils; with PBMCs and NK cells t>elng prefcm:d. The 

clfcctnr cells D>ay be Isolated from a native source, e.g. fi'<lm blood. 

''Complement dependent cytotoxicl!y" ur «CDC" refurn to tbe lysis of a "'rget cell In the presence 
~O of complemcnr. Activatfon of die cf~ssk.U complement pathway is Initiated by the binding of the lwl 

component ufthe complement system (Clq) to antibodies (of the appropriate subclass) which ar.: )>Ouad to 

tnoir C0811ate antigen. To"'""""" cnmp1emenl activation. a CDC assay, e.s. as described in Ga=inu.Santoro 
~1 al~ J. /111111111111L McthDd.v 202:163 (1996), .may be pexfunncd. 

Polypeptide vmiants Mth altered Fe region amino acld sequ~nces- und increao:;ed or dee:re.1sed Clq 

25 bindlng capal>illty are deocnbcd in US pawnt No. 6, 194,$$J ll 1 ~o(! W09915 I 642. 'The content' of those 
palcnt publications arc :;pecifically incol)lornted herein by reieNnce. See, .iso, l<lusogic er al. J. fmmunof. 

164:41711-4184 (2000). 

The N-glyco~lanon site in lfl,G is at Asn297 in tl1e CH2 domain. The pn:.<•nt invention also 

provides composillons ofa CD20-binding, humani7.cd antibody having a Fe cegiou, wbereln about 80-100% 
30 (uad preferably about90-99%) nf tile antibody in the C<lmposition ccniprl$0$ ~ m~tute core catbolly<lralc 

sttuct~ which luclcs fucu:10, a:ttac:ht:d to tho Fe regiun ()f the g:ly<mprntcin. $U()h c~mposit.i¢1"1 were 

<lcmonstmtcd herein to OJ<hibit a surpri>ing improvement in binding to FcyR.illA(F158), which is not a.< 

effective"" FcyRUJA (VIS8) in interacting with human IgG. Thu.<, the compositions herein are anrlcipatet;I 

«i be superior to previously described onti-CD20 antibody cornf!O>idons, "'Specially fQ1 !berapy of bul.ll~ll 

J5 pal.lea ts wlto express PcvRIIIA (F158). FcrRmA (F158) is mote cowmou than FcyRilIA (Vl58) .in 

normnl, h1.1a lthy African Americans and Cauca.•ians. S,Cc Lchmbcchcr et al Bland 94:4220 ( 1999). The 

pre~ent ap~Jkation furtber deooonstrores !he synergistic increase in l'cvRm binding and!or ADCC function 

tbn1 res\111$ from combining rhe glycosyladon variation• herein with amino acid sequence modificotinn(s) in 

the Fe region of the gJycoproteln. 

40 An "irnlated" anllbody is one which has b~n idenWied and separated ;mo/or recovered from a 

<annpura:nt of j{S natur..\1 environmcrtt. Contaminant cornponents. of its natur.U environment arc matcriuls 
which \vou1d interfere with diagnc}stic or therapeutic U."l~ fbr tbc antibody, and may include en~es, 

lmnnoncs, and oth¢r pro!einaceous or nonproteinaceous solutes. ln preferred embodiments, the antib<)uy 

will be purified (I) to greater than 95% by weight <>fantibo<ly as determined by the Lowry method, and most 
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j preferably ll1<>rc tha11 99% by weight, (2) lO a decre¢ sufficien( to <>btaln at least J 5 refiidues <>f N-terminal or 

imernal amino <1cid sequence by u~ of' a spinning cup sequcnator, ot (3) r.o llonmgenelty by SDS-P AGE 

under reducing or nonte:ducing conditions using C-001na."{~je blu~ or, preferably, sUYer :;tain. Isolated 

antibody include• the antlbody 111 situ within recombinant cell• since at leasr one component of the 

10 
nu<ibody'• natural enviromuent will not be prcsenL Onliaa:r:ily, bowcver, isofatcd anribotly will be prepared 

by at least one purification .,rep. 

An "isolated" nucleic acid molecule Is a nucleic •oi<f niolccule that is idontified and separ~ted from 

at lca.'t one coola11llmmt nuc1¢Jc a•id mnlecul~ with which lt is ordinarily associated in th<\ natural Rource of 

tho antibody nucleic acid. An l1«1lated m1clelc ac;d mol<>oule is other tlmn Jn the form or setting In which it is 

found in nature. Isolated nucleic acid 111<>lecules therefore are distlngui•hcd from the nucleic ackl molecule 

15 a• it exists In natural cells. However, an isolated nucleic acid n'lOlecule incl0<.les a nucleic acid molecule 

colllaincd in cells thnt ordinan1y expxess the antibody wh¢1\", tot example, the n~olcic acid molecule is in n 

chromosomal location different from that <>f natural cells. 

'Ille cxprc:l.<;ion "control sequences" refers to ONA sequence:; necessary for the cxpre.~$ifon of an 

opcrably llilked coding xequence In a pM!cular ho•'t organism. The control sequences lb.at are •uitable for 

ZlJ prolraryotes, for example, include a promoter, uptionally an opera!OI" sequence, and a ribosome binding site. 

Euk:lryutic cells are known to utilize promoters, polyadenylatlon signals, and e))h.ancet>. 

Nuclelc acid Is •opcrably linked'' when lt ls placed inU> a functional relationship with anotl1er 

nuclele acid sequence. For example, DNA for a presequcncc or ••cretol}' leader Is operably linked to DNA 

lhr" polypeptide if it is expressed as a p~pro!cin that participate.• in the secretlQn ot the polypeptide; a 

25 pr<> muter or enha11cer is operabJy Jloked 10 a cod fog sequence if it affects the tran.<Cl'iption or the sequence; 

or a ribo5omc binding site is operal;>ly linked to a codi.ng scquen¢¢ if it is positioned Ma$ t(.) fae:iHt.ate 

tmnslation. C".ienerally, "opecably llilked" meaos that the DNA scq11Cl1cc• being linked nre cootl&uo\Js, and, 

In the case of~ se<'retory leader, contlg11ous llnd in t<:llding phase. However, enhancers do not have to be 

contJguous. Linking ls accomplished by Jii,.>tilion at convenient re.<triction sires. JJ: such slles do not exfa4 the 

30 synlholio ollgonucleo~dc ><dapton; or linkers ore used in accordance with convention.11 practice. 

"Vecu;ir'• iJ"1CltJ<le5 i;:huuJe #nd e:ic.p~!;$:Jon vec:t.ori;. TyplqaJly. the plna:ruld consh"uot will ~-d!iu- include 

an origin of replication (e.g., rbe Co1B1 odgl11 of repl!cinlon.) and a selei.."table marker (e.g .. mnpkillin or 

tetrocycline reslatance), for replication and selection, respectively, of the pJaWli.ds In bacreda. An 

"cxpre..~lon veator~ r~fers t<> a veclor that. eonlail1$ the n~sary control sequences or regulatozy elements 

3!i for exp"'sslon of the an<lbodles JncJ11dlng antibody :fragment of the Invention, in ba<::terlal or eultaryotlc ceus. 

Suitable vectors are disclosed below. 

The cell that ptOOUC<!$ a biimaoi7.ed CD20 binding antibody of the invention will include 1he 

bllctorial :ll1d cukaryotlc hos\ cells into wlllch nucleic acid oocodlng the antibodies have been Introduced. 

Suit•blo host cells arc dfocloscd below. 

40 The word "label" when used heroin rofors to a dot<:ctablc compound or composition which i• 

conjugated directly or indirectly to the :mtibody. The lubcl may it..,Jfbc dct<ctable by it>elf ('·II-. 

r.udic>inotopc labels or fluorescent labels) or, in the ca.<.;c of.an cn7.ymatic label~ may catalyze che1nical 

altcmtion of a sub(<Trare compound or composition which is detectable, 
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/\n •1autoirnn1lJne tH~ase" herein is a non·m~Jignant dtseasc t')T dJsor<lcr a.risJng tt-nn1 au<l tlfrected 
ag~in$t M individual"s own (self) untige1)S L\n<l/or d.ssucs.. 

Ar. us~ 1lerciTI, "B cell depletion" refe:ro to a rcducrfon in B cell levels in an animal ot human after 

drug or Mtlb<1dy treat men~ as compared fl) the l3 c-cll level before treatment. ll eel! Jovel$ are measurable 
usl11g well kl1own assays sue II a~ those de•cTibed in 100 Experiment.al fu•mples. B oeU depletion can be 

complete or porrial. In <me embodiment, th<'deplotiun of CD20 expressing B cells ls at Jca.•r 25%. Nil! IQ be 

limited by any one mec:hanlsm, p<m•ible meehani•m.• of .B-cc!J depletion include ADC..-C, CDC, apoptc•i•, 
modulation nf calcium llux or a cOJnblnatinn of two or more of the pre<:cwng. 

Tho lernt "cytotoxic •8ent" "" u.""'1 hereb> ~fens to a substan~ that inhibits or prevents the function 
uf cell• ancVor cause. de.•rraction of cells. The term ls intended to locludc nidlonctive lsol<>pc.• (e.g., )111. 

J'Z', Y"" and Re"'), chemo!Mrap~utic agents. and toxins ••ch as eDzymotlcally active cox.Ins ofbaeterial. 
fungal, plnnt or aolm.al orlgln, orfi"aa.ments thereof. 

A "cl1emothcmpeutic agent• ls a chemical compound uooful in the treatment of cancer. J.l;,Miplc.• 
of chomo!herapeutlc ageots lnoludc alkaJy7Jni; or all<ylating agent~ such as U!iotcpa and cyeJ,Qsphosphamide 
(CYTOXANTM); al.Icy! sulf-0natc.• •uch a.5 busutl1\o, iiupro•ulfan and plposulfan; aziridines ~uch M 

:W hcn?.<>dopa, Cllrboquone. mc!urcdopa, and uredopa; etllylonimincs nnd methylam.elaltl.incs includinl) 
alt.ro1amine, trlethylenemelaminc, triccylenephosphornmlde, trkthy!Cllethiophosphaoramide wl<l 

1rJmetl1ylolOll>Olarolnc; nitrng.:n musrar(ls ~ch as <>blorambucil, chlomaph"7Jne, cholophosphamidc, 
esttamustlnc, ifosfamidc, mechlorotbamine, mecblorethruninc oxide hydrochloride, melphalan, novcmbichin, 
phcncstcrin~ prednimustine, trofosf.aiuide1 uracil mustard; nitro~ureas such as cam1ustiac, chtoror.otocin. 

25 foromus!lne, lomustlne, nlmustine, ranimu:;tino; antlbfotiC$ such as aclacinom)'liins, actinomycin, 
a\lthramycin. azaserlnc, bleomy.,-ins, cuctinomycin. calichea.micin, carabl<:in.. cttn:ninomycin, carainophilin7 

ehtQmornycios, daClhtomyt..-ia, da.unorubicin1 dctQrubicin, 6·dia?.a-5-oxo-l.,,..norJeucine. 1.iox.orubicin 
(Adrlamycld), eplrublcln, esorub;cin, idarubicin, maroollomycin, mitomycins.- mycaphenollc .acid, 
nogafamycin, olivon1yclns, peplomycin, potfiromycfo, purumycin, quelamycin, rodnrubkin, S!l'eptonJgrJn • 

.30 sircptowcia, wborcidin, ubcnimcx, zino•t•tin, iorubicin; anti-metabolites such as me1hotrel<ate and S­
fluomurl!Oil (5-FU); folio acid analogue.~ sucb a$ denopterin, methotreJ<ate, pterojl(erln, ttlmettexatD; purine 
annlogs such as fb1darabiae, 6-mercaptopurlne. thhunlprine, th!oguanlne; p)'rimidinc analogs such"'' 
ancitabino1 azacitidine, 6"{!z.aurldinc, cw-mofurt cytarabinci, didcoxyurldine, dnxitluridinet enncit:sbine, 
floxuridinc, S·FU; androgen> such"" cruus1ero11e, droinosta11olone ptopiouat¢. ep,i6oshlnol, mcpitiosb1ne, 

3:; 1<:.'lt<Jlactanc; untl .... <lremlls such as runlnot:Jutet.hllllide. lllltotane, trllostane: Colle acid .ceplenishet SbCh as 
ftolinic acidi aceglatone; aldopbusphamidc g1ycu:ddc; aminolevulirtiu aci<l; a.msacrirte; hcstrabucll; 

bisontrene: «laU'l\Xate; defofawlJ1e; deme-0olcine; dia7Jqu.;me; elfornithine; elliptinium •cetate: •toglucid; 

giilflnm ~ltrate; hydt<>l\Yllrea: lentlnau: lonldamine; l'!itog11a:,;one: mitoxruitrone: mo,Pklamol: nlttacrine: 
pcnto.o;;tatin; phenamct; pW..m.tbicin; pc>dophy1Hnic acid; 2-cthylhydruidc; procarba7.inc; PST<'.@; rD.('>Xane; 

40 size>firan: splrcgermanlum: 1e1iuazo!lic aeld: ttiatlquone; :2, ?.';l"-t~·lclilorotrlethylamloe: uretltan; vindesine; 
dacarbatlne: 111aMo.ll!u$1lne: J1lJtobro11l10J; 1ultolactol; plpobrol11lln; gacyro$ine: arablnoslde (" Ara-t.-): 

tliiotepa; tnxoids, q.g. paclitaxel ('J'AXOT,@. Bristol-Myer>; Squil>b Oncology, J?rinceton, NJ) and doxet~el 

('l'AXOTERE"'. Rhone-Poulenc 11.ort)r, Antony. France): chlorambucil; geincilabine; 6-thioguaninc; 
mcroap(t,purinc; metbub'cx~te~ platinum xnalngs such as ci!-1platin and carboplatin; platinum; et(.lposkle (VP-
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5 16): lfcls£1n1Jde; miton1ycin C: mitoxantronej vjncristirtc; vjnbla..'iline; vinorclOine; navclbine; novantronc; 
tcnipo;i<lc; daiuiomycin: amfoopieriu: xcloda; ibandrnnote: CPT-1 J: lopoi•omerasc inhibitor RFS :WOO; 
clifiuommethylornithine (DMPO); retinoic ooid; e•pcrantlcins; capecllabine; and pharmaoouticully 
•cccp1nt>le suit>;, acids or dorivatlv<ll< of any of the above. Also inc{udcd in rhls definition are anti-hormonal 
::in,01\ts: that act to regulate QJ' Inhibit hormooo .action Qtl tumor:; suolt as :u1ti-estc0,gc11:; incJuding fur exrunplo 

111 tamtlxifen, raloxifone, aromata.~• iolllbitlng 4(5)-imld"7,oles, 4-hydmxytruiio;Ufcn, trioxifone, l<eoxlfenc, 

LY 117018, Maprlstonc, and 1orcmiftme (Fares1un); onti-androJ;"ns sueh as flut.amlde, nilutnmide, 
bi~alu<am!dc, leuprolld¢, and gosesdlll; other chemothornptlUlic a,eents •uch as prednlsnlone. 
l'hannacentlcally Acccptoble salts, acid• or derlvatiYCll nf any ot lhc above ore included. 

-rrcating' or "trealttlene• or ~allevla<ion" ref el$ to both thcrapeutlo i...atmcnt ond pr.oplt;vtactic or 
15 proventati "' mca.;ures, wherein the object is to pn:vcnt or &low down (lc.o;..en) tho U\rgctcd patbofogic 

condition or di,.,rder. A subject is •uc:cossfully .. <rested" for a CD20 po•itive caocer or an autoimmUJle 
di•='• if, nfter w:elvlng a tlterapeutie amount uf a CD2() binding anl!oody of the invention •<:<:or-Olng to the 
methods of lbc present inventioo, tl>e •"Ubject shQws observable and/or measuNlblc reduction in or abScllce of 

one ur moro Rigns and symp<om• of lite particular dlseasc. For example, for Cllncer, reduction In <he number 
:l(} of c•ncer C<'lls or absence of the cancer cells: reduction in the rumor size; inhibition (Le., slow to some 

extent and prefe.1'3.bly stop) of tumor metastasis; inhibition, tQ $On1e exlenl, uf tumor growth~ ln~ in 
length of remission. and/or relief to •ome extetit, one ur more of the syitlptOWS """'"'iated with the sP«ific 
cttnccr; reduced mQrbid.ity and rnonulity, and improvement ln quality of life !$sues. Reduction of die signs 
or symploms of a disease may all;o be felt by the p•tlent. Treatment can acbleve a complete response, 

2.5 defined •s disappearauce of all •igns of canc<lr, or a partial response, wherein the "''"' of the tuo.1or ls 
dccr¢ased, preferably by more than 50 perc¢11(, more profurahly by 75'1'•. Aptilicnt is also cQns!der.eJ treated 
if lilt patient c•pcnences sral>le disease. In a prof erred embodiment, the CIUICer policnl• are still 
pn>grc.<sion-free in me Qallcet after one year, profcrably after 15 mo11tbs. These parameters for assesi;lng 
~ucccsi;ful tteatmeot aod hnprovement in the disease ore readily meas11n1bl-* l>y roulinc procedure.< familiar 

.30 to a physician of approp.riate skill Jn the art. 
A '~berapentlcally effoc<lve amount" rofurs to an amount of an antibody or a drug effective tu 

"tre'1t" a diS<:aSo or <lfaordcdn a subject rn the ca.•e of"""""'• the tb.erapeulically e!1cctivc amount of the 
drug may reduce the number of cancer cells; reduce the tumor slze; Inhibit (~a~ $low to same extent and 
profl:r~bly stop) cancer celJ io.filtration Into peripheral org.1ns; inhibit (i ..... slow ta •ome extent and 

35 pn:ietably •«'P) tumor mcta•1asi•; inhibit, to some extent, tut1111r gro~ and/o~ .te!Jeve 10 some .ixtenl one 
or mor" of the symptoms as.•ooiolcd with the cancer_ See precedlnJ!, definition of''ttea<lng". 

"Chronic" admlni>'1ralion rcfum to administration nf the agent{$) in a contlnuo\1S mode as ¢ppose<J 

to an l!OU!c mode,"" a.~ to maintain the initi:il therapeutic effect (activit,y) for an extended perlod of time. 
"fntcrmittent" ndministratiQn is treatmoo.t that I~ not COllS¢CUtlvely dorte without lntcnuption, hut rather is 

4!1 cyclic in nRlUl'¢, 

Composili<rns and M-i:thods of lhe Ltvenlioll 

The lnvenrio11 provJdes humanlu<l M<lbooles tl>:ll bind human CD20, and preferably 01her prlnmte 

CD20 •• weJJ, compdslng a H clirun having ~t Jeasl one, prefornbly two or all of the 'H cnaln CDRs of tl non-
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5 ht>Ill:ln specles anti-human CD20 antibody (donor antibo<ly), and suh.>t•ntlally all of (!lo frarn<'work residue• 

11f ~ human consensus lUltibody 3$ the rncipi~.ot a~tib<)oy. The donor antihody con be from va.rlous non· 

human species incfudlnjl'. mouse. rat, guinea pig, goat, robbit; horse, primate but most frequently wlll be a 

murinc antibody. "Substantiully ttll" in lhi• conf4xt ls meant that the recipient FR regions in the bumani7.ed 

:.intibody may intlude one: ur more amino acid sub~titutiQ11$ not originally prc:;e.nt In tbe human conncn:;;us 

lO FR sequence. These FR clw.ntes may comprise rc.'idues Jlol found Jo Ulc recipient or lhc donor antibody. 

Tn one embudiment. lh<: donor andbody ls the murinc 2H7 aodbody, the V region includln$ the 

CDR ~nd Flt sequences of e>lclt ofthl'H and I. chains of which are shown in FrO. lA und rn. In a specific 

cmbodimcn~ the resid~ fQr the l1uman Fab framework cones pond to Ille consensu.• ••quence of human 

V1nubgrnup r '1nd of Vu NUbgroup lll, thc.•c consensus S<:qucncei; - shown jn Figute !A and Figu~ rn. 
15 re.spe<:tlvely. The humanlzlld 2H7 antibody oflhcfovention will bave at l~st one of the CDRs In the H 

chuin of the ll)U.rllle donor ontibody. lu one embodiment, the liumaniT.ed 28.7 antibody that biods human 

CD20 comprises the CDRs of both the l:I and L chain• of the donor antibody. 

Tn a f\i.l.l lenglh antilx1dy. the Jiumalllzed CD20 binding Mtibody of the iovendon will comprise a 

humanlr.ed V domain j<>insd tO • C domain of a human imrounoglobulin. Tu a preferred embodiment; tbe H 

20 chain C region is from humao IgO, ptefcmbly Tg01 or lg,03. 'Ilic L chain C dornaln ls preferably from 

human KciwJn. 

Unless indicated otherwise, a hurnani7.cd 2H7 antibody ~ecsion herein will have the V anil C 

dumaln ""'luences of2J:i7.vl6 Lcbain (FIG.6, SEQ ID NO. 21) and Hcliain (F107.,SEQ.ID NO. 22) 

exe<:p< at the positions of amino acid substitutions or changes lndicti!e<J In the cxpcrimentlll e~ampll)S below. 

25 The humanized CJJ:<() blw:llni; autibudic• will bind ru: lea$! human CD20 anil prcfur-ably hiTid other 

primate CD20 such as thal of monkeys iocluding cynomolgu' and rhesus m<mkeys, and chimpan?.ce.•. The 

~uence of the oynon10lgus monkey CD20 is disclosed in Example IS ~nd Figure 19 

The biolugioal activey of the CD20 binding aotlbodles and humanized CD20 binding antibodies of 

!be invention wiTI include ot lea~ bino;ling of Ule antibody lo human CD20, more preferably binding lo 

~(l human and primate CC>:l.O Qoclud!ng cynomolg1ts tll<lnMy, rhesus monkey, chimpanr.ees), with a I<., value of 

no hfghQr thon 1 " 10"'.,. pt'OfcrobJy n ~ v4l!uQ .oo 1ll~vr UtWJ a.bout 1 A. J<r9, c:vuu uws\'.l pr~r~rably a Ket vulu~ 

no higher than about 1 x 10·10• and be'l!ble to !::ill W'deplete.U cells io vitro or in vivo, profcrably by at lca....t 

20'11> when CQ.tnpl!Xed to the °'1seline level or ~pproprlate neg alive control whiclt i• n<>I m:atcd with ~uah an 

aalibedy. 

35 The de.<irod level nfB cell depletion will depend on the disease. For the trentruenl of a C020 

positive caJ1cer, lt may be desirable to maxll~ the depletion of 1he B eells which tuc tbc target of tllc anti­

CD20 ooelbodies of die invention. TI1us. for Ute lrealment or a CD20 pu:;itivc B cell ncopla.•m, it fa desirnble 

tbal tho B cell depletion be •ufficienl to at least prevent progn:ssiu? of the dfacasc which can be "'''""'"d by 
the phygicitm of •kill in lhc ml, e.g., by moaitorlng tumor growth (size), pmliforation of the cancerou.~ cell 

40 mic, mcta.•tMi•, other oign• and symptom~·of the particular.Cllncer. J?J.'i'fernbly, the B cell depletlort is 

•ufficient to prevent progre..~ioo of <linease for at. lea$t 2 mondJs, m.or.e pNfernbly :l montlls, evell Jlloro 

prcfmbly 4 mo11tbs. more preferably 5 moaths. even more preferably 6 or more mm1th•. ln even more 

preferred embodiments, the 11 cell depletion fa sufficient m increai;e 1ho 1irne io remi$Slon by at lens! 6 

inonrhs, more prefembly 9 months. more prefei'!lbly one year, more preferably 2 ycu.rn, more preferably 3 
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ye&!t, even 01orc preferably 5 or t)\Otc years. ln a most ptefCrred embodiment. 1hc B ceU <lcpletfoo is 

~ufficienl to cure tJ1e discal')e. 1n preferred embodirnen1::;, lhe. B cell depletion in a c.anOOI" patient is at leDst 

about 75% and more preferably, RO%, 8~%, 90%. 95%, 99% and even 100% of the baSc!ine level before 
treatment. 

l'or treatment of an autoimmune dis~oo, it may be desirable ro modulate Ifie extent ofl'l cell 

IO deplelic>n dei>Mdlng on the disease and/or die Severity of1hc condition in the indlvldulil patleut, by adjusting 
the dui:age ofCD20 binding Mtibody. Thus. B cell depletion can bur does nut have to be complete. Ot, 

rnral ll cell dcplmion may be desired in .ln.itial troatmot)t but in ~"llbsequent treatments, Ole dnmige may be 

adjusted !Cl achiev6 only ir.utial depletlon. In nne em.bOdimcnt, the 11 coll depletion ls at lea.'t 20%, I.e., 80'16 
ur lc.<0 of CD20 positive ll C¢lla remain~ compared to tho basellne level before tte.itment. Jn other 

IS embodiment•, B cell <leplelion i• 25%, 30%, 40%, 50%, ii0%, 70% or gr~ter. Prcforahly, t!Je Jl cell 

dcplerlon ls sufficient ta halt prosression of the disease, more preferably to .Ultviate tho signs aad symptoms 
ot the particular di•ease u11det lr«1tment, eve1> more prekrably tq cure !he disease. 

The invention also provide.• bispeciiic CD20 binding anlibodles whcrcin one arm oflhe antibody 
113• a humani7.ed l3: a11d L chain of the humoni>.ed CD20 binding anribody. of tlio invention, .and tbe olhor wm 

2Q ha.• V region binding spe<iificity for a seCQnd aoti,gen. ln specific embodJmencs. tlltl second antigen Is 

selected from the group consinting of CD3, CD64. CD32.A, CDI 6, NlW2D or olbor NK activating ligaJ\ds. 

ln eompari•on with Rituxrur (rituxlmab), v 16 exhibit$ about 2 to S fold in<.'Ti:a""d ADCC potency , 
-S-4 fold decreased CDC than Rltu~an. 

15 Antibody production 

Morwcwnal anti/Jodios 

Monocloru\I annllodim; may be made using the hybridoma method first described by Kobler e1 al., 

Natur<!, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Palen! No. 4,816,567). 

Jn the hybridoroa mc:t11od, a mouse or otli« apptopriale host Wlirnal, such ns n bamsru, in 
30 j mmunlzed as described above to ell cl! lymphocytes that produce or nro capable of producing antibQ\lies that 

wiJJ Npcaifically bind tu tliC' protein used fbr immuni:w.tion .. Alt.enui.tively, lympho-c:y1es rnay be ,inl.fl)unize.d 

in vltrn. After immunir.1tion, lymphocytes are inolated and then ~with a niye!oma cell line using a 
st>ital>le fusing ngent, such as polyethylene glycol, to form a hybrldoma cell (Godlos, Moncckma/. 
A ntllmdie.r: Prillciple,f and Practice, pp.59·103 (Academic Pre...., 1986)). 

The hybrldoma cell$ thus prepared are seeded and grown ln a $Ult.able cultnre medium wWcb 

medium preierJbly contalns one or mor<> substances that lnhlblt the growth or survival of !lie u~fuscd, 

parental myelomacells (al•o refum:d ta._, fusiun partner). Foroxsmple, if the p-orenlal myeloma cells lack 

the enzyme ltypm;anthine guanine phospboribQsyl transli>ni$e (,fl:Gl'R1' or liJ.>R'r). the selective culture 

medium for th<> hybrid<Jmas tn>ieally will include llypoxanthine, aminuptorln, and tbymidinc (HAT 

40 medium), whioh substances proven! !be growth ofHGPRT-defioicntcclls. 

ProJ\:ired fusion parlner myelorn:1 cells are U1ose Ula! /use efficiently, support stable high-Jovel 

pmduction of •nlibody by th~ selected nntibody·producing cells, and arc son>iovc to a selective medium that 

St:!:locts Dgain.st the unfu8e.d parental ceJrs. Preferred myefoma cell Hne.s are murine n1yeJon1n iliies1 such as 

those cforlvcd from MOPC-21 and MPC-1 l moose tUlllOrs availnble from the s~lk lnH!itutc Cell Distribution 
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5 C¢ntcr, San Diego, Coliforofa USA, and SP-2 and derivatives e.g., X63-Ag8-653 cells available rrom the 

American Type Culrure Collection, Rockville, Maryfand USA. Human myc>loma and mouse-human 

h¢1~romycloma cell line.' also have been described for tbe production ol'human monoclonal aotlbouicx 

(Ko>.bor,J. JmmunoL, 133:300 I (1984): Md Brodeur el a!, Monoclonal Antibody Production Te<!h11lq~es 

!llllf Applicali()llS, pp. 51·63 (M'arcel Dekker, lire., New York, 1987))-

10 Cul lure medium in which hybrldoma cells ate growing is assayed fOJ' production of monoclonal 

Mtibudic.• directed aguinot the antl,gen.. Preferably, !he binding specificity of monoclonal autibodics 

produced by hybrldoma cef)s is dctotmined by lmmannpre<>Jpltation or by ao in virro hinditl,2 assay, such QS 

rodloi1umunm1sS<1y (RlA) or cn•yme-linked immun°"orbent as•ay (BUSA). 

The binding affinity of the monoclonal ontitiody ean, forexnmple, be dorennined by !he Scatchard 
15 Muly•is dc&>ribed lu Munson et al., Anal. Bi11chem., 107:220 (1980). 

On~e hybridoma cells ll1al produce antibodies of the ~~irOO Spccilicicy, affinity, and/or nctivity ltrC 

identified, the clones may be $Ubcloned by limiting dil\ltion procedures and grown by standard metho<ls 

{Goding, Monoc/nnatltntlbcdies: Pri11cipk.r and Practi.co, ppS9-103 (A<:<1deruic Pres:;, 196(1)). Suicable 
culture media fur this purpose include, for example, D-MllM or RPM1-1640 medlooi. In addition, the 

20 hybrjUoma ecns may be growu in vivo .us asoitc.o; rumors In au mlimaJ c.g~ by i.p. lojeclion of thC:celJ:; into 
mice. 

The monoclonal antlbodic• secreted by the subolones 1tre suitably separated from the culwre 
me<lium, ascites fluid, or scrum by conveittiotllll antibody purification procedures suclt as, for example, 

aff mily chromatography (e.B., using protein A or protein G-Sepharose) orion-exchange chromatography, 
;15 hydroxylapatire chromatography, gel elcc!ruphorcsL•, dialysi$, etc. • 

DNA encodina the moaoclonal antib<ldics is readily isolated and SC<)ttenc¢d <»ing conventional 
proce<l•ireo (e.;? •• by using o~gonucl.iotidc probes !hut arc capable of binding specJfically to g<:DCS encoding 

tho heavy an<l 1igbt clwns of fllttrloe antilxnJies). The hybrid om a cdls .erve as • preko:ed source of such 

DNA. Onc:e isolated, Ille DNA may be placed into oxprcsoion vectors, which ate d1en transfected lnco host 

3() ccl1' •nch "'' E. c1J/i cell•, simian COS cells, Cbino.•e Hamster Ovary (CB.0) cells. or 1nyeloma ¢ells Uiaf ~o 
not otherwlse produ<;« ~ntibody protein, to obtain !be synthesis of monoclonal sndbodios in the recombinant 
hom cells. Review articles on recombinant expression in bac!~Tia of DNA encoding the antibody include 

Skcrra ct aL, Curr. Opinion in lmmunoL, 5:25fi..262(1993}andP!Ockthun, fmmunnl. Rcv.r., 130;151-188 
(1992). 

35 Jn a further embodiment, mon<1ckmlll autib<Xli"" or anlibotly fra!.lJllonls can be isolated from 
ontlbody phage librari!l$ generrued u.•ing the techniques dc.•cn'bcd in McCaffcrty ct al, NatuT<t, 348:552-554 

(1990). Cl•ck•on ot<1L, Natul'C', 352:624-628 (1991) and Mar~ ~tal, J. MoiBwi, 222,581-597 (1991) 
doscribe tho isolation of murine and human antibodies, re=ipecfively, using pl1ag¢ libraries. Subsequent 

publications describe tb.e productioo of bi&b affinity (nM range) human ~ntibQ<lies by chain ihuffling (Mark• 

40 ~t al., Blefl'echnology, 10:779-783 (1!1!12)), as well as comblnnrorlal !nfec!lon and in vivo r.:¢omb1Jlafion as a 

•tratcgy for consfJ'tJcling very large pht1~ Jilmu'ies (Waferhouse e: al .. Nuc. Acids. Re>·-. 21 :2265-2266 

(1993)). 1J1us, tliese 1..;hniques are v!~ble altetllatives !O ttadltional n1011ocfonal ancibod;y bybrldoma 

techniques fur ixolal..iun ot' munocJonaJ antibodies. 
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The bNA that ertct>dcs the antibody may be modified ro produce chimeric or fusion antibody 

polypeptides, for example, by substituriu& human heavy chain and light cho)Jl constant domfiln (C" artd c
1
) 

&equi;ncc.'i for the homologous murine sequences (tJ.$, Patent No. 4,816,5'57: and Morri$OO. <.!I aL, Proc. 

NaJI llc11d. Sci. I/SA, 81:6851 (1984)), or by fusiug lhc imm11noglobulin coding :requence with all or pan of 

the coding sequence for 11 non-htlmunoglobulln polypeptide (hcterolo~ous polypeptide). The non­

imniunoglobulin polypeptide seqnences cl!ll sub3titute for tho constant domaiJls oJ' an antibody, urtlley nre 

substilull>'J for the varluble donmlns of one antl~n-cnmbining site of an antibody to create ti chimeric 

bivalent antibody comprising one andgcn-comblnlng site having s(le<!ilicity for"" antigen and another 

antigen-combining site having specificity fur a different linrizen. 

Humanized mrlwodi<Js 

Methods for humtmizing non-h.umao antibodie• have been dollCTibed In th<1> ~ti. Preferably, a 

humani>.ed nntlbody ha, one or mor.e amino acid rc•idues introduced inln it rrom a soorco which is non­

human. Th= non-human amino aoid residues m often retbm:d to as "i.roport• rosidmm, which are typically 

lal<cn from ao "impost" variable domain. Humanization can be essentW1Y pcltformcd following 100 melhod 

20 of Winter Md co-wotkcrn (Jones er al., NaJure, 32J :522-525 (1986)l Relehmartn ct aL, Nature. 332:3n-327 

(1988): Vcrhocyen .raL, Scimc~. 2$9:15:4-1536 (1988)), by •ubstituthlg hyporvariablc region sequenct.s 
for the corrcNponding seqnences of a human antlbotly. Accordingly. such "humanized" aatibodie.< are 

chimeric anobodic.' (U.S. Pmenr.No. 4,816,567) wlletcln xub•tantially !es• tholl 11<1 lntact human variable 

domain ha.~ been t;Ub1>titute<I by the corresponding sequence from a non-.hun1an species. Jn practice, 

25 humaoiud aJltibodies are typicully human antibudiea in whicb some Jiypervariablc region re.•idues and 

po~sibly !!Orne FR rcsldue.i; are substituted by re.i;idues front analo~ous sites in r<Xicnt antibodiefi.. 

The choice Qfhuman variable domalns, boU1 light an<! heavy, to be used in making the huma11lzed 

antihod!es Is very imporiant to reduce antlgenlclty and HAMA response (hum'dn •nti-mou.'e nntibody) when 

tho antibody is I nrended for human ther;ipeutlc use. Accordlng to rhe so-eallcd "best-fit" method, th~ 
30 ~cquencc of the variable domain of .a rodent antibody is ~ee11ed agal1>St rite entire librocy of known human 

v11rlable doo>afo sequences. T.be b1>man V domain S<'-(!Uence wblch ls closest to that ofllie rodent io 

idcnlificd and tho human fuuncwork regiun (FR) within it acc'Cptcd for tho humani7.ed antibody (Sims et al, 

J. Tm1111m.ol., IS1:229G (1999)l Oiothia <taL, .f. Mol Biol, 196:901 (1987)). Another method uses a 

parrlcufar frattiewor.k regloo d~lved t'roJll the con~erwus sequence of all human •11tibodil)$ of.~ portic\JJ.ar 

3S Hubgroup ul' Jigl1! or heavy chi\bls. '.1'1te srune framework may be used for sev¢tal diffut¢11( humMized 

"ntibodios (Cnrtcr etaL. Proc. Natl Acad. ScL USA, 89:4285" (1992): Presta el al., J. lmml<nol. 151:2623 

(19\13)). 

It is further impnrtant that antibudi<'S be humanized with retcntinn uf high binding affinity fur the 

mitlgeii and other fovornble biologiCi1l proper.ties. To achieve this goal, accordinl,l to a preferred metllod, 

40 humani>:cd antibotlics arc propaml by a pmccss of analysis t>l'thc parental •cqucn<:cs ond various c'Onceptual 

humani>.ed product; using three-dimemional models of the parental ond human ired sequence.~. Three­

dlmenslonol immunoglobulin models are commonly nvailable and arefo.o>lliar 10 those skilled Jn the l\rt. 

Co1nputar prograni.1 are available which illustrate and display probable three-di1nensJonal confonn1Hionnl 

structures of selected c•n.di<.fate immu11oglob(1li.'1 seqw.nces. f.~s{l"'tlOSJ of these displays pernlits armlysis of 
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!he fikely rnlc of tile rcsi<lues In the functioning of the candidate immunoglobulin sequence, l~ .• 1lte analysis 

of residues that influence the abllity of tJ1e candi<l~te lmmunoglobulin to bind its Mtlgcn. Ja this way, !'R 

residues can be selected and combined fmm rhe recipient and import sequences so that the desired •ntibody 

characteO.tic. such as incren.;ed affinity for the !Hrget •ntlitcn(•), is achieved. ln gcncml, the llypcrvari~ble 
region m1lidues ar~ directly ~nd inost substanlialJy involved in influencing anrigen binding. 

10 "1110 humanized annlmdy ma~ be an antibody fragment, such a.$ a Fab, which is op1icmally 

conjuguwd wirh one or more cytotoxic agenl(s) Jn order t<> genmte an iJl!Jllunocoajusato. Alternatively, lhc 

humunjzed antibody may be an full length lllllibooy, $11Cll as an full length JgG l antibody. 

HutMIL at1.lwudias and phage di:Jplb.y JIU!tMti<>l<>gy 

I 5 A• an altema!ivc to humanizatfon. human antibodies can be generatc<I. For example. It)$ now 

pos.•ihle 10 produce tntn•genic animals(•.(! .. mice) !bat ore ~pablc, upon immunlzatlon, of producing a ruu 

repertoire otbuman WJtihQdies in tit~ absence of•ndogeoous lmmun<>glnbulin produclion. F<>rexampfo, ii 

hlis been dc.•cribed that t.be homozygous deletion of tbe antibody bcavy·cholJJ joining region (JH) sene In 

ciJ!meric and gem1-line mutant mlcc =•It>' in i;ompMe mhibition nf endo!lenous antibody production. 

20 Transfer of the human germ-line illlmunoglobulin gene array into such germ-line mutaQt nllce will rci<ult in 

the production ofb.uman antlbOdio• upon antigen challenge. See, o.g., fakobovit$ et al, Prue. Natl Acad: 

25 

Sr.l USA. 90:2SSJ (1993); lakobovil• et al, Nature, 36:2!255-258 (1993); Bruggemann et ,:l, Y~.ar in 

Jnmrann., 7:33 (1993); U.S. Patent Nos. 5,545,806, 5,569,825, 5,59) ,669 (all ofGenPhmm); S,545,807; and 

WO 97/17852. 

Alter.oaclvely, phage dfaplay technology (McCafferty tt aL. Natrire 348:552-553 f 1990]) can he 

used to produce human antibc><lic.• and antibndy !Tagments In vUta, from lnuuunoglobulin variable {V) 

domain gene repert<>ires from unimrnunized donors. A<:cordlng to this technique, antibody V domain genes 

m clonell ln·frame lmo elU1er a >11,-tjor or minor coal protein gene of n filamentou• bacteriophage, such os 

M 13 or td, and displayed as functional antfuudy fragments on the surface of the phage particle. Because tbe 

~o filamentous pru-licle contains a single-strrutdcd DNA copy of the phage genurm, sclcctlans based on the 

lllnclion:tl properties of the lllltibody ulso result in S<ll~tion of the ~c cnccdiug the anabody exhibiting 

those properties. Thus, the phage !iUmics some ot the properties of the B.-ccll. .Phage display can be 

~rformcd jn a variety of format::;., reviewed in, e.g. 1 Jobn.c;an1 Kevin S. and Chiswell, David J., Currtttzt 

Opinion In Stnwtural Bialogy 3:564-571 (1993). Several sour.oes ofV-gene segmeJl.ts can be used for phage 

35 dfopfay. Clackoon et at., Nature, 352:624-628 (J991} isola!lld a divet:l<I array ot ruili-oxaZ<>lone an1ibodie:1 

from a small random combinatorial library nfV gcnos.dclivcd fr<>rn the spleens of immunized mice. A 

repenolre ofV genes from uoJWJnunlied human donors can be constructed and antibodies ma diverse mray 

of ~ntige11s (including self-antigens) can be iwlated e.<Sentittllyfollowing the 1echniques det:eribed by Marks 

el a/.,J, Mo/. !Jial 222:S8l·S97 (1991), or Griffith et al, EM!JO J. 12:725-734 (1993). See, also, U.S. 

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

As discussed above, humon antibodies may also l)e generaled by 1n vitro activated J3 cells (see U.S. 

Pnrents 5,567,610 an<;l 5,:229,275). 
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A nlibody fragments 

fn certain ciTCUlllSlancE.$ there Me .Qdvautages of using ;:\Olibndy tmgmcnts, ralbcr th~n. whole 

antibodies. The smalkr size of lhc rrogment• allows forrnpid clourance. and may lead to improved access to 

solid tumoJ'S. 

Vruiou• rech11lquc• have been develope<l for tlie production of anlib<1dy fragmcnK Traditionally. 

I() t~e fragments were derived vla prnteolytlc digc.,tion of intact ontlbodici; (see, e.g •. Morimoto et al , 

Journal o/ Biu<-ht!mical Cllld Biophysical Method• 24:107-117 (1992); and Brell.llan •t al, Sclmo.,,, 229:81 

(198S)). However. these fta_gme111s <:an now be produced directly by recombinant hnst cells. Pub, Pv and 

Sol'v ~llllbody fragments can Hll he expressed in and secreted from E. coli, thus allowing thll facile 

productiQn of large amounrs ¢f these rragments. AlltJ1x>dy ftagi11en1s can he isolated from the anlibudy 

15 phase librade• di21<ms•ed above. Altcmatively, .Pab'-SH fragments can be direc~y recovered from t:;. coli 

11nd chemlcally c<>uple<l to foon l'(•b'), fi"agmeots (Cllrtcr et u.L, Bio/Tee!mology 10:163-167 (1992}). 

Acoording to another approach, F(ab')> fr~gmenls can be i•olated dlr~Uy from rero•nl>lrtant h<m cellculture. 

Flib and F(nb'), ft~nt with increased in vivo half·lifu comprising a salvage receptor binding epitope 

rc.,!duos are described in U.S. Patent No. 5,869,046. Other tl'Chniql!"" for the production of antibody 

20 li'aginents will be apparept t<> the slcillcd practitioner. In otl1er cmOOdimems, the antibody of choice is a 

•Ingle chain Fv frasment (ocFv). See WO 93/l6l85: U.S. Patent No. 5,571.894; and U.S. Patent No. 

5.587.458. Fv and •Fv "1C thecnly sp¢¢ies with intact combining sites that are devoid of C()1>5t:.llnt 1:eglons; 

thus, •bey are suitable fur reduced nonspecific bi.n.dlng during in vivo use. sFv fusion prutcios may be 

constructed lo yjcld fusion of an effect.or protein at either Uio aminn or the carbo;oty t¢rtninus of an sFv. See 

25 Antibody Engineering, ed. Bmrel>aeck, supra. 1be antibody frugmcnt may also be a "Jlnoar antib<Jdy", e.g., 

as described in U.S. Patent 5,641,870 fur example. Such 1!11= onti!x1dy fi'agmenis may be monospecific or 

binpccific. 

Bl.rpecljlc antibodies 

30 Bispccifi<: antiOOdics are antibodie.• that have blndins ~p0¥itic;tles for at l¢ru;l twu dillCrcnt 

cpitopc.•. Exemplary bfapecific nntibodie.• may bind to two different <>vltopes of the CD20 jlIOl<>in. Oilier 

such antibodic.< may combine a CD20 binding •ite with a binding site tor a11odt¢t proteln. Altemaavcly, an 

nnti-CD20 arm may be combined wi.th an ro:m which binds to a triggering molecule on a Jculmcytc such "-' a 

T-cell rcceplor 1nolecule (e.g. CD3), or Fe rcccp1<1rs for lgG (l'~')'R), •uch B.\I Fc'jRl (CD64), Fc'l'Rll (CD32) 

3, and Fc'jRl I! (CD I 6), or NKG2D or other NK coll activating ligand, Ro a.• t<> f'Qcu• and localize ccllular 

defense mechanisms to the CD20-expresslog cell. »I.specific antibodies ml\Y also be used to localizu 

cytotoxic agents lo cells which express CDZO. Tb.es~ antibodies possess~ CD20-blndiu,g: :um and M tum 

whiuh binds the cytotoxic agent (d.g. saporin, anti-interlbn>o-ci, vinca alkaloid, ricin A chain, methotrexate 

""radioactive i$otope hapJ.en). Jlispecifio antibodies ca~ be prepared as i.i.tll l<m,gth antibodies or llntibotiy 

40 fr<11)ments (e.11. F(ab')2 blspeciflc antibodies). 

WO 96116673 describe.• a biHpccific u.nti-Erbll21aTiti-Fcrl.Ull antibody and U.S. Patent Nu. 

5.837.2'.!4 discloses a bispocific Hnti·ErbB2/anti-FC)'RT an1iliody. A bispecific antl-l!tb»21FcCI 1111b1'o<ly i• 

•nown ill W098/02463. U.S. Patent No. 5,SZJ,337 teHche.• a bispccific aoli-F.rl:>B2/anti-CD3 antibody. 
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Methods for making bispeciflc antibodi"8 are known in the rut, 1raclitional production Clf full 

length hispeclllc Hntibudies is based on the <l<k'Xprcs;ion of two immunoglobulin heavy ch~in-ligbl chain 

pairs, where the lwo chains have dilforent specllic!tic.' (Millstein ct al., Nature. 305:537-539 (1983)). 

B """""' of the random a';IJOttllleot of immu11o&lo1>ulin heavy and ligbt ch•i•IS, U1csc hybridoma• 

(qnildromas) produce• potential miX1ure of JO differeo.t antibody molecules, of which 1'.>nly one has the 

I() com: cl bispacific structure. Purltlcalfon of 1he correct molecule. which is us~aJly dono l;>y affinity 

<:hT<>muti:>gi:aplly step•, is rather cumbe~ome. ruid lhc product yields ore low. Simflar piocedurc.• are 

disclosed in WO 93/08$29, ond in Trauncckc.-r.I (I/., EMBO J., 10:36SS-36:i9 (t991}. 

Ac<:ording l<l • different upproncb, antl\>ody variable dom:rlns with tho dc.•in:d binding specificities 

(antibody-uotigcn cornbi~lnq sites) are fused 10 immunoglobulln conmnl doinain sequences • .Preferably, the 

15 funion Is with an Jg heavy cfmin con.•tant domain, comprloing at least p<ut of tho hln$", c,.2, at>d Cn3 

rcsions. It i• preferred to have tho first heavy-cllnin con$tallt region (Cu 1) cont~illing the site necessary for 

llzb! chain bonding, present in at le~st one of the fusions, DNA• cnooding the lmmunoglobulln heavy chain 

fusions and, If desired, the irnl)lWJOglobulin light cbaln. are inserted into sepor.ttc expression vectors, and are 

co-ttansfcc!<ld fotn a ••itable hosl •-ell. This provides for greater flexibility in adjusting tbc mutunl 

20 pmpt>rtions of the tl~ polypeptide i'ragmO<lls in embodiments when unequal ra~os or the three polypeptide 

chains um! in the construction provide the optimum yield nf the de.<ired bispccific antibody. !tis, however, 

pos~ib1o to insert die coding ~-cquences for two or all 1brcc potypepti~ ¢halns into a single expression vector 

when !he expression of at least two polypeptide chains in equal ratios results fo hlgb yields or when !he 

rntios hnve no significant affi:ct on the yield of 1he de> ired chain coml>!nation. 

lrt a prct'crrctl embodiment of lhis t<ppmaob, tile bispecjfi.c antibodic• ore composed of a bybriil 

immunoglohuHn heavy chain with~ first binding •pooificjty b1 one arm, :<nd a hybrid jrn,munoglobulin heavy 

chnin-llghl chain pair (providing a second binding sl'l)Oltlclty) in the other arm. Tt was fotu!d th•t this 

asyillllletrlc slrUcturo fucili18.tcS the ""!'nracion of die desired bispccific compound from unwanle<l 

immunugJobulin chain combinations., as the presence of an immunoglobulin light chain in ooly one hruf of 

30 1b¢ bi"flcCilic molecule provides for a facile way of separatiott. 111ls Sl'l'roach is disclosed in WO 94/0469(), 

)?or further dctiilo of generating bi•pecific antibodies se<>. for exaJ!lJ)Jo. Surc.•h et aL. Metlwd.• /11 

Enzy11111/ogy, 121 :210 (19S6). 

According 10 an of.her approach described in U.S. Parent No. S,731,1 GS, !be Jmerface bolween • pmT 

of antibody molooulc" can be engineered tQ mlll<imi7.e the percem<lge of heterodimers which arc recovered 

35 fr(>m recombinant cell ~l!Vr.~ The pref med lntett:ace comprises at least a part of the C,.3 domain. In this 

mettioo, one or more. small runhto add side chains from tlie interface of the fir.;t antibody molc<.'Ulc ore 

replMed wl.th larger side chahls (e.g. tyrosine or lryplophan). Compensatory •cavities" <>f identical or 

similar size co the large side chain(s) are =ted on Ule interface of tbc second antibody molecule by 

replacing large ~mino acid hide chain• with h"IDallcr ones (e.g. alanine or thr.oooine). This provides a 

4() mcoh~oJsm for lnor~sing tbe yleld of the heterodimer over other unwanted cnd·pr<>ducl~ $Uch as 

homodlmers. 
Bt.pcci!lc t<nlibodics include cross-linked or 'heteroconjugare• antibodies. For example, One oftb.c 

antih<>dics in the hetcroconjugate can he coupled to nvidin, the other. to biolin. Such UJJtibo<lfos have, for 

o"ample, heen proposed to target ltnll\UO<' system cells (6 un,vanled cello (U.S. Patent No. 4,<i76,980), anct 
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for tre,1Uttcnt offfiV infootioo (WO 91/00360, WO 92/20U373, ond HP o:l089). Hctcroc6!\jugate nnt!bodic• 

may be ma<ie using ~ny convenient ctos.•·linking methods. Sultoble cross-linking agenL~ are well known in 

rhe arl, and are disclosed in U.S. Patent No. 4,676;980, nlong with a number of cross-linkin_g techniques. 

Tochniq= for generating bisp<l<Jifie nntibodles from antibody fragmen!:I have also bocn desct'lbed 

in the JJteraturc. For example, bispedfic mrtibodies""" be prepared using chemical linkage. Brennan ~I «1 .• 

Sc-iance, 229: 81 (1985) de.<etibe a procedure wherein inroct antibodies are prolcolyllcally cleaved to 

goncmte PCab'J2 6-dgmenlS. 'lllcsc frnsments arc reduced in the preseoce of the dithiol complexing ~gent, 

sodlun1 arscnite, to stabilize vicinal dillduls and preventintc:rmoJecula:r disulfide fonnation. The l'ab' 
fulgments generated are then convcrte<I to thlonitrobcn7..<Xlte (1NB) derivatives. One of the Fab'· 'TNB 

derivative• is the11 reconveltEd to the .Pab'.thiol by reductfon with 1nercaptoclbylomine and is mix!!(! with an 
IS cquimular amou11t ot the <>th•r Fab~'l'.NB derivative r.o fo.l'JU the bi"!'O"lflc anlibody. The blspecific 

ontibodies produced cun be u•ed as agents lbr the •electlve lmmubili7.ation of enzymes. 

Recent progress has l\lcllitatcd the direct recovery of Fab'~'l!J fragments from E. CQ/i, which can be 

chemically coupled to form bispccific antibodi~s. Sb.llaby et al, J. Exp. Med., 175: 217-225 (1992) de.•cribe 
tile production of a J\llly humanized bfapecifio antibody F(•b?:i molec::uJe, Each Fab' fragment was seporately 

211 S<>or<:ted from£. ooli and •ubjected to dlrectod chemical coupling in vitm ta form tbe bispecific antibody. 

The bfapccific antjbody d1us fanned was able t.o bind to cells ovcrcxpre.'<Sing the Brb.B2 receptor :md ncrmal 
human T cells, as well as trigger the Jytic activity of r1~man cytotoxic lymphocytes ago.Inst human breast 
tumor targ;u,. 

Various teclWqU¢S for rooking and faofating bispecitje an.db¢dy fr•gmenL• <lirectly from 

25 rccomblnMt cell cu!lure have lllso been described. !'Qr example, blspec.ific antibodies have been produce<l 
~sing leuclne zippers. Kostclny eta!.., J. lmmwtoL, 148(5):154-7-1553 (l!/92). The lcucine zipper peptides 

fmm the Fos and Jun proteins were lin.ked to the Pab' portions of twn different antibodies by sene fusion. 

The antibody homodJmers were reduced l<! the hinge region to form monOlllexs and then re-oxidr<Cd t<> fonn 
th() anJlbody hetetodimers. This method can ""o be utilfaed for the ptoductioJl of atlllbody llOmodimcrs. 

30 The "diabody" techoology <fescrlbed by llol!inget ·~al., Proc. Natl. Acad. Sd. USA, 90:6444-15448 (1993) 
h11~ provlcfed Au alternarlve ntechanlsm for ma kine bi::;pec:if.e anrihorly fhizmr.nfs ThP. ft:.emP:nt~ r.nmpriS(I. ~ 

Vu conntclcd to a VLbJI •linker which i• too short to allow plliringbctwcen the two domain3 on the Sol\le 

chain. Accordingly, the V" uod Yr. domain.• of one fragment are forced bl pair with the complementary Ve 

~n(I V K domain$ of another rr•gment, t.hereby forming two ootige~-binding sires. Another strategy for 

35 making bispccific antibody frogittClll$ by the use of slx1gle-cliain Fv (sFv) dtmcn; ha.• ull<O been reported. See 

Clrubcretal., J. lmmlllWl, 152:5368 (1994). 

40 

AnrlbCldit• with more than tw<1 wlencics arc conlx:mplattd. For example, trispeeific antibndie.< can 

be prepared. Tuttetal .. 1. fmnumaL 147: 60 (1991). 

Mr<flivaknr Antibadies 

A multivalent Wllibody may be lntcmali7.cd (and/or cataboii1.ed) fo.5t.er than a bivaleJl! antibody by a 

~ell cxpre$$ing ""antigen to which the antibodies bind. The antibodies of the presenUnvendon can be 

multivalent antlboclles (which are ocher than of the lgM class) witl1 Uiree or more antigen binding •itcs (e.g. 

tcf.Tavalcnt antibudics)t which C3n be readily produced by recombinant expreR!'>ion of nucleic acid encodi1lg 



5 the pnlypeptldc chnins of tho antibody. The mu Iii val em antibody can comprise u dimerization domain und 

three or more Mligcn ~indlng •ites. 'rhc preferred dimerizailon dorn.1in comprises {or consists of) nn Fe 

n:i,.;on Ota hinge reglon. In tbis scenario, the antibody will comprise an Fe region and three or more antigen 

binding sites amino-rertnin(l) lo the Pc region. The preferred multivalent amibmly herein compr\ses (or 

CQl\sist> uf) throe to ab<mt eigbt, but prerernbJy four, antiaen binding sites. The multivalent antibody 

10 comprise.• •t least one polypeptide chain (aQ(! pte/Crably two pol)'peptide chain•), wherein the polypeptide 

chain(n} comprise two or more Vllriable domalns. For instance, the polypeptide chain(s) may compr.tse VD l· 

0U).-YD2-(X2).·FC, wherein VO! is a first variable domain, VD2 ls a =ond variable domain, l'c is one 

pulypcptlde chain of an Fe .reeJon, XI and X2 repn>.,"Onl an aotlno acid or poly~plido, and n ls 0 or J. For 

lt1stancc, the polYPt;IJtlde chain(•) may comprise: VH-Clll-floxiblc linker-VH-CHJ -Fe region chain; or VH.· 

1:; CH 1. Vf!-CHI -.l'c region cbaiD, The multivalent antibody herein preferably further comprises at lca.•t t.wo 

(Md prelcruMy four) liah.t cbaln Vllriable domaio polypeptide.•. The multlvolcnt antibody hercin may, for 

Instance, compriRe fi'om about two w about eight J.lght chain variable domain pulwoptides. The light chain 

variable domain polypeptldes contemplaIBd here comprise a light ob•il> vaclabk domain and, optioni:illy, 

fur1hcr comprise A ('.J... domain. 

:w 
Other anz/11q <tcld seguence modification.• 

Amino acid sequence mrnlificmlon(s) of the CDW binding antibodi .. described here-in arc 

contemphltoo. For example, it may be desirable to J.mprove the binding affinity and/or othec biological 

prop¢.(1.le$ or the antibody. Amino acid i:equenoo varion!s of the onti-c:D20 antibody are prepare<) by 

25 introducing appropriate nucleotide chaTiges in!Q the anti-CD20 an1ilxldy nu~leic acid, or by poptirle 

synthc.is. Such modifications include, for example, deletions from, attdlot lns¢rtiun• into 3Jldlor 

~uhRtitutions of. residues within the amino acid sequences of the a.nti-(.,"IJZO antibody. Any combination of 

deletion, insertion, and $Ubstif\Jtion js Jll<lde to arrive at thermal construct, provided that the final consfl1Jct 

possesses th¢ dosir<ld ehamcteris!lcs. The amim1 acid change.< olso may airer post-trnnsJational processes of 

.30 the unti .. C02.0 anUbody, such as changing the number oc position of glyCQ.<>ylation sites. 

A tL<:cful mo thud. for idcntifioatinn of i:lorfo.in ror.idue:'l ()1" reginnn nf the ruiti CD20 a.ntibody tMt ;0re. 

preferred location• for mutagcnc.'iis;. called "alanine scanning mutagenesfa" a.< de.'lCribed by C..unningham 

nnd Wells in Scl•nc,,, 244:1081-1085 (1989). Here, .. residue nr group of target re.•idue.~ ore identified (e./?-, 

chorgod residues 6110h "-' arg. asp, hi•, ly:;, and gin) and replaced l>y a neutral or negativoly charged amino 

3:; ocid (most preferably alanine or polyalanlne) to nffe<:t the interaction of the amino acids with CD20 Mtigcn. 

Tho$e a1nino ncicl locations d~mun~trating functional tiBnsitivity m the l)ub~tutions then are refine<! by 

inlrutlucing funher or otl1er varlrulls at, or for, die sltes ()fsul>stJ.tutlo11. -mus. wl1i1e the site for Introducing 

an amino acid •cquQnCe variation is predeler111ine<l, tbe natu~ of the J>J.utatl.on per se need not be 

predetermined. For example, to onaly.re the perfonnancc of a mutation at a given site. ala scannfog oi· 

40 random mutagene•I• is conducted at the tari;ct ct>dun or region attd tho cxpresso<l Mli-CD20 antibody 

vai·Ia"tR are >creened for the de.-;rcd liCtivity. 

Ami.no acid se<nter.i~inserdoos JncJµc;le amino- and/or carboxyl-tern1tr1al fu$ions ranging in length 

from one residue to polypeptide.-. containing a hundn:d or murc re:iiducs, as welt as inlr'JSCqucncc i:nHCrUuns 

of sing.le O.\' .01ultipJ¢ :uni no ncid resi(fue.9. Examples ofterminaf inset1ion:; incJm:;le an .nnti-CD20 antibody 
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5 with nu N-terminal met.hionyl residue or the antibody fused (O a cyrmoxic polypeptl<lc. Other inscrtional 

vnriall1• oftl10 anli-CD20 Mtlbouy molecule include the fusion to the N- or C-tcnnimis of the antJ-CD:ZO 

nnlihody lo an enzyme (~.g. for ADEl'T) <>r a polypeptide which increases the ""ruo1 l1aJIOJife of tltc 

antibody. 

Anuther type of vnrlaJlr ;s an amino acld sob:;titution variant. These variants b.av¢: at least oue 

lO amino acid residue in the nntl-CD20 antibody molccure replaced by n dlffercntresidue. The sites of grcatci;t 

intcrc.•t for substitutional muta,eencsi.• include the hypervarlable region~, but FR ulterations are afao 

ctmtcmplatll<I. Con=vatl.ve substitutioos are shown in •he Table below 111lder the heading of "prcfetted 

substltutiun.i"- If suc/i substitutions result in a change In biological actMty, then more substantial changes, 

llonamlnaled "c~cmplory subslitutkm•" in tho Table, <ll' .. , funher dcso-ribed below In reference to amino acid 

15 dassox, may bo intrQduced :md the products screened. 

Original Residue E:<emplary Preferred 
Subslttutions S11bstit.tttiom 

Ala(A) Val; ltut i1c val 

Arg(R) lys; gln; a.o:;n Jys 

A~n (N) gin; hi:;; a.o;p, lys; arg gln 

Asp(D) glu; asn gl1,1 

Cys(C) l:i'Cf'i" ala s~r 

Gin (Q) as11; .siu asn 

Giii (fl) asp;,gln asp 

Gly (G) ala ala 

His (H) a<.;n; gTn; Iys~ arg arg 

nc (!) leu: val: met; ala: phe: norJeucine 1e11 

T.eu (L) nmieucine; ile; val; met; ala; phe ile 

r.ys(K) nrg; gln; DSn arg 

Met(M) lea; phe; ne leu 

Phe(f') l.eu; val: ii¢: alfl; tyr cyr 

Pro (P) ala ala 

Sor(S) lhr thr 

Thr(l) .~er ser 

Trp(W) tyr;phe tyr 

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

Vnl (V) iJe; leu~ tneti phe; ala: norleucine l.eu 
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5 
Substantial modificotion• in rhe bi.ologk~~ properties of the antibody arc accomplished by scleoling 

substitution• that differ signHlca11tly in their cffecr on maintaining (a) the strucn1re of !lio polypeptide 

bm.~k(>(me in "the ar~1 of the: substitution,. for exainple, a.'i a !;heel or beHca1 conformation, (b) th~ charge or 

hyd1·opllobicity of !he molecvle nt the target >itc, or (c) the bulk of the •ide chaiu . .Nalurolly occurring 

l 0 residue< are divided into ,w:o11p> based on comll10ll sid~·chain pmperties: 

15 

cJ:tSs. 

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

(2) neurrn! hydrophilic: cy., sor, thr; 

(3) '1Cldlc: asp, glu; 

(4) basic: "-'"•gin. his, lys. arg; 

(5) rc•iducs that it>fluen~ Ch:iln orientation: gly, pro; and 

(6) ammatic; trp, tyr, pbc, 

Non-eortServati vc subsritutions will entail exchnnglng a member of ooe of these elru,;ses for another 

Auy cyslcinc re.•idue not Involved in mainrainingthe proper conformarJon of Ille anti-CD20 

20 antibody •lso may be substitttted, aenerally with serine. to improve tlic uxidative stability of tbe molecule 

and p~vem abe.-rant <m»1.<linking, Convemly, cysteine bond(s) may be added to d10 antibody to improve il$ 

slab lilly (particularly wl)ere tho lll'llibudy fa an antibody fmgmcnt such o.s an f'v frall"'cnt). 

A particularly p.refeired type of substitutional variant involve.• subsd.tutinl! one or more 

bypcrvariable region .residues of a parent antibody (e.g. a humanized or human antibody). Generally, Ille 

25 resulting variant(s) selected for funher development will have improved biological properties relative to tho 

p;trent ancibody from which they are genenited~ A convenient way for geJ1eratiog: sut:h .i;ubstitutional 

variants Involves llfllnlty motur•ti<>n u.•ing phage display, .Brlelly, several hyporvarlable region siros (e.g. 1)-

1 sites) are mutalt<l to generate oil poS>ibleao.il~o substitutions at each Rite. The antibody variant< thus 

generated uro displayed in a monovalent faslllon from filamcnl<lus pho11,e particW.. as fusions to the gene Ill 

30 pmduct of Ml 3 packaged witWn each particle. The phage..c:fisplAyed variants are then screened for tb.elr. 

biological activity (e.g. binding affinity)._, herein disclosed. In order to identify c'!lndidate liypervruiable 

region •itc.• for me>dificotion, alanine scn110Jug mur.agenesis can be pcrfonned to identjfy hypervru'iablc 

region rc.•iduc.• c<>ntributing significantly to a111l.11en binding. Altcrnati vcly, <>r additionally, it. may be 

beneficial to llllOl)'ZC a crystal sttucture of the antigen-antibody complex lo identify contact points between 

35 the antihndy and human Cl)2(). S1JCh contact residues all.d oeiglil>oting ro•1tlucs arc candidate.• for 

~ubstitutlon accotdlng to the techniques elaborated herein. Orn:o •uch varianL< are generated, the panol of 

variant• is subjected to o;crccn!ng a• dc.<cribed heroin and antroodies with S\lperior p1'0pertles In one or more 

relevant assays may b"' selected for further development 

Another type of amino add v•riant <>f the antibody alter.; the original &IYcosy!~tlou patteM of the 

40 ontibody, By ultering is meant deleting one or murc carhohydrale moieties found in the antibody. and/or 

~ddfog one or ntor.,; glyco•yhllion silo• that arc not prc.~cnt in the antibody. 

Otycosyfa!l<m of antibodies is typically either N-linked (Ir 0-linked. N·Unked refers to !lie 

a\tachmcnt of tho curbohydrnte moiety to tile side cboin of an asparaglne residue. The tripcptidc Requences 

aspara,gJl'le-X-serlne and asparagine-X~threonine, where Xis any amino acid except proU.n,e1 are the 
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5 recognition sequences forenzymatic altllchment of the cru-bohydrnte moiety to the asparagine •ide chain. 

I (l 

Thus, the presence of citlier of 1hese trJpeptido soqucncc.< in a polypeptide create.> a po1ential glycosylation 

site. 0-llnkcd glycosylation refers to the attachmcol of one of •he sugars N-accylgalacros•n1ine. galactosc, 

or xyJO:.;e lo a hydroxya.mino acjd, .most commonly serine or threonine. although 5-hydroxyprolinc or 5-

hydroxyly8ine m~y also be used. 

Addition of glycosylation sites lo the antibody is convenk-ntly accomplished by altering the amino 

acid sequence iruch thnl it contains one qr more of the abovc·de,cribed trlpep!idc ooqucnces (for N-lfoked 

glyoo•yl•tion sl!es). The alteration may also be made by the addition o(, or su\l:ttitutkm by, one or more 

~orlne or threonine rc"idue.• to the seqvencc uf the original aotibody (fur 0-linked gJycosylalion •it.el<). 

N11cleic acid molecules enco<ling aminu acid sequence v<Uiants of the anti-CDW :tntibody are 

JS prepared by a variety or method• known in Ute arl. These methods include, but are not limited to, isolation 

from a naturol suurce (in the Cllsi> of nalumlly =urrina amino acid <<quence variants) or preparation by 

oligunoolcotide-mediated (or sitc.directetl) nmtagenesl", PCR m\ltagenesis, and ea.•sette muuigencsis of an 

earlier prepar«i vruianl or a non-variant version of the llllti-Cmll &lb"body. 

lt may be dc•irnble to modify the antibody of the invention with respect to effoctor funefion, e.g. so 

20 a.< to enhance antigcn·dependenr cell-medfatcd cyotoxieity ().).IJCC} oml/or complenienl d~pendcnt 

cytot<>xlcily (CDC) 11fthe antilmdy. 'l'b.ls may bc achieved by introducing ono or rn<>reamino a<:i~ 

•uh.,t.iMlons iii M Fe tciPon nf tbe antibody, Alternatively or addltlonully, cysteine residue(s) may be 

introduced in lhc Fe region, thereby allowing intcrchain disulfide bond fo11T1ation in this region. The 

ltolllodimcric antibody thos genera!Od may have improved intomaliT.ation capability and/or incrca.'ed 

25 complemcnt-mediot«I C¢ll killing and antibody-c;lepe11d¢lll cellular cytotoxkity (ADCC). Sec Caron $1 al., J. 

F->'/> Med. l76:ll91-II9S (1992) lllld Shopes, S. J. lrmminoL 14S:2,918-29U (1992). Homodimerio 

antibodies with enhanced anti·tumor actMty may also be prepared using be!etobltunctional crn""·linkers as 

descrlbe<J in Wolll" et <ii. Cancer Rc ... arch 53:2:i6<J-ZS65 (1993). Alternatively, al) antibud~ cltll be 

en_glneered which has dufil Fe regions Md m.ny thereby have enhanced complement n1¢dlalcl lysio and 

30 Al)CC capabilities. Sec Stevenson et aL Anli-C«nc<!r Drug Dc.l'ign 3:219-230 (1989). 

To increa.•• the sen111\ half life of U>e antlbudy, one may incorporate a salvaf;e receptor binding 

opitopo Jnto the antibody (especially an antibody tra~ent) as described Jn U.S. Patent 5, 739,'l:rl, for 

example. A• u.•ed hen;in, the term "salvage Neeptor blndlng epltupo" rcfcno to an epit<>pe of tbe Pc region of 

nn lgG molecule (e.g., Ta01, JgG2• !g03, or lgG,) tbnt is w.p<msible fur facren.•lng the /11 vl.vo serom half-life 

:15 11fthc TgG molecule. 

Oiher<m!.ihodv- modifica!ions 

Other muditioutions of the antibody are contemplated he.rel». For example, the antibody may be 

linked to one (lf a voriet,y of Jtonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, 

40 polyoxyalkylenes, or copolymcra ol' polyethylene glycol ard polyptopy!e.11e glycol. The antibody .i,., may 

be entrapped in micrncapsules prepare<!, for example, by coacervatk>n tochniquc" or by intorfacial 

polymcri:a<lion (for cx•mplc, hydroxymethylcellulo•e or gelntio-m.icrocnpsu!es and poly­

(n1olhylmclhacylatc) micrncapsule., respeorively), in colloldal dmg dolivory syotcmH (for example, 
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5 llposon1c}'i, albumin ruicrosphcre.o;, mi.croemulsion$, nano·pnrticles '<iJ\d nant'Jcap!.:ules). or in macroemulsions. 

Such rechniquc• '"''disclosed in Reming1011's PlumnaceuticaI Scforzow, l 6tl1 oditi<>n, Oslo, A., Ed., (1980). 

Screening fur <mtibodies wi1h the desired p«Jp¢rties 

Antibodies with certain biological characteristics may be selected 0$ described in the Bxp.erimcnta.I 

10 Examples. 

The growth Inhibitory effect$ of an anti-CD20 antibody of the invention may be ossemd by 

method.• known In the :ut, e.g., using cell• which express CD20 cit~~ cndugenously or fullowing 

tratisfo.:tion wil!J tho CD20 gene. For e.xample, lum<>r cell lines and CD20-transl'ected cells nJllY treated with 

an anli·CD20 monoclonal antihQdy of the invention at various conccn11ations for a few days (e.g., 2-7) day~ 

15 and ;"tained with crystal violet or MT'l' or L1DaJy7.<l<J by soine other colorimettlc assay. Another method of 

measuring prolifcrati1m would be by comparing 3H-tbyolidinn uptake by tlie cell• tt<:ated in the presence or 

ahsence M llnti-CD20 antibody of th¢ invention. Arr.er antlbody treatment, tbe cells are harve.~ted ruid thtl 

<11oounl oJ'radioaotivity incorporated into the DNA quanlltatcd in a scintillation counter. Appropriate 

posilivc controls include treatment of a ""lected cell line with a growtlt lnblbltory antibody known to inhibit 

20 &'1l>Wth of that cell line. 

To •elect for ondbodles whlcb Jnducc cell death, loss of membr-.mc integrity as indica!<ld by, e.g., 

pr<>pidium iodide (Pl). trYJ)lln blue ur 7 A/\D uptake may be assessed relative t(I co1moL A PI uplakc a.=y 

can be performed in tbe abootl<:e of cumplcmcnt ood immune efftctor cells. CD20-expresslug wmor cell• 

"'"incubated witlr medium alone or meoiurtt contarning of the appropriate monoclonal ana'bcxly ar.e.g, about 

25 l 011gfml • 'fire cells are Incubated for a 3 d•y time period. Following each treatment, cellR are ""'shed npd 

aliquoted into 35 mm strainer-<:uppcd 12" 75 tubs.• (1 ml JJeT tube, 3 tubes per m:atmcot :;roup) for removal 

of ccll clump•. Tube.• then receive PT (1011!ifml). Srunples may be anolyzcd using a FACSCAN'™ fl<>w 

cytometer and FA.CSCONVER'1'1'M Cell Quest soft ware (Becton Dickin<on). Those antibodltlS which in due:<> 

stallstieally si.grtilicant lcvefa of cell death "" dctamincd by PJ uptake may be .selec(o)(I as cell denth-indueoing 

~O ~ntibodles. 

To screen for antlbodles wJiich bind to ao epltope on CD20 bound by rut antibody of inte.te.<t, a 

routine cross-blooldn_g assay such as that d.iscrlbed In Antibodi<r:;, A Lcrbcrotory Manual, Cold Spring Harbor 

uboralory, Ed Harlow and D<ivid Umc (1988), can be pcrfonncd. This as • .ay can be used IO detenuine Jf a 

tc.qt antibody bindi:: the same !-.i~ or epitope a.c; an anfi .. CD20 antibody of the invention. Alternatively,.. or 

35 additionally, epit<>pe mapping can be performed by methods known lu the art. Forexruuple, the antibody 

""'lucnco ean be mutagcnized such._, by alruline scanning, to identify contMt rc>iducs. The mufanl antibody 

is lnitailly tested for binding with polyclonal ontibody to cnsW'C proper folding. Jn a different method, 

peptide• corresponding tu different regions uf CD20 CM be used in cumpeti!ion as.,..ys with the lest 

nntibodies Of with• test antibpdy and an aotihody with a characterized or kn<>wn opitopo. 

40 
Ve~.tors, Jfost Cells and Recomhinant Methods 

The invention ulso provid"" an isolated nucleic add encoding a J1u>11anlzed CD20 blndingan!lbody, 

vcctms Wld host ~dis comprlsin_\1 !h~ nucklc ~cid, and reo0mbin~n1. techniques for the production oftlie 

untib(1dy. 
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5 For re.combinllnt produt:tion of the antibody, the nucleic acid cncodins Jc is i:;ofo.red and infletted 

into• replicable vector for further cloning (amplification of the DNA) or fo1· expre.<sio~. DNA encoding the 

mon<iclonal ru1tibooy i• readily isoJaierj and sequenced using cnnvencional procc0ures (e.g., by using 

oligonuclcotide probes that are capable tlfbiodlng spc~ifioally to genes encoding the heavy and light chain• 

of the antJt>ody). Many vectors are availabJ¢. The vecwr comp<>nents gener.illy include, but are not limited 

JU to, oue or more oft.he foJlowing: a signtil sequence, au origin nf replication,,. one oi: 1norc marker genes, an 

enhancer cJement., a promoter., and a tn\m'Crlption terJnJnation sequence. 

(1) Signal ,vaq1"'nt::e t::C/ltpr>nent 

'l'lle CD20 bindi11,g antibudy of this invention may be produced m:Qmbi»anlly not only dlreclly, but 

al$o"" a fusion polypeptide with a heterolugous polypeptlde, which is preferably a Rignal sequence <>r 01her 

1$ polypeptide having a >-peciflc cleavage ;;teat the N-tenninus of the mature protein or polypeptide. The 

heterologous •ignaJ sequence •elected preferably is One that fa recognized and processed (i:~., cleaved by ~ 

•ignal peptldase) by lhe host cell. for prokat)'otiO bust cells that do not rccognir.e and process the native 

CD20 hi11dlag ruitibody >ignal ••quence. the si{91al sequence is substituted I>)' a pmkaryolic signal s<:quence 

•elected, for exauiple, from the group of the alkalltte pbo:.'j>hata.,e, penleJllinase, !pp, or beat-stable 

ZO cntcrotoxin ll leaders. F<ir y"""t :;ecretion the native signal •equeni» may be ~-ubstituted f)y, e.i; •• tile)'¢:!.•! 

invcrtaxc leader. o: fa<;tor foader (including Saccharcmyces and Klu:y11~romyct1s o:-factor Jc,,dcn:), or neid 

ph0$plmta.\'C leader, the C. albicans glucoomylusc leader, nr the .signal des.:ribcd in WO 90113646. 111 

mammalian cell e~presslon, mammalian signal requencell as well as ml secretory leadero, for eii:ample, lh<> 

licrpcs simplex gJ) sltJli\I, are avJ\ilablc. 

2.'i The J>NA for. such prec:umlr region is ligated fa reading frame to PNA encoding the CD20 binding 

antibody. 

(ii) Orir,itt r>f roplicarion 

Doth expressi0n and cluning vcctorn contain a nucleic acid sequence lfUll enables the vector In 

replicate in one or more selected host cells. Generally1 in 4;Joo.f.ng vectors this StXJUCn<..'C is Ot'lC that enahte..oe; 

30 the vector to replicnt.o independently of tile host chromosomal t>NA, Md includes origins <>f zcplkatioo or 

aumnornously replicating sequences. Such sequences ate well known for a variety of bacteria, yet!S1, rmd 

vi ruse.<. The origin of replication from the plasmid pBR322 is suiU\ble for mos! Orrun-negacive bacteria, the 

:iµ pl<mnid origin ls suitable for yeast, and vruious vJr.al o;Jglns (SV40, polyoma, adenovlrus, VSV or .BPV) 

ore u""!'ul for cloning vectors in msmmalian cells. Generally, tl1e origin of replication component is not 

35 needed for mammalian cxprc.'<.•ion vector.< (the SV40 origin may typically bo used only because it contains 

tho early promoter). 

(iii) Se/ecli<>n gene component 

R::i:.pre$Sinn and clnnini:,t vectorn may coakdn a sclcctiun gcnct alHo termed a selectable marker .. 

Typical !1cJcotinn genes encode proteins that (a) confer rcsi~tancc to antibiotics or other toxins, e.g., 

40 an1piciJHn, neomycin, methotrcxutc, or tetracycline: (b) comp]cmcnt nuxotrophlc deficie11ciei>, or (c) supply 

c:ritica1 nuoients not available from cnmple:< media, a.g., the.gene encodingD-atanine rncerna~e for Ba.ciJll. 

Ooe example of" selection scheme urili•.es a dn.ig 10 atr.est growth of a hosr cell. 'I1tose cells tbac 

are successfully transformed with a heierologovs i:ene produce a protein conferrlrtg drug resis~~nco and thus 



:i su1•vive the .selection regimen. 'Examples of such dominant selection u~e rhe drugs: neo1nycin, nlycophenofic 

acid and hygro111ydn. 

Another example ol' suitable selectable morkers for mammalian cells urn those that enable the 

ldeotificntion of~Jls compe!ellt to take up the CD20 bindi.tlg antibody nucleic acid, such ..s DHl'R, 

thymidinc kinasci mcuilJothioncin .. J 11.nd .. n, preferably primate meta11othinnein gene.-., adeno1>ine deaminn!;e., 

f () omithine docarlmxyla•e, "tc. 

IS 

20 

For example, cell• transfonned with the DHFR selection gene are fi1'$t identified by culturinjl all of 

the tl'ansformants in a culture medium that cont:iins methotrexaie (M.tx). a competll.lve anta_gonist of DHFR. 

An approprlale bost cell when wild-type DHf'R 1$ eroployed is the Cllinese hamSler ov:ll')' (CHO) cell line 

deficient in DHF.Ractivity (e.g., ATCC CRL-9096). 

Alternatively, ho.•tccll• (particularly wild·type ho.~ls that.con~iio endogenous DHI'R) transfotll1ed 

or cn-rransfQr01ed with DNA sequences encoding CDZO bindin.(l anlibody, wild·typc DHFR proroin, Md 

nnother selootabJe marker such as am.irtoglr<:osld¢ 3'·pbasphulr,\Jl!;fcr:isc (APH) can be ••leered by cell 

growtb In medium containing a selection agent for the selectable maiker such n.< an aminoglycosidic 

nntiblQtic, e.g .. lauiasnycln, neomycin, or 0418. ·See U.S.Patcnt No. 4,965, 199. 

A suftable selection gene for use i!I yeast ls the tpl gene present in the yca.t plasmidYRp7 

(Stl1>cheomb el <ll, N11ture, 282:39 (1979)), Tho lrpl l)<:nc provide.' a selection marker for a mutant strain of 

yeast lAoklng llie ability to grow ln trypt<iphan, for example, A TCC No, 44076 or l'El'4· l. Jones, Genellc"• 

85: 12 ( 1!177}. 'Ihc presence of the rrp 1 lesion in the yeast bost cell &enome lhen pr<> vi des an effective 

cnvjronmcnt for detecting transformation by ,growth in the absence of trypfophan. Similarly. £.eu'.l--dcilcient 

25 yea" <tmlns (A TCC 20,622 or 38,626) ore complemented by knoWll plasmids bearing the Leu2 g•n"-

In addition, vectors derived from the 1.6 µm circular pl:t$mid pKPJ can be used for lnln•formatlon 

<>f Klt<yv•romyce> yeasts. Altcrnntivcly, on expression •Y•tem for large-scale production of .recombiomlt calf 

cllymo.,in W'JM rnportcd for K. lact/J;. Van den Berg, Bloll'ecluwl<19y, 8:135 (1990). Stable multi-copy 

cxprc.o;.•ion vectors for seoreti.on of ma~ reo::ombln.aot human serum albumin by industrial sfr..UM of 

30 Klr<y11eMmyces liave also been disclosed. l'leet of al.. Bwrr.,chnology, 9:968-975 ( 1991 ). 

(tv) Premolar C'Omponent 

Expression and cl<ming vectors unUlllly cont!in a promoter that is recognl7.ed by the host organism 

and is opcrnbly Jinked to the nucleic acid encrnling Che CD20 bindfoj! antibody. Promoter• ~unable for use 

with prnkltt}'otic hosts include the p/zoA promoter, ll-Jac'l:nna.•c nnd lacto•e pmmoter sy•tem,, alkaline 

35 phmphala~e promoter, a tryptopban (f:Ip) promoter system, and hybrid prom<>IDr:> such a< the tac promoter. 

However, otbcr known bacterial prnmotern arc suitable. Promoter:; for u~s in bacterial SY$~enis also will 

~onmfn n Shino-!)algnrno (S.D.) sequence <,>perablyllnked to the DNA encodlbgthe CD20 birtding antibody. 

Promotc-r scquoncc~ arc known for cukatyoles. Virtuully oil cukuryotic gene.' have an AT-rich 

rcglon located approximately ZS to 20 buses upstrcum from the site where tran<erlption fa Initiated. Another 

40 sequence found 70 to 80 bn.<;e.• upstream fTqm the start of trnnscription of many genes is o CNCAA T region 

where N may be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequencetbat oizy 

b~ the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these S¢<Jucnces Mc 

sultobly loserted Into eukaryotic expression vectors. 



5 Examples of suitable promoter sequence.' for 11se with yea"t hoses Include the pro1noters for 3-

phllsphoglycemte kimc;c or other glycolylic eniymo.<, .-ch as enolase, glyccraltlehyde-3-pho'phatc 

<lchydmgcnase. hexoldnaso, pyr<1vate dect!tboxylase, phosphofruc!<)l<lnase. g\uCQl;c-6-phOsp!Jate isomera.,c, 

3-phosphog.lycerate mulaso, pyruvatc kinase, triosephosphatc isomerase, phospbo!,llucoso isomora5c, und 

g1uco1dna:s¢, 

1 (} Olher yeast promoters, whlclt are inducible promoters having the aduilionnl advanta,,,ae of 

tr'.JJ>.'K.'ription controlled by growth condition., •to the promoter regi1>n.' for alcollol dell.ydrogena.'"' 2, 

1$ncytochrnmo C. acid pho•phatasu, de~dative enzymes aM.xlated wllh nitrogen me!Rbolism, 

niotallolhioncin, gly¢eraldehyde-3-pbm:phate debydrogena.o;e, and ea•yines Fesponsible for mailOS¢ and 

galacto.<e utili7.atlcm. Suh able veotoro and promoters for use in yen.•t exprc•sion .nre further d.,,cribcd in BP 

15 73 ,657, Y enst enbanocra also are advantageously used with yeast promote;s. 

CD20 binding antibody 1r.m""1iplion from vectors in mammalian host ceUs Is conn-oiled, for 

example, by pro111oters obtained from the genomes of viru$e• such as polyoma vlrus, fowl pox virus. 

adcnuviru11 {such as Adelh')Viru.<; 2), bovine papU!o1na vlrtl$, avian sarcoma virus, cy1oro.egaTovinl$, a 

retrovirus, bepru:ltis-B vim.• and most preferably Simian Virus 40 (SV40), &oal heterolog1>us mammalian 

2.0 promoters, e.p, .. lhe aetin pmmotcr or an inw1u0Qglol.Julin promuter, JTum beat-sltock promoters, provided 

such promoters ru:e comparjbJe w!lh the host cell systems. 

Tho curly and late promoters of the SV 40 virus are conveniently obtained as an SV 40 rc.'<triction 

fragment that ul:;u conlalns the SV4() viral origin of roplic:atkw. 111e lrumed)ate early prorru>ter of the human 

cytomcgalovirus Is conveniently obtained a.< a Hindill E resltictlon fragme~t- A sy$tern fur ei<pressin:; DNA 

2S In mammalian bo•'!s usi11g the bovine pa;>illoma viru.<"" a vcctod$ oisclosoo in U.S. "Patent No. 4,419,446. 

llO 

A modification of tbls system ls described in U.S. F>\lenl No. 4,601,918. See al•o Reye.<ct aL, Nalun.' 

297:598-·6(}! (1982) on expr<>ss)on of human i}·intcrl'cron uDNA In mous~ cells underthe control of a 

tbymldlne klna."' promoter from herpes simplex virus. Alternatively, the Rous Sarcoma Virus lo~ll terminal 

repeal can be t1sed as the promoter. 

(v) En!iance.r element componem 

Tr:mootiptfon of a Dl'IA encoding the CD20 binding Mtibody of this invention by hl$11er 

eukaryote• fa often in~'Rll!Scd by Inserting: an eohancer requencc into the vcclOt. Many enliam:"1' sequomces 

aro now known from mammalian geoes (globin, ela.'lt35e, albumin, tVfctoprotein. and Jnsulilt). Typi.:olly, 

hOwever. one will tL<e an enhancer from a eokO.tyotlc e¢)J virus. F,xompl"'l include the SV40 cah:lnccron the 

SS Mc •i<lc of the t¢J)JlCllUOll origin (hp 10()..270), the cytomegalovlrus early promoter enhancer, the polyQma 

enhancer <>n the late sida of the replication origin, and adenovirns enhancers. Seo also Yani v, Naturd 

297:1?-18 (1982) on enhancing clements fof actlv~tlon of eukaryotic promoters. The enhancer may be 

~pliced into the vector at a position S' or 3' to the CD20 binding antlbody...incodlng seq'llence, bur. is 

preferably located at a site 5' frolll the promoter. 

40 (vi) Tra11scriptio11 /ermilldliott comp1Jnem 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant. animal, l1uman. or 

~ucle1lted cells fmm olhcr multicellular organisms) wiJJ also contain sequence• necc••ary for the tcrmina1fon 

or lr•n•criplion and for stabiliz.ing the mRNA. Such >Cqucnces are e1>mmo11ly available fxoro the 5' ~nd, 

OGcnsionnlly 31
, untranslated regions of eukM1'yQ1jc or virat DNA$ or cDNA:-;. Thc:-:1;; regions contain 
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S nucl•<>tidc ,;egnients transcribed as polyadenylarcd fragments in the untranslated portion of the mRNA 

encoding CD20 binding anti.body. One u:«:fv! tt<>nscripti<m lcrn1ination component ls !he bovine growth 

hormone polyadenylalioll te@OP. See W094fl !026 and the exprc">-lon ve<:tor disclo"e<l therein. 

(vii} Sel~cti.on and tranefurnutliOtl of /lQ.u cell$ 

Suitable ho•1 cells for cloning or expressing too DNA in the vectorS herein are th.e. prol:ary1>lc, 

f 0 yo:mt. or highct eu);jir,yote celln dcsurlbOO above. Suitable prulmryoles for tbis P"11"''*' inclu<lc eubacterin, 

:;ucb a. Oram·neg~tiv~ or C".ram-pusitive orgrut.isms, for Cl<amplc, EtU~obooreriaceae llUCh ""' Esclutrichia.. 

<!.[I., E. et>li, Enterc/xu:ter, F.rNlnla, Kleb•Mla, p,qt•U.•, Salmcnella, e.g., Salnwnella typhlrnurl11111, SartatiQ., 

e.g •• Surat/a marc1m:aM, and Shlgel!a, •~ mll as biu;/l/I such a.• JJ. subtilis and D. lldieniformis (e.i:-, B. 

ll<-Mnifor1nl$ 41 J> dii;cJosed In PD 266,710 published 12 April 1989), P.<eU<iolllQnas Sllcb as P. aerugino.Ta, 

f ;'i and Strq>romyce._ One preferred E. coll c!Qning host is Ji. coli 294 (A TCC 31,446), although other •train a 

such a.• E. co/iB, £.coll X1776(ATCC 31,537), and F.. ,q!iW3110 (ATCC 27,325) ""'suitable. These 

""ampf¢s are illu•tmtivc rather tb~n limiting. 

Pull length antibody, antibody ftagmcnts, and antibody fusion proteins can be produced in bacteria, 

in particular when )i:lycosyti>tlon and Fe effcelot fonctlon are not needtd, such >IS wlteu tlie therapeutic 

20 Mtil>ody is conjogatl'tl to a cytotoxic "W'"' (e.g.," toxin) and t!Je immunoconjuJ>ate by itself show• 

dfectlvenc.o;.• in tumor ~II ~tructfon. Full length antibodies have greater hulf life In clrcufotion. 

Ptod11ction in E. coli is faster and more cost efficient. For expression of antibody ftagmen.ls and 

p11lypep!ldes l11 bacteria,=>, e.g., U.S . .5.648,237 (Carteret af.), U.S. 5,789.199 ~Toly eta!.), and U.S. 

5.840,523 (Sinuuons eta!.) which dc•mibes trnnsfation initiation region (TIR) and signal sequence.• fur 

.2S optimizing exptession and secretion, tbcsc pate:ots incorporat.ed herein by rctCr~noo. After expre~ion1 the 

' antibo<ly ls isolated frnm the E. coli ccll p~ste Jn a soluble fraction and cM be pttdflC<I through, e.g., n 

prutcln A or G column deponding on the lso\Ype. Final purlfication Cati be ¢~ried out •imilar to the procoss 

fur putif~lng MtibQdy expressed e.g., in CHO cells. 

ln addition to prokmyotc.•, cukar,yotic rulcrobes $1lch o.< filamcntou• futtW. or y~st vre i;uitohle 

30 cloning '" cxprosslon hoslS for CD20 binding ruidbody-encodiltg vector& Saccharomyces C'erevrslae, cr 

common baker's yea.'<!, is the mosl co11m1only w;cd among lower eukaryotlc host microorganisms. However, 

a number of otlter genera, •'J'Ccies, and strains are commonly available ~nd useful herein, such "" 

St:hW>•-ucchar.omyce.• pornba; Kh1peromyces ho•t.< :;ucb.,,, e.g .. K. ku:tis, K. fraglll.• (ATCC 12,424), K. 

b11lgaricr.s (ATCC 16,045), K. wickera111il (ATCC 24,178), K. widti< (ATCC 56,500), K. drosophil«rnnt 

35 (ATCC 3().906), K. thermntolcrwis, Md K.. mn.r;.ianus; yarrow/a (BP 402.226): Plchla pastaris (EP 

183,070); Candi4"' Trichcd.erma ree.fia (EP 244,234): Ncumsp<1ra eras.a; Schwmmiomyces such a.• 

Sclrwt!t1tt1omycm; oc.cidenta/iJ.7 Md fifowenious t\m!ti' such as, e.g., Neurospom, l'enlci/lium, Tulypoc/adiwn. 

and Aspergfllus hosts ~ueb ""A. nidubins and A. nlger. 

Suitable host cells fur the expre..sion of ~ycosyl;i.ted CD20 binding antibody MO derived from 

40 multkeUular organi:mJs. Ex:miples ofinvertebr .. tc cells include plao.t and in~ect cells. Numerous 

botcvJovlral strains and variants ~UJ.d con'e.~panding permissive insect ho:st cells from hosts such as 

Sp<>dop"-mfrugiperda (caterpillar), Aedes aegypti (tllosqulto), lled,,s albopi<tu.1 (m<»quilo), JJros,;p/Jlla 

melarwgaster (frnitfly), and Bombyx mod huve been identified. A variety of v~{ ~trains for tran"fcction are 

publicly availoblv, ,,,g., the r,. J variant af Autogroplia califomlca. Nl'V and the Bm·5 Waln of Boml;yx morl 
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5 NPV. ancf S\1Ch viruses moy be umia.5 the virus herein acc'Ordingto tbe present invcnti()n, porticulacly for 

!rnnsfection of Spod"pterafragiperda cells. 

Plant cell cultures of cotton, com, pot.no, soybean, petunia, tomato, ruid robacco can al>n be utilized 

as hosts. 

However, interc.<t ha• been greatest in vertebrate cell•, and propng11tlon or111.'Ttcbrate cells in culture 

10 (lL'"uc culture) ho.• become a routine ptooc-durc. Examples of useful Jllsmmalian ho•t coll lines ru·e monkey 

kidney CVI 1ine 1n1nsfor111¢<f by SV40 (COS·7, ATCC CRT~ 11;$1): human embryonic kidney lioe (293 or 

293 cells subcloned forgrowlb in """JJenmnn culture, Graham tll1l., J. Gan ViroL 36:S9 {1977)): baby 

h~mstet kidney coils (BHJ<, A TCC ccr. 10); Chinese hrunstcr ovary ccilllf·DHFR (CHO. Urlaub et ti!.. 

Proc.~ Natl. Acad. Scl IJSA 77:4:216 (1980)); mouse scnuli cells (fM4, Mather, ffeoL Ileprotl. 23:243--251 

15 ( 1980) ); mo•lk<>y kidney cells ((.."VJ ATCC CCI:. 70); Afiica~ green monkey kidney cells (VRR0-76, ATCC 

CRL· l.587); human cervical carcinoma cells (llliLA. ATCC CCL 2); canine kidney cells (MDCK, ATCC 

CCI. 34); buffalo rat liver cells (BJ.U,:M, ATCC CRL 1442); human lung "8lls (W138, ATC."'C CCL 7.S); 

human liver c¢Jls (Hep G2, lID 806.S); mouse mammary tum<>r (MM'f 060562, A'l'CC CCU I); UU cells 

(Marl1er ~t nl, An11,,Js N.Y. Acad. Sci. 383:44-<>8 (1982)); MR.CS cells; FS4 cells; and a human bepalorna 

20 lino (Rep 02). 

25 

Host cells are 1r.ansfonncd with fl1c abovc·de.'lCrlhed expression or cloning vectors for CD20 

binding untilmdy production and culw.ced in conventional nutrlent Jlledla modified as appropriate for 

Inducing promoten. selectl11g rransformMts, or amplifying the genes cncuding the de.•ired •equences. 

(viii) Cu/Juring Iii~ lwsl cells 

The host coils used to produce the CDW binding lilltibody of this invention may he cultured In a 

variety of media. Commercially avallal>le 1n«lia sud> as Ham's Fl 0 (Sigmtt), Minimal Bs.>cntfal Medium 

((MllM), (Sigma). RPMH<>40 (Sigma), and D~lbecco's Modified Eagle's Medium ((DMEM}, Sigma} are 

suitable for culturing the host cells. In addition, any of the media de.,crihed in Ham et al, Meth. ~. 58:44 

{ 1979), Barnes et al., Anal Hiochem.. 1<)2!255 (1980), U.S. Pat. Nos. 4,767 ,704; 4,657,&i6; 4.927,762; 

30 4.560,655: or 5, 122,469; W090/03430: WO 87/00195; or U.S. Pat$lll R¢. 30,985 may be used as culture 

mc:dlll for tho host c~Ut. Any of these mc:dia ll1Ay b.e 6uppJtli\tn.ted .H£. nct;0§m}''with hunnnnc.: and/or nther 

gr<>wth factors (sucb as Insulin, transfcrrln, or epidermal growth li.<ctor), •alts (sucb a• sodium clllorlde, 

calciuni, magnc.•ium, and phoopba11>), buffim> (•uch as HBPES), nucleotides (such as adeno•ine and 

th)'raidinc), 11nboio(jci; (sucb as GENTAMYClN'.,.. drug), h'ace elomenlS (donned as inorgollic cumpuunds 

:;s URually pre.c;ent at final concent:ratiC'>ns in the micn,molar rJ.ngc), and glucose or an equivalent cnerg.y $<.tllrce. 

Any otl1er lle¢essncy supple111.euts may also be included at appr.opl'iate coucentratlous that would be known 10 

1tm•c •killo<l in the art- The culture cundilion•, sucb as tcrnpcrli!urc, pH, ond the like, ""' those previous[y 

us<XI with tbe host cell selected for expression, nnd will be apparent to the ordinarily skilled anisao. 

(ix) P1trlficalion oftmlibod,_v 

40 When u>ing recombirtant tcchniquos. the ad!ibOdy can be produced intraccllularly, in the 

pcriplwmic o-pace, or direcUy seereled inlo !he medlmll. lf !hi;> antibody is produc<O<! intracelh1larly, as a first 

?-ltcp, the punicuh1tc debris, either ho~t cells ur lysed fragments, ore rcmt>vcd, for examplet by ce.naifugntion 

or ultl'afiltration. c .. ner •?I al., Bfofft.i;:hnology 10:163-167 (1992) describe a pl'QCedure for isofating 

antibodies which are secre1ed to the periplasntlc space-Of B. coli. Briefly, cell paste is lh><wctl in the 
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5 prc.,once of sod)um ac~i•tc (pH 3.5), ED1"A. and phcnylmethyl$u).fony1fl11oridc (PMSF) over about 3() min. 
CeU debris cun be re.n1oved by cenldfugntion. Where the (ltltlbody js :i~creted into the n1edium! supc:matanrs 
from such expressio11 systems arc generally first ~A)llCentrJtod u8ing a commercJa!ly available protein 
concentration tiller, for example, an' Amlcon or Millipore Pellicon ultraflltnltion unir. A prore.1se h!lllbitor 
Hooh a< PMSF roay be included in any of the foregoing steps 10 inhibit pri;teolysis Md Mtibioti<J.< may he 

10 included lo prevent tha growth of adventitious contaminant$. 
The antibOOy composition prepared rr<>m the cells <;;w bo purified using, fur example. 

hydr<1xyl•patlteehron1atography, gel clectrnphoresis, dialysis, and affinity chromatography, with atllnily 
chromatography being the prcfem:d puriflcotion teclu1lq11e. The swtabilit;y ofprot.ein A as an affinity ligand 
depend• on lhc •pccic.'l and l$01;ype 0£ fl!lY lmmunoglobulin Fe domain th•t is present iJ1 the rnlibody. 

15 Protein A can be ~ to purify antibodies Uta! &-c based on human yl, "{)., or r4 he<ivy chruns (Lindmarl< et 
r;il., J, ltnht•nol fl{e/h. 62: 1-13 ( 1983)). Pr<>tcin G is recommended for all ntouse !so types and fur human j'3 
(Gll'l.< ct al, EM/10 J. 5:15671575 (1986}). '11te 111atrlx lo which the affinity ligand is attached is most often 
agaro:;c, hut other matrices •re availabfo. Mecl1anicnUy slublc matric"" such a.< controlle<;! pore gl~$S or 
PQly(styrenedJvinyl)beu.ume allow for faster flow rates and shorter proressing times than can !><; ~cltlev~ 

20 wiU1 i\g<l!OSC. Wh<lte £11e artlibOdy compri•"" a C113 domain, the Bakerbond ABX'"'resin (J. T. Baker, 
Phillipsburg. NJ} iS useful forpurifioation. Oth<:r lcchniqucs for protein purification such as fractionation on 
an ion-exchange column, cUuuiul pret.ipitation1 Reverse Phase HPLC. cbromat<Jgraphy on :;iJica1 
chromatography on heparin SEPHAROSWM chrom:n:ography on on anion or (ll>Uon exchruJ$e J'¢Sin (such as 
a polyasp.'U'llc acid colomo), chromatofocusJJJg, SOS-PAGE, and ammonium sulfaM precipitation ore also 

25 available depending on tl1e antibOdY to be recovered. 

30 

Fu!low;ng anyprclimlnacy purll'icatfo~ step(S), Ille mixture comprising tile antibody of intcrost aod 
conmmin<UJL< may be subjected to low pH hydrophobic inttJtactlon chromatography using an elution buffer 
at a pH bcl......:e1111boot Z.5-4.S, preferably pe.rformed at low salt <:onoentratlons (<1.p,., from about 0-0,2SM 
.. 11). 

.Antibody co~jugates 

111e anllbody may be coQjogated ro a cytotoxic agent such as a toxin or a radioactive Isotope. Jn 
cert.in embodiments, fl1e loxln is oalJ,;herun!Cln. a D1"yt<IJlSJnoid, a dolastatln, aoris.tatill ll and analogs or 
dcrivativCH thereof, .re pref<!table. 

?IS Ptcl'errcd drugs/toxins Include DNA damngJug age11ts, J.nhibltors of niic.rotubule poJymer)zatlon or 
dcpolymeri1.:ition and antimct:ilx11ilcs. Profcn:ed cl~cs of cytotoxic agents include, for example, tl1e 
enzyme 11\lJibltors sucb as dihydrafolate reducta.50 fohil:>itors, and thymidyfote synthase inhil>if.or., DNA 
intcrcalat<><s, DNA cleavers, topoisomerase lnllibltors, the anthracycllno family of drugs, the vinca drugs, the 
mltoniycl ns, the bleQmycins, the Cl'flltOxic nuclooside.<, the pteridine family of drugs, diynenes, the 

40 poduphylluto:<lns and differeJltlation itlducers. Particufady useful members of those classes include, J'or 
cx:<n>ple, melholr<lXate, metJ1opterin, dicbloroniethotrexate, $-fluorouracif, 15-mercaptopurine, cyto~iM 
~rabinoside, n1eJpba1an, leurosJn~ Jeurosldejne, actinon1ycin~ daunorubiciu, doxottibicio, NM(5.SM 
dfocctoxypcntyl)doxorubicln, motpholirto-doxorubicln, 1-(2-choroehtliyl)-l,2-dimethMesulfonyl hydrazide, 
N11 .. {lcetyl spersnicline, aminopterin methopr.erin1 esperamicin, mitomycln C, mitc:>mycin A, .ac1.inomycin, 
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5 hlcomycln. carminomycin, aminopter.fo, tallyS<lll\ydn, poclophyllotoxld aad podophyllotoxin derivatives 

such ns eloposi<lc ur ctoposide pllospbate, vinblastlne~ vinc.ristloe, vindcsinc, taxor, tax<Jtere. relinoic acid, 
buryric acid, N''at.'<tyl s,,.;ro>idlne, ~Mlptothccin, calicheo111idn. bryostatimi, cephafostatins, nnsamitncin, 

aomsin, m•}'taJ1sinolds such 11.• DM· I, mayt.ansiJ•e, maytansinul, N-clesmetJiyl-4.~esopoxymaytansino!, C-

19-<lechloromayt:msinol, C-20-hydroxymaylnnsinol, C-20-demetboxymay1ansim1l, C-9-SF! maytllllsinol, C· 

l () 14-alkoxymethylmaytanslnol, C-14-hydroxy or ocetyloxymethlmaytaMinol, C· 15-
11ydraxy/oootyloxymaytansinol, C-15-methoxymeytan•inol, C-18-N-<lemethylmaylnnsinol and 4,S. 

dcnxymaytansinoJ, outlstatins suc.'11 us "1Jlistatin E, M, !'FIE and l'E: dofosllltins such"" dolostiitin A, 

dnln$••tln )';I, dolostatln C, dolostatin D, dolost.atin ll (20-epl aod J J-epi), clolo•111tin G, dolostntln H, 

do!oslalln 1, dolwlatin l, dolc1'titin 2, dolostatin 3, dolostatin 4, dolostatin 5, dolo1ttatin 6, dolostathl 7. 
15 doloslntin 8, dolostatin 9, dolo•tatin 10, deo-Oolo$lado 10, dolostatin 11, dolo•tatin 12, dolosratin 13. 

dol,.•tatin 14, doJm;tatin 15, dolostatln 16. dolostatln 17, and dolootatin 18; cephalostat.ins suoh as 

cephalostatln 1, cephalostatln 2, ccphalostatin 3, cephalo.1ratin 4, cephalostatio s, cephalostatin 6, 

ccphalostotin 7, 25'-epi-<:epbaJQstatiJl 7, 20-¢pl-cepha1osta1ill 7, ccpbal<>atatin 8, cepbalostatin 9, 
cephalosratin 10. cephalO$tatln 11,cepbalostatin 12,cephalostnlin 13,cephalostntin 14, cephalootntin 

20 15,cephalosto!in J 6,cephalostatut 17, cephalostat!n 18, and cophalost:ilin 19 .. 

M~yransiooids are mltototlc inhibitors wltioh aol by inhibiting tubulin polymerization. Maytan•ine 

was first isolated .trom the e<ist African shrub Mayt~nrts s•rrar" (U.S. Palen! No, 3,896,l I l ). Sub>;cqucntly, 
lt w~s discovered that certain microbes also produce maytansinolds. sdch as mayl"1'lsinol and C-3 

maylan•im1J esters (U.S. Patent No. 4, 151,M2). Synthetic rnaytansinol and derivative.• and analogue$ 

25 theroof are di$c]Qsed, for example, in U.S. Patent Nos. 4,137,2.'lO; 4,24$,870; 4,256.746:4,260.608; 
4,265,814; 4,294,7-57; 4,307,016; 4,308,268; 4,308,269; 4.~09,42R; 4,.'113,946; 4,31S,929;4,317,S2l; 

4.$22,348; 4,331,598; 4,361,650; 4,364,$66; 4,424,219; 4,450,254; 4,362,663; and 4,371,533, the 

disclosure.• of wbich are hereby expres.•IY incorporated by reference. 

Maytansine and maytansiooids have been conjugated to antibodie.• i:peoific"11y binding to tumor 

30 e<>lf nntlgens. Iouuunoco)\jugates «>ntaining mayt:msinoids and their therapeutic u,,e are disclo~. fur 
"''"mpto, in l l.S. PA1en1 Nn• .. ~.?.OR,O?.O, 5,416.064 anrl Hnr<>Jl""h Patent BP 0 421 2."IS R1, the dl<eln<nre.• nf 
which am hereby expressly incorporated by reference. Llu ct al., Proc. Natl. A cad. Sci. USA 93:8618·8623 

(19%) demlbed inJQiunocoajugams compri$in:; a mnytansinoid designated DMI linked l-0 the monoolonal 

Mlibody C2~2 directed against human <:0lorootal cancer. Th• conjugate was found T.o b• highly oytoroxie 

25 towanl• culfurc<l colon CllllCet cells, ~nd sl1owed antltuooor aodvJty In an ill vi•o wmor ,srowrh assay. Ch~ri 

er al C:mccrRcscarcb 52:127-131 (1992) descrlbe lminuJ1oconjugates in \vhich a nu1yta.nslnoid w:is 

conjugated 'l'ia a di•ulfido linker to !he murin~ antibody A7 bindlng to an l!Jltig<:n on human colon cancer celf 

lines, or t<> another murioe monoclonal anuoody TA. I that binds the HER·21neu nncogcno. 

Thorc arc rnany linklng groups known In the an for making an.tibQdy-ruayW11s!Aold 001\fugates, 

40 Including, for example, tho•e diwl<>sed in U.S. Patent No.5,208,()20 or EP Patent() 425 235 BJ, and Omi 

"' "'· Canc~r Re.tMfcl< 5:2! 127-131 (1992). The linking group< include disufide gmtipl<, thioether groups, 
«¢id lflb!Je gi:oups, photi:Jlabile groups, peptida.<e labile groups, ore:m:ra,o labilc group•,"" disclnscd in the 

above-ldentified patents, disulfide and d1ioether group• being preferred. 
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S Conjugates of tlie antibody and maytansinoid may be made using n variery of bi functional protein 
coupling ugcno; such as N-succinlmldyl-3-(2-pyridyldithio) propionme (SPDP), succininMyH-(N­
matcimidomethyl) cycJohexane-1-carhoxylatc, iminolhiolane (fl'), biftrnction~I <lerivatives ofirnidoe."<t<"• 
(<uch "''dimethyl adipimidale HCL}, active esters (such :is disuccinimidyl sub<:r-atc), ul<lchydcs (such as 
g1111:;1reldehyde), bio•&id<> compounds ($ucll as bis (!Nizldoben:royl) hexanediamine), bi•·div.onium 

JO Mtlvatlves (such a$ bis-(p.Oi..,..<lniumbcnzoyl)-ethylenedlamlne). dilsocyanates (such os toluene 2,6-
diisocynnate), and bia-aciive fluorine compounds (such as l,5-dilluoro-2.4-dinitrobeoze~e). Particularly 
preferred coupllng al,\elltS include N-.s~ccinimidyl-3·(2-pyridyldithio) propionate (SPDP) (Carlsson el al, 
Bi"chr.m. .!. 173;7Z3-737 I l\178J) and N·succ!nlmldyl-4-(:2-pyddyJthio)pentanoatc (SPP) ro provide for a 
di:lulfide linkage, 

IS Tho linker may be attached to the mayransinoid molecule at various po•itions, depending on the 
rypc nf\hc link. For example, an ester llttkage m•Y be formed by reaction with a hydroxyl group using 
c<>nvcntfonul coupling !cchniques. The reaction may o<;eur at the C-3 JX>sition having ~ hydroxyl group, the 
C-14 pnnition modified with hytdoxymethyl, !lie C-15 position modified wir.h a hydroxyl group, and the C-

20 po.-Ution having a hydroxyl group. Jn R preferred embodiment, the linkage is funned nt tho C·3 position 
20 ofntayt.ansinol ora. maytansinol WJaloguc. 

Callr:heamicin 

Another j mn1unoco»,fug,ate of lntarest cornpri::ieR an CD20 binding antibody conjugated to tmc or 
more calicbcumicin molecules. "J.1ie callch~micin family Qf anti~iotlc• are capable of producing double· 

:t.$ :<trandcd DNA breaks at sub-plcoJuof.ar coricentratians.. For the preparation of conjugates of the 
calicheamlcio family, see U~'i. patents 5,712,374, 5,714,586, 5,739,l 16, 5,767,235, 5,770.701, 5,770,710, 
5,773,001, S,877,296 (all to American Cy~namid C<>mpany). Structural analaguesof calicheamicin which 

may be used foclude, but are not limited t.Q, r1', tt.,', ~'. N-acetyl-y,1, PSA(l and 611 (Hinman et aL Cancer 

Re.<(: arch 53: 3336-3342. ( 1993), Loclc at al. Ca11e<1r &search 58: 2925-2928 (199$) and the aforemenllono:d 
30 U.S. patent$•<> American Cyanamid). Another Wlli-tum<>r druglh•t tho '1ntibody can be conjugated is QFA 

which I~ ;in ;tntJfol:l'M Rnth r.alirJ11>.nmi(".in and QFA havr. intmC",('JJ11lar sites ur stdion 1ulrf do nt'>t mtttlily 
c•'Ol!s tlte pla•ma membrane. Th=fun:, cellular upt•k<> of these agents rhrot1gb au ti body nxe<liaced 
intcrna!i?D(fo!l j!T£atly enhW1CeS tbcir cy!ol:uxic ef!eC!S. 

Ra.dloactive i~·otopes 

For :;elective de.,truotion oftbc tumor, lherul!iblldy may comprise a lllgbly radioactive «tom. A 
voricty oJ'radioactlve Isotopes are available for the production ufradi<mmju!l-"tcd !!llti.CD20 antibO\lit.-s. 
Examples include Atm, 1°1, 112>, Y'°, Re'u, Rem, Sm •5i, )3i21'. 1'3'. Pb"' and radioactive ii;otope.' of Lu. 
When the ccmjug-atc is us<-d for diagnosis, it ruay comprl>• • rn<;lio•ctive at.Qm for scincigrnphic studiei;, for 

40 cxmnple to99
m m ! 123

, or !J •pin label !or nuclear magnetic resoo.aoce (NMR) Imaging (also l<;nown n.5 

magnetic ""onance imaging. mri), such•• iodiuc-123 8$ain, iodin.>-ISJ, fodlum-111. fluorlne-19. carbon-
13, nia•ozen-15, oxy2en-17, gadol.init1m, mnnganei;e or iron. 

Tnc rndio· c>r oilier labels may be incorpol'ated In the conjugate in known ways. For example. lhe 
peptlde may be b.iosy1111Jesizect or may be synthesfacd by chemical amiao acid S)'Ilthcsis using suitable amino 
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5 acld prccurnom involving, for example, tluorine-19 ln place nfhydro&en. Labels ~uch as 1099» or 11l.l, .Rc'"6, 

Rc1
"' and ln 1

" can be uttached via a cyslcinc rc>idue in 1be pepliuo. Yttrium-90 can be attlll!hed vin a lyslne 

residue. TheJODOGfill nlclhod (Fraker eta! (1978) Bioch•m. JJ.iopJ1ys. Res. Commun. 80: 49-57 can be 

used lo incorpnrote indine-123. "Monoclonal A~rib~dies hi lmmuno•cintigraphy" (Chal!ll.CRCPre•• 1989) 

describes other methQds Jn deiail. 

J 0 Conjug~!es of !he antibody and cytowxic agent may be made using a variety ofbifunctionnl protein 

coupling ngellls such ll!i N-suceinimidyl-3-(:2-pyrldyJdithio) propionate (SPDl'), succinimidyl-4-(N­

mnleirnidomcthyl) cyclohexane-l-carboxylate, !minothiolane (IT), bll\mc~onul derivatives of lm!d0¢$(<et> 

(such•• dimethyl nclipimldate HCL), active estera ($ach as disui:dnimidyl •uborore), aldebydes (such a.• 
glularcldchydc), biR-37.i<lo compounds (such as bis {p-rl7.idoben7.(lyl) hexanedianrlnc), bix-dill7.nnium 

15 derivatives (~uch •s bls-(p-,ifazon!unilxmz<>yl)-<>thylenediamine). dilsocyanatos (such ru1tolyono2,6-

dH•ncyanate), ond bls-aclive fluorlno compounds (such•• l ,S-diflu<.>ro-2.4-dlnitrobcnzcnc). For example. a 

1·lcln lmmunocoxin can be prepa.00 ""described in Vitettaet aL SclMce 238: 1098 (1987). Carbon-14-

labcled l·isotlliocyanatobcnzyl-3-mcthyldietbylene triaminepeotaacedc acid (MX-DTPA) fa an exemplary 

cl1clatln3 ~.gent for conjugation uf mdionuc!eotide to the antibody. See W0!>4fl 1026. The linker may be a 

20 "ctcavablc linker" faoilitating release of the cytoto:dc drug in the coll. For example, ""acid-labllo linker, 

peptidase-sensitive Hilker, photolabile linker, dimethyl linker ur disulfide-ccyntainlng Unker (Chad et<1/. 

Cancer Resea:rch j2: 127·13 I ( 1992); t.l.S. PatontNo. 5,'208,020) may be used. 

30 

Therapeutic Uses Qf the CDW bindin~ hnlilmlie; 

The CD20 _binding antibodic• of the invention ""' u .. ful to treat a number of malignant and non• 

malignant tli~ca.~cs incJuding llutoimmune tliscares rutd related cundition.<t, and CD20 po~itive ca.ncen; 

including B cell lymphoma.• and leukemia.•. Stem cells (B-cell progenitorn) in hone marrow lock the CD20 

Mligen. ~!lowing healthy fl-cells to regenerate after !ffiltmeJJt aod return to normal levels within several 

months. 

Autoimmune diseases or autoimmune t<:>lated conditions include ar!hrills (rheumutuid tu:!luitis, 

j uvoniJc rheumatoid unhritis, ostcou.rthritis, psorialic ru-lhritis), psoriasist t.Jennati1is including atopic 

dcnnatiti•: chronic autuimmtmc urtieoria, polymyos!tl$/d¢1111atomyofiltis, ti>;dc "pidertnal neerolysls, 

syst<:mic scJerodcnna and s<:lcrosi•, "'•'P"nses associated with lilllamniatory bowel disease (lBD) (Crobn'G 

dfS(!<ISO, ulcerative eolitio), re.•pirutory dfalrc88 syndrome, adult m-piratory distress syndrome (ARDS), 

35 maningilis, nll11rglc rhinitis. eneephall1is, uveitis, colitis. gJ.ometUlonephritis. aUerslo coudltions. eczema, 

osthmo. condition• involving infiltration of T cells and ehrunic inflrunmutory responses, utl!cr1>sclcru!iis, 

nvtol.rnulVt)e myocarditis, leukocyre adhesion deficiency, •Y•temic lupus erythemotos~ (SJ.R). lupus 

(lrteludillg. oephrttJ.~. no11-renol, discoid, olQpecia),juvenile onset diabetes, multiple sclerosis, allergic 

cncephnlomyel!tls, lmrntme responses associated with acute and delayed hypersensitivity mediated by 

40 cyl<>ki"c" and T-lympl1ocytes.1uberculosls. snrcoldosls. gra11ulon1atosls Jnc!udln3 Wegener's 

granulom11to!liR, a.granulocyto~is1 vasculitii-;: (including ANCA), apkt.">tic uncmiUt Co,>mbi:; positive nncm;a, 

DJan1¢nd l31ackfan anemia, imn1une hemolytic anem)a. includlng autoimmune hemolytki aneniia (A TJJA), 

pernicious •11emla. pure red cell nplasla (P~CA), Foctor Vllldeficiency, hemopWlia A, autoimmune 

nc\Jrn1penia, pn'ncyt.\1pe~io., 1eukopenfa, disea..i;e~ involving leukt>cyte diape.de!)f:i, CNS infta:n1n1vto.ry 
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5 dls<>rders, multiple <>rgan inj~ry synd1·01nc, myasthenia g>:avis, untigen-antibody complex m«iiated diseases, 

n11ti-J?,lomcrulur ba.,enwnt rnembti.inc tli!;t-a1'e. anti-pllosphoJipjd antibody syndrome, allergic neuJ'HJs. Bochct 

disease. Castleman'.• syndrome, Gootlpa.•ture's Syndrome, Lambc..,,.Ilaton Myaslhonic Syndrome, .(l.eynau<l's 

•yndrnme, SjorJ:en's syndrome, Stevens-fohnson synummo, solid or.gall transplant rejection (Including 

prctn:-.aunent Jbr high panel reactivoatttib<>tly titer., TgA deposit in tissue.<, etc), arat't vmus h<>st di•eas• 

10 (GVHD), pemphi&oid bullous, pomphigus (alJ including vulguri:i, foliaceus), autoimmune 

polyendocrlnupotbic:;, Roiter's disease, slill'·IIIWl symlrom,, gjant cell <1rtcrid11, immune complex nephritis, 

lgA ncphropathy, lgM polynouropothien or JgM nwJlallld n•Ufl>j>atby, idiopathio tbrombooytoponio purpura 

(ITP), rhn:,.nbouc tbrobocytopcnic purpura (ITJi'). autoimmune thmmbocytopenia, autclmmunc disca.<e of 

tho testis ltnd uvwy lnoludlng tmtoimune oicbltl$ and oopburitfa, primary hypQthyroldfam; t1utuimmune 

1.'i endocrine <liHcascs including autoimmu11e thyroidllis, cl1ronio thymiditis {B'osll.lmoto's 'll~uiditi•), •uhacut.e 

lhyroi<litiH, idiopathic hypothyroldlsnL Addison's di•c"'"'• Grave·~ disea~. autolmmunc pulyglandular 

~yndromes (or polyglandufat ondocrinopathy ~yndromes), Typo I diabetes also rcfurrcd to w; insulin­

dcpm1dcnt diabetes mellitus (IDDM) and Shoehan's syndrome; autoimmune hepalitL<. LympJ1old faterstitial 

pnoumonitJs (HIV), broncb.lolltls oblllt.rans (non-transplant) vs NSTP, Guillain-Borre' Syi1drorne, Large 

20 V~,;.5el V•sc111ltis (itwludlng Poly1nyalgia Rheumaliea und Glunt Cell (TakayllSu's) Arl•rltis), Medium 

V~RS¢1 V iisculitls (lllcludlng Kaw Maki' s Disease and Pul)'t<rtctiti,; N<>dosa), ankylQ•ins spondy!Jtls, Berger'& 

J)fsease (1gA nophropathy), Rapidly Ptoilt¢ssive Olomcruluncphrias, Prlma<y bilillry cirrhoisis, Celiac spive 

(gl~ten eoteropathy), Cryoglobu!lJten1la, ALS. coronary artery dlscHSc. 

CDZO posi!lv~ can~rs ore lhooo comprising abm>nnal pmliferatinn nf cells that express CD20 011 

25 the coll •urface. The CD20 positive a cell neoplo.ims include CD20-posltive Hodgkin's diS<laSe including 

lymphocyte predominant Ho\igkin's disease (l.f'fID); non-Hodgkin's Jympboma. (Nlil..); follicular center 

cell (FCC) lymphomw;; •out.a lymphocytic leukemia (AI.I.); chronic lymphocytlc Jeukemla (CLL); Hairy 

cell leukemia. The non-Hodakins lymphom• include low grade/folliculll.l' 0011-Tlodsklo's lyoopboooa {Nl!L), 

s111MI lympbo¢ytl¢ lymp)!omo (Sf.J,), intermediate gmde/fullicular NHT.., intermediate g111de Qiff11se.NJ.JL • 

.30 high sr~d• Jn1munoblast!c NHL., high grade lymphohlastic NHL, high grnde small non-<>leaved cell Nfft, 

bulk;y di.•eo•• NHI. rt.•mar.yrnld lymphoeytio lymphom•, mantle <:<'.II lymphoma. A IDS- rolnt..i lymplmm• 

and W ulden}'ltr;,m's rnn.cro,glubulincmia.. Trcabncnt of Tclapscs of thcKc cancers arc .al:-;o cnntcmplatcd. 

LPJl'O Is a type of lfodgkJn'$ dise<!$e that tend$ to relapse fr«quently de.•pite radiation <>r chemotherapy 

treatment and ls characterized by CJ)20-posirive malignant cells. Cl J, is one of four major types of 

35 leukemia. A ooncor of mature ll-<:eUs called lymphocytes, CLL ts 11wnJ!¢Swd by p.rogresslve nccumu!ation 

of <mil• in blood, bone marrow and lymphatic tissues. 

Jn •pecific embodiments, the humanlzoo CD20 binding antibodies and fuoctlooai fragments thii>r¢<>f 

nl'<> used to treot non-Hodgkin'• lymphoma (NHL), lymphocyte ptedomirtartl Hodgkin's disease (LPJ:lD), 

small lympl1ocytic lymphoma {SLL), cb.l'o.ni.c Jymphocydc leukemia, rheumatoid arthritis and juvenile 

40 rhoumn1.nid ar1hritiH, •Y•temic lupus crythcmalosus (SLE) including lupusnepbrltl$, We~«~ner's disease, 

Jnflmnmatory bowel disease, idiopathic thmrnbocytnpenic purpurn (ITP), tllmmbotic throbncyt<>pcnic 

purpum ('J'TP), autoimmune thrombocytopenia, multipl~ sclerosis, pxorlusis, 110 nephmpathy, lgM 

polyneuropathies. n>yasthenia gravis, Va.$CUJitis1 diabetes mcllitLu:;, Rcynau<l's ~yndromc, Sjorgon 'a syndr(}rnc 

an<l glurncrulonephritis. 
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111e hmnanized CD20 binding "ntibodicx or functional frogmentS I.hereof nre usefUI as a single­

agcnt treatment in, e.g., forrelnpoed or refractory low-grnde or follicular, CDW-positive, B·ccl! NHL, or can 

be adminixtcn:d to patien~• in conjuncrjon with other drugs In a multi drug regimen. 

Tnd<>lent lymphomo i~ a slow-growlDg, Jucurablediseasc in whioh the avernge patient survives 

between six and 10 years following numerous periodx tJfrcmix•ion and relapse. Io one embodiment, !he 

10 liumanixccl CD20 binding antibodie<S or fuoctloo<ll frntments the1'Cof ill'C u.~-cd to treat indolent NHL. 

15 

Th$ parameters for assessing etllcacy or •ucccs. nf treatment of the neoplasm will be km1wn to the 

physician of skill ln lhe uppruprintc dioease. OenomlJy, tl1e physfolM of •kill will look for reduction in th~ 

•igns und symptoms of the speeifia dise<!se. Parameters can include median timo to disea$O prog~sion, 

litnc jn remission, Kl:lible dinease. 

The following reference11 dMcrJbe ly111pbomas and CU., their diogno•Oll, treatment and stattdanl 

mcdlcul procedure.< for measwin& tleatmettt efficacy. C'ancllo• OP, L!oter, TA, Skl~r JL: 71w L1mphoma.<. 

W.ll.Sounders Company, Plllladelphiu, 1998; van Be•ien K nnd Cabanllfos, l': CJfoical Manift:.<lation~. 

Staging and Tre.a1Jnont of Non-Hodgkin's l.ympboma, Chap. 70, pp 1293-1338, in: H<mQrqliJRY, !Jas~ 

P rlrwiple• and Practice, 3rd ed. Hoffman et .i. (editors). Churcrull Livi •::.stone, Pbiladelph la, 2000: and Ral, 

20 ){.and Patel, D:Chmnic Lymphocytic LeukemJ.a, Chap. 72, pp 1350-1362, in: Rema.tology, JJusic Principles 

and Practice, 3rd ed. Hoffman et ul. (editors). Churchill Livinglltonc, Philadelphia, 2000. 

The parurnet&ra for a.">Sessing e'..fficaey Qf success uf treatment nf an autoimmune <>r a\Jlohnmunc 

related diset1:1c will be known to the physician of skill Ill the approprlatc di:;cruio. Cieneral!y, the physician of 

skill will luok for roductlon in The lligns nnd sympionis of the •"Pccific di~ase. The f.ollowln!l" arc by way <>f 

:J.5 cxumploli. 

Tn one- eod;>odiment, the antibudic!f of tbc illvcntion are useful to treat rheumatoid anhriti$. RA. i.s 

chnracterlud by Jnflammalion of multiple joini., cardlnso loss and bone crosi<>n that leods to joint 

dosttucliun and ultimately reduced joint function. Addltiollally, since RA is a •-ystom!c di•orui•, ltcou b;we 

eff«IS in other ti•-.ucs such WI the lungR, •Y•'" ond bone mnrrQW. l'ewer Chau SO percent ofpotien._ who 

30 bav~ had RA for more lhan Io yearn coo continue to work or functlon ~orma!ly on a day-to-day bosis. 

Tho antibodic• can he used as first-Ii ne thett>py in patients wilh early RA (i.e., methotrexate (Ml'X) 

naive) 11nd n.• monotheJ:11py, or lo oomblnatlon with. e.3,, M:rx '" cycl11phosphamide. Or, tbe ruitibodles can 

be U$~ in tl'eaunent as se.:ond-line !hemp}' (or patfont< who were DMARD a-pg/Q~ MTXrefracloI;f, and a.< 

monotlleropy or in combination with, e.g., MTX. Tho humnni•ed CD20 bll1olng autll>odies aru useful tn 

i!S prevent and control joint damage, delay srructurnl damage. decrease patn :!$SOCialcd with inflammotinn in 

RA, nnd generally reduce the sign~ and symptoms in moderote to severe RA. The RA putlcnt Mn be trcnmd 

with t11e humanized CD20 anciOOdy prior to, after. ox to&etller with treaunent with uthcr drugK used in 

tl'Catlug 11-A (S¢e combination therapy below). ln one en1bodi11lenl, patient> who had prcviou•ly failed 

dii;ca:«:•mo<lifying antirhcumatlc drug• and/or had m> inadequate re<Sponse to metlloo;o;<,ate a.lone are treated 

41) with n ln;mani1.ed CD~O binding aotibody of the invention. :U. OM embodiment of this trcutrncnt, the patient~ 

nro in " 17-day lrcMmcnt regimen receiving humanized CD20 binding antibody '11one (lg iv lnfusloJ1s on 

d:1y• I and 15); CDW binding antibody plu• oycluph<>spnamide (750mg iv infusion doys 3 <!l.ld J.7); or CD20 

binding antibody plus mcthotrc>ato. 
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5 One rMlhod of ev~li•ating treatment efficacy io RA is ba't:-0 ou Ame11con College ofRheumatnlogy 

(ACR) cri1erin, whlch mca•ures the percentage of improvement ln tender and swollen joint<, amon11, other 

1hlngs, ')'he RA patient can b• scored al nir cxumple, ACll 20 (20 percent improvement) compared wllll no 

antibody trc:itmeor (s.g,. baseline betbro treatment) or treatment with plnoobo. Other ways of evaluating the 

cl'tlcauy of antibody 1reatmcnt include X-ray scoring Huch as the Sharp X-ray •core used to score •tructural 

JO dani•g• strch M bone crooion andJe>h1tspu•..: narr<>wing. Patients can al'o b~ evatunted for the prevention or 
\>r lmprovernonl in dii;abillty based on Health A""~rneJ\t Questionnuire [HAQ] score, AlMS •OQre, Sl'-36 ~t 

time pcriudi; during or af1er ll'Catmcnt. The ACR 20 criteria may include 20% l mprovement in both tender 

(pnlnful) Jolnt ""untand swollenjolut countplu.• a 20% improveincntin at 1 .. st3 ofS additionul measures: 

fS 
l. patient .. puin a.;•eiiament by visual analog •cale (VAS), 
2. patienl'a global nssess11t¢nl of di•ca"' activity (VAS}, 
3. pbyslclan's ljlubat UAAe.'3menr of dlS¢11SO:- activity (VAS), 
4, patient'• self·DSl'l">Sed dlsablllty mea•urcd by the HM\th Assessment Questionnaire, 

and 
5. ac\1te }lha.ni rc:mtanL;, CRP or F.SR. 

2() 

25 

The ACR 50 and 70 ~re defined analoguu•ly. Prcfbrably, the patient Is adnllnlslercd an amount of a CD20 

binding antibody ot the invention effective to a¢Meve at least a :;cure nf ACR 20, preferably at least ACR 30, 

more preferably at least ACRSO, 11ven morel ptelerably ut leu.'t ACR7Q, most preferably at le3'1 ACR 75 and 

his.her. 

Psoriarlc arthritis has uni~~ and distincl radiogropbio feature•. For p.oriatic atthri.lls,Jolnl ero•ion 

and join< •1>aco narrowing ®!l be evruua1ect by U1e Sharp score .. , well. The humani7.ed CD20 binding 

Antibodies of the inveJJ.tion can be used lo prevent thejoinl tlwnugo ""well ll.• reduce di•ease signs and 

symptoms of1.hedisotd<lt. 

Yet un<>thcr H.•pcct uf thc invontinn i• a method of treating tupus or SLE by administering to tlie 

SO patient suffering from SLE, a therapeutically effective amount of a humanized CD20 binding antibody of the 

Invention. SLBDAf. SCO!l:S provldea numerical quaotitatlou of disease activity. TI1e SLEDAT i• u wcizhl<:d 

inde><. ol'24 cllnlcal and laboratory parameters known to correla\¢ wilh dioell!;Q activity, with a numcricnl 

mn~e of0· 10$. sea Bryan (le.'SCtlk & John Davis, "Novel therapeutic agenr for sys1emlc lupus 

crytheniatosus" Jn Current Opinion in Rheumatology 2002, 14:515-521. Antibodies to doubJe-sbm1ded DNA 

3S arc believed to cause ten.al firu-es ruid other manifestations of lupus. J?aUents undergoing Mtlbody 1reaunont 

can be monitored for time to renal £Jure, which is defined as a signlficaot, rcprodu~ible im:rcaoe in scrum 

Cl'o:lntinine, urine protein Qr blood in the urine. Alternatively or in addition, paticn~~ can be monitored for 

level• uf untinucle<tr antib<Xfies and antibodies to double-stranded DN'A. Treatment~ fur SLR Include high­

doso corticosteroids and/or cyclophu•phamide (H..DCC}. 

40 Spondyfollitltropathlc• are a gtoup of dlsordm of tile joint$, in_cluding nnkylosinll :;pondylitis, 

psorlatlc ru1hritis and Cmhn's di:;casc. Ttoutmenl success can be determ.ined by validated patient and 

physician global assessment nreas\1ring tools. 

Vorious medicati<>n5 "'c used 10 treat pso1•ia.5is; treatment diffcrn directly in relation to disea<e 

severity. Patients with a more mild tbnn o!'psorlnsis typically utili7.e topical tre.~tmellts, st1ch M topical 

4:5 src1·oids, nnthralin, calcipol!lene, clobefaiol, and taz3roteno, to mnn.oge tbe <iisea.'e while patients with 

moder.ale i.~\d sever~ p$osia~i~ arc more likely to employ ~ystcmic (rilethorrexate. retin0i<1st cyclosporint1 



5 PUVA and UV!l) tb~rapics. Tan: are also used. These therapies have a combination of safet.y concetns, time 

consun1ing regimen:;;, nr inconvenient proces$es of treatment. Furthern1ote, l:iUm~ require expe.n}iivc 

equipment and de<licat<:d Rpacc in the office Sellin~ Syste1JJic medicationFon produce Ncrious slde effect,, 

includlns hypertension, byperllpidcmio, \lone marrow supprc.'"ion, liver disease, kidney disease and 

go<tr<>inta~tinal \tpSel. Also, the use of phololher•py can increase lh~ incidence of skin Cllncers. Jn addition 

10 tn th• inconvenience und dfacomibrt ~ssociatctl with the u:;e of topical thcropios, phototherapy and systemic 

t=tments require cycling patients on and oil'lherapy and monitoring lifulime exposure <lue lo their side 

effects. 

Treatment efficacy li>r psoria.•is is essessed by monitoring chanaes in clinical sign• nnd ~y.mptotns 

of the disease including Physlclau's Global Assc.~•msnt (PGA) changes and P•orl11$is Area and Severity 

J5 Index (l'J\Sl) i;cores, Psorlasls Symptmn AOSOll.>tnent {PSA), compared witlt the baseline conditi""· Tho 

patient crui be measured periodically throughout treatlll~Ul on the Vi•ual noalos ~""le used to indicate the 

dell/¢¢ of ltclun3 e><JX.'Iicnccd at specific time points. 

Patients may experience an infusjoJl reactlon'or infui;lon .. rolated :v-mpt.QJns with the.ll· first infusion 

of a tht>ropcudo •ntibody. These symptoms vaiy In severity Md generally nre reversit>le wlth medlclll 

:LO Intervention. The."' syrnptQms include but are no1lbniled to, flu·like fever, chills/rigors, nausea, urticliria. 

headaclte, bronchospasm, angiocdema. It wonld be do:>irab!e for the disease treatment method• of t!tc 

prcm..-nt invention to minimir.e infut::iQn reaction~ Thll$, another aspect of tile invention is a method of 

!;feating t!tc di;wa.""5 di•elol<Cd by administering a humnniied CJ):20 bindlDl;l antibody wherein the antibody 

ha-; reduced OT' no con1plen1enr dependent cytotoxicity nnd Tesults in teduood jnfusion related zymptoms. ai:; 

25 Cl"tmpnred to treatment with Rituxan®. Jn one embQdiment, th.e hunuinl:oW CD20 binding antibody is 

2.H7.vl 16. 

D()Sll$e 

Depending on the indication to be h"eated rutd factors relevant to the dosln.g that a physician of skJIJ 

30 In tho field would be familiar with, tbc antib<ldies of tile lnv~ntlon wlll w adntJi>Jstered at a dosage lltat is 

.t:!fi~aclot1~ fo.r the 1t'E'-'lrmAnt of 1hnr indiC".ntinn whiln mlnlrnizlng tnx1c.ity and slrle effec~. For the treatment 

of a CD20 positive cancer or an nnt<>immunc disoaso. tM tbet~peutiOJJJly effective dosaze will be io the 

ranse of ~bout :l.50mglm2 to about 400 mg/m2 or 500 mg/1\1•. preferably about 250..375mgfm2
• lit une 

embodiment, u1e dQsage r•nge is 275-315 mglm1, In one embodiment of tit<> treatment of a CD20 positive B 

~:; coll ncopla,m, the antibody Is ad11llilistere(! at a r•ngc 1>f300-37S mglm2
• For di.e tre'1tment of patienL• 

suffetln_g from );I-cell lymphoma such as non·l'lodgkins lymphoma. fa a specific embodiment, th~ Qnti·C020 

antlbooic.i and bumanlud antl·CD20 nntil;mdie.• nf the invention will be odmini•tcrcd to a humanpatl~nt nt • 

du•age of lOm&lkg or 375mgl1t12, l'or treating NHL, one dosinl;l regimen would be to utlminisler ooo dose of 

r.hc antibody eoll)pOSiti<:>n a dosage of !01ug/kg in the firnt week Qf ltet>.tment, followed by a 2 week Interval, 

40 then a "'''"'"d dose of the !!llme nmonnt ohntibody i• udminislero<J, Oe11erolly, NHL patients receive such 

trcaunent once during a y~.ar b~t. npon recurrence ofths lymplloma, such treatment can be tepe.oted. In 

another dosing rogimen, p•Lients treated. with l<>w·w~de NHL rcc~ive four weeks of «version of humnnir<:d 

2H7. preferably v !6 ('?>75 mglm2 weekly) fQJloweil •l week five by three additional coun;es of t!te antibody 

ptu' •12mlt1rd CBOP (cycl<>phosphamioe, doxorubicin, vincristinc and pr<:dnisone) or CVP 
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5 (cyclophosphamidc, vincri.~fine, predni>one) chemo1lierapy, which was given eveyy tlu'Oc weeks for 1hrec 

cycles. 

For trealiog rheumatoid atlhritis, in one embodimcnl, the doSl>ge range for the homanir.cd antibody 

is 12.imgtm' (equivalent t<> ubout 200mgido~c) to 600mg/m2, given in two doses, e.g., the first dose of 

:200mg is adminiotered on day one folfowed by a second dusc o1'200mg OJ\ day 15. fn different 

l 0 crnbudimcnt,, the dosa&e. ls 250mg/d<>•e, 275ma. 300m8' 325mg, 3S0mg, 375mg, 400mg, 425mg. 450mg, 

47.Smg, 500mg, 525mg, 5SOmg, S75mg, 1500mg. 

Jn !tealing di.c:a•1:, the CD20 blndlng antibodie.• of the lnv~ntion con be ndminls1ered lo lhc patient 

ehronf<:lllly or inlcrmittently, os determined by the physician of skin in the disea~•. 

A pntlent admlnlswod a drug by intravenous lnfusinnor ~ubcu111neously may experience adverse 

IS events such un lcvcr, chills, bu.ming sensation, asthcnia and heodache. To allcviutc 11r mi nimJ:re such 

adverse event;. the patient may r«eivc an initial conditionl11g dose(s) of tho antibody followed by a 

1hcrapeutio dose. '111e conditionlnzd<>se(•) will he low..r than the lberopcufic dose to condition the patient to 

tolomte .blgher doSa8<l$. 

20 

2.5 

Route of administration 

The CDW binding amlbodles are administered to a human patient i~ accord wllb known mctllod.,, 

such t-1s by intravcnuus admi11istration1 e.g., ~ a bol~ or by cootirnrous jnfuslon over e. period of timer by 

~ubc..~tttncc>u. ... intr'.;1.mtu;culnr1 intraperitone:d, intTilcerohro~inal, ifrtr.n~art1C1.l1ar, lntrasynovJal, intrnthce:d, or 

inh<Jlatit1n route~, gcncraHy hy intravenous or subcutaneou.<; administration. 

Jn on en1hcxlimen4 the huma?d7...cd 2H7 o.ntibody iN administered by intravenotLc;. infu:;ion with 0.9% 

sodium chloride solution n.'i an infusion vcbiclc. 

Combination Thel'<'l/)y 

f n treating the .B cell neoplasms desodbe<J above, the pa1ienr. can be treated with the CD20 binding 

30 antibodies of the pre.<:;ent invention in conjunction wltb. ou.e or n1ore therapeutic agent'\ such a:; a 

chc.1-nothor11pcurio n2:cnt in u multidn.1g R,3in1~n. The CD2Q (\indiog ontibody Ct$TI be. adminiJ>t:CTcd 

concurrently, ~uent.ially, oral1crnuting with the cheroothel"lpeutic asent, or after non·rc•pt>nsivcnos~ with 

ulhcr therapy, Srandnrd chemolhcr11py tbr lympllullla treatment may include cyclophm;phamidc, cylar:ibine, 

mclphaltm and mltoxautron• plu• melphalan. CHOP ls one of the roost comnwn chemotherapy regimens 

35 fot I.mating Non·H<ldgltitl'S !yn1pboma. The following arc the drugs used Jn the CHOP re8imon: 

oyclophosphamlcJe (brand name.• cytoxan, noosar); odrlamycin (doxorubioin I hydr0Jtyd0Jtorublch1): 

vlncri•tine (Oncovin); aod prednisolone (somolimes called Delra~one or Ora•<>ne). ln partioul:ir 

cmhodfmentJS, the CD20 bind!~ autlbody is administered to• pntiMt in need thereof in combination with 

one or more of the following chemotheropeutlc ngcnts of doxornblcin. cycloph<;>>phamide, vin~'riNtinc und 

40 prednisolone, Tn n •pecific ombodhnent, a patient nuffcting ft<im a Jymphon>a (>uch as o nnn.Ht>dgkin's 

lymphl>m~) ls treated with an anti·CD20 nutJ.body of lhe prc.<;0nt invontiort in co11juncr.ion with CHOP 

(cyclophosphamide, doxon1bicin, vin<-'ristino and predni.>one) therapy. In another "mbodiment, the cancer 

palienl can be treated with" humanized CD20 binding antibody of the invention in combination wirh CVl' 

(cycfophmphamide, vl!Jcristine, and prc<lnisooe) chemotherapy. Jn• specific embodiment, the pauent 
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5 iufferh1g from CD20-po$itive NHL is O-calcd with humanized 2H7.v16 ln coJijunctlon wii:h CVJ'. In a 

~pccific cmhodimcnt of the lreaonent ofCLL. the CD:W binding antibody is admini•tered in conjuncti<>n 

with chemotboropy with one or b<>th of tludarabinc aml ~-ytoxan. 

ln 1realln2 the a11tolmmune di$ea.<e.• '" aumimmunc related conditions dc>-.:ribcd above, the patient 

c<tn be tm1ted with the CD?.O binding antibodies nf tne pre•ent invention in conjuncti<m with a :<CCOnd 

IO therapeutic agCllt, sucll &San immunosuppresslve agent, such as ill a multi dnig regimen. 'fhe CD2() binding 

n11tlhody can be atlmfnlsr.crod concurrently, sequentially 0t alternating wltli tbe lmmu11osuppressiv~ agent o~ 

upon no11-~ponsivenOSJJ with other th!OTapy. The immunnsuppreosive agent can be ndmini•tcrod at the 

llllmc or Jc."'Cr dosages than llJl set fOrtb !11 tho art. The prefe1·red adjunct lnunuoosuppresslve l\Sent wJU 

depend on mony factors, including the type of diwrdcr being treated "'' well a$ the patient's history. 

15 "Tmmun<>wppre,.ivc agent" ru; used herein for adjunct therapy refers to •ubstanccs that act tu 

suppre.9s or mask tho immune system of a patient. Such agent< would include substances thnt supprcs.< 

cytoklne production, down re~ulatc or suppms self-antigen expression, or mru;k the MHC antigens. 

l.!Mmptes of such agent~ include steroids such ai; glueocorticost.eroids, r..g., prednisone, metliylprednisolone, 

nnd dexametbasone; 2-omJno-fl-aryl-S·subst.iruted pyrimidin~s (see U.S. Pat. No. 4,665,077), a.7.athioprine 

:W (ur cyclophospl1alllide, If there Is an adverse reaction to azath.loprine): bromoccyptine; glutrualdehyde (which 

rnn.•k• the MHC nntigcn•, us described in U.S. Pat. No. 4,l20,649); Mll-idiotypic antibodies for MHC 

antigens and MHC fragm•nts; cyclo•porin A; cyt1>l<inc or cytokinc reccpb>r antagonists including auti­

intcrfcron-y, ·Jl, or-« antibodies; Mil-tumor necrosis factor-o: antibodies; anti-tumor n~-rosis factor-Jl 

antibodicR~ anti .. interlcukin,.z antibodies Wld anti"IL-2 rcccpt<>r antibodies; anti.-L3T4 antibodi'c:->i 

;J.S hctorol<>gous l!nti-lymphucyto globulin; p:m-T antibodies. pr<>ferably anU-CD3 or anti..CD4/CD4u 

umibodicH; soluble peptide conulining a LFA-3 bindfog domnin (WO 90/08l87 published 7126/90); 

Atrcptokim1.<o; TOF·Jl; stroptndom=; RNA <Ir DNA fmm the host; FK506; RS-61443; dcoxyspcrgualin; 

rap1U11ycin; T-ceJJ receptor (U,$, l'at. No. 5,114,721); T-ce)J receptor fhigmenr.; (Offner et t;l., Science 

2$1 :430-432 (199! ); WO 90111294: nnd WO 9l/Ol133): an<I T ceJJ ~ptor •ntibodie.~ (F.P 340, 109) such"" 

31! TIOB9. 

For the troaCnlent of rbeum..1told a1thri1is, the patient can 11• treated with a CD20 antibody ol' Uio 

!nvonticm in conjun~lion with ruiyon~ or more oftne follow!nttdruf:•: DMARDS (dfaease-n1odlfylo& anti­

rheumatic dn1ss (e.g., mothotrcxate). NS.Al or NSAID (non-steroidal antioinflamrnatory drlJZS), 

HtlMl RA"'" (adalioiuruab; Abbo~ I..al;loratorics), ARA VA® (leflunomide), REM!CADE® (inflix!mab: 

35 Cc.ntncnrTno., of Malvern, Pa), ENI>RBT.(etancrccpt; lmmunex, WA), COX-2 inhibitof:l. DMARDs 

commOJl!y used in RA ara bydr<>><ycloroqu!ne, sulfa.alro:inc, mclhob'e><ate, ~fhmomiile, etanercept, 

lntlixfmab, truuhlopr.lne, 0-penfcillaminc, Gold (oral), Gold (intramu•cular), minocycllne, cyclo~porine, 

Staphylococcal protein A Im munoad•mption. Adafim11mab Is a human mnnocl<>n•l antibody tl>ot l.>ind.< to 

TNPa. lnillximab is a chimeric monoclonal antibQdy that binds to TN:Fa. Etanercept is nn 

40 "'hnmunoadhesin" fu•ion protein consisti11g of!hc CJ<tracellulru' ligand binding portion of the human 75 kD 

(p75) tumor necrosiR factor rcocptor ('!.NFR) linked to the Fe porlioil of n human TgGl. For conventional 

t\'oiltment of RA, Se¢, e.~., "Guidelino~ for t11e iuau.ager.nent of rheumatoid urthritls" Attltritls & Rheutnatl:rm 

46(2): 328-346 (Fchruary, 2002). fo a specific embodiment, the RA patient is trcutc<l wiUi a CD20 Qlltioody 



.5 of rhe invention in conj11nc1km with metbowxate (MTX). An exemplury dosoge of MTX is nbout 7.5-

25 mg/kg/wk. MTX can be administered <>rally and subcut:mcnusly. 

Fur the tr<>otment of ankyl9sing, spondylilis, psoriatic 21thnti• and Crohn's di•cao;e. the patient cl!Jl 

he rreat<ld wi~l • CD20 binding antibody of the invention in conjunction wi!h, for example. Remicade® 

(lnOlximab; ftom Cen1X>cor Inc., of Malvern, t'a.), llNBREL (eumercept; lmmuncx, WA), 

10 Trenrments for SLE include high-dose cortico•~croids and/or cyclophosphamtde (HDCC). 

IS 

For the treatment ofp~oriasis, patients C•n be administer«! a CD20 binding antibody in conjunction 

with topical ll'Catmenlll, mtch as topical steroids, anrliralin. caleipotricno. olob1>tasol. and !01.arotene, or with 

1ncrhotruxutc, retinolds. cyclosporinc, PUV A Md UV.B lht,-rnpios. Jn on" embodimcn~ the psoriasis patient 

Is !rented wilh the CD20 bin(!iog aollbody scqucntinlly or concurtently with cyclosporlll¢. 

l'horinacc111.i0'1l lfon:nulatlons 

'l'hernpeulio formulations of the CD20-hinding antibodies used in accordance with U1e present 

invention are prepared for S!Ol>lgc by mixing an antibody having the dc.•ired degr"" of purity witb optional 

pharonaceutf.caUy accepk1blc uanicrn, excipien~ or swbUlzers (Romington 's Pltarmacq11tical Sciorn·e.r 16th 

2() edition, Osol, A. Ed. ( 1980)), in the furm of lyophUized formulatioM or aqueous solutions. Acceptable 

carrier,;. excipje11ts, o.r stabjllzers ate} noDtoxic t<> recipients at the dosages and conccntration~employed, and 

includ¢ boffcra >"llch ""pho.<phate, citrate, and orher ors-,nJc acids: anliuxidants includin~ a.1C<Jrhic acid and 

onelhiunine; prcscrvalivcs (such"" ootadccyldimclhylben:r.yl ammonium chl¢rlde; lleJ<Mtelhonium chloride; 

bcn:culkonium chloride, bcnzcth.Dnium chlorldci phenol, butyl or benzy1 alcQhol; aH .. -yl parabens suob as 

;2S mclhyJ ot propyl parabcn; i.-atCchnl; ro1iorcin"J;cycluhcx11Tiol; ,3. .. pentanol~ nnd m .. cre$ol); low n10JecuJar 

weight (Jess than ubout l O rc~idues) poJypeptidcs; proteins, such u.~ fiCntm albumin, gelatin, or 

imrnunoglohulin•; hydrophilic pnlymcrn •uch a.< olyvinylp)llTuli<lonc; amino ucids suc1t "''glycine, 

f.luuunlne, aspamgbie. histidine, arginine, or ly•ine; monnsaccharide.•, dfaacch:uide.•, and other 

curbohytlrate.< includlng glucose, mannose. or d0>uins; chelating ngent.1 mich a.• EDTA; •ugars •"llch as 

30 sucrose, mannitol, trchalo~or sorbltol; s.a.tr-fornling counter-ions ::;uch a.~ ::;odium; metal coropJcx.c~ (e.g. Zn .. 

1mitcin complexes); andfur nOn·ic•nl¢ su:fac11u1ts such M 1WEllNTM. PL UR ONT CS'™ or polyethylene glycol 

(J>llG). 

Exemplary anli-CD20 Mtlbody fornlulation~ are de.•cribed In W098!56418, expressly Incorporated 

ltereln by i'efe1ence. Another fmmulatiort ls a liquid multidoze formulation comprisina; the aittl-Cl:>20 

35 anrJbody at 40 mg1mL, 25 .oiM acer:.te:, 150 mM trehlllose, 0.9% bl'Dzyl alcohol, 0.02% pnly""1latc 20 at pH 

5.0 thnt b~s a J»ininium·Rhelflift: of two yea1'S sroroge at 2-3°C. /\nnther •nti-C020 formulation of liiterest 

coinrri••• tomgfmL antibody lo 9.0 mglmT. •odium cbloridc, 7 .35 mg/ml.. sodium citrote dihydrate, 

0.7mglmT, pnly•orbato 80, l\lld Sterlle Wa1er fQrlnjection, pH 6.5. Yet anolheraqueous pbwnoceutical 

formulation compciscs J0-30 mM sodJ.uJ\l acetare from about pH 4.8 tu about pH S.S. prefe.robJJ at p!f5.5, 

40 polysorbate a~ a surfactant in• an amount of abo11t O.OJ-0.1% v/v, trehalo.,c at an amount of aboul2-J0% 

w/v, and benzylnlcohol ""a preservative (U.S. 6,lil,586). Lyophili7.W formulationR adapted for 

s~hcuumc1>u" admini•tration are de.scr.il>e<l in W097104801. Such lyophilized formulations may be 

tllconstltuted wirli a •uitablc diluent 10 a hlgb protein concontratinn nnd the rcc<>rts!ituled fortnulalion may be 

udrninistcrcd s:ubcutaneously r.o the mammal to be lrl" .. ~led herein. 
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5 Onefonnulution for tbe humanized 2H7 variants ls ruit;body at 12-14 mg/mUn IO mM histidlne, 

(i';f;\ sucn»c, 0.02% poJysorbnte 20. pH 5.ll. 

In a speciJic cm~od)ment, 2H7 voriants and in particular 2H7.vl6 is formulated at 20mg/mL 

antib!ltly in IOmM histidine •ulfute. 60mgfml •'tlcrose., 0.2 mg/ml poJysorbate 20, and Sterile Wnrer for 

lf\icct!on. al pH5.8. 

f 0 The formulation heroin .may nlso 00111Ain mor<: than ooe active compound as ncccs.•aiy for the 

particular indication belng trcutcd, preferably those with complementary activities that do not adversely 

affect e11ch other. For example, It may be desirable to funbet pl'<lvidc a cytotoxic agent, chemotbeJ"apeutlo 

agcUI, cylokinc nr immunosuppressivc agent (e.g. one w!lluh act~ on T cells, such "'' cyclosporln or an 

antibody thot binds ·r cell•, 6.g. one wllich blnds LFA·l). The effective amount of sucll oll1cr agont• 

I;; depends on 1he anmunt of antibody present in the formula don. !he type of di~~S¢ or <liswdcr or r.reotment. 

and nth er filer.ors discussed above. Th•M are generally us¢d in the same dosai:es aJ!d with adminl<trotlon 

route• n.• deseri~ betcln or t1buut from l to 99% of the l1erctof<>rc employed dosages. 

The active lngredicnts may alRo be entrapped in microcapswo.• prepare<), fur e~ample, by 

(.oacervatlo<l 1e.:hnlqucs ur by interfacial polymerJ.zatlon, for elWlllplc, hydmxymethyJccllulose or gci.tin-

:2(! microeapsules and poly·(mcthylmethocylate) mlcrocapsulc•, rcspcutlvely, in colloidal 01·0.e; delivery system• 

(for example, liposomes, albumin. mlcrospheres, rnicnlcmuMnn•, nano-partlcles and nanocapsules) or in 

macroemuls!ons. Such techniques are disclosed in R~Jt1iJ1gton'!f J>hannt1ceutlcalSr.lenr.es 16th edldou, Osol, 

A, JJd. (1980). 

Sustaincd-rclcnsc preparation• may be prepared. Sulmb)'1; e}'.oOO.p!es ol' sustaincd-rclc:usc 

ZS prcpatalitms include semi•pcrmoablc matrice. of «>lid hydrophobic polymers containlng the ant<igonM, · 

which mttlrlc::~ aru in the fbnn ut" shaped articlc<.i• e.:. filtn8, or micrncapsufe.,c;. Example..:; of $UStnined­

rclca•c matrlcc.• include poll'¢Stc"', hydmgcl• (for example, poly(Z..hydroxyethyl-m&tll""')'late), or 

poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copoly.IDOJ'S ofL-glutamic acid a11c! ethyl-L­

gluwnate, non·d¢gradable etbyJenc-vinyl ace1a1e, dezradable lactic Mld-glyco!ic acid cupolymcn; such "" 

30 the LUPRON DEPOT"" (injectable mforospheres composed of lac\lc acid-gly.;olic acid cop0Jyn1er and 

lcuprolidcacctatc), and poty-D-(-)-3-hydroxyb<1lyrlc acid. 

1110 formulations to be used for in vtw adminlsttarlon must b• sr.er!le. This is rMdily accnmplisbed 

hy filtratlon through •torilc filtration mexnbr11nes. 

35 /\rt.icl"" of Manufacture and Klts 

Another embodiment of the lnveutlot1 is an article of mannfucture containin:i materlnlo u.<oful for 

the treatment of autoimmune discu.'°" and rclal<:d condittons and Cl'20 positive C11ncets sucfl as non­

Hodr)dn's ly.mp)loma. The article of manufacture comprises a container and a label or package Insert on or 

~Hsuuiated wilh the contalner. Suitable containers inc1udc, for cxumplc, bottles. vials, syriilges, etc. 'fhe 

4(\ containers may be formed from a v~r.lety of materialuuch as glai;.«'r plastic, Thu container holds a 

compo•iti<m which;. effective for tt~,tlng the condition and may have a sterile ""'"'"" port (J'or exrunple the 

container may he an intravenous $Oltitlon bag or a vial having a stopper pierceable by a hypodermic injection 

needle). At Je:isL one active agent in the compoHition i• u CDZO binding antibody of the inveotion. The l~bel 
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j or pi.1¢k~g:c in~crt indicates that the comp,,sitlon is ut>ed ibr treatlrig the particular conditinn. The lahel or 

pncknr,e insert will ti111be.r comprise iosmictlons for adolinisterlng th¢ antibody compcsition to the patient. 

P11cknge insert u.fers to instructions customarily foc(ude<l in commercial packages of therapeutic pmducl•, . . . 
thnl C:Otlt.ain infomiation .nboul the indi<!'iiliQn::t, us~ge, do~-dgc, administration, contraindications and/or 

warningi.; conC<.."llling tho use ot' fiuch therapeutic pro<lucttt. In une emhodin1ent, the package in.seTt indicates 

10 1har the composition is useil for treatins non-Hodgkins' lymphoma. 

AdditlonaiJy. tho ~1ticle of mnnufacmre may f\J1•tl1~r comprise a second cllntainer compri•ing a 

pharmaceuUca!Jy-acc~plable buffer, such WI bactoriostatic water for injection (BWFT), phosphate-buffered 

•alinc. Ringers iolu1.ion •nd d~~lTQSll solutioJI. It may furtltet include oilier matcri•I• tlc.<iroblc from n 

commercial ruid user standpoint. including other buffel"ll, diluent., filrera, needles, and syringes. 

IS Kits ru·e also provided that are u~rul t'ot various puIJX>scs, e.g., for B-ccJJ kflling a.'says, Ma 

poRltive control fc>r apoptosis assays, for purification or bnmunoprcc!pitatinn <lf CD20 from oell~. For 

isolation Md p•trlficatlon of CD20, the kit cWI cunt.in an anti·CD20 ontibody coupled to beads (o.g., 

sepllarose beads). Kits <:an be prnvidcd wbich cont•in the antibQdies for d•t<:etlon and quaitlita1lon oJ' CD20 

ln vitro, ~.g. in anEUSA or n Wc•tcrn blot A5 with thenrlicle of manufacture, the kit cornprlses a 

::w cunmincr nnd a label or pncknge iosert 011 or assoc lated with lho container. The container holdi; a 

composition comprising at kl1st ooe antl-CD20 antibody of the invcnti<>n. Additional caniainers nlll.Y be 

included th•! contain, e.,1i.. diluet>W 11od buffets, c<>ntrol Mllbodics. The ]libel or packai;e inurt may provide 

a dc•c'l'iptfon of the compcsilion as well as instructlo~s for the Intended in vitro or tlingnoRtio ,.,.,_ 

25 CyMmol~s monkey CD20 

The invention als<;> provid0'1 ao lsolate<l 11ucleic acid comprising tho nucleotide sequonce of SEQ ID 

NO.: 24 of the Cy no mo Igus moilk<>)' CD20 '"' shown in FIG. 19. Tn one emb<Xl.iment, the nucleic acid fa a 

cDNA, In one embodiment, lhc nucleic acid encoding the ntOQ~Y Cl'.>20 is In an e><pn:Hsion vector fur 

o:<J)rO>'l;iun in a ho>'t cclL The nucleotide uquence of SEQ ID NO.: 24 in the <>xprcssion vector in opernbly 

30 Un ked to an exp.resslou control •Oqucncc such •• u. pronmter or promoter and enhancer. The ex pres.ion 

cc>ntrol setiuence can be ·can be the native sequence normally D.'lsocinted w!U1 Ule Cynomolgu.• CD20 gene, or 

hotcrofogous 10 the gene. Also provided is un faolated polypeptide comprising U1e 11Jt1inll acid sequence 

!SEQ 10 NO. 25;FlG. Ill & 201 offhe Cynomolgus monkey Cl)20, as well ao ho•tcells conUlining the 

Cynom<>lgu• CD20 Tiucleie ~eid. 1Jl one aspect tl1e host cell• are oukaryotic cells, e.g., CHO cells. Furaon 

!1.5 protell1s comprislng the Cynomolgus CD20 amino acid sequence or. fragmen1s of fuc sequence an• also 

contemplated. 

40 
Example 1 

Humanl<ation ot 2H7 anti-CD2(1 rnvt:il!c !l\Oliodomtl <1ntibocly 

Hu ma11lzntlon of the murine anti,human CD20 antibody, 2H7 (also refertcd to herein as m2H7, in 

fol tnurirte)1 W•t.<; carried out in 11 series of site-direated mutagenesis stups. The rnurine 2R7 antibody 

variable region :;;:cquences and the i;tihneric 21-17 wilh the rnuu:\c V and human C bave b.een d¢scribcd, :;cc, 

4.5 e.g .. U.S. potents S.846.818 Md 6.204,023. The CDR residues of 2H7 were Jdentifieu by comparing the 
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5 a1nino acid xequence of the murine 2H7 variable domains (dlscluscd in \J.S. 5,846,818) with the sequences 

of known antlbodi¢s (Kabat et al., Sequences of proteins of imm.unological intcre.t, F-(1. 5. Public Hct<lth 

Scrv!ce, N~tiooal lnstitutcs <Jf Health, JJ~tlJesda, MD (1991)). The CDR regions for the Jigl1t and heavy 

chains were defined b1rned on sequence hyp<'rvariability (Kn bat et al., supra) and are sJ1own in Fig. JA and 

Flz. I B, rc•pcctively. \Jshig synthetic <>ligonucleqrides (Tablo I), site-directed mulugcncsis (Kunkel. Proc. 

10 NatL Arad. Sci. 82:488-492(1985)) was used to introduc• all sixof llie murinc 2H7 CDRreglons into a 

complete human Fob framework corre~ponding t<> a COD$CllSdS $equence V J.V ttlll (Y L kappa subpoup I. V11 

~ubgroup !II) cuntn!ned on plAsmld pVX4 (Fig. 2). 

The phagemid p\1X4 (l'lg. 2) was uioed for rnutagenesis .;_,well•• for exprc .. ion r>fF(ab)s ln .Li. 

<:oll. Ba•cd on the ph•sell\ld pb0720, a dorivarivo of pl!047S (Cunningham et al .. Science 243: 1330-1336 

IS ( 1989)), pVX4 contains a ONA lr•gment. encoding a humA11ir.cd consensus ~-subgroup T light chau1 (V Lid.­

Cw and • humani7.ed C<Jnsensus subgroup nr hoavy chain (Yalll-C11 I) anri-lFN-<;c (U!twferon <X) antibody. 

pVX4 al•o has ari alkaline pho•phatJJSe promO(Ot and Shinc·Da1gamo sequertcc both derived from anolller 

previous!)' dc$crlbed pUCl 19-based plasmid, pAK2 (Caner et al,. l'roe. NaU. Acad. Sci.. USA 89: 4285 

( 1992)). A unique Spel restriction site wan introduced between the ONA encoding for the F(ab) Ji~ht and 

20 heavy chains. 'A11e irtSt 23 amino .acids in l>oth atltl·ll'l'l·cx heavy and liahr chains !lrt: the Szll secretion 

slg.nnl sequence (Chung ct al" G•n• 55: 189-196 (1987)). 

To construct the COR-swap versloa of2H7 (2H7.v2), site--direc1.ed mutagenesis w"" performed on 

u dcoxyurldine-containing template ofpVX.4; all >ix CDR.rnfnnti-TFN-cx were cht>ngcd to the murine 21J7 

CD Rs. The rosulling molecule fa n;ferred to as humanized 2H7 vcn.'ion 2 (2H7-v2), or rho "CDR-swap 

25 vcrxion" of2H7; it ha.• the m2ITT CDR1-esldues whh the con:;enous human FR residues shown in Fi~• IA 

and I Fl. Humanized 2H7. v2 was used for further humani>.ation. 

Table J shows the olill:Onucleotidc sequence u•cd to create eoch of the murJne 2H7 (m2H7) CDR• 

In tho Hand !,chain. Fore~an1ple. lhc CDR·HI olig<>nuclc<>tide was used to recreate tllenl2H7 H chain 

CDRI. CDR-111, CJ'.:J.R-li2 and CDR-ID tcforx to file H chain CDR 1, CDR2 and CJ>R3. respectively; 

.30 slinUarly, CDR-Ll, CDR-Li and <."DR-I..3 rct\.-rs tu cacl! of the L chain CPR$. The substltutlons In CDR-HZ 

wtre dono in two atep~ with tw.o uligonueJcoti<lcs1 CDRuB2A nnd CDR-H2B. 

Table I. Olige>nuclentide •equenc::es 1L5ed forcon$truction of the CT.>R·swap ofmurlne 2l:l7 CDRs in!o a 

lluni~n framework lo p VX4. Residues ch~nged by each o!igonuc!ootldo arc un<lor!incd. 

Subsdtotlon Ollaonucleotide ··-uenoe 
CUR-HJ C TAC ACC TIC A<'.G AGC: TA '1' AAC ATQ C/\C TOO OTC C<:l 

ISE" ID NO. 27) 
CDR·H2A GATI AATCCTGACAM;GGCQM;.ACGAGCTAT AACCAGhNJ 

'ITC AAG ClOC CG (SEn JD NO. 28' 
CDR-H21l OAA TOG O'fl'GCA ru;;QATC;:r;;'.'.l;CC'fgru;: MC <JGC OAC AC 

I SE<l ID NO. 29\ 
CDR-H.3 ATTATTGT OCT CGA GTG fJS;;TAC TAT MK; AAC Am:;T/\CTGQ 

TAC 'ITC OAC GTCTGG GGT CAA GGA (SEQ JD NO. 30) 
CDR-T.t CTGC t\CA GCCAGC TCTTCrGTCAC'.CTAT AT<l CATTO 

(SEQ ID NO. 31) 
CDR·L2 AA CTA Cl'G ATT TAC !El CCA TI:Q. MC ere GCG 1'<..'T GGA GTC c 

(SEO lD NO. 32) 
CDR-L3 TATTACTGTCAACAGTGG AGC:rn;, /\/\TCCGCCC ACA 'ITT GGA 

CAG (SJ,:;Q ID NO. 33) 
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For compatisoa with humanl~ed construct.<, a plasrttid expresslllg ~chimeric 2H7 Fab (con11!ining 

in urine VL and Ytt dmnaJns, and human CL and CH1 dQnullos) wu.• constrUcied by •ite-dircctcd mutogenesfa 

(Kunkel, supra) usiug synUrctic nligon.uclcotidc.• to introduce the murine lramcwork resiaucs Into 2f;\7.v2. 

The •cqucnce of the resulting plasmid construct forexprM•ion ofd1e chimeric Fob known as 2H7.v6.8.is 

10 Hhown in l'Jg. 3. Eucll encoded chain nftheFab has a 23 ominoac!d ~n secrerion signal sequence as 

do$cribcd for pVX4 (Flg,2) ubnve. 

nas.:d <m tt •equeo~comparison of the niurlne2ll7 rramewcrl<.residucs with the hum•n v,.,r,v,.m 

couseJtSus framework (Figures IA antl IB) and previously humanl1.e<l ~JttlbodiOll (Carter et al .. Prue. Nati 

Ac11<l. Sci. USA 89:4285-4:289 (1!192)), several framowork mutation• wore \11ttoduccd int<> the 21)7. v2 Fal> 

1.5 conslruct by site-di1'0cted 1nu1agcncsis. ThORe mutations result In a change of ~ertaln human conrensus 

framework residues to those found in the murine :2H7 framework, at •l!eS that ml,ehl affect CDR 

ctmfurmations or audgen e<>lUacts. Vcraion 3 contaioed VH(R7lV, N73K), version 4 contained V11(R71 V), 

vcr•hm 5 contulned Va(R71 V, N73K) and VL(l.A6P), and version 6 contained V11(R7JV, N73K) and 

V1.(IA6P, T .47W). 

Hurttllnized an<! chimeric Fab versions ofm2H7 antibody wL-re cxpr.,sed in E.coli ond purified~· 

follows. Plasmids worn trnnsformod into R. coli strain XIA :alue (Stratugone, San Diego, CA) for 

preparation ol' doublo-and •inglc"•tranded DNA. l'or each vorJaot, botli lll)hl imd heavy cha!ns were 

corupletely sequenced uhing t1le didcoxynueleotide methQd (Sequenase, U.S. Biocbemieru Corp.). Pla•mid.s 

were transfonncd into E.coli strain 1<iC9, a derivative of:MM294, plated onto LB plates cont.Uning 5 µg/ml 

25 carbeniciHln. and a single colony selec1ed for protein exprcs.ion. The single colony was grown in 5 ml l.B-

100 µg/llll carbeniciliin fo~ 5-8 hat '37° C. The5 ml culrure wa$ added tO 500 ml APS-100 µgfml 

carllMicll!in ~Dd nllowed tO grow fur 16 h in a 4 L baffled shake fl••k at37°C. AP5 media conslsts of: l.5g 

glucose. J 1,0 l:Tyca.seSF, 0.6g yea.'~ cxtn<c'I (cc:rtil'led). 0.!9ganhydrous MgS04, l.07g NH.Cl, 3.73g KCI, 

l .2g NaCl, 120 ml J M triethanalamino, pH 7.4, 10 I J.. water ~nd then Sterll• filtered through 0.1 µm 

.10 .~calkccn filror. 

Cell• were harvested by ~ntrif.ugadon in a l L centrifuge bottle (Nalgene) at 3000xg nnd the 

•upcrnalrult removed. Afterfre<01.ingtbr J b, the p¢lletwas re.~spended in 25 ml cold JOillM MES-10 .mM 

liO'fA. pFI 5.0 (huftcr A). 250 µl ofO.lM J>MSF (Slgma)wa:i lidded to lnhlblt proteolysis and 3.5 ml of 

stock 10 mg/ml hen egg white lyso>:ymc (Sigma) was added to aid lysis of the bacterial cell w~JI. After 

35 gentle shaking on lee for 1 h, the 8'111lf'le WU• centrifuged at 40,000xg for 15 min, 1110 super.oatant wa• 

brought to 50 ml with bu!I~ A ruid loaded onto a Z nll DEAS column equilibrated wilh bul'fei· A. The ffow­

lhrougl1 wns then applied to a protein 0-Seph•m•c Cl.AB (Pharmacia) column (0.5 ml bed vohm1e) 

equilibrated with buffer A. The column was washed with JO nil buffer A and eluted with 3 ml 0,3 M 

giyclne, pH 3.0, into l.2S ml l. M Trl•, pFI 8.0. The F(al.l) was then buffer excltanged intO PBS using a 

4{l Ccnlricon-30 (Amicon) and 01>ncentrated to a final volume of 0.5 mJ. SDS-P/\GE gels of all F(nb)~ were run 

to n<ccrtain purity and the molcculu:r wolgbt of each variant was verified hy elcctrospray m~ss spectrometry. 
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5 In cell-bawl l.lL!SA binding assays (d<.scribc<l below), tbe binding ofFnbs, including chimeifo 2H7 

Fab, to CD20 wu> difficult to detecl. Therefore, tb• 2H7 fob versions wete rcformatt.ed as full-length lgG1 

antibodies for nss::iys (lAd further muµigen~sis. 

Plasmids for expresslOll of foll-length lg(l's were consoucted by svbcl<>ning the VL and VH 

dom~lns of chimeric 2H7 (v6.8) Fab a.• well as b11mnnizcd Fab versions 2 lo 6 iom previously dc.«:ribed 

II) pRK vector. for mammalian cell expression (Oormun et al., DNA Prol Eng. T•ch. 2:3-JO (1990)). Brl~fly, 

each Fab COl\SU'Wl wa• digested with Er:oRV and 81pl to e.<ciKC a Vt. frngmen~ which was cloned into th<> 

Rr.<1RV /!)Ip! site• of pla.•mid pDRI (l'lg. 4) for expression or the cnmplete 11$hl chain (V1,,-CL domain•)-

Additionally, each F~b construct W.!ll dige.sred wlll1PvulI and ApaI to excise a V11 fragmenl, which was 

cloned into tlie Pvrdl!ApaI •ites of pln$JJtld pDR2 (Fig. 5) for expressi<>n of 1he compJe1e heavy chain (VH-

IS CH1-hingc-CH2·CH, doninlJlS), For each JgG variant, transient tr11nsfectioos wero performed by 

cotransfcctinga light.-chaio expressing plasmid and ahe<lvy-chain expressblg plasmid Into an adenovirus-

11'11n~'furmed human embryonic kidney cell line, 293 (Gr.il!am etal., J, Gen. Viral, 36:59-74, (1977)). 

llrlofly, 293 cells wero •plit on the day prlor lo transfcctlo11, and plaled in !ICnlm•conminiog medium. On the 

folfowlng day, d<>Uhle-stnmded DNA prcparod as a calcium phosphate precipitare was added, followed by 

:ZO pAdVAntage™ DNA (Promcga, Madiwn, WJ), nn.d cells were incubated <.>Vemlght al 37°C. Cell• were 

eullured in scrum-free medium Olld ba.rves!\ld oner 4 day•. Antibodies were purified from culture 

supertto1ant• using protein A~'1•phorose CLAD. lf1en buffor cxch:mJ!ed Int<> 10 ruM sodium suceinate, 140 

nlM NaCl, pH 6.0, and concentrured uslng a Cer!lrlton-10 (Amie<>n). Protein coJ.tcenlrotions were 

dc:tcnnincd hy quantitative ao1J.oo acid analysis. 

2.!l To meMure relntlve bin.ding affinities to !he CD20 antigen, a ceU-lmsed f'il..ISA asS>ly wa~ 

doveloped. Huinan .B-lymphoblastoid WJL2 .. s cell< (ATCC CRL 8885, Amerlc•n T)lpo Culture Collectio)I, 

Rockville, MD) were grown in RPM! 11.\40 s~pplemented with 2 mM L-glutamino, ZO mM HF.J>RS, pH 7.2 

Md 10% heat-inoctivared fetal lx;vine serun> In a humli;llfied So/o C02 incubator. The cells wcr<: waohcd with 

PBS containing 1 % FBS (n.•say buffer) and seeded ot 250.30!),000 cell/well in 96-well round boltom plates 

30 {Nunc, Roskilde, Denmark). Two-fold serially diluted sfl1J\dard (1~.6-1000 ng/ml of 2H7 v6.8 chlmoric J.&G) 

nnd threefol.d sedally diJ.uted sample.• (2.7-:2000 ngfmt) in assay buffo}l' wore added to t&e plates. "l'be plales 

were buried In Ice and incubated for 45 min. •ro remove the un.bound andbody, O.l uiLassay buffer were 

added to Ibo well>. Plates w¢re centrlfugtd and supematants were removed. Cells were washed two more 

limos wlU1Q,21nL assay buffer. Antibody bound m the plate.' w"" dctccrod by adding peroxidase conjugated 

35 ~oat nnti·human Fe an1ibiidy (Jackson lmmunoResearch, West Grove, PA) to the plates. After 4 45 nun 
inc11batlo11, cell$ were washed ""d=ibed before. 'l'MB •ubstratc (3,3',S,5'-teb'all\elbyl bei1zldl11e; 

Kirkegaard&. Pony Labomtories, Gaithersburg, MD) wa.< added to th<> plates, Tlte reaction wa.• •topped by 

adding I M phospboric ocid. Titration curves were iit with a four•pammctcr nonlinear regression curve­

fin.lng prngram (KaleldaGraph, Synerw software, ReadiDJ!, PA). The ahsorbancc al the nl.idpolnt of the 

40 titrotio11 curve (mid-OD) ond Its corresponcling cunccntraUon of the standard were dctcrmim:d. Then die 

conccntradun of ench var.hint at this mitl .. OD was: d~terrnined, nn<l the t.•oncettUation of the st.nndard wa.~ 

divided by that of each varfont. Bence tho value> al'e a ratio of the binding of each v<triaot relative to the 



25 

5 standard. Standard devfat\ollS ln relative affinity (equivalent concentration) were generally+!- 10% between 

experllm;nts. 

Ai; shown in Table2, binding of the CDR-swap varlant (v.2) was extremely .reduced compared to 

chimerio 2HJ (v.6.~). However,.ve,rsions 31-0 6 s~owed Improve<! blnqing: To ~e the mlnlmum. 

nlllll'bet of mutations t®t might be. required to; restore bhldh!g.effinity to ljiat of Cltlmerlc 2H7, 11dditional 

10 mutations and combi:llations of mutations were constructed by $ire.direct mutagenesis to' produce varlanls 1 

to 17 as indicated in Table:Zc ln particular, 'tlreso included V K mutiitj,9ns A49G, F67 A, I69L, N13K, and 

L7SA; and VL mutatio1lSM4L,M33l, andFil'Y: Vm'siOllS 16 and.17 slio~tllll best relative b~ding' 

~cs, wltbln 2-fold of'that of the olilmel:io versl0tt, witlino sigajficantdill.'er~ (s.d. =+/-10%)· 

betwCCll the two. To mip!mJ;reJbe n. of mutat1oll!'1.verslon J6; 1mvhlgoniy·4' mutations of human 

lS .fuuneworkresldues to murlne framework ml dues ~lex~, wai therefore chosen as the h1UJ1anized fonn 

fur additional oharacterlzation. · 

Tall le !i. J.Watiw blndi!Jg affinity ()fJiumantzM 1l1'l rgG va• w"·cruo C:o~ to chl.rnerlc itt1 · 

:uslog cell-basedBLl$k· ~lllla'tlvl: binding;& ~-a'S· ~e0dcea.1rati1111~f the chlmerlo:2H7 over'tlie · 

20 col1CC41latioo..Of tho:varraiitrequirc<i for ~!int blndlngl hence-a ialio'<1 indicates· weaker affinit,y<tor · 

~variant Standatd deViationiJJ. rclativo affinity detemrinatloii.averaged +/-100.4: .Flll1lt0wotk 

·~OPS ill lhovarlablc dOlllalus are relativetotMCDR~p vemou.119¢0tUlng to lh¢uw.nberlng· . 

~mbttahat{E':llbat~al:,siipra): 

-6..S 
.2 
3 
4 
s 
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5 T~l>le 3 Oligonucleotido sequeucos u;ed for construction of mutations VH(A49G, R71 V, N73K) and 

VL(IA6P) in humonize.d 2.H7 version l 6 (2.H7. v 16). Underlined. codons encode the lndicated amino acid 

subs\ilutions. F01· Vu (R71V, N73K) and Vr. (T.A6P), tile oligos are •hown ns tllil sm1'C .•traod sine• tlle•• 

wcra 0$00 for mutogenesJs on.the Fob template, while fur VH (A49G), th• ollgo ls shown ns tbe anti·•ense 

str~nd, since this WO$ nsed with the pRK (J.sO heavy chain) template. The pxotein sequence of vermon 16 is 

10 $hown in Fig. 6 qnd Fig. 7 • 

Sub•illution 
. 

Oll•onucleotido seauence 
Vn (R71V, N13K) G1"11"CACT ATA AO'l'.QTI;;OACMQ'TCCMA MC ACA 'IT 

<SEQ ID NO. 34) 
...Yu!ll490\ OCCAOGATAGATOGCGCCAACCCATICCAGOCC iSf!O ID NO. 35l 

v:ilA6PI MOC'l'CCOAA/\c.;c.;ACTGA11TACOC1' IS"°ID NO. 361 

fur•lt!J!le Z 
Antigen·llinding delermbmnts (pnratopc) ot 2H7 

Alanine substimtloJI$ (Cunningham&. W¢Us, Scienc~ 244: 1081·1085 (l989)wcn: made In 

J $ 2H7. vl (I 01· 2H7.v17 In order tn 1emho comrlbutlons ufindiviclunl 6Jdo chains uf !he antJ"body l11 bfodlng l<l 

CD20. JgC::: V!U'ianls wero C>qlre.~sed in :293 cells from pDR1 and pt>:RZ vectot., purified, an<I assayed for 

relative binding affinity as <lescrlbed ~bovc. Several alanine substltu1ions n:sult<;d In signif!Qaut d¢C<ew;cs In 

relative bindin2 to CDZO on WIL·2S eel!. ('I'able 4). 

;W Tohla4, Hffe<>ts of alanine sub•titutions in the CDR regions of li.umanizcd 2H7.v16 measured U$ing cell­

hMed Hl,TS,4 (Wll/J.·S cells). The rclatlve binding fa expw;sed as tile i:oncentration of the 2H7.v16 parent 

ov~r Ille COnCl:nlmtion of the variant required for equivaleDt blndln~: h¢noc 11 rntiu <I indicat~s we.iker 

a(linity fur 1hc variant; a ratio >1 indicates hi a her nffiolty fot the variant. Slruldard dcviutfon in rclativo 

affinity dcrennination nvemged •I· 10%. Fi:au~work. substlllltlons in lhu "'"'fable domain• are relative to 

2S 2H7. v I 6 4CCotding lo the nu~rlng system of Ka but (Kubat ct ot., .tupra}. NBD mean• no dereetable 

binding. The twn numbers fur vcrsllm 45 uro from scporafx: oxpcriment.<. 

2H7 JCDR "'eavv chain Lfabtchain Rclativu bindin" 

version hneation :rubotitutiuns substilulio11S 

16 . . - .1. 

140 I'll n26A - 0.63 

141 !it v21A . n,47 

'.td. "'l l'28A . 0.86 

35 1=11 ?J.9A . n,117 

36 "I l':IOA - n.81 

37 "l SS1A - n.!)7 

142 11 YS1.A . 0.63 

143 IH1 ~3A . "'°B 
144 R1 M34/\ . 1.2 

145 at H35A . J0.25 

146 H2 ASQG . 0.3] 

147 H2 151A . 0.65 
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38 HZ YS2A . 0.01 
143 HZ P52aJ\ - 0.66 
39 H2 G53A - 0.89 
67 H2 N54A . J.4 
40 H2 G55A . 0.79 
41 H2 D56A - 2.0 
89 H2 l'S7A - 0.61 
9() H2 SSSA - n.11z 
91 fl'2 V59A . o;u 
12 ff2 N60A - 0.80 
93 "2 . Q\llA . 0.83 
94 H2 K62A . 0.44 
95 fl2 F63A . O.Sl 
83 H2 IV71A - 0.96 
14!1 H2 K64A - 0.82 
15(} r.T? OISSA . 1.2 

153 H3 V95A - 0.&9 
112 H3 Vl16A - 0.98 
•3 "'3 Y97A - n.63 
,4 Fl3 Y98A . G.40 

45 H3 S99A - 0.84, 0.92 
46 H3 '1100A - 0.81 
4? H:i SIOOaA - l.85 

4& H3 YlOObA - l.78 
49 H3 WlOOoA - l.02 

59 H3 YJOOdA . 0.98 

60 H.3 'lOOeA . ND13 
61 Fl3 "'!OlA - 0.31 

151 H3 V102A - ].] 

117 L1 . 24A 0.85 
118 Ll - A'><O 1.86 
119 I - 826A 0.98 
120 I - 'SJ..7A '.98 
121 I - S28A 1.0 

122 l - i1').9A 0.41 
0 .1 - S30A 0.96 

;i 1 . f32A 1.0 

123 I . "'33J\ 1.0 

124 .1 - H34A 0.21 

125 ~i - ~~oo 0.92 
126 12 - P5JA 0.88 

52 c2 . S52A 0.80 

3 2 - "53A 0.76 

4 L2 - l.54A 0.60 
127 L2 - A55G 1.1 

128 L2 . S5M l. l 
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129 u . "89A 0.46 
130 L3 . Q90A <0.22 
,5 .2 . W91A 0.88 
S6 t3 . S92A I.I 
'7 ,3 . "°3A 0.36 
58 u . "'94A 0-61 
131 1.3 . P95A NnB 
132 L3 - P96A 0.18 
J23 '~ - T97A "''.22 

Example3 

Additional mutation• wit'® 2ll7 CDR ~ogions 

Substinnlons ofadditional residue.• •nd comblnatlon• ofsuhstitUtlons at CDR positio11s Umt were 
identified as bn)lOnant hy Ala-scanning were also tested. Several comblnadon varianL•, partlcvlru-ly v.96 

10 appeared to bind more lightly than v.16. 

Table S. Bffooto ofcorobination• of mutations ••d non-alanine •uhotitutlons in Uio CDR regions of 
humani1.cd 2H7.v16 measured using cell-based ELISA (WIL2-S cells). 'fherolutivc hinding1o CP20 is 
cxprc.-x<ed as lite concentration of the 21J.7. v 16 parent over the concentration uf the variant t'equlred fur 

15 '1(!ulvruent binding; hence .a rntio <1 lndlc•!•s wcukcraffinit;y fof the v~dant; a ratio >I indicates higher 
nllinity lor the variant. Srnndard <levfotfon in relative affinity dolcrminatk>n averaged +/- 10%. Framework 

~uhsrl1udolls In the variable domain• nre relative to ZB.7.vl6 according to tl1e numbering system uf Knbat 
(Kabat et •I., supro). 

2H7 l::.""vy chain 
vor.;ion substitutio11s 

/:'.~ht chain 
substitutions 

reladv<l binding 

16 - - -1-
96 05(,,\, NlOOA S92A 3.5 
97 ~99T Nl OOG Y100bl - 0.99 
98 •9110 NI DOS. Y l OObX - 1.6 
09 NlOOO, YlOObl - t).80 

J.01 N'54S D.5GA - 1.1 
102 N54K D56A - lo.48 
103 P56A,NIOOA - 2.1 
104 S99'E N llJOG - n.81 
105 S99G,NJOOS - l.l 
106 NlOOG - .... 1 
167 S IOOaG Y J OObS -
13(\ D56A.Nl00A S56A S92A ".6 
137 DSiiA.NJOOA AS5G,S\12A f>.i 
156 D5<lA, N1 OOA S26A. S56A, S92A 2.1 
107 DSM. NlOOA, Y JDObl S92A fn<lt cxnrcssc<l 

JS2 Y27W -
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-· 
183 Y27F -
184 V.Z9Y . 
185 t'29W . 
lM Y3:1..F -
ll\7 Y32W . 
J Bll N33n . . 
189 N33D . 
190 "P;'3Y -
l'JI "33S -
~. fl3SS -

--2()9 11508 -
2JO A.SOR . 
:211 ASOV -....... _.,, .... 

•soi. 212 . 
J!IH Y5ZW . 
169 Y52F . .75 
170 NS4D . 'l.25 

17! NS45 - 1.2 
172 DS6K - I 
173 D56R . 
174 ~'6H - l.S 
l7S DS6.ll . 1.2 

~t~~--- D56S .. . 
214 DS6G . 
"JS DS6N -
216 D5GY -
176 Y5'i>W -
177 Y59F . 
180 KOZR -
181 K62D -
178 F63W -
179 F63Y -
1~7 Y97W . .t\4 
158 Y97F - 1.z 
IS9 Y98W . n.64 
160 Y98F - ,88 
106 NIOOG -
IM WIOOcY - .0.5 
1&2 WlOO~l' - 0.27 
W3 F100eY - ,,9 
164 E,100cW - n.71 
ms Dl01N - .64 
166 S99G NlOOG. SJOOaD,YJOOb defot~d - 0.99 
217 VJO:>-Y - 1.0 

207 - ff34Y 
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192 - Q89E 

193 - 089N 
194 ,...,, - If WOE 

19S . 090N 

196 - W91Y 
197 ,___ . W9IF 

zos . S92N 
!16 . R920 

1!18 . F93Y 
1!19 . ""3W -
204 . "'3S N94Y 
200 . 1'96L 
201 . l'96Y 
02 . P96W 

~03 . P96R 
5 

Example4 
Mutution.s ot sit~ 9f framework humani~ntion sol>sUt\1t$ons 

Sub~titutions: of additional residue.<; at framework pn~itinni;, that were changed during humanization 

10 were also tested Jn the 2H7,v16 backgrou.od, In particular, alternatlve frrunework sobslitutions U1a1 WOf\\ 

ncl~1cr found in the murino 21l7 pttrentnor tbo hullllln consensus framework were made at V<(P46) and 

Vu(049. V71, Hnd K73), 

JS 

Thcoe sul>sti1uliOM genoralfJ led to Jlttle cllan&e Jn relndve blodhi,g (Tal>Je 6), lndiClltlng th•t there 

i:-i some. ncxibilily in frunework resklues nt tbe-.se posJti.ons. 

Tabler.. Relative bin<ling in a c'<lll·basc<I (WJL2-S) assa~ <>!framework substltutiol!S. J,i;G vruiants are 

shown with mui.rions with resptetta the2fl7.vl6 background. The rclulivo binding is oxpro"od as 1hu 

concen\llltlon l)f d10 2ff7.V1$.ll chimera over the oonrumtration of the variant rcquirod for oquivalont binding; 

hon co a rntl.o <l lndlcatl!$ weaker affinity fort.he vanant; a rutl<> > 1 indicate.• higher •ffinity for tho v<lrl:mt 

20 Slandnrd devladon in relative ttfflnlty detenninatlon uvcrogcd +/- I 0%, Framework substitutions in the 

vormble domains nre relative IQ 2H7 .vl 6 according 1<11hc numbering system 11f Kabdl C.K.abal el al., >«pra), 

($) Varumts thnl ~>: a$$ll)'~ with 2H7.vf6 "-'tho stardard ocmparator; relative v~J11cs are nonllalized to 

that <>f the Qhimora. 

2H7 leavyclwin ightehain Relative binding 

VL-rnton ·ubstitulions ubstirutions 

~.8 (ch.imera) chimer'•) -1~ 

Hi . - o.64 
R K73R . 0.72 

9 K73H - 0.49 

80 1{730 . D.58 

81 V7J! . 0.42 
' 82 V71T - 0.5R 

63 V71A . 
84 Cl49S " ().32 



. 
R5 G49L . 
36 . P46E 0.22 . .. 
$7 . P46V 0-1 I 
$8 . P46T 
um Cl49A. V71T, K73R S92/\. "-32L, P46T 0.026• 
W9 Q49/\. A490, V71T. K.73R ' S92/\, M32L. P46T 0.()26• 

I IO R:73R. p.:;oA, NIOIJA S92A. M32J, ri..lot cxnrc.o;.'iGd 
!11 049A V71T K79R . ~.46• 

112 CM9A. A500. V71T. K73R . ),(2.• 

(*) Variants tblit wcru t1.~•aycd with W7.vh$ •• the s~10.dard compar•!or; 
refaUvc value• urc normali>.ed to d1~1 of the chimera. 

E><arnpfo 5 

l:iuman!xod 2H7 vad1111ts -wl!b. enliauced dtedor functions 

Bocnu•c 2H7 cnn mcdiato lysi• ofB.ccll.< through both complemont·dependeot cyloto~!ci!y (CDC) 

J 0 ;ind anrilx>dy-depcndent cellular cytotoxicity (/\DCC), w~ sought to prod UC<' vai:fonts of bumnnlud 2ll.7.v Ill 

with Improved CDC and ADC.C actMty. Mumtion~ of certain rosldues wltbl~ tho Fe regions ofother 

andbodlos have been desci·ll>ed (Id11s~a1~ et al., J. Jm111111Wl.166:2571-2S75 (20Ql)) for llnp10vlng CDC 

through enlia~ced binding lo the e-0mplemen1 compo11eot Cl q, Mutallons have lllso ~n deS<."Tibc'd (Shi old• 

u1 al., J, Bi(J/, Ch,,m. 276:6591 ·66114 (2001 J; Prcsla el al. Biockam. Soc. 7hm:o\ 30:487-490 (2002;}) for 

t S lmpr<>vlng /\DCC <llmugh cohanc<d IgG binding to activating Fey receptors and reduoed TgG blndinl! to 

inbiblco1y l'crrec~pto1.~. lJJ pnrlleul~r, three mut.1tion~ hove boen ldenrlfi<d for lmpmvlng Cl)C on<! APCC 

activity: S298AIE333NK334A (•l•o refcrrc'd to ll~.relu ae a triple Ala mutllnl ot vl!rillllt: num~tin.i; in !he Fe 

rogfun iH uccording to the EU numbcringsy.lem: Kabnl et a! •• •upro) M described (ldoso$le et Ill •• supra 

(200 I): Shield< ct al., supra). 

20 Tn (lrder to enhan"" CDC and ADCC uclivity of 2H7, a triple Alu mutant of Ule 2H7 .Fe was 

constrvctixJ, A lturoMlied variant ofrbs nnti-HER2 antibody 4d5 ha.• boen produced with mutation• 

S298NE333AJK334A and Is .known RS 4llSl.'ol !0 (l~ .. ant.l-p1"'HF.R2 [&G1 ($298A/R333A/K334A); 

Shlcl<l• ol ul., ~·uprn). A plllsntl<J, p4DSl'cllO QncodiJ1a antibody 4D5Fc110 (Shield$ et nl., i1tpra) wos 

cllgoutcd wilh Apal and /lindill, and 1bo l'c·1l'a&n>ent (CQntainins mutationn S298A/P..~3SA/K334A) wa.~ 

2.5 lli;tnc<l into lhc ApaU/Iuu!lll sltes of the 2H7 heavy-chain vector pORZ.vl6, to prqduco pOR2-v31. The 

amino w;id '""JUcnco of\11¢ vtr~on:lL compJet~!ii;hRlo issbown iQ Fig. 8. The T.cb•in is the scmeIDJ th•t 

of vHI. 

Alth<>u8h tho constanl domlllns of dt<)Fc Ko},eion ofigGl ll.Urib<Jdles arere)ativoly conserved wld1in 

n given •p<:<:ic.•, allelic variu!icns exist (reviewed by LefraM and 1.efra11c, ln 'lfl4 huma" JgG su.bcklsse~·: 
30 11111/•cularanaly.ri.r af."'w:tura,frmction, and rcgu!11ti<J11, pp, 43·78, .E', Sllakib (ed.), Pw\)lUll1non Pi'¢$S, 

O•J'Qrd (1990)). 

'l'~blo 7. Effects of <uh.iitu1fo11s in the Pc region on CD20 binding. Relative binding h> CD20 wrm 

rneuHuro<l in a co!l-basod (WlL2-S) ~ssay of ftmnework substlcutioos. Fe mumtloas ("')are illd1cme<l by EU 

35 numbering (K.nbat, supra) nnd are relative to the 2H7. v I fi purenc. The cumhinalitm of three /\In chonges in 
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5 1hc l'c rejli<m <>f v.3 l ii described 11s "Pul IO." TgO vari:u>ts ore S!lown with muwioos wllh rc•pcct tn tlie 

;2)17.vl~ bockground. 'l1ie rclulivc binding iHxpresscd as tl•c conccntmtlon of the 2H7.v6.S chimera over 

the concentration of the variant required for equivalent biodin~; hence• rntio < 1 )J1dlca1es wc•kcr affinity 

fol' the vt1th1n~ Siamlard deviaJion in refalivo affinity dctcnnlnntion averoged +I- 10%. 

10 

2H7 Pc Relative 
version Subsfitutiuns* blndin2 
6.ff . ·I· 
16 . 0.65 
31 S29HA. E.~33A, K334A. 0.62 

£x•lllpl& 6 

llurnaDi<ed ZH7 vadilllts with eTilianccd SIAbllily 

!'or de'lelopment as thorapcuUc proteins, it i• oe.<irnhle 1(1 choo~ varfat1l$ tftat 1-.:main stable with 

rcHpL'CI tn o>idatinn, deamidation, or other processes !bat mcy nffe<:t product qul!lity, in :rnuliable 

JS fomulntion b11ffilr. Tn 2R7.vlli, several NS!dues we.ro ldenililed as pu.,.lbfo source• ofinstability: VT. 

(M;\l) ond Vli (MM, N100). 'l"be.m>foxe. mutations we.re lnlto<lu<:e<l nl lhc~c •ite• fur comp:ui•on with v1 6. 

Tlll1lc S. ll•l•tlve. binding of2l'l'7 variants de.1lgnod for e®anced stabJJJty Md/or effe<:lor !unction, to CD20 

In neoll-bo.•ed(WTT..2-S) assay. JgO vArlnntsareshown wWi mutations witll respect lo tbe 2H7.vl6 

20 bnck,ground, Th~ re!arlvo blndlne ls oxpressed as tl•• coneeiltradon of d10 2H7. v6.8 chimera over the 

conccnln.\tion or tho varhmt required f<»" C<juivaJcnt b1ndin.g; hence n ratio <1 indicates weaker affinity for 

the varinnL Standard devfarlon In relative nffinity detenninn~iol'l avern.aed +/ .. 10% .. Frnn1ework 

Nubstitu:r.-knnt in the variable domainK arorcJativo ti) 2H7.vJ6 according w the numbering 11y1twn ofR'abnt 

und Fe mut•tion• (•) :ae lndicatcd by EU numbering (Kaba! et ~l .. supra), ('") Vwi•n!s thllt were mc:mmd 

2.5 wlth 2H7. v 16"" the st•ndard comp1®lOr; rcl~tiv6 values are Tiunnalizod \o that t>f the chimwa. 

Additional Fe mutations wcro cumbincil wltll •lllbilily or llffinit;r-cnh11ncing mututions t<> ullcr or 

cnl1nncc cffcet.Clr funcri<>M bu.'ed nn prcviouRly rcpnrtcd mut•tinns (ldu.•nf!ic ct ol. (WOO}: 

Idusogloo ct ol. {2001): Shields et al. (2001)). These chnnges include S'.298. E333A, I<334A as described in 

Bx•mplc 5; .K322A to r~duc!>d CDC activity; DZ6'A lo r«fuce A.DCC acdvlty; K326A or K326W to 

30 cnlmncc CDCuclivity; and B~'6D/M358L to test th~ef.(~s ofalloiyplc chnng\'.s Ill the lie region. None of 

the•• muwUon• cnused si$Jlllkant d!ll'erences bl CP20 binding actlnlcy. 

2H7 Heavy cltain ~ghtcham "<lchanges 3 ~:I alive 
vcrni<1n (Vu) chon-s (V.) ch•n•es b111dlnl!: 

t\.11 'chimera) chimcrn) . • 1· 
16 . . - 0.6:S 

62 . M321 . 0.46 

63 M341 - - . 0.49 

M l'llOOA . . 
6S ~HlOA L47W . 0.74 

66 S99A 1A7W . J.62 

67 N54A - . 
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M • M3ZI - OAS 

'I NIOOD - $2Q8A. B333A, K334A 0.44 

73 NJOOA M32l.. • 0.53 

:;4 NlOOA M321 $29fl/\. R3SM, !034A Cl.61 

T )3 • • "'S6D Mll58!, 0.61)•• 

I 14 D56A, N 100A "SZ' S92A 529BA E.~33A, K3"'A I .2 .. 

!JS D56A,NIOOA "'3?' S92A S2.98A-E933A K3MA,E3360.M358L l.4•• 

~1:1~6,.___---<f>SQA, N'100A 1"~2L.. S!):lA ~298A, KS34• K322A 1.2t• 

134 056A NIOOA .,,.2T. IJ02A E.1561) M3.1ST mGS.A IS,. 

135 D56A. NI OOA "32L, S92A E356D. M358T.. P26S/\ 'KS26W 0.95 .. 

•'· •,:.;;54'----l··-~·~·-i~·c_ ___ -l"D'-"2"'6..1:'.!A._ ___________ ....i::;o.,,.70,,_•_•--i 

155 • • S298/\, K322A, ~334A 0.70'''' 

( .. ) V arlonts thnt were measure<;! wilh 2H7. v16 a; comparar.oq 

rclo.t!vc binding valu•• ore normoli>'£d to that of the ohimor•. 

To test tbof)fkcls ohtnbll!ty mutations on the mW. o! protoln de~ada!ion, 2H7.v Hi and 2H7,v73 

were fomrnllilud at 12-14 inJ)'{IllL in 10 mM blstldlno. 6'!b suoros~. O.OZ% po!ysorbatc :io, pH s.~ and 

f noubutcd at 40•c for l 6 dayu. Tho lnc'Uoatcd ••mples wcro tbcn ru;,.,ycd for cluutgt\s In ch.,go vorioots by 

ion exchu.ngcchromutngrophy. nggrcgation nnd frugmcat:ailon by ~i7.c cxcluition chrom11to,graphy, and 

10 relative binding by wsting in a cell-b:.~ed(WJT..Z.S) "''""-Y· 

15 

Tb1>t<Sults (Fig, 9) sbow \110< 2H7 v.73 h..., greawr stability compared tq 2'fl'7 v.16 with re~pect tQ 

looses Jn tbe fracl)on Qf main peak by Ion exchanll" chmmutngl'uphy under accelerated otability cm1dition•. 

No sign}fJoant dlft'erencee were Geen with renpect to awezation, fi-aB:mentation) Of" binding affinity . 

.&1<ampfo7 
Scatchurd nn:ilyslR of ontillodr binwvg to CDW on W!L2-S <ell's 

Ilqullibrlum dissoelntio'1 con$1un" (K,i) wore detennined for 2H7 Ti.tG vuriant• binding to WII.2-S 

cell• using r•diulabe!ed 2H7.l&<l. lgO variants w~ produc«l ln Cfl'Oce!Js. Rit.uXlln® (soweefor •II 

••pcrimcnts i• Gcncnl<:<:b, S. Sanl'rAnclsi;o, CA) aJld murln~ 2H7 (110 )'harM!ngon, San r>tegQ, <:.A) were 

2.0 u•ud JOrcompurlson wllb humanized varlaot8, The 111urine 2H7 •nlibody rs nl~o ovnllobl• from other 

murcc•, e.g., cBioscionce, aml Calblochem (both of SlUl J)Jego, CA), A(:(;U!<lte Cl1eroJcal & Sclemlflc Co(p., 

(Wc•thury, NY), Ancell (Bayport, MN), n~<I Vincl·J>l~hem (Vlncl, lrttly). AJl dilutions were performed ln 

bindln& Msoy buffer (DMEM rnedin containing 1% bovine •crum albumin, 25 mM HEPES pH 7.2, aml 

0,0 I% •odium ur.idc). Aliquot. (0.0ZS nil..) of 11lL·2H7. v 16 {lodb1ated wltfl lMtopero)(!dase) al a 

i$ conoontnuion ofO.R nM were diRf"'n~etl into wells 1ifa V·b<>ttom 96-wcll microw;s~y plate, and mial 

dllurfon" (0.05 nit.) of cnld ontihndy were adllcd and rnixcd. WIL2·S ~ell• (61)1()0() cells !n 0.025 mL) were 

then added. The plate W3'< Realed ond incuhatcd utr<>om tcmpcrmurc for24h, then centrifu_god for 15 min nt 

3,500 RPM. '1110 supor1u1toot was tJ1en ospirnted end the cell pellet wn~ washod nnd ceotrifu2e-O. The 
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5 xupcmatant wa.' again a<pirnterl, an<l th~ ~llets were dissolved In IN N'10H lllld lran•fcrrctl to tubci for 

(\n<n1na counting. The dnta wen: used !\Jr Scnwhord •naly•i• (Munson an<) Ro<lbard, Arra/. l!iuch•m. 
I 07:220-239 (1980)) u,fng tho pmwam T.lgand (McPherson, Compu~ Prograin.r l!imnad. 17: I 07· 114 

(1983)). The results, ~h<>wn le Table 9. lndkate that humanh:od 2H7 variant• hnd similnrCD20 blfidln~ 
11ffinlly ns e<>mpnred to murioe 2.H7, and ,;mUar binding affinity to Rituxan®. It is expected lll•l 2H7.v:>I 

10 will hnvevo!ry slmllnr K,, to v.!6on lhc busi~ of tho bindinzihown in Tnble i nl>ov¢. 

IS 

Tal>lo i>. Equilibrium binding aftiniry of 2H7 varlams from Soutoluml analyRifi 

Antibody vmfaut K.i (nM) Tl 

Riru:can 0.99;t;Mll 3 

2H7 (murlne) 1.:13,±0.29 3 

2H7,vl6 0.84,:!;0.37 4 

2H7.v73 1.22,±0.39 4 

2H7.v7S 1.09,:!;0.!7 4 

Examples 
Complement Dependent Cytotoxlclly (CDC) ;\s.<;ayo 

2!i7 lgG vruiants were •••ayed for their ablliry to mediate complement-dependent lysis ofWIL2·S 
cc!l., 11 CD20 cxprc."1ing Jympholila.stoid B-<>ell lioe, esseotlally as described (Tdu.•<>Lri• «al., J. lmilluM/. 

IM:4178-4I!M (2000): !<lu•o~ic ot w~J, TmmunoL 166:2511·251$ (2001)). Anllbodi•• were serially diluted 
I :3 ftMl n -0.l mg/ml., stock solution. A 0.05 ml., aliquot of each dillltioo wos ndd<d 10 a 96-wcll tissue 

20 culture plate U1~t contrun~d O.OS mL ofa •<>lution of normal huma1> complement (Quldcl, Sau Diego, CA) 
To lhis mixture, 50,000 WJL2..S cell• were adoed in n 0.05 mt. volume. After lnc'!lbation f<>r 2h at :l'l"C, 
0.05 mL <>fa •<>lution of Alamarblue (Aecu1ne4 Jnrermnlon~l. Wesll!lk~, OH) warnddcd, and Incubation 
was conrlnue<l for IUl additional l8h nt37"C, covers were then removed from the plot<$, •nd they were 
shaken tor I:> mln nl t'OO!ll tenipmilurc on un orbitul ohllkor. Refotive fluoreROent uni1" (Rl'U) were read 

2r, osi•lll a S30 Ml excltntlon filter and a S90 nm emission filter. An EC..o woo calculated by fitdng RFU as a 
tlln<:tion of concentration fQJ' eooh nntll>Qdy 11sln~ .{(J>JeJdaG1-apl1 son ware. 

'!'he results ('l'able IO) show surprish1$ lmptewment in CDC b)' burnani1.cd 2H7 antibodie;, witl1 
relutlvc potcnL')' xi.mil.,. to rutuxan® for • .. 73, 3-fold more pot£nt than Rbuxan® for v.7$, and 3.fold weaker 
than Rituxun® for v.16 • 

• ~O TAblc 10, COC ~ctMty of2H7 aotib<ld!es compar«l ro Rlwxan. Numbers:>! indicate lCl1s potent CDC 
ac!Mty llnm Ritux•n® artd number• <I lnaic~tu more pull>nl HCtlvi1y thun Rituxun®. Antibodie~ were 
pr<iduood fi'om slab le CHO fine., except that lhusc lndic11tod by (") were produeed trnMiontly • 

Anllbodv variant n fEC,11(varianll/EC ... rrutuxon) 

~ltux~n® 4 ·I· 
2H7.vle$ 4 3.7:2: 4.08 
2B7.v31• 4 2.21 
'H7.v73 4 I.OS 
2H7.v7.5 4 2·33 
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2H7,v96* 4 n.956 
2H7.vll4• 4 o.37L 
2H7.vll5"' 4 0.475 

" 
ZH7.vll6~ I >JOO 
ZH7.vl35~ 2 0.42 

s 
Exnmple 9 

Antibndy Depen<l~~t Cellular CytotoxMt,y (ADCC) A<.'i:\Y• 

2H7 lgG vruiunts wore ""-<ayed for lhoir a\>ilily to mediate Naturl\L·Killer coll (NK cell) ly•i• of 

J 0 W l!.2·S <-cll., a CD20 c><prcXR!ng lyinphQblo$Wid ll..cell line, essentlnlly as desetibod (Shield• et al, J. Blot 

('J1r.114 27o:(>S91·6604 (:2001)) using a Jactalll dellydtoi;ena.'e (I.DH) rcudout. NK cell• w•r• prep~1·e(( from 

I oo mL or beparln!zed blood, diluted witb I oo mL of PBS (pho3ph•te buffeted saline), obtained lrom 

normal human dnllQra who hod been iiotyfX'd for l'tjRJll, ruso known os CDl6 (KOOnc ot •1., Blood 

90: 1109· ll 14 (1997)). Jn tbf • experiment, the NK cell• were from human dQno~ hererozysous for CD 16 

'·' (l'IS8/Vl58). Tiwdilutcd blood wa.• layered over 15 mL oflymphocyu> separarion medium (!C'.N 
Biocb~m!c11l, Aurora, Ohiu) and contritllgcd 1\Jr 2() min ~t 2000 RPM, Whit<> coll• at the lnterfaec between 

luyern were di•pcn:;cd to 4 clean SO·mL tubes, which wcru iille<l with RPMI medium containing 15% rota! 

cnlf oorum. Tube• were centrifuged fur 5 min nt 1400 RPM und the Aupernotnnt dim:nrded. Pellet11 were 

rco1i.pcndtd in MAC.q huff er (0.5% BSA, 2mM EDTA), and NK cons were purified u;ing bcodl; (NK Cell 

20 lsolntlo11 :&11, 130-041i-50i) a=xdlng 10 the manufncturer's protocol (Milrooyl Blow:h,), NK cells were 

diluted in MACS lntll'cr to Z>1JO' cells/mL. 

Serial <lilu~on• uf ontibooy (0,0S mLJ In ass~y me<Jium (l'l:l/DMUM 50:50 wltJ1out £1yclno, I mM 

IIDP.liS bull:er pU 7.2, l'en~Jcillin/SireptQmycln (100 unlWrnL; Gibco), glmamin•, and 1% heot-inoctivot<d 

fetal bovine S«uill) were added to~ 96-well round-botrom tit:t;uo cnlture plate. WlL2-S cell• were <bluted in 

25 uxs~r buffer lo a concentration ot 4 x ll)lfmL. W1L2-S <:ell$ (1).05 11\L per well) were rnl•ed with diluted 

onUbndy in the 96-wcll plate and incobttl<ld fot SO mln al room temperature to allow binding of •ntibody to 

CD:W (<>p«nni1'iti<m). 

'1'h.e ADCC Te.fiction wf!.; JnirintP-.0 hy ndtfine; 0 I mT. ofNK cnJli; tn r.H(:h wr.11. ln cmntn1l w1:1TK, ?.'111 

Triton X·lQO WllS added. 'fbe pinto Wt1$ lhen incubated for 4h at 37°C. Level~ of I.DH rclCWlcd were 

30 moasured 11sJJ1a a cytoroxiclty (LOH) d&iec<ion l<it (K.i!lll644793, Rocho Diagnostic$, lndi:wapulis, ln~iallll.} 

foflowlng the monufucturora ln..tructions. (),J mLofLDH dcvelopor wasaddod to eacb well, Collowed by 

mixfn& for JOs. 'l'he plate was then covered with Bluminum fol11111d Incubated in the !lorl< ut mom 

temperature fur IS min. Optical density at 490 nm wo$ then read and use tQ calculate% lysis by dividing hy 

the tot~! LOB: m01L1ured in control woll•. Lyni• wa.< plotto!l ~•a runction ur anUb<idy concenltatfon, and a 4-

35 pm1mclcr curve flt (KaleldaGraplt) w~i ui<rl to determine F.C!O concentration•. 

Tho rc~ults •howcd that bunmnlzed 2H7 ~otlbodles were •otlvC> lo Al)CC, with rolarive potency 20· 

fold higher lh«n Rituxan® rorv.31 ~ttd v.7:., s-foJd more pc!Mt 1h•n ~huxPn® fur v.16, and nb11osr4-fold 

higher Ulan Rituxnn® for v.73, 
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TAbfo 11. ADCC nctivity ofZH7 untillodies on W1L2·S cells compmd !o2l11.vl6, bnse<l <m n 

¢Xpcrlmcnt>. (Vulues > J JndicMe lower potency !hart 2H7. v 16, nnd vnlues <I indicnr• l!l'ellter potency.) 

AnlibOdy variunt JI EC«.(V atil\atl/EC;o(2H7. v 16) 
Rituxun® 4 5.3 
2fJ7.vl6 5 I 
2H7.v3J l 0.24 
2fl7.v73 s l.4 
2ffl,v7S 4 0.2.5 

Additional ADC<:: ussoys were cruricd <>Ut tu <mmp:ir<> com.bltwdon-varianm <>f 2Fl7 wirh RltuMn®. 

JU The rc•ulln of rhese•ssnys lndlca1¢<1tlml2H7.vl14 and 2'Fl?.vlT' Emvo>lO·J\>ld impmvo<l ADCC PQteocy 

"" cnmpru"«I 10 Rhuxnn® (Table 12). 

15 

'l'able 12. ADCC activity ofZlJ.7 Mdboclles 011 WlL2-S cells compared ti! Rifllxon®, based on ll 

¢l<JX>rlments (V•lues >l lndicnte loW¢rpotoncy th•11 Rituxun®, nnd valnos <1 Indicate gtulet potency), 

Antlhodv varinnl 'f!C50(vDJ'i .. tVF.CSOCRitul<nnJ 

Rltuxon® 2 ·I· 
!:i'l;'!..~16 2 0.52 .. 
~l'l'7v.96 ) 0.58 
2H7.vll4 > 0.093-
2H7.vll5 2 1),083 
2H7.v!l6 z 0.30 

'E':rnmple 10 

m vivo effects of2Tf7 vnrlnnts In" pDot llbtdy In cynomolgu• m<>Dkey• 

2Fl7 voriani., pmdue<:d by tran>ionl Ctansf¢etlo11 of CHO cells. were te-sred In normal male 

W cynomolgu$ (Macar.afa"clr.ulari.<) m<mkcys in order 10 evaluate d1elr /It viVc acdvi.tles. Ocher onti-CD20 

ani!bodies, such as C2B8 {Rltuxan®) nave demon•tratcd un •bility to deplete B·cellsln normal prlmates 

(Reff el Cil., Bl<1ud 83: 43$-445 (1994)). 

In nnc •ludy, humanfaed 2H7 variants were compared. Tn n parallel •tudy, Rituxan® wu• uls<> 

10$(¢<1 Jn .;ynomolsu• mnnkeys. Fuur monkeys were used In eai:h of five do$~ sroups: (1) vehicle, (2) O.OS 

2S mll/kg hulH7.vl6, (3) 11lmglka- hu2H7.vl6, (4) 0.00 rug/kg hu2H7.v31, and (5) 10 msfkg hu2Fl7.v31. 

Antlbndle.• were administered intravenously at a coocencrotion of(), ().2, <>r'20 mg/mL, for a mt& <>f tw<l 

de>ses, one oo dny 1 of 111• 61lldy, and un11!hcr on day S. 1'he fll'st day of dosing ls designated doy 1 and llie 

pr<>vious <luy ;. designated day-Ii tbe tirst<lay of rwnvery (for 2 unlmul• in eacl1 gnlup) ls designated as 

doy I l. lllnnd"wnplcs were eolfocled on days-19,-1:2, 1 (p1iorto dosinz), ondat.6h, 24h, and 72!1 

~O iollowln8 th¢ fi.~t dose. Addition•! HamploM wcre laken on day 8 (prior to dosllig), day 10 {ptlorto sacrifice 

<11'2 unimal>fgruup), and on days 36 and C}? (for recovery animal•). 

Petipheml ll-cell concentmtlon.1 were deierminod by a l'i\CS method !hat c<>untcd CD3-/CD40+ 

cell•. The percent of CJ.J3·CJ.J40+ U cells of rm•l lymphocytes in monkey 'ample' were nhmined by the 

follnwfog gating >lrategy, 111e lymphoc)'!e popu!Ation wns mnrkod on rho forwnrd sco11erl side scatter 
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5 >cuttcrgrom to define Region I (RI). Using evenis ln RI, tlui>roi;oonco intenslt~ do! pl\ltl! were displayed for 

CD40 lind cm morke1·~ Pluorescently lnheled l.~orype control$ were u""d to Mte1m!no "''P"°rivo cutoff 

pointl! for (:1)40 nnd CD3 posilivity. 

The reMts indicated thot hoth 2H7 .vHi and 2H7.v3 I were capoble of pt'QOucing full pclipherol ll­

ccll <leplcliun at the I 0 mg/kg doS¢ nn.d partM pcriphcflll B·cell depletion at lhe Q,{)5 mg/kg d<>•• (Fis. l l). 

J 0 The rime cnursennd extent of !!·cell doplmion mea•urcd durln& tbo first 72b of doi;inz wore •i111ila1• for Ul~ 

rwo antibodl~ S11bse<}uen1 &TI~lysin of the recovery nnlmi ls lndlcatoo !hut Wlimul• tn:ottd with :lH7. v3 I 

~huwcd a prolonged depletion of B~Us as compared!~ lh<>Fo do•ed with 2H7.vl6. In particular, recovery 

Mlmnls u•onto:d wl1h JO mg/kg 2H7.vl6, B-cells •how•d substantial l3·coll rcoovCT}' ut •ome time betweeA 

.. mp ling un Day I{) und on Day 36. Hawwor, for recovery anhuals treated wltb I 0 m)!lkg 2H7. v31, B-cells 

JS did nu[ •how roc<>VCI')' until some time beiween D•y 36 aod Day 67 (Fig. I J), This •uggcst• o weou:r 

durudon of full depletion by about one moJ1tb for 2H7.v3 ! .;ompare<I \Q 2H7.v l 6. 

N'o l<:>xlc!i;y was observed 111 th~ JJ1onkey s1o(fy nt low or ltl$1t doso and tho gr<>s. pttthol<>gy wa.• 

normal. Jn otb~ srn<;fles, v!6 was well toternted up to tbeliighest doso cvuluutcd <1f (l OOmz!kgx2 = 1200 

m8/m~ "2) £ollowln3 l.v. admhllsln\Uon of2 aoscs givon 2 weeks apart in thc.1c monkey•. 

20 Data in CYTiomnlgu• m<>nkcy.< wlth 2H7.v 16 verlrtls Ritu .. n® Ollgg~ts thnt a 5-fold redoetion ln 

CDC ucriviiy dooi; 11ot:u.lven:ely nffe<:tpor.enoy. An B11t1oody wit]) j)O!eutATJCC acdvlty but redllced CDC 

oetlvl1y 1t1ay hAVll more fovornble safety pro:flle with r•&iu'd to f.Jm btl\lslon teaetlolls th.au o~e wlth ~ter 

CDC aotlvlry. 

ExgmpleU 
Fuco.•e deficient :Ul.7 variant :mtlbcx)jes wlfu ~nh~1'¢ed. clte<:tor fu.nclion 

Normal CHO und HEK293 cell' odd i'ucose to l&O oligosacclwlde to a liigb d•&<•" (97-98%). IgG 

from •o•·~ ore nlso highly fuco•ylatod. 

DPl2, • dihy.;lrofQfat.e reducwe minus {DHFR1 CHO -0cll 1ino that i• fucosylo!ion <:Qmpetcnt, •ml 

~O Lee!), a cell fine that is deficient in prctein fuc.n•ylatiun were used to produce untibodles for lh!s study, Th" 

C'.HO cell ll110 Prc-I.e<>13.6a (Lc:of3), was ob!tlined rrow l'tofessor Pamela St~oley of Albo11 Blnstein 

College of Medicine nfYeshiva Unfvcmity. P&¢11lal lines ue Pto· (pt'QUne auxorroph) nnd O•t· (glycine, 

adcnoslne, 1bymldll1e auxotroph). The CHO-DPl2 cell line is a dorlvativc of the CHO· Kl cell Un6 (ATCC 

llCCJ...61 ), whlob i& dniydrofolate zeductnse deficient, nod h"' a reduced "")Uircmont for in•ulin. Coll {foe~ 

35 wcro tr•n•(eotcd with cDNA using tl1~ S11pu£ect meihod (Qln11en. Vnlencio, CA). Selection of the T..ec13 

cells expresslPP. t"'n$fected ~•tibodie.• wiu; potformod mring puromyein d.Ui~drocblorlde (Calblochem, Sro> 

Diego, CA) al 10 µg)ml In growth medium conl4ining: MEM Alpb• Medium with L-Jllulllnllne, 

ribonucleoslde..• nnd deoxyrillllnucleo~ido• (GlBCO·BRL, Oailll<l>'S'burg, MD), supp!eJronto:d wJih IQ% 

lnacliY"~l<ld 11JJS (Ol:IJCO), 10 mM REPF.S, and IX pcnicilllnlstrcptc11rt~cin (GIBCO), 'l'lte CHO cells were 

40 ~lmllurly ""lcctcd in growth n1edium ~ontnlolng Hunl's l'J 2 witlwut O'fJT: l.ow Olucn•• DMEM without 

Olycine With N'llflC03 •uppkrncntcd With 5% FllS (GIBCO), 10 mM Hl:ll'lJS, 2 mM J,-gJ~1a171l11e, lX 

OHT(g!yclue, hypoxanlhine,thymidlne), and IX p<micll!inlstroptomycin. 

C11lonic• formed wiUiio two to tl1ree weeks and were j)Ooled for expnnaion nnd protein expre."ion. 

'fho coll pool• were ..Wed initially •t 3 x lO' cclls/10 cm plR!e for small bal<>h prot~ln exp.ression. Th• cells 
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5 woro converted lo sorum-rrce media once they grew 10 90-95% c1mfluency and row 3-S day~ cell 

•upcrnli\an~• were collected and t~•tll<I Ji\ an Fe l:>G- •nd inwct lgG-BLlSA lo cslim•to protein expression 

Jcvcfa. l.ec 13 niid CHO cells wero ,ceded nt npproxlmntoly 8 x 10~ ceJ!"11 S cm plat«ine <Jay prlorto 

Cl>nvc~ling lo PS24 production medium, supplcmenlnd with IO mg!L !'el;ombinllnl human in.<ulin and l mg/L 

tN!Cc Ql¢1n~l\(S. 

10 Lee 13 cells and DP 12 cell• remained in 'll!t\rm,.freo ptoduetion medium fnr 3-4 doys. Su~~lllnl• 

wcte colltcled ~ndclarilicd by centrifuantion in l~O rul conical lube• to romovo cell; nnd debris. 'l'bo 

protem•c inhlhltnn< PMSF ond oprotinlo (Sigma, St. Louis, MO) were added ond die supernatants were 

eonccntrntad 5-fold on stkted cells uslfil>; MWC030 flltors (Amic<>n, Beverly, MAJ prior to l1umediat~ 

puriflcntlon using protcln Oclmimakigraphy (Amershoni Phnruiucia lllotedi. l'lsca1sway1 NJ)). All pr<>tein$ 

1 S were bufti:r exchanged into phosphote-buffered saline (PBS) using Centripricp-30 e<mcentrators (Amicon) 

and a~aJyU<J by S.OS-poJyactyfa1tude gel clcctrophorc•is. Protein concentra~on$ were doteJ'lnJ11ed uslut 

A280 and verified using amino ncld composition anuly~i . .._ 

'fire <.~HO cells w<:N lmJ;fo..:tcd with vcctunrcxprcs•ing humani1.ed 2H7v16, 2H7v.31 and selected 

as delcrlbed. Th¢ 2ll7•.l o antibody retains 1he wild type Fe region while v ~I (sec Example S, Tab Jo 7 

:W above) h•1 an Pc region wherein 3 antlno ucid changes were mudc (S298A, E333A, K334A) which rcsull' in 

higher affinity forthc FcyRITTareceptQr (Shields etal. J. Biol. Chem. 276 (9):6591-6604 (:;?001)), Fo1lowiJJa 

1runiifc:0Uon und sclct."tion, individual colonies uf <."ells: were isolatccl and ovalua.tcd fur protein f:Xpra.ct1>io11 

level and rhc hlghc.•t prodacer.i wore roibjccu:d 10 rncthotrcxatc &election to ~elect fnr cell• thot hnd amplified 

the plu•mid c1>py numba und whioh lhurcfuro produced higher lo vols of <mtibmly, Cells were wown, 
ZS tmn•forrod to ,;crum free medium for~ period of7 days, then lli<: modium was collcclcd, loaded on!<> • 

proto!n A column und tho antibody """ olu!cd usinistanoatd te¢1lnique•. The Jlnal concentnuion of tho 

ont!~ndy wos determined using"" Ell~11 that mea>-ures intact antibody. All prole!ns were buffer exchnnged 

lnro phnnpha111-buffored Kllline (PBS) using Ccntrlpdep-30 cenc~nttators. (Amie-On) and analy.00 by SDS· 

polyMryfomld~ i:el o!ectropbQre.•I•. 

3() Mairix·Assf.rted L<l.ser Desorptlotl/JonlVJtlor1 Time·of:filghl (MALDl-TOF) Ma."' Si><ctral Analy.<ls 

tif A.1paragin•·Iinked Olftosac.:ltari<le~~·.N-11nked oligosaccharides ware relessed from recombi nn111 

clycnprqlcin• using lbe procedure of Papa¢ el al., Olycob/oi<1RY 8, 445-45"4 (1998). llriefly, the wells of a 96 

well PVDF·linctl n1icrodue plat~ (MJIJlpore, l;lodford, MA) wero conditinned with 100 µI methanol tbat Wo.< 

dr .. wn tl1rnugb the POVl' mem.b1·411es by applying vacuum m the Millipore Muhir.on:e;n vacuum manifold. 

35 '111Q c<>ndftinned PVDF membranes wort wt1•lled with 3 :X. 250 µl water. J3etweeo all wash steps tbe wells 

were dra!t1ed con1plerely by applying gentle vacuum tu the manifold, Tho membranes were washed wtd1 

r<:<luo!iun and Q!IJ•boxymethyiatloo {)uffl!r (RCM) consisting of 6 M guon!dino hydmchlorldc, 3Ci0 mM Tri•, 2 

mM llDTI\, pH ll.6. Olycoprotcin ••mpks (.SO 11$) mrc. ~pJ?lled to lndMdual wells, again drawn. tb~ovgh Ute 

PVDF niomhranes by i!•ntlc vacuum and the wells wete washed wltl1 2 X. 50 11-l of. RCNJ. buffer. 'fb<. 

40 itnmoblH?.ed "4mpl•• were reduced by addioi; .SO 1>! of a O. l M d!lhlo01teltol (D'l"l') scl11t!on 10 each well 

~n<l lncubn!ln8 th• miornlitre plntc •t 37°C fur I ht. Dl"T was t¢moved b)' v~cvum and the wells wer~ 

W«•h¢d 4·" 250 iil wam·. Cysteine residues were carbnxylmethylatcd lly the nddi tlnn nf SO JLl <>fa 0.1 M 

i(>tlca1eulic ucid (!AA) solution which was fr~lrly p~pnre<J in l M NaOH and dilut•d"' 0.1 M with 'RCM 

buffor, C"'hoxymethyfati<m WU.' UCCllmpli3hCU by focut>Ation fol 30 llliO in the dark al a111biCn\ tcmpeta\Uro, 
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5 V,icuum wos opp lied to the pl•t• to re1nove the !AA solution aod tho well• wore wa<hed with 4 ~ 250 111 

purified water. The PV.DF membranes were blocked by the addition of 100 /LI of l % l'VP360 

(pnlyvinylpy1Tolidli~ 360,000 MW) (Sigmo) solution and focubution for 1 hr nt ambionl lcmperuture. Tho 

PVP-560 solullon was removed by gentJ~ vacuum nnd the wells were waihed 4 x 250 1•1 woter. '11\e PNGasc 

!>(New linglund Biolobs, Bever!y • .MA)di)lClllHolution, 25 µI ofa 25 Unit/ml solution In JO mM Tri3 

m ucc!Jltc, rH 8.4, wiis added t<> each wen ~nd thedlgest pnicccded for 3 bt ai 37'C. AfrM digestion, 1he 

snn•ples wore lmn.~fcm:d to 500 1t1 Eppendor!'tubcs and 2.5 µJL o! a J ,s M ac£tic acid solullon w<1s udded to 

cnclt sau1plo. The acidified samples wer<1 lncub•tcd fur 3 b.f at ambient tcmpol·nnn·e to convert the 

o!lgo9•ccharidc., !Tom glycosyfamlnes to tho hydroxyl form. l'rlorto MAt.Dr0 TOF mass •pcctrol analysis, 

the rolc•scd ollgoi;nocbarld~s were d<>:<:11lcd u~lns • 0.7-ml be<l of c•Uon exchlll>i• resin (AGSOW-XS res!I) 

IS in !he hydrngen form) (Bio-Rad, Hercules, C/\) slurried packed into cumpoct r«ietlo11 tube:; (US 

f.llochornlcnL CloYeland, OH). 

F<>r MAT.DJ. 'TOF mass spoctml •oulyuisof the samples Jn ~le positive mode, the desal!e.d 

ollsosocclinrides (O.S µI aliquofs) were applied to th• stainless lar~ct wilh O.S µl of th~ 2., d)by<lroxybonzoic 

•cid matrix (;DHB) th.at was pn1p11rcd by diRnolving 2 mg 2,' dlhydruxybon;mic acid wlt.h O.l Ill;\ o! S-

~I) mcd1oxy.•licyllc ncld l11l11U <>l'ethunol/10 mM sodium ohlorlde l:l (vfv). The samplelmntrlx mixture w"" 
dried by vocuum. flot analysis in lhc negative mode, th6 desalted .!Hinkcd oligom>ccharides (O.S µI aliquots) 

were •f)plloo to the stalnless target •l<>ng with 0.5 r•l 2' ,4' ,6'-ttlhydroJtyocclophcnonc molrix (THA!') 

prcpored In 1:3 (v/v) acolonitrllc/13.3 mM ommonium citn>t.e buft'ei:. "l'hesainpldmatrix mixture wo.• 

Vtlcuum dried and then ullowed to obsorh ~tmospb.erk moisture prior to unnly•fa. Roleased ollgosacch.'U'ldes 

25 wcro onoly>.ed by MALDI-TO.l'-' OJI a PerSeplivc BioSy~tcmn Vgyagor-DR mass s~tr.omelor. Them= 

"l'""trnmetar was oper.ted at :20 kV either Ill the posltlv0 or negative mode wilh the linenr cotlfil:uratiOl\ ~nd 

~tlll7.lng d•l•yed extr•ctlon. Data were acqu!I«I usin; a lu•cr power of 1300 and In the d•ll> summation 

mode <2.40 icans) to !mprovo tbo slJll).a! t¢ noise. Tfl~ l11strumont wu• Clllibrated witb n mixlllT• of srandnrd 

01J11o:;occharlde.1 nnd the data was smoothed using a 1.9 polttt Savjtiky-Golay aJi:orithm before the ma••"" 

30 were nssl~n~. Integration of the mass specttal data was achieved using Cw::oir 7.0 data an•lysi• software 

p•ck<igc (.SoiSridgc Software). 

Natural klller (NK) ctll (tnll/,,;dy Mp•ndenr cy/Q,rlcltyn.rsayt. 

AJJCC assays were performed as desc;.rlbed lu l:llwnple 9 • .NK to target cell (WD..2·S) ratio was 4 

lo J, ui~ays were run fo1·4 llou1~, aud toxlclt.Y was me;iSIU'«J as befote using lactose deeydrog~nase assay. 

3' :rurg~I coll• were ops¢nlwl wllb. die eoncemmlooe of IUltlb<XIY h>dl.<llit~ for 30 illln pl'lot 10 addltlo11 otNK 

eol/11. Tho Riluxnn® antlbod)' used was ftom Oenent~ll (S. San Fran~~. CA). Figure l2shows the r~sulls 

or-a ropresonrative ADCC am;ay. 

'l'hH¢SUIU show tl>•r underfucosylated nnillodie3 mediate NT<: cell target cell killing m<:>re 

efficiently lh'1n do anlibodies wilh a full complement <:>ffl.IOOS¢. The unded\1cosylated 1U1tibody, 2H7v.31, is 

40 mo~t =fticfont •t medlatlng wrget cell kllllng. Thfa antibody is effective at Tower concentration• ond i~ 

eopntile Pf med lat.Ing ki111ng ofn granter percei1~e of target cell• at h!ghor conc1mtt11tfon~ t.hnn ors the Qthor 

antihodlo•. Tho ocUvity of the n11tibodic• 15 o.~ fi>!low•: Leo 13-derived 2H7 v31> Lee 13 derived 2f!7v16:> 

Dp1'.2 <lcl'ivo<l 2H7v~1> Dpl'.2 derived 2H7v16> or~ to Rituxnn. The protein nod cnrbohy<lrnte alterations 

rtrc additive. Compndsoo of d1¢ carbohydrate fou11d on 11~tlve lgG from tbeLecl3·pro<luc<!d and CH0-
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5 pmduce<l ll}G showed nu apprccio\\le oiffereJlces Jn 1fle extent of galactosylatlon and hence the results tall be 

llltrihutcd Rolely 10 the presence/absence of fucose. 

Example12 

~'uco.<e·deficicnt 2JJ:l varlQntantlbodie., with enb.anted ADC<: In vl'l'<I 

Hl 'fhis example dczcribes ADCC activity In vivo of the i'ucose-<leliciont humanized 2H7 varl•n~> 

Including v.16 and v.SI pJ'odUc~ In 1.c<ll3 oomplll'ed to nonnal (ucusylaltd oounterparls produC::d in DP12, 

in mice •~pressing hum1tn CD Hi {PcR')d'.llJ 1tn<l lluml\J1 CD20. 

Gcntratlon o/lmCJJ2()'1il huCDl6T1t mCJ>llf" mill• 

Human CD20 tra11$gonio mice wei~ ,l\l)Mtilted from human CD:l.O JJAC DNA (lnvitrogen, Cm·lsbad, 

15 CA). Mice wore •crooned bo.•ed 011 the l'ACS Malysls of human CD20 expr~slon. HuCD20 Tg• mice were 

then CJ'Us•'\ld wifu huCD I 6T1tmCD 11s+ mlc~ to generutc huCD20Tg'huCD I 6'rg+mco 16.,. mice. 

Jn vivo frcalmel1t 

Ton to 100 µg of e<1~h of lhe 2H7 vnri•nl< or Rituxon® ls adminlsln•lcd to 

J1uCDW'!'g"liuCDl6T1tmCD16'' 111.ice via lutraperl1oneal injections. Equal ~movnt ofisotypc-matchod 

20 andhudie• will be applled slnrlltlrly to the ncg•Uvc cuntml group of animals. 

M~-.rc lymp/w~yle$ pr~pa;alion 

Momo lymphocytes from whole blood, •plccn, lymph nndo.< and bon~ m~rrcw ot¢ prepared 

accoming to standard protocol described ln "'Cun-en! Protucols In Immunology, edited by John C:.vlig"n, Ada 

l~rufabeek, T>ovld Mai·guUes, l.!lllan Shevacb and W"""n Stl'<lbor, 1994". 

25 !'ACS analysi• 

Hull' million cell< are wa.<hed and r"'5usponde<I in 100 µl of PACS buff er, which ia ph<mpbatc 

buffered s.linc wl(h I% BSA, <'mtaining 5 µt of staining orrontml ann'body. All th~ stalnlug antit>odles, 

lnclucllng IMT)llJ• conrrols, nre, ob1alned from l'hnrMlnae1r, SM Dlei:o, CA. HumM CD20 cxprc.sion 1R 

""''o""cd by Rtainin!l wit.h Rituxan® •long with PITC-col\iU8•te<l •ntl·bumatl lg(ll sooortdar,v untibody. 

30 FACS nnaly$i$ I~ oonduct."4 using FACScan ""d Cell Quest(ffeoto~ .Dlcklnson lllllllunoeytometcy Sy•iQIXI"' 

Sal' ,1ooe-t CJ\)1 All i:he.1ymphoo)'t'Qt' 111'6 defined in the forwArd Dnd oJde H£}tt ooa.ttorl1>gG, while oll thl.\ B 

l;Ymphocytes are defined wifb tb$ oxprsselo~ orn220 on rhe <:ell eurfuce. 

B cell d<l!)letlon and t<ll:OVlll)' are assessed by analyzing peripheral B cell counts und ...,.1,..1. of 

l1CDW+ R cell$ byFAC.~ in tbc•pleen, lymph oodc und bone marrow on a daily batd•furtho fir$t week 

35 nfiar inJeetlon and tberenfter OQ n weeldy bnsls. Seruin le.vols of1he injoored 2H7 varlaiu antibody are 

monltot-ed, 

40 

TM 11>sol1s <:>fdlls ln vivo asSAy collfinns tho In vJtro findings oo tb.e Iner.eased ADCC ae1lvhy ~nd 

~realer B cell deple!lort or fuco~ellclent 21:17 var1Mt$ ov~i· wild-cype (with resepot to liWlS.Yladon) 

glycn•ylutinn cmmtcrparts. 



E'.<llmple 13 

Apoptmn.• Activity 
/l.nri-CD20 anrlbodles Including Rituxon® buvo been ~bown to lllduce apopto"l' I" vitro when 

crosslinkoa by u "ccondury antibody or l;y cheJlllcal means (Shan cl ul., Blood 9:1644-1652 (1998): a)'l'd cl 
IO !Jl .. Rlood 9911038-43 (2002)iPederson ut •1., Bh•xl99:1314·19 (2-002)). Wlie1i olteml~ly~'T<mlinl<cd, 

murino 2!17 dimers foducc<I apoplo•i• of Daudi cell• (Gheti• eul, Pave Noll A~d Sci USA 94:7509· I 4 
(l 9!17)), Crossllnfdng wltl1 n secondary 1mlibody also induced •poptQ.li$ with the 111wioe 2H7 Rntibudy (Shan 
cl nl., 19?8). These aot!Yltlt" ore believed tO bo physlolog!caUy rel~v~m bet:Ause a v11rMy ol' mechanism• 
could lead to crnn•linklng of onri-CJ;l20 audbodlos bound to cell·surfaoc CDW In vivo. 

RlmMAb 2H7. vl6 (liunianized 21!7 vi o; RltuMAb standR llir recnmbinanr hum0» tnonoclonal 
:mtibudyl und Rftwmn® were cmnpared In apopmsis 11$$3Y$ Inv/JM uslna. R s~oodlU')' crossllnklna- anlloody. 
Rnmo; cells (c.RL-1591$, A'J:CC, Manoss.1s, VA>, a C020.expresslng. Juunan 13 lyrnphocytc ocll lirn:, were 
111!Cd ro rne;Jsur• the ability oftil& onrl-CD20 monoclonal •ndbQdles rhuMAb 2H7.vl6 Md RJtuxlmab versus 
a ocgorlve-conu-ol antil!Qdy, 1'1'Mtu7.umab (Herccptin®, Genontech, Soud1 San Frnncl•Cll, CA), to l~duco 

20 n1ioptosls ns meosur<d tl1roush Annoxfn V slalnlng ond propldfum Iodide dye excluslon (Vybront<!> 
iqmpto•i• A••rq Kit, Molcoular Probes, Sea«lc, WA). The R61nos cell$ w<:re culturod in RPJl:!J. J 640 
medium (Clihc<>, Rockville, MO) containing I O'llr fulal brwinc scrum (Bio-'>= Intcrnutionlll, Cumuriflo, 
CA) nnd 2 mM L-gl111runln~ (Glbco). l'rlorto boins assayed, th• ""JJs were W"l'lred twice in fresh media and 
dlcn udju>1cd to a cell concentration of 2 X lo' p«mL. Cells (150 µ.L) Wet@ added to 96-well ~s~y J>l~t"3 

2~ (llcoton Dickinson, Pain Alt<>, C/I.) which r:ontal•cd 150 µLoh prcdotcrminod 1uno11nt of control ~OJ, 
rhuMAb 2H7.vl~. or 11.ltuxlmab, alons wlrh F(nb)'2 g11<1t and.h111Dan Fa (Piere• B!otcchnolngy, Rockford, 
IL). Tho linttl ljlO COJ11)¢J)ttlltlons woro 101), IQ, 1.0, 0.1, 0.01 and 0.001 nM, and lho F(•b)'2 gaac onti· 
human l'c anllbod)' eonoe1itr~tloJ1 w111; ut at twfc• tltc respective namplc anlibudy conccntralion. Ea oh 
dilution wl\S $cl up in lrlpl!cate. A~er a 24-hour b1cub2tion at 37• c, tlte celln were wn.-1ln:d twice with PBS 

30 nnd then sralned willi Annexin V and prnpidium iodido according to the 111ru1ufaetw:e1' s recommendntlons. 
'rho ~tnlnh>B pattei·n$ of tl1e Ramo.• cells wcro 811Qlyzod by tl<>W cytomecry usfll,!; a l'ACswl l'Jow Cyto1netor 
(Bt<:CM Dloklnnon, San Iai;o, CA), and d•tu w¢fe collectoo lilt 10 s-pcrlocls. Tho dllta were reduced u•mg 
the Cellqu .. t Pm softwurc (Be<:«in Dicldmvn). .RIUJ!gs ~ells that w- p0$ltlve for (1) Annoxin V •tafn!ni;. 
(Z) Annei<ln V and pmp!dufm ladldtl d<>ublc·~tainlng. and (3} the uun1b¢.r of unsrained live cell•, wue 

3$ c~unted nod plo11ed u3ing KaloldltOraph suftware (Synergy Software, R<>adh:>g, J>A). 
Bulb rhuMAb 2!!7, vl 6 nod R!t111<.Jmab induucd apopt1mis ul'Rlllll11S colfs who11 ~ossllnked with 

ontl-ltumnn Fe and•• compared to an im::lcvant 1301 cootrol antibody WJaures I 3· I$). The opop101ic 
aolivlt.r of (rhuMAb 2H7) W•$ •li$lrtly lnwcrtlrdll thut of JUtuxlmab. At 10 nM concentratloos of 
crossUnked rJ1uMAb 2!fl, Ri1.m!mab, and cunlr<>I Is<Jl 8lllibody, (n'\Cti(>nS of Au11exln Y st~Jned ce.ll.s were 

40 l 8.S, 16.5, 2.5%, respectlvely, fr~orlons of doubly labeled coll• were 29, 38, and J 6%, and numbers of Hve 
ccllK count(!(] por JO s were 5~00, SlOO, •nHOOO. 

Thc.'o in vitro data demonstN1te tlulr apopcosis Is ono potenLinl mechnni•m for In vivo B cell 
dCllletlon. In 11/vn cros~Jinking of rhuMAb 2H7 or RltuxlmQb bound Co ceJl-sui'fac~ C020 111~y occur 
through PuyR on tho surfaces of immune effector c<lls. 



Ex~nnplc 14 

In Vivo Supprc$$io11 vfTumor Growth 

The ohiliry of rhuMAb W.7.vl 6 to inhibit the growrli of lhc Raji human B-cell$, ~ lympboni. <:<:JI 

lfrn: (ATCC CCL ~6), was evaluated in ll•lb/c nude (at!lyonic) mice. The Raji cells expres~ CD20 and have 

been reported tn grow in nude mkc, protluoing mcil1'tatic d~eas$; tumor growth i• inhibite4 by Rliuxnn® 

JO (Clynes et al •• Nature Mad/cine 6, 443-44(1 (2000)), Flfiy-slx 3· Hl week old, Balb/Q nud~ n1ico were divided 

into 7 gmupn (A·O) with lll!cb group *nslstlng or 8 mice. On day O, ench mouse te<leivcd a oubcuW>eous 

lnjoetlon of 5 x JO'l Raj! l3·1ymphoma ocll• in ~>c flank. lleahmin,e at day O, each mouse received oirher 100 

ul • of the ne,eallve-conlto! solu6on (PBSi phospbaic.buffcred "'11ino), Rltu~au® or 2li7 .v J 6. Dosage w•• 
d¢pender11 on wei~hl and drug doliVl>ry """ inlr'.1vcmlu.,ly via the tail vein. Croup A ntlce re<:\.-ivcd PBS. 

l $ OrOUJ"' B·D received Rilux•n® al S.O, mg/kg, 0.5 mg/kg, •nd 0.0$ mg/kg .respectively. Gmup• E·Q mice 

rocolvcd 2H7 v.16 Dt$.O ma/ka, 0.$ me/kg, and 0.03 mglkgrcspectiVl>ly. The lnjcctfons were rep""ted every 

week for 6 weeks. At w~kly Intervals <Juting treatment, each mmmo WOll inopected for mo preseuc• of 

p•lpablc tumors 111 tbc site ofinjcetl<>n, and tbe volume of tbo tumors if p=nt were oieasured ruid roi:ordcd. 

A tlnol in•pocdon wao made at week 8 (after a two-week interval of no treatment<;). 

:20 The rci:ulJS of tbi• ntUdy showed that beth rbuMAb 2H7 .v16 and Rituxan® and were effectlve ot 

lnhihiting •ubeutnnenus Raji-cell tunmr ,growth in nude mice (FIG.. 16-18). Tumor wowth wa.• ob•ervod in 

the J>J3S conll'OI groiip beginning nt4 weeks. However, no tumo1· growrh wa, ob.,,,.ved h1 group; 1reated 

with Rll\l""n® or2H7.v1<i 015 mg/kg or0.5 mg/kg for tho 8-weok durar.lon nfthc srudy. ln the low-dn•e 

Q.O~ mg/kjl U'el\tm.em stoups, run1ors wera ob9erved in one animal In tho 2H7 group nnd in one animal in the 

25 R.iruxan® group (FJG.18). 

Exumple IS 

Cloning of C,oomolgu• monkey CD:ZO 1111il ~ntlbody bhldJng 

Tho COW DNA owquene<l for cynomol,sus monkey (Macacn fuscicularis) wa• deuormined upon the 

30 ln<>latl<m uf oDNA uncoding CD20 fron1 a cynomolaui spleen cDNA libraiy. A SUPERSCRIPT™ Plasmid 

System for cDNA Synthe11i.~ and Plmnld CJoillng (Cat#l8:243-013, InvJtrosen, Carl~bad, CA) wa.< u""d witb 

•light mudil!ci1dMs to cons1t'\lct me library. The cDNA library was llgnt~'ll Into a pRKSE vector uslng 

rcnrrlatinn •itc.< Xhu 1-Md Not 1. mRN.A was isolaled from •pleen ti•sue ((Colifom~~ Region Kl Rel!{,11tch 

Primate Center, Davls. CA). l'rl.ll10l~ to amplify cDNA enco<Hng C020 were dcsignoo baaed on no~·codlttg 

3.~ :<0quonccR of human <.:D20. N-terrul11ol region primerS'.AOTJTTGAOAGCAAAATG·3' (SEQ JD NO. 37) 

nnd C-rcnnlnal rcgit>n prlmor 5~AAOC"l'A1'0AACACTAATG·3' (SEQ TD NO. SS) were uo;cd w cluno by 

polymor.1•• cboin reaction (PCR) l110 cDNA en¢odlOJ! cynomolgus monkey C:D20. The PCR reaction w•• 
cnrl'ied our Ming Platinum 'l'aq DNA Pol)'l11erose High l'ldellty ~C¢ordln& 10th~ manufactums 

rocnrnmond11t1nn (Gibco. Rockville, MD). The !'CR product ww; subclonod int<> pCR '°2. J "TOPO <!l Vector 

40 (lnvltrog~n) ""d trnnsrormed inm XL· I blue E. coli (Scmagene. La Joli~. CA). Plasmid DNA oonuilnlns 

ligated PC(( pl'oductR wa' i•nlated from individuKI. clones and seguenood, 

'!'he •mlno •oid sequence for cynomolgu• monkey CD20 ls shown Jn l'ig11re l~, Figure 20 showi n 

oQmparlson of cy11omolgufi and hurnID> CDZO. Tho cynomolgus monk<'y CD2U is 97.3% similru· to human 



:i CD20 wilh H clifferenc:e.."- Tbe excraceUul:!r domain contains one chrui~c at VI 57 A, while the senUtining 7 

rcsiduoi; c,:u1 be found' In 1he_oytoph19mfc or trnnsmen1bran¢ regions. 

AntibmJicli'. directed ag.ninst human CD20 were .u:->.-;tiyed for tf1e abjJlfy to bind 1n1d di~lace FITC· 

crmjugutcd murfne 2R7 binding to C)'nurnotgus monh:y cel)s expressln,g C020. Twenty milliliters of btood 

Wero drawn fro•» :l eyuont(llsus m1mlooyl'i (Cu.lifurnia ResionaJ R~narel1 Frimat-u Center, Davi~ CA) into 

10 soc:fkJm ll~padn Md shipped directly tn (1er1~rite0h Tne., On tho sruno di.\)', tlm blnnd lill.mplei; wexe pooled atl.d 

djlUJod 1:1 by the additinn of 40 ml of pho'!'bat~ buffeted ;olinu (PBS). 20 ml of diluted blood w .. layered 

on 4 x 20 ml of Fiof1ll--Pa\lUO ™.Plus- (Amcr:iham Binscic~ TJpp.,Dln, Sweden) in SO n:1l cnnic1:1l fub&K 

(Cnt#3520l>S. l1•1oon, l'ranklin Luke.•, NJ) and centrifuge<:! at 1300 rpm for 30 minuto• R.T. in a Sorv'll 7 

centrit'uj,>o. (Dupont, Newtowo, CT), Th• PllMC layer wa> isolated and Wo.<hed in PBS. Jl.ed blood cells 

1$ wcro 1yi::ed in a 0,2% NnCJ solullon, z~storcd to isolonieity witb an cqufvaleat volume of .n t .($(/ii- Na.CJ 

~oludnn, :lnd centrifuged for 10 .J.UJ.n~t~s tu 1000 RPM. 11ie PBMC pellet was r-0sui;pcnded in RPMf 11540 

(Olboo, Ro•kvlllo. MD) ¢onrolnlng ~<f• fotol bovlne serum (FllS) and dispensed into a ID cm d"ue culture 

dish !'or l h'Jur fl( 37° C. ·111.~ rt<in·udl1erent B und T coll popula.tion.s were removed by aspiration .. 

centrifuged artd counted. A total ot2.4 x 107 <.'Clls wcro rccovcrc<l. The rcr:;u."Jlendcd PBMC were distributed 

20 intn twenty 12 x 75 mm culture tuhu; (Cntlf3520S3, FalcQn), with cpch 11,1~ cootalulng 1 :c 104 cells ifi a 

volume of 0.2.:i nt!. Tulm were \flvlded lnlo !outsets of fivo tubes.1'o each rel WllS !<ddcd either media 

(R.PMJI 6401 S% F.BS), tltra(ed arnouuts o.f COD'ltOJ lturu.an ~ t\rttlbo<Jy- Rituxsn~, 2H7.v 16, or 2H7 ,\IJJ, 

Tho ftnal concenfratlon o.f e11ch antibody WDt; 30, 10, 3.3 and 1.1 nM. ln additlnn, ench tube ali;o recelved 20 

\ti {'ofFfu('iresceln l;olhiocyaruite (FITC)·conjugnted anti·buman CD20 (Ca.t#555622. BD Bioscience~. San 

2..1 Di"go, CA), ·nie oeJls were sen+ty mi>ced, incubiHed for 1 hour on tee nnd tlle.n waahed twice in cold PBS. 

'l'bc ceU sur.Jhco stafoJtlg mlS ;0noly1.ed on a Epici. Xf.....MCL (C'.flulter. Miam~ FT.), the goometric mean:; 

derived, plol!cd (Kaleidt'\Gtaph1'M, Syner&Y Software,. Readlng, PA) versus nntlbody coooentratlons. 

Datn in Figure 21 •hnwed lh•t 2H7 v.!6 an~ 21!7 v.31 con1petitlvcly dlspfaood l'l'l'C-murlno Zll7 

bh1d/11g ro cynomolgui; mnnkey cell,;. Furthermore, Rituxane also displaced' pn·c.murlne 2li7 tiJudlns: thus 

30 dc1nonRtrating that buth 2H7 tmd Riluxanc» bJnd to ;in ovealaj)plng epltope Qn CD2.0. Tn ndditifin, the data 

flh()W tllat. the TC.1IDv:tluc ~1r2R7 v.16, 2H7 v.3'1 ~nd Rl.Wxnn ~l'esimifor ;:in(;! full ifl the 4-6 l1M range. 

3S 

40 

Example 16 

Ph""" JfI1 slud;i or rh11MAb 2H7 (2117.vlli) In moderate to lie Vere rneumatold nrfhritis 

Protoc:ul Synopsis 

A rundi:tn1l1.ed1 plncebo~conrrollcd, mllltiocntcr, blinded ph$1se l/!1 study of the sflfety of ei;cah:itln,g dm;e~ nf 

?1~010769 (rhnMAb 2H7) in subjects with moaecate to severe:. rht:-\JDJatokl ".ctbJ'itls recetvjng 1;:rable dose.<> of 

ccmeo1ultant n1ecrhotrexat.e. 

O~J•ollY•• 

'I'J1e prl.nmry objective orthi:; study fa tu evaluate the St1.fcl)' und tol~r.s.bilily of-escatadng intravenous (IV) 

llmfc:~ o! PR070169 (rhuMAb 2T17) in subject'l with moderntc to l'icver rhcumattiid wihritis (RA}. 
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5 lltudy DC$i"n 

This Is n randomized, pfauchn·uontrolled, mulciceoter, blinded l'U'"'o !Ill, lnvestignlOI'• and subject-blindud 

•ludy of the •afe1,)' of 0$Cnlatinz dos&s of PR070769 in cnmbin•tion with M'l'X In subj<X.'18 with mmltrnte to 

~over RA. 'Il1e sludy comi•fls uf a dn•e 0.5Cll!lltion ph!lS• aod a second pba.'c wi1h enrollm~nt of a forger 

numbi:r of ~uhjcet.<. Th<: Sponsor will r¢maln unbl~nllud to trcnlm<nt al'll!lnrnenr. 

I 0 SubJecli wlth inoderate to .. vero RA who hnvc fail~ o-. 10 flv~ diset80•modifying antirheum•tlo 

dru~~ or blolo~ wbo cutton1l1 haw uo!Ol~•fa•tory clinicnl responses to ~ent with MTX will be 

onrolle<i. 
SubjceL• will bu rcquilcd to receive MTI:' in tho ronse ()f 10·2S !Ilg weekly for ut !""'" 12 weeks 

prior to litUdy enrry nnd to be ona stable close for al lea>t 4 wccl<• before receiving thoir initl~l dose of study 

IS <ln•A (J>R0707\I!> or plae¢bo). SubjeclS may alsu receive •table du:<e>11>f om! cor!lcosterokls (llp ta I 0 mg 

dally or prudnisunu equivalent) •nd stnble dQse~ 1>f nQl1$r•roldtll mui-lofltunma!Ol')' dru.g$ (NSA!Ds). 

SubjccL1 will reooive two JV infusions of PR0707\19 or pla~o equlvlllenl at the indicwcd doNC nn Day• 1 

nnd IS according to tho following dow ei;colat.lon pion (see l'lsu~ Z!). 

DORo C.'«>lllatlon wilt occur aocnrding It> "P•cific crlteri• llnd ofter review{>!' safety data by M 

20 Internal snfer,y data review committee and asses.~monr of ncure b))<icity 72 hoUJ'S followlng the second 

ln.f\J~ion In the Ulst su~iect treoled In onch cohort. Mer the do~ escalation phase, 40 additional subj cul• (32 

active and 8 placebo) will be rondotnlzed to each of the following dos~ lovol•: 2'1.50 mg, 2x20U mg, 2x500 .. 

mg, 11n~ 2x 1000 mg, It tile dose levels have been dem0t1Strt1te4 to be tolerable durlng tho doHo !l!tea!atiun 

phu•c. Approximately 205 h'llbjcct:ll wlll be enrolled in the study. 

2.5 B-ccll counra wm bo obllllncd and rcwrdcd, ll-<>cll uounts wlll be 0•1lluutcd 11>ing flow cytornc(Q' 

In "48·w1xik fulluw-up petlod beyond tbe 5-u1outh ttfleacy evaluaU011. 1;1-c~ft depletlQU w"1 not bl> 

rmn~idorcd 1t d1>:.c·limi1ing 1ox1¢lly (DLC), but rotl1er the ~xpected pbai:m~oodyaantic ouwome of'l!M7Q769 

trootn~cnL 

Tn "" llptioitll N<ibstudy, blood f<JT •i:rum and RNA Analyses, $S well as urine •amplos wm be 

~O obllllned from subjecu; at varlou.• timcpoint•. ThCl<c sl!Jllplcs may be ""°d to idcnUfy biumorkcrs that may bo 

prodlcllve ol'tesponse co .l'R070769 tllljltmeni: In subjecr& with moderauo to ~vere RA. 

Outcome Meusures 

'lbo prlmarr outcon14 meosure for lhin Htudy hi the iw.fccy and llllcmbility ot'PR070769 in subjccfll with 

35 mrnlcralc lo severe RA. 

4.0 

Study T~tlltent 

Coh<m• of •ubjocts w!I! receive !WO lV lnf\Jslo1.>s <:>f PR070769 or plm:eb<:> eqaivalentntthe indicated dose 

''" Duy,, I and IS uccorJing 10 !be following eSO-Olatlon plan: 

lO m;; PR070769 or pla<"bo .quivl<lenu 4 sobjocls active dr11g, 1 colltro! 

50 ms PR070769 Qr placebo «JUivatent: s •ubjcchl uc(ivc drug, 2 c<mtml 

200 nlg l'l\070?6~ or placebo eq11lvnlent: 8 sulliect~ active drug, 2 cQntrol 

500 mi; PR070761} or placebo equiv.Jent: 8 subjeelS ac~ve dru~, 2 control 

1000 m~ Pl\010769 o~ plnc~bo eQ\llvntent: 8 subjects ~ctlve drug, 2contro1 
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5 )lfikocy 

(() 

Theofficac)' of PR07Q7~9 wllJ bu mca.,ured by ACR resp<>n•Cll. Tho pel'Cell\age of •uhjocts who 

nohlo•e ~n ACR20, ACR~(), and ACR70 roopon•o will !>• $Umninrizcd by treotment Jll'Oup and 95% 

confJdeiico Interval• will be gei1eroted fur cacll ll"'up. 'Tbe components ~f thei;e resp.onse und their change 

frnm bu.,oline will be sumrnarl:rod by treo1men1 and visit. 

Conetu§fon 

'!'ho d«t• ubnve demonstrnte-0 the. sucocM In pmdueln& buniani:.ed C..."020 bindin& antibodies, ln 

p•rtiouhir humnnized 2H7 antloody Yarillllt•, thac malnmfoed and ~Yen cnh•nced their biological pmpcrrles. 

The huinanl>.ed :2H7 antibodies ofthc Invention bom•d to CD20 ut uffinilie~ similar ro the 11111tlll0 dunor und 

J 5 chimeric 2H7 andbodl<)$ rutd w= effi:<.'1ivc ut ll cell lcilling In aprlmftt¢, lending 10 B cell depletion. <-"llrl~ln 

varinuts showed enhanced APCC over n chlmerlc ontl-CJnO &01lbody c11tTcntly tu:ed t.n ttea!. NJ:ll,, favorlng'. 

lho u~c of lowcrdusc., of the rhmpeu® antibody In paUcnlli. Additional, whore av it may be u~•tll')' for 11 

chimeric andbody Illar hu m11rlne 1'R. rusiducK 11> be administered at a dose effeel!vo to aohlcvc complete ll 

e¢ll d¢pletloi1 to obviate an antlbOdy rc:1p11n•c llgllln''t it, 1ho 1)resent bwnanlzed antibodies can be 

20 ndmlnislered at du,,.gc.< lhut nchievc pan!al or compler" f.I e~I depletion, and for diffcrcnl duration• of lime, 

as dc.•irod for lhc pl!rticulDT disoa.<e ond patient. Tn oddillon, thes~ aotibodles den\Onstrat<>d •t:<bllity in 

solution. Thc>'l: properties of t!Jc humani%cd 2H7 untiblldi .. make them Ideal fQr use B$ lmmunoU1ei:apeutic 

~gent in Ule tl'eatmenl of CDW pos!iiw cancers and autoimmune dii:c•'"''1 th••• untihQdies ere not expee~ ·. 

\Q be immunosonlo or will at loa.t be le~R lmmunngonio than fully murlne Qr cldmerfc •ntl-CD:lO ltDt!bod!~ 

25 hi humon putienti;. 
R~&tmes 

Refer¢neos cl1¢d within tills application, lncludln& palents, published upplict1Hon.< rmd other 

publlcatio11S, wo het¢by !nc~rpor111ed by r¢f¢teAc.¢. 

'Jjio p1·ac;tlce of die present Invention will employ, unless otherwise indicated, conventlon•I 

~() 1echn!q11es Qf molecula1· biology wd tbe like, whlcn are within the skill of U1e nrr. Such technique$ are 

uxpl•!nod fully In tl1e llletature, See e.g., Moleculnr Clonlno; A L!!bora19rv Mam19f, (1, Sambro<ik ei al., 

C(>ld Sprin~Hurbor Lllbonttlll)', COid Spiin$ Htirbor. N.Y. 19all); ~rrem Prot900!s In M91Mu(!lf Bj91qgy 

(1', Au~ubcl el al., ed.• .. 1987 updated); Bm;cntial Mi•lcoular »!<?!g;y (T. Brawn ed., JRL Pres.< 1991); I1Rm:. 

fu.m~sslon Teebnoloey (OO«ldel ed., Aoudemlo Pm;.• 1991); M¢Iqd!dhrClgnfng ;md Ana!y1•fo r# 

ZS ,£lukllrygt!o CJ!l!l•! (A. .6olhwell ci aL ed~., Bartlett l'ubL 1990); (leuo Trnm;fer and l!xµr•1111inn (M. Krleglot, 

Siookton Press W90); &gomblnant Pl% Me~1m:lol91,zy U (R. Wu ~sat ..i.,., Acadcmio Pr"'1o 1995); l'CR: 

t> fuicllc!tt AJ1proMb (M, Me1'her$OP el al.. mL 'Press ot Oxford Vnlver$hy 'Press 1991); Q!.i1!1?nuclemjd!; 

fum;@;;I:! (M. CM! ed., 1984); Ce.I! Cultute for UloebeJ)llsts (R. Adams ed., Slsovier Scienoe l'ubllshers 

1990); ~Wlo Trnnsfcr Y<mtnrn furM•rmnuli«n C~IJ. (J, Mllll)I' & M. Cfllos eds., 1987): Mllll'lllfllllan Cell 

40 ,Qlotechnolop (M. Bu1ler ed., 199l)i Anjmol Call Cult!l!J' (J. Pollnrd eta/. ed~., Humano Prel\.11990); 

Qlliw:c of Animal Qcll~, 2'' Ed. (R. Fn:obnoy ffl td. t<ls., AIM lt.l .. iss 1987); l!Jow Cyts>pWtY Md S9rtlng 

CM. Melamed er al cd•., Wiley-LI•• 1990); the sedes MeQ!ocJs ln Ilneymology (Acndemlc Press, Inc.):Wltth 

M, und Hau.er H. (1993); Immunocbcmi.irv In Prne~ce, 3r'3 e<Jlllon, A. Johnstone & R. 'I'llOrpe, Blackwell 

SclcnC<>, C.omhridgc, MA, 1996; Tccbnjgues in lmmunuoytwbomlstry. (0. Bullock &. P. Petru.,,. ed.<., 
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5 Academia Press 1982, 1933, 1985, 1989); Hm1dbookof UxperlmeQtal Immunology, (0. Welr& C. 
Rl:iekwelT, edi.); Currenr Protocol$ in tmmunology (.1. Coligon et al, eds. 1991): !mmu11oassay (Il. P. 
Dlomandls & 'f,K. ChJ•JstopouJos, e-Os .. Acadenllc Press, Inc .. t996); Goding (1986) Monoclon!!l Anlibodic.y; 
J>rincjvlcs i,nd Pwctjt~ (2d cd) Academic Prts:>. New York; Ed Harlow and David Lane, Antjbndit:S A 
J.ubnrn!nry Monu•I, Cold Spring Htcrlxir Laborutory, Cold Sprln11 Horlxlr, New York, 1988; Antibody 

JO .E~. 2"' cdi6on (C. Borreooeck, ed., Oxford Univer.fcy Press. l995): and tbe series Annual.ReYlcw 
oflmmunulogy; the •crlcs Advances In Tnimunology. 
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5 WHATISCLATMRDlS: 

I. A humnni7.ed Mtlbody tbat bind$ h\lmnn CD20, or an 1111tigen-blndlng fragment thereof. wherein 
. . 

the antibody i~ effectlve to deplete primate J3 cells In vivo, the antibody comprising in t11e a chain Variable 

rogion (V") at le1w1.11 CDR3 sequence of SEQ ID NO. 12 from au anti-human C'020 antibody l!lld 

10 suhRtanU11lly the human conson.qu.~ framework (PR) residue~ of human heavy chafo RUbgroup III (Y ulll). 

2. 'l11e antibtxly of cla.lm 1. ft1rlher cornprihing the Fl cha lo CDRJ sequence of SBQ ID NO. lo and 

CDR2 suqucnooofSEQ TD NO, 11. 

3. 1110 antibody of clalni 2, further onmpriRing the L chain CDRJ Nequence of Sl:!Q lD NO. 4, CDR2 

~cquonoo of SRQ JJ) NO. 5, CDR3 acquence of SEQ ro NO. (j and substantially the human COn•cnMUS 

15 fmmowork (f'R) residues ol'human light cJmh1 "subgroup 1 (Vld). 

4. The antibody of llie preceding claim$, oamprisillg the V11 sequence af SEQ JP N0.8. 

5. 'fbe an!lbody of claim 4. further COlllJ?rlslug the V L sequence of SEQ ID N0.2. 

6. The untihndy of claim 3. w.OOreln lhe V 11 region is joined IQ a hUD\l\ll 4() cltalu constant regio;._ 

7. 'The antltiody ofclalm.6. wherein the human 1',gG idgG1 oi-Jg03. 

20 8. 'Tlle antihQdy of cl~l.m 1. Wberoitl the &llb1xxly is 2H7.v16 having tlw llgbt and heavy uhain amino 

at.id sequence of SEQ ID NO. 21 and 22, ~pectlvely. 

9. The: antibody of eta Im J , wh=hl the antibody Is 2H7. v3J having the light and heavy cbabuunlno 

acid seq11ence of SllQ JD NO. 21 and 23, =l'Clltivcly. 

10. The wrtlllody of claim 5, but with the amino acid substitutions ofD56Aaud N JOOA in the H chain 

ts and S!l2A in· the L o'hain. 

11. The antibody of any of the preceding claims, f\ll'thet romprlsina; at least one limino t1eid substitution 

In tho Pc regii;m that improW!l ADCC and/or CDC activity. 

12.. The antibody of claim 11, wherein the amino acid mdi$1.ituti0lll are S298Aru333.Alk334A. 

13. The anu"lmcly of claim 12, wherein tbe anti"llady Is 2R7.v31 having the heavy chain amino acid 

30 scq~once of SEQ XD NO. :as. 
14. 'l'h.e antibody of any of claims 1-10. !urthet compri$1i!.@; at least Olle amino acid &ub~litulian in tho 

P., n::tliau !Mt d-ea CDC 0<)1ivl1.y. 

15. The antl"bady uf llllf of olllim 14, omnpriaing at loasl: the &ubatltution K322A. 

16. The andbady af cllllm 1·10 whcn:ln lhc 1111tibady Is 2H7.vl14 or2H7.vl IS having atleast to-fold 

3$ Improved ADCC aotlvit)' as c:omperod to Rituxlln. 

17. The antibody nfolalm l wbcrcitt die prlmalc JI ccnv lll"Cfium lumllln and Cyno111olgus ltlUl\kcy, 

18. 1bc antibody of ~l\Y of ille ~ng claims c:ollJusated IQ a cytOU)xlc agent. 

19. Tho antibody ot clahn 18 wh«dtt tho cylotoxl.e ~I ls an.d1oacllvo Isotope or a tollltl. 

20. The antibody nf any af tho pro<lOding claims, which antibody ia prnduccd in. CHO cclli;. 

40 2 I. /v.1 J.solo.ted nucleic acid that encodes the antibody of any one of the preceding claltns. 

22. An expression vector en.;odiJ.lg: 1he antibody of atiY of the f?t~«llng olahns. 

23. A l1os1 ceU eompdslng 111rn<::Mc ;\Cld of claim 21, 

24; · 'I11e host cetl ofelaim 23 that produces 1he antibody of any one of pw::ediug chllr11s, 

· 25. ·Tllo h<lMt coll 11f claim 24 which is a CHO cell. 
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5 26. A incthml of producing the antibody or any one of tbe pl'eceding claims. co1t1priHing culturing the 

cell that produces the antibody of claim 24 and recovering the BJ1ti~ody ft'Orn the cell culture. 

'.Z'i. A compo~ition con1prlsing lhc antiwdy ofolalm I and a carrier; 

28. The compQsitiQJl of claim 27 whereb1 the antibody iR 2H7.v1G and tllc carrier ls a phlll'maccutically 

acceptable carrier. 

JO :29. Ao article 11f manufactu.te comprihing a container and a composition contained therein, wherein tile 

composition comprises an anlibO<ly of any of tlie pr~eding claims. 

30, The nrllcle of mauuracture of olabn 29, fwihcr cornprislil~ a package insert indicating that the 

cumposition can be ~sed to treat uon.Hndgkin's ly01PhOlll11. 

31. A method of lnduclag apoptosis inn cells in vivo, COlllprising cnnt,,ctfog g cells with the antibody 

l 5 of uny of the preceding clllitllS, lhcrcb)' killing th .. B cells. 

32.. A u1ethod ot tteating "CD20 po$itive canc;er, comprising udministerlng to a padeit! suffering from 

tile cancer, a Ulc:rupcuticall)' effective arnonnt of the humanized CD20 binding ontlbody or art:; of the 

preceding claimH. 

33. The method of claim 32 wherein the CD20 poaitive cancer i$ .q :a ce.ll !ymphOJl\ll. or leukemia. 

20 34. 'l1tc method of claim 33 wherein CD20 po.qitive cancer Is non-liod,e:kin's lympboma (NHL) ar 

lymphocyte prcdomimmt Hodgldn'~ di~ (U'HD). 

35. The method of claim 32 wherein the cancer is chroolc lymphocytic leukemia or SIL. 

36. The method of cJaimg 34 or 35 wherein the ann"hody is Gelected Jl:om the group consistlna; or 

2.l-l7.vl6, v:!Lv96, vll4, vi IS havingthcn:RJlCCtivc amino acid ~equences ns shown in the flll.t•res Md 

25 tahlcfl. 

37. The 111¢thoQ: ofclalm 34 or3S wlterein the 111\tibody Is 2H7.v16havlllg tho llght and hes")' chain 

&mino acid seque~ of SEQ ID NO. 21 ud 22, .rospeotivdy. 

38. The method of claim 33, wh11tein the lllllbody b 8dllllnistcl'Od al a dosas,e range of about 275-

375~. 
30 39. Th<> ltl<!lhod of clahn 32. furtbet ~dslng at;lcnlnl$Wlng to die pat~t llt Je;1$t OtlC 

chcmo<bcrapeutlc agent. 

40. The method or claim 39, wheteln the cancer Is non-Hodgkin's lymphoma (NHL) anQ: ~ 

chemothl:lrapeutlc agent fs select£d ftom Ille group canslaling of doitOTUbloin, c;yol0phospltlllltldo, vl11cds!l11e 

Md ptednlsolone. 

!3 4 I. A lllCthod of tl\lating an autohnmWJO dl$mse, comprising administering to a patient sm'fering fi'om 

die autolmmU11D discnsc, a ~ullcall;v o!l'llCtlvo amou.nt of tho hunwitted CD20 bhlAlltg anti.body of 

wty one of the proooding claims. 

42. Tho mctho<I of cl&m 41, wherein the ar.milnviltine (li.se;ise is seleoted !Tom the group consisting ·of 

rheumat.oi<f arthrlti~, juvenile rheumat<1id urttuitis, systttnlc lupus er:;then1alosus {SLB), Wegener's disease, 

40 iaOammatory bowel disease, idiopathic throntbocytopenic P\l[j]Ura (ITP), thrombotic tlmimbocytQpenic 

purpum (ITP), aut<limmunc thrombocylopenla, multlple sclerosis, psorlasls, IgA ttepllt'OpaUiy, l.gM 

pr;ilync~mpathies, mya~thenia jlmVis, vw;culitis, diabetes mcll\tus, Rcynaud's syndrome, Sj<JQlcn ·~ Kyndmmc 

111\d glomer~lonepb.cltls. 

43, '!'be metho<I of ~la.lln 42, wherein the autQlmmune disease is rheumatoid an.hrltis. 
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5 44. The method of claim 4~. further comprising admillistering to the pqtient a second therapeutic agent. 

45. The meU1ad of chum 44, wherein the secund therapeutic agent !s an irnmunosuppr.esslve agent. 

46. The methrnJ of claim 45. wherein lhc lmrnunnsuppressive agent i~ methotrol<.<1te. 

47. A method of tteat.ing an autoimmune disease selcctx:d from thl.I iµ.·oup cunsifiling of 

Dcrma\umyt1Mitis, Wegne('S granuJomatosis, ANCA (included uoder vasculitis), Aplnstic anemia, 

J 0 /\.utoimmunc hemolytic anemia (AIHA), fact<>r vm deficiency. hemophilia A, Autoimmune neulropcnia, 

C:istlcm11n'K syndrome, Goodpasture's syndrome, •olid <:1rgan transplant rejection, graft vefl'US host di~c 

(OVHD), IgM mediated, thrombotic tlm;1mbocytopeoic purpum ('ITP), Hashimoto's 1'hyroldltls, 

~utolmmune hepatitis, lymphoid inrerotitial pneumonltlti (lUV), lironchiolitis obliteral\S (non-lrunsplnnt) vs. 

NSIP, Ouillain·Barre Syndrome. lal'ge vessel vasoulitis, gi11nt cell (Taknyasu's) arterllls, medium vei;sel 

15 vn~culitls, Kawasaki's Disease, and polyurtcriti• nodoso, comprising administering to 11 patient l;Uffering 

from !he dittcasc, a th&rapeuticially effuc!lve amounl of a CD20 binding antibody or functional flagmen\ 

thereof. 

48. The method of claim 47 wl1ereln !he CU20 bind.Ing anlibody is RituXllll®. 

49. An i.~olatcd nucleic acid CQmprising die 11ucleotld1> sequeni:1> of SEQ ID NO.: 24 of the 

2.0 Cynomulgus monkey CD20, or a degenerate variant of tbls sequence. 

so. An isolat<i'd nucleic acid comprlslng a sequence lhat enoodcs a polypeptide with the amino acid 

•cqucnce uf SEQ 10 NO. 25, ur SEQ ID NO. 25 with consetVative amino acid substitutions. 

SI. A vector comprfaing the nucleic acid nf claim 50. 

52. The vector of claim 51 which i• an expression vECtOrcompri.~ingthe nucleic acid of claim 49 

25 11porably linCd to an expression control sequence. 

53. A host cell comprising the nucleic acid of claim SO. 

54. An isolated polypeptide <.'Omprlsing llw amino acid i;equem,-c oF SEQ ID NO. 2S uf Ibo Cynomolgus 

1uonkoy CD:2(). 

SS, A liquid for1uulatloo <X11J1prislng a humnniv.ed 2H7 antibndy itt20mgfmL, IOmM histidine RUlfate at 

~O pHS.8, 60Irl.@;f1ul suci:ose, 0.2 lllJl/ml polysorbate 20. 
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<110> Adams ET AL. 

<120> Immunoglobulin 

<130> P1990R3Cl 

<140> us 11/147, 780 
<141> 2005-06-07 

<150> us 60/434, 115 
<151> 2002-12-16 

<150> us 60/526,163 
<151> 2003-12-01 

<150> PCT/US03/40426 
<151> 2003-12-16 

<160> 53 

<210> 1 
<211> 107 
<212> PRT 
<213> Mus musculus 

<400> 1 
Gln Ile Val Leu Ser 

1 5 

Gly Glu Lys Val Thr 
20 

Tyr Met His Trp Tyr 
35 

Trp Ile Tyr Ala Pro 
50 

Phe Ser Gly Ser Gly 
65 

Arg Val Glu Ala Glu 
80 

Ser Phe Asn Pro Pro 
95 

Lys Arg 

<210> 2 
<211> 107 
<212> PRT 

Sequence Listing 

Variants and Uses Thereof 

Gln Ser Pro Ala Ile Leu Ser Ala Ser 
10 

Met Thr Cys Arg Ala Ser Ser Ser Val 
25 

Gln Gln Lys Pro Gly Ser Ser Pro Lys 
40 

Ser Asn Leu Ala Ser Gly Val Pro Ala 
55 

Ser Gly Thr Ser Tyr Ser Leu Thr Ile 
70 

Asp Ala Ala Thr Tyr Tyr Cys Gln Gln 
85 

Thr Phe Gly Ala Gly Thr Lys Leu Glu 
100 

<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 2 

1 

Pro 
15 

Ser 
30 

Pro 
45 

Arg 
60 

Ser 
75 

Trp 
90 

Leu 
105 



Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 

20 25 30 

Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 

35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 

50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 

65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 

80 85 90 

Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 

95 100 105 

Lys Arg 

<210> 3 
<211> 108 
<212> PRT 
<213> Artificial Sequence 

<220> 

<223> Sequence is synthesized 

<400> 3 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 

20 25 30 

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 

50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 

65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 

80 85 90 

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 

95 100 105 

Ile Lys Arg 

<210> 4 
<211> 10 
<212> PRT 
<213> Mus mus cul us 

2 



<400> 4 
Arg Ala Ser Ser Ser Val Ser Tyr Met His 

5 10 

<210> 5 
<211> 7 

<212> PRT 
<213> Mus mus cul us 

<400> 5 
Ala Pro Ser Asn Leu Ala Ser 

5 

<210> 6 
<211> 9 
<212> PRT 
<213> Mus mus cul us 

<400> 6 
Gln Gln Trp Ser Phe Asn Pro Pro Thr 

5 

<210> 7 

<211> 122 
<212> PRT 
<213> Mus mus cul us 

<400> 7 

Gln Ala Tyr Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly 

1 5 10 15 

Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr 

20 25 30 

Ser Tyr Asn Met His Trp Val Lys Gln Thr Pro Arg Gln Gly Leu 

35 40 45 

Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 

50 55 60 

Asn Gln Lys Phe Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser 

65 70 75 

Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp 

80 85 90 

Ser Ala Val Tyr Phe Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser 

95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Thr Gly Thr Thr Val Thr Val 

110 115 120 

Ser Ser 

<210> 8 
<211> 122 
<212> PRT 
<213> Artificial sequence 

<220> 
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<223> Sequence is synthesized 

<400> 8 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser 

<210> 9 
<211> 119 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 9 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu 
95 100 105 
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Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 

<210> 10 
<211> 10 
<212> PRT 
<213 > Mus mus cul us 

<400> 10 
Gly Tyr Thr Phe Thr Ser Tyr Asn Met His 

5 10 

<210> 11 
<211> 17 
<212> PRT 
<213> Mus mus cul us 

<400> 11 
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys 

1 

Lys Gly 

<210> 12 
<211> 13 
<212> PRT 
<213> Mus musculus 

<400> 12 

5 10 

Val Val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val 
5 10 

<210> 13 
<211> 5679 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 13 
gaattcaact tctccatact ttggataagg aaatacagac atgaaaaatc 

tcattgctga gttgttattt aagcttgccc aaaaagaaga agagtcgaat 

gaactgtgtg cgcaggtaga agctttggag attatcgtca ctgcaatgct 

tcgcaatatg gcgcaaaatg accaacagcg gttgattgat caggtagagg 

gggcgctgta cgaggtaaag cccgatgcca gcattcctga cgacgatacg 

gagctgctgc gcgattacgt aaagaagtta ttgaagcatc ctcgtcagta 

aaaagttaat cttttcaaca gctgtcataa agttgtcacg gccgagactt 

atagtcgctt tgtttttatt ttttaatgta tttgtaacta gaattcgagc 

tcggtacccg gggatcctct agaggttgag gtgattttat gaaaaagaat 

atcgcatttc ttcttgcatc tatgttcgtt ttttctattg ctacaaacgc 

5 

Phe 
15 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 



gtacgctgat atccagatga cccagtcccc gagctccctg tccgcctctg 550 

tgggcgatag ggtcaccatc acctgcagag ccagtcagag cgtgtcgact 600 

agctcttata gctatatgca ctggtatcaa cagaaaccag gaaaagctcc 650 

gaaactactg atttactatg ctagcaacct cgagtctgga gtcccttctc 700 

gcttctctgg atccggttct gggacggatt tcactctgac catcagcagt 750 

ctgcagccag aagacttcgc aacttattac tgtcaacact cttggggtat 800 

tccgcgcaca tttggacagg gtaccaaggt ggagatcaaa cgaactgtgg 850 

ctgcaccatc tgtcttcatc ttcccgccat ctgatgagca gttgaaatct 900 

ggaactgctt ctgttgtgtg cctgctgaat aacttctatc ccagagaggc 950 

caaagtacag tggaaggtgg ataacgccct ccaatcgggt aactcccagg 1000 

agagtgtcac agagcaggac agcaaggaca gcacctacag cctcagcagc 1050 

accctgacgc tgagcaaagc agactacgag aaacacaaag tctacgcctg llOO 

cgaagtcacc catcagggcc tgagctcgcc cgtcacaaag agcttcaaca l150 

ggggagagtg ttaagctgat cctctacgcc ggacgcatcg tggccctagt 1200 

acgcaagttc acgtaaaaag ggtatctaga ggttgaggtg attttatgaa 1250 

aaagaatatc gcatttcttc ttgcatctat gttcgttttt tctattgcta 1300 

caaacgcgta cgctgaggtt cagctggtgg agtctggcgg tggcctggtg 1350 

cagccagggg gctcactccg tttgtcctgt gcagcttctg gctacacctt 1400 

caccgaatat atcatccact gggtccgtca ggccccgggt aagggcctgg 1450 

aatgggttgc atcgattaat cctgactacg acatcacgaa ctataaccag 1500 

cgcttcaagg gccgtttcac tataagtcgc gacgattcca aaaacacatt 1550 

atacctgcag atgaacagcc tgcgtgctga ggacactgcc gtctattatt 1600 

gtgctcgatg gatcagcgat ttcttcgact actggggtca aggaaccctg 1650 

gtcaccgtct cctcggcctc caccaagggc ccatcggtct tccccctggc 1700 

accctcctcc aagagcacct ctgggggcac agcggccctg ggctgcctgg 1750 

tcaaggacta cttccccgaa ccggtgacgg tgtcgtggaa ctcaggcgcc 1800 

ctgaccagcg gcgtgcacac cttcccggct gtcctacagt cctcaggact 1850 

ctactccctc agcagcgtgg tgaccgtgcc ctccagcagc ttgggcaccc 1900 

agacctacat ctgcaacgtg aatcacaagc ccagcaacac caaggtggac 1950 

aagaaagttg agcccaaatc ttgtgacaaa actcacacat gaccaccgca 2000 

6 
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tgcaccagta tcgtccattc cgacagcatc gccagtcact atggcgtgct 2050 

gctagcgccg ccctatacct tgtctgcctc cccgcgttgc gtcgcggtgc 2100 

atggagccgg gccacctcga cctgaatgga agccggcggc acctcgctaa 2150 

cggattcacc actccaagaa ttggagccaa tcaattcttg cggagaactg 2200 

tgaatgcgca aaccaaccct tggcagaaca tatccatcgc gtccgccatc 2250 

tccagcagcc gcacgcggcg catctcgggc agcgttgggt cctggccacg 2300 

ggtgcgcatg atcgtgctcc tgtcgttgag gacccggcta ggctggcggg 2350 

gttgccttac tggttagcag aatgaatcac cgatacgcga gcgaacgtga 2400 

agcgactgct gctgcaaaac gtctgcgacc tgagcaacaa catgaatggt 2450 

cttcggtttc cgtgtttcgt aaagtctgga aacgcggaag tcagcgccct 2500 

gcaccattat gttccggatc tgcatcgcag gatgctgctg gctaccctgt 2550 

ggaacaccta catctgtatt aacgaagcgc tggcattgac cctgagtgat 2600 

ttttctctgg tcccgccgca tccataccgc cagttgttta ccctcacaac 2650 

gttccagtaa ccgggcatgt tcatcatcag taacccgtat cgtgagcatc 2700 

ctctctcgtt tcatcggtat cattaccccc atgaacagaa attccccctt 2750 

acacggaggc atcaagtgac caaacaggaa aaaaccgccc ttaacatggc 2800 

ccgctttatc agaagccaga cattaacgct tctggagaaa ctcaacgagc 2850 

tggacgcgga tgaacaggca gacatctgtg aatcgcttca cgaccacgct 2900 

gatgagcttt accgcagcat ccggaaattg taaacgttaa tattttgtta 2950 

aaattcgcgt taaatttttg ttaaatcagc tcatttttta accaataggc 3000 

cgaaatcggc aaaatccctt ataaatcaaa agaatagacc gagatagggt 3050 

tgagtgttgt tccagtttgg aacaagagtc cactattaaa gaacgtggac 3100 

tccaacgtca aagggcgaaa aaccgtctat cagggctatg gcccactacg 3150 

tgaaccatca ccctaatcaa gttttttggg gtcgaggtgc cgtaaagcac 3200 

taaatcggaa ccctaaaggg agcccccgat ttagagcttg acggggaaag 3250 

ccggcgaacg tggcgagaaa ggaagggaag aaagcgaaag gagcgggcgc 3300 

tagggcgctg gcaagtgtag cggtcacgct gcgcgtaacc accacacccg 3350 

ccgcgcttaa tgcgccgcta cagggcgcgt ccgcatcctg cctcgcgcgt 3400 

ttcggtgatg acggtgaaaa cctctgacac atgcagctcc cggagacggt 3450 

cacagcttgt ctgtaagcgg atgccgggag cagacaagcc cgtcagggcg 3500 

cgtcagcggg tgttggcggg tgtcggggcg cagccatgac ccagtcacgt 3550 
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agcgatagcg gagtgtatac tggcttaact atgcggcatc agagcagatt 3600 

gtactgagag tgcaccatat gcggtgtgaa ataccgcaca gatgcgtaag 3650 

gagaaaatac cgcatcaggc gctcttccgc ttcctcgctc actgactcgc 3700 

tgcgctcggt cgttcggctg cggcgagcgg tatcagctca ctcaaaggcg 3750 

gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 3800 

agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgctgg 3850 

cgtttttcca taggctccgc ccccctgacg agcatcacaa aaatcgacgc 3900 

tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt 3950 

tccccctgga agctccctcg tgcgctctcc tgttccgacc ctgccgctta 4000 

ccggatacct gtccgccttt ctcccttcgg gaagcgtggc gctttctcat 4050 

agctcacgct gtaggtatct cagttcggtg taggtcgttc gctccaagct 4100 

gggctgtgtg cacgaacccc ccgttcagcc cgaccgctgc gccttatccg 4150 

gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgccactg 4200 

gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgc 4250 

tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 4300 

tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt 4350 

ggtagctctt gatccggcaa acaaaccacc gctggtagcg gtggtttttt 4400 

tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 4450 

ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt 4500 

taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 4550 

tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa 4600 

cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg 4650 

atctgtctat ttcgttcatc catagttgcc tgactccccg tcgtgtagat 4700 

aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac 4750 

cgcgagaccc acgctcaccg gctccagatt tatcagcaat aaaccagcca 4800 

gccggaaggg ccgagcgcag aagtggtcct gcaactttat ccgcctccat 4850 

ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta 4900 

atagtttgcg caacgttgtt gccattgctg caggcatcgt ggtgtcacgc 4950 

tcgtcgtttg gtatggcttc attcagctcc ggttcccaac gatcaaggcg 5000 

agttacatga tcccccatgt tgtgcaaaaa agcggttagc tccttcggtc 5050 
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ctccgatcgt tgtcagaagt aagttggccg cagtgttatc actcatggtt 5100 

atggcagcac tgcataattc tcttactgtc atgccatccg taagatgctt 5150 

ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgc 5200 

ggcgaccgag ttgctcttgc ccggcgtcaa cacgggataa taccgcgcca 5250 

catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg 5300 

aaaactctca aggatcttac cgctgttgag atccagttcg atgtaaccca 5350 

ctcgtgcacc caactgatct tcagcatctt ttactttcac cagcgtttct 5400 

gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc 5450 

gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa 5500 

gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt 5550 

tagaaaaata aacaaatagg ggttccgcgc acatttcccc gaaaagtgcc 5600 

acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata 5650 

ggcgtatcac gaggcccttt cgtcttcaa 5679 

<210> 14 
<211> 241 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 14 
Met Lys 

1 
Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe 

5 10 15 

Ser Ile Ala Thr Asn Ala Tyr Ala Asp Ile Gln Met Thr Gln Ser 
20 25 30 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr 
35 40 45 

Cys Arg Ala Ser Gln Ser Val Ser Thr Ser Ser Tyr Ser Tyr Met 
so 55 60 

His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 
65 70 75 

Tyr Tyr Ala Ser Asn Leu Glu Ser Gly Val Pro Ser Arg Phe Ser 
80 85 90 

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu 
95 100 105 

Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln His Ser Trp Gly 
llO 115 120 

Ile Pro Arg Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg 
125 130 135 
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Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu 
140 145 150 

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn 
155 160 165 

Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala 
170 175 180 

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser 
185 190 195 

Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys 
200 205 210 

Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His 
215 220 225 

Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu 
230 235 240 

Cys 

<210> 15 
<211> 248 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 15 
Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe 

1 5 10 15 

Ser Ile Ala Thr Asn Ala Tyr Ala Glu Val Gln Leu Val Glu Ser 
20 25 30 

Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys 
35 40 45 

Ala Ala Ser Gly Tyr Thr Phe Thr Glu Tyr Ile Ile His Trp Val 
50 55 60 

Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Ser Ile Asn 
65 70 75 

Pro Asp Tyr Asp Ile Thr Asn Tyr Asn Gln Arg Phe Lys Gly Arg 
80 85 90 

Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr Leu Tyr Leu Gln 
95 100 105 

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
110 115 120 

Arg Trp Ile Ser Asp Phe Phe Asp Tyr Trp Gly Gln Gly Thr Leu 
125 130 135 

Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 
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140 145 150 

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 
155 160 165 

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser 
170 175 180 

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 
185 190 195 

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr 
200 205 210 

Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val 
215 220 225 

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro 
230 235 240 

Lys Ser Cys Asp Lys Thr His Thr 
245 

<210> 16 
<211> 5678 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence is chimeric 

<400> 16 
gaattcaact tctccatact ttggataagg aaatacagac atgaaaaatc 50 

tcattgctga gttgttattt aagcttgccc aaaaagaaga agagtcgaat 100 

gaactgtgtg cgcaggtaga agctttggag attatcgtca ctgcaatgct 150 

tcgcaatatg gcgcaaaatg accaacagcg gttgattgat caggtagagg 200 

gggcgctgta cgaggtaaag cccgatgcca gcattcctga cgacgatacg 250 

gagctgctgc gcgattacgt aaagaagtta ttgaagcatc ctcgtcagta 300 

aaaagttaat cttttcaaca gctgtcataa agttgtcacg gccgagactt 350 

atagtcgctt tgtttttatt ttttaatgta tttgtaacta gaattcgagc 400 

tcggtacccg gggatcctct agaggttgag gtgatttatg aaaaagaata 450 

tcgcatttct tcttgcatct atgttcgttt tttctattgc tacaaacgcg 500 

tacgctcaga tagtactgtc ccagtccccg gctatcctgt ccgcctctcc 550 

tggcgagaag gtcactatga cctgcagagc cagctcttct gtgagctata 600 

tgcattggta tcaacagaaa ccaggaagct ctccgaaacc atggatttac 650 

gctccatcga acctcgcgtc tggagtccct gcgcgcttct ctggatccgg 700 

ttctgggact agttactctc tgaccatcag cagagtggag gcagaagacg 750 
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ccgcaactta ttactgtcaa cagtggagct tcaatccgcc cacatttgga 800 

gccggcacca agctggagct caaacgaact gtggctgcac catctgtctt 850 

catcttcccg ccatctgatg agcagttgaa atctggaact gcttctgttg 900 

tgtgcctgct gaataacttc tatcccagag aggccaaagt acagtggaag 950 

gtggataacg ccctccaatc gggtaactcc caggagagtg tcacagagca 1000 

ggacagcaag gacagcacct acagcctcag cagcaccctg acgctgagca 1050 

aagcagacta cgagaaacac aaagtctacg cctgcgaagt cacccatcag HOO 

ggcctgagct cgcccgtcac aaagagcttc aacaggggag agtgttaagc 1150 

tgatcctcta cgccggacgc atcgtggccc tagtacgcaa gttcacgtaa 1200 

aaagggtatc tagaggttga ggtgatttta tgaaaaagaa tatcgcattt 1250 

cttcttgcat ctatgttcgt tttttctatt gctacaaacg cgtacgctca 1300 

ggcttatctg cagcagtctg gcgccgagct ggtgcggcca ggagctagcg 1350 

tcaagatgtc ctgtaaagct tctggctaca ccttcaccag ctataacatg 1400 

cattgggtca agcagacacc gaggcaaggc ctggaatgga ttggagcgat 1450 

ctatcctggc aacggcgaca cgagctataa ccagaagttc aagggcaagg 1500 

ccactctgac tgtggacaag tccagcagta ctgcctacat gcaactgagc 1550 

agcctgactt ctgaggacag cgctgtctac ttttgtgctc gcgtggtcta 1600 

ctatagcaac agctactggt acttcgacgt ctggggtacc ggaaccacag 1650 

tcaccgtctc ctcggcctcc accaagggcc catcggtctt ccccctggca 1700 

ccctcctcca agagcacctc tgggggcaca gcggccctgg gctgcctggt 1750 

caaggactac ttccccgaac cggtgacggt gtcgtggaac tcaggcgccc 1800 

tgaccagcgg cgtgcacacc ttcccggctg tcctacagtc ctcaggactc 1850 

tactccctca gcagcgtggt gaccgtgccc tccagcagct tgggcaccca 1900 

gacctacatc tgcaacgtga atcacaagcc cagcaacacc aaggtggaca 1950 

agaaagttga gcccaaatct tgtgacaaaa ctcacacatg accaccgcat 2000 

gcaccagtat cgtccattcc gacagcatcg ccagtcacta tggcgtgctg 2050 

ctagcgccgc cctatacctt gtctgcctcc ccgcgttgcg tcgcggtgca 2100 

tggagccggg ccacctcgac ctgaatggaa gccggcggca cctcgctaac 2150 

ggattcacca ctccaagaat tggagccaat caattcttgc ggagaactgt 2200 

gaatgcgcaa accaaccctt ggcagaacat atccatcgcg tccgccatct 2250 
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ccagcagccg cacgcggcgc atctcgggca gcgttgggtc ctggccacgg 2300 

gtgcgcatga tcgtgctcct gtcgttgagg acccggctag gctggcgggg 2350 

ttgccttact ggttagcaga atgaatcacc gatacgcgag cgaacgtgaa 2400 

gcgactgctg ctgcaaaacg tctgcgacct gagcaacaac atgaatggtc 2450 

ttcggtttcc gtgtttcgta aagtctggaa acgcggaagt cagcgccctg 2500 

caccattatg ttccggatct gcatcgcagg atgctgctgg ctaccctgtg 2550 

gaacacctac atctgtatta acgaagcgct ggcattgacc ctgagtgatt 2600 

tttctctggt cccgccgcat ccataccgcc agttgtttac cctcacaacg 2650 

ttccagtaac cgggcatgtt catcatcagt aacccgtatc gtgagcatcc 2700 

tctctcgttt catcggtatc attaccccca tgaacagaaa ttccccctta 2750 

cacggaggca tcaagtgacc aaacaggaaa aaaccgccct taacatggcc 2800 

cgctttatca gaagccagac attaacgctt ctggagaaac tcaacgagct 2850 

ggacgcggat gaacaggcag acatctgtga atcgcttcac gaccacgctg 2900 

atgagcttta ccgcagcatc cggaaattgt aaacgttaat attttgttaa 2950 

aattcgcgtt aaatttttgt taaatcagct cattttttaa ccaataggcc 3000 

gaaatcggca aaatccctta taaatcaaaa gaatagaccg agatagggtt 3050 

gagtgttgtt ccagtttgga acaagagtcc actattaaag aacgtggact 3100 

ccaacgtcaa agggcgaaaa accgtctatc agggctatgg cccactacgt 3150 

gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact 3200 

aaatcggaac cctaaaggga gcccccgatt tagagcttga cggggaaagc 3250 

cggcgaacgt ggcgagaaag gaagggaaga aagcgaaagg agcgggcgct 3300 

agggcgctgg caagtgtagc ggtcacgctg cgcgtaacca ccacacccgc 3350 

cgcgcttaat gcgccgctac agggcgcgtc cgcatcctgc ctcgcgcgtt 3400 

tcggtgatga cggtgaaaac ctctgacaca tgcagctccc ggagacggtc 3450 

acagcttgtc tgtaagcgga tgccgggagc agacaagccc gtcagggcgc 3500 

gtcagcgggt gttggcgggt gtcggggcgc agccatgacc cagtcacgta 3550 

gcgatagcgg agtgtatact ggcttaacta tgcggcatca gagcagattg 3600 

tactgagagt gcaccatatg cggtgtgaaa taccgcacag atgcgtaagg 3650 

agaaaatacc gcatcaggcg ctcttccgct tcctcgctca ctgactcgct 3700 

gcgctcggtc gttcggctgc ggcgagcggt atcagctcac tcaaaggcgg 3750 

taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga 3800 
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gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg cgttgctggc 3850 

gtttttccat aggctccgcc cccctgacga gcatcacaaa aatcgacgct 3900 

caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt 3950 

ccccctggaa gctccctcgt gcgctctcct gttccgaccc tgccgcttac 4000 

cggatacctg tccgcctttc tcccttcggg aagcgtggcg ctttctcata 4050 

gctcacgctg taggtatctc agttcggtgt aggtcgttcg ctccaagctg 4100 

ggctgtgtgc acgaaccccc cgttcagccc gaccgctgcg ccttatccgg 4150 

taactatcgt cttgagtcca acccggtaag acacgactta tcgccactgg 4200 

cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct 4250 

acagagttct tgaagtggtg gcctaactac ggctacacta gaaggacagt 4300 

atttggtatc tgcgctctgc tgaagccagt taccttcgga aaaagagttg 4350 

gtagctcttg atccggcaaa caaaccaccg ctggtagcgg tggttttttt 4400 

gtttgcaagc agcagattac gcgcagaaaa aaaggatctc aagaagatcc 4450 

tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt 4500 

aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt 4550 

ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac 4600 

ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga 4650 

tctgtctatt tcgttcatcc atagttgcct gactccccgt cgtgtagata 4700 

actacgatac gggagggctt accatctggc cccagtgctg caatgatacc 4750 

gcgagaccca cgctcaccgg ctccagattt atcagcaata aaccagccag 4800 

ccggaagggc cgagcgcaga agtggtcctg caactttatc cgcctccatc 4850 

cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa 4900 

tagtttgcgc aacgttgttg ccattgctgc aggcatcgtg gtgtcacgct 4950 

cgtcgtttgg tatggcttca ttcagctccg gttcccaacg atcaaggcga 5000 

gttacatgat cccccatgtt gtgcaaaaaa gcggttagct ccttcggtcc 5050 

tccgatcgtt gtcagaagta agttggccgc agtgttatca ctcatggtta 5100 

tggcagcact gcataattct cttactgtca tgccatccgt aagatgcttt 5150 

tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgcg 5200 

gcgaccgagt tgctcttgcc cggcgtcaac acgggataat accgcgccac 5250 

atagcagaac tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga 5300 

aaactctcaa ggatcttacc gctgttgaga tccagttcga tgtaacccac 5350 
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tcgtgcaccc aactgatctt cagcatcttt tactttcacc agcgtttctg 5400 

ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg aataagggcg 5450 

acacggaaat gttgaatact catactcttc ctttttcaat attattgaag 5500 

catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt 5550 

agaaaaataa acaaataggg gttccgcgca catttccccg aaaagtgcca 5600 

cctgacgtct aagaaaccat tattatcatg acattaacct ataaaaatag 5650 

gcgtatcacg aggccctttc gtcttcaa 5678 

<210> 17 
<211> 236 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Sequence is chimeric 

<400> 17 
Met Lys 

1 

Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
5 10 15 

Ser Ile Ala Thr Asn Ala Tyr Ala Gln Ile Val Leu Ser Gln Ser 
20 25 30 

Pro Ala Ile Leu Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr 
35 40 45 

Cys Arg Ala Ser Ser Ser Val Ser Tyr Met His Trp Tyr Gln Gln 
50 55 60 

Lys Pro Gly Ser Ser Pro Lys Pro Trp Ile Tyr Ala Pro Ser Asn 
65 70 75 

Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly 
80 85 90 

Thr Ser Tyr Ser Leu Thr Ile Ser Arg Val Glu Ala Glu Asp Ala 
95 100 105 

Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Phe Asn Pro Pro Thr Phe 
110 115 120 

Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Thr Val Ala Ala Pro 
125 13 0 135 

Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly 
140 145 150 

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu 
155 160 165 

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn 
170 175 180 

Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr 
185 190 195 
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Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys 
200 205 210 

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser 
215 220 225 

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys 

<210> 18 
<211> 253 
<212> PRT 

230 235 

<213> Artificial sequence 

<220> 

<223> Sequence is chimeric 

<400> 18 
Met Lys 

1 

Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
5 10 15 

Ser Ile Ala Thr Asn Ala Tyr Ala Gln Ala Tyr Leu Gln Gln Ser 
20 25 30 

Gly Ala Glu Leu Val Arg Pro Gly Ala Ser Val Lys Met Ser Cys 
35 40 45 

Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr Asn Met His Trp Val 
50 55 60 

Lys Gln Thr Pro Arg Gln Gly Leu Glu Trp Ile Gly Ala Ile Tyr 
65 70 75 

Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe Lys Gly Lys 
80 85 90 

Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr Met Gln 
95 100 105 

Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys Ala 
110 115 120 

Arg Val Val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val Trp 
125 130 135 

Gly Thr Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly 
140 145 150 

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly 
155 160 165 

Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu 
170 175 180 

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val 
185 190 195 

His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu 
200 205 210 

Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr 
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215 220 225 

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp 
230 235 240 

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr 
245 250 

<210> 19 
<211> 5391 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 19 
ttcgagctcg cccgacattg attattgact agttattaat agtaatcaat 50 

tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac 100 

ttacggtaaa tggcccgcct ggctgaccgc ccaacgaccc ccgcccattg 150 

acgtcaataa tgacgtatgt tcccatagta acgccaatag ggactttcca 200 

ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac 250 

atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt 300 

aaatggcccg cctggcatta tgcccagtac atgaccttat gggactttcc 350 

tacttggcag tacatctacg tattagtcat cgctattacc atggtgatgc 400 

ggttttggca gtacatcaat gggcgtggat agcggtttga ctcacgggga 450 

tttccaagtc tccaccccat tgacgtcaat gggagtttgt tttggcacca 500 

aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgc 550 

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt 600 

ttagtgaacc gtcagatcgc ctggagacgc catccacgct gttttgacct 650 

ccatagaaga caccgggacc gatccagcct ccgcggccgg gaacggtgca 700 

ttggaacgcg gattccccgt gccaagagtg acgtaagtac cgcctataga 750 

gtctataggc ccaccccctt ggcttcgtta gaacgcggct acaattaata 800 

cataacctta tgtatcatac acatacgatt taggtgacac tatagaataa 850 

catccacttt gcctttctct ccacaggtgt ccactcccag gtccaactgc 900 

acctcggttc tatcgattga attccaccat gggatggtca tgtatcatcc 950 

tttttctagt agcaactgca actggagtac attcagatat ccagatgacc 1000 

cagtccccga gctccctgtc cgcctctgtg ggcgataggg tcaccatcac 1050 

ctgccgtgcc agtcaggaca tccgtaatta tttgaactgg tatcaacaga 1100 
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aaccaggaaa agctccgaaa ctactgattt actatacctc ccgcctggag 1150 

tctggagtcc cttctcgctt ctctggttct ggttctggga cggattacac 1200 

tctgaccatc agtagtctgc aaccggagga cttcgcaact tattactgtc 1250 

agcaaggtaa tactctgccg tggacgttcg gacagggcac caaggtggag 1300 

atcaaacgaa ctgtggctgc accatctgtc ttcatcttcc cgccatctga 1350 

tgagcagttg aaatctggaa ctgcctctgt tgtgtgcctg ctgaataact 1400 

tctatcccag agaggccaaa gtacagtgga aggtggataa cgccctccaa 1450 

tcgggtaact cccaggagag tgtcacagag caggacagca aggacagcac 1500 

ctacagcctc agcagcaccc tgacgctgag caaagcagac tacgagaaac 1550 

acaaagtcta cgcctgcgaa gtcacccatc agggcctgag ctcgcccgtc 1600 

acaaagagct tcaacagggg agagtgttaa gcttggccgc catggcccaa 1650 

cttgtttatt gcagcttata atggttacaa ataaagcaat agcatcacaa 1700 

atttcacaaa taaagcattt ttttcactgc attctagttg tggtttgtcc 1750 

aaactcatca atgtatctta tcatgtctgg atcgatcggg aattaattcg 1800 

gcgcagcacc atggcctgaa ataacctctg aaagaggaac ttggttaggt 1850 

accttctgag gcggaaagaa ccagctgtgg aatgtgtgtc agttagggtg 1900 

tggaaagtcc ccaggctccc cagcaggcag aagtatgcaa agcatgcatc 1950 

tcaattagtc agcaaccagg tgtggaaagt ccccaggctc cccagcaggc 2000 

agaagtatgc aaagcatgca tctcaattag tcagcaacca tagtcccgcc 2050 

cctaactccg cccatcccgc ccctaactcc gcccagttcc gcccattctc 2100 

cgccccatgg ctgactaatt ttttttattt atgcagaggc cgaggccgcc 2150 

tcggcctctg agctattcca gaagtagtga ggaggctttt ttggaggcct 2200 

aggcttttgc aaaaagctgt taacagcttg gcactggccg tcgttttaca 2250 

acgtcgtgac tgggaaaacc ctggcgttac ccaacttaat cgccttgcag 2300 

cacatccccc cttcgccagc tggcgtaata gcgaagaggc ccgcaccgat 2350 

cgcccttccc aacagttgcg tagcctgaat ggcgaatggc gcctgatgcg 2400 

gtattttctc cttacgcatc tgtgcggtat ttcacaccgc atacgtcaaa 2450 

gcaaccatag tacgcgccct gtagcggcgc attaagcgcg gcgggtgtgg 2500 

tggttacgcg cagcgtgacc gctacacttg ccagcgccct agcgcccgct 2550 

cctttcgctt tcttcccttc ctttctcgcc acgttcgccg gctttccccg 2600 

tcaagctcta aatcgggggc tccctttagg gttccgattt agtgctttac 2650 
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ggcacctcga ccccaaaaaa cttgatttgg gtgatggttc acgtagtggg 2700 

ccatcgccct gatagacggt ttttcgccct ttgacgttgg agtccacgtt 2750 

ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct 2800 

cgggctattc ttttgattta taagggattt tgccgatttc ggcctattgg 2850 

ttaaaaaatg agctgattta acaaaaattt aacgcgaatt ttaacaaaat 2900 

attaacgttt acaattttat ggtgcactct cagtacaatc tgctctgatg 2950 

ccgcatagtt aagccaactc cgctatcgct acgtgactgg gtcatggctg 3000 

cgccccgaca cccgccaaca cccgctgacg cgccctgacg ggcttgtctg 3050 

ctcccggcat ccgcttacag acaagctgtg accgtctccg ggagctgcat 3100 

gtgtcagagg ttttcaccgt catcaccgaa acgcgcgagg cagtattctt 3150 

gaagacgaaa gggcctcgtg atacgcctat ttttataggt taatgtcatg 3200 

ataataatgg tttcttagac gtcaggtggc acttttcggg gaaatgtgcg 3250 

cggaacccct atttgtttat ttttctaaat acattcaaat atgtatccgc 3300 

tcatgagaca ataaccctga taaatgcttc aataatattg aaaaaggaag 3350 

agtatgagta ttcaacattt ccgtgtcgcc cttattccct tttttgcggc 3400 

attttgcctt cctgtttttg ctcacccaga aacgctggtg aaagtaaaag 3450 

atgctgaaga tcagttgggt gcacgagtgg gttacatcga actggatctc 3500 

aacagcggta agatccttga gagttttcgc cccgaagaac gttttccaat 3550 

gatgagcact tttaaagttc tgctatgtgg cgcggtatta tcccgtgatg 3600 

acgccgggca agagcaactc ggtcgccgca tacactattc tcagaatgac 3650 

ttggttgagt actcaccagt cacagaaaag catcttacgg atggcatgac 3700 

agtaagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg 3750 

ccaacttact tctgacaacg atcggaggac cgaaggagct aaccgctttt 3800 

ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt gggaaccgga 3850 

gctgaatgaa gccataccaa acgacgagcg tgacaccacg atgccagcag 3900 

caatggcaac aacgttgcgc aaactattaa ctggcgaact acttactcta 3950 

gcttcccggc aacaattaat agactggatg gaggcggata aagttgcagg 4000 

accacttctg cgctcggccc ttccggctgg ctggtttatt gctgataaat 4050 

ctggagccgg tgagcgtggg tctcgcggta tcattgcagc actggggcca 4100 

gatggtaagc cctcccgtat cgtagttatc tacacgacgg ggagtcaggc 4150 

aactatggat gaacgaaata gacagatcgc tgagataggt gcctcactga 4200 
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ttaagcattg gtaactgtca gaccaagttt actcatatat actttagatt 4250 

gatttaaaac ttcattttta atttaaaagg atctaggtga agatcctttt 4300 

tgataatctc atgaccaaaa tcccttaacg tgagttttcg ttccactgag 4350 

cgtcagaccc cgtagaaaag atcaaaggat cttcttgaga tccttttttt 4400 

ctgcgcgtaa tctgctgctt gcaaacaaaa aaaccaccgc taccagcggt 4450 

ggtttgtttg ccggatcaag agctaccaac tctttttccg aaggtaactg 4500 

gcttcagcag agcgcagata ccaaatactg tccttctagt gtagccgtag 4550 

ttaggccacc acttcaagaa ctctgtagca ccgcctacat acctcgctct 4600 

gctaatcctg ttaccagtgg ctgctgccag tggcgataag tcgtgtctta 4650 

ccgggttgga ctcaagacga tagttaccgg ataaggcgca gcggtcgggc 4700 

tgaacggggg gttcgtgcac acagcccagc ttggagcgaa cgacctacac 4750 

cgaactgaga tacctacagc gtgagcattg agaaagcgcc acgcttcccg 4800 

aagggagaaa ggcggacagg tatccggtaa gcggcagggt cggaacagga 4850 

gagcgcacga gggagcttcc agggggaaac gcctggtatc tttatagtcc 4900 

tgtcgggttt cgccacctct gacttgagcg tcgatttttg tgatgctcgt 4950 

caggggggcg gagcctatgg aaaaacgcca gcaacgcggc ctttttacgg 5000 

ttcctggcct tttgctggcc ttttgctcac atgttctttc ctgcgttatc 5050 

ccctgattct gtggataacc gtattaccgc ctttgagtga gctgataccg 5100 

ctcgccgcag ccgaacgacc gagcgcagcg agtcagtgag cgaggaagcg 5150 

gaagagcgcc caatacgcaa accgcctctc cccgcgcgtt ggccgattca 5200 

ttaatccagc tggcacgaca ggtttcccga ctggaaagcg ggcagtgagc 5250 

gcaacgcaat taatgtgagt tacctcactc attaggcacc ccaggcttta 5300 

cactttatgc ttccggctcg tatgttgtgt ggaattgtga gcggataaca 5350 

atttcacaca ggaaacagct atgaccatga ttacgaatta a 5391 

<210> 20 
<211> 6135 
<212> DNA 
<213> Artificial sequence 

<220> 

<223> Sequence is synthesized 

<400> 20 
attcgagctc gcccgacatt gattattgac tagttattaa tagtaatcaa 50 

ttacggggtc attagttcat agcccatata tggagttccg cgttacataa 100 

20 



cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgcccatt 150 

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc 200 

attgacgtca atgggtggag tatttacggt aaactgccca cttggcagta 250 

catcaagtgt atcatatgcc aagtacgccc cctattgacg tcaatgacgg 300 

taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc 350 

ctacttggca gtacatctac gtattagtca tcgctattac catggtgatg 400 

cggttttggc agtacatcaa tgggcgtgga tagcggtttg actcacgggg 450 

atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 500 

aaaatcaacg ggactttcca aaatgtcgta acaactccgc cccattgacg 550 

caaatgggcg gtaggcgtgt acggtgggag gtctatataa gcagagctcg 600 

tttagtgaac cgtcagatcg cctggagacg ccatccacgc tgttttgacc 650 

tccatagaag acaccgggac cgatccagcc tccgcggccg ggaacggtgc 700 

attggaacgc ggattccccg tgccaagagt gacgtaagta ccgcctatag 750 

agtctatagg cccaccccct tggcttcgtt agaacgcggc tacaattaat 800 

acataacctt atgtatcata cacatacgat ttaggtgaca ctatagaata 850 

acatccactt tgcctttctc tccacaggtg tccactccca ggtccaactg 900 

cacctcggtt ctatcgattg aattccacca tgggatggtc atgtatcatc 950 

ctttttctag tagcaactgc aactggagta cattcagaag ttcagctggt 1000 

ggagtctggc ggtggcctgg tgcagccagg gggctcactc cgtttgtcct 1050 

gtgcagcttc tggctactcc tttaccggct acactatgaa ctgggtgcgt 1100 

caggccccag gtaagggcct ggaatgggtt gcactgatta atccttataa 1150 

aggtgttact acctatgccg atagcgtcaa gggccgtttc actataagcg 1200 

tagataaatc caaaaacaca gcctacctgc aaatgaacag cctgcgtgct 1250 

gaggacactg ccgtctatta ttgtgctaga agcggatact acggcgatag 1300 

cgactggtat tttgacgtct ggggtcaagg aaccctggtc accgtctcct 1350 

cggcctccac caagggccca tcggtcttcc ccctggcacc ctcctccaag 1400 

agcacctctg ggggcacagc ggccctgggc tgcctggtca aggactactt 1450 

ccccgaaccg gtgacggtgt cgtggaactc aggcgccctg accagcggcg 1500 

tgcacacctt cccggctgtc ctacagtcct caggactcta ctccctcagc 1550 

agcgtggtga ctgtgccctc tagcagcttg ggcacccaga cctacatctg 1600 

caacgtgaat cacaagccca gcaacaccaa ggtggacaag aaagttgagc 1650 
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ccaaatcttg tgacaaaact cacacatgcc caccgtgccc agcacctgaa 1700 

ctcctggggg gaccgtcagt cttcctcttc cccccaaaac ccaaggacac 1750 

cctcatgatc tcccggaccc ctgaggtcac atgcgtggtg gtggacgtga 1800 

gccacgaaga ccctgaggtc aagttcaact ggtacgtgga cggcgtggag 1850 

gtgcataatg ccaagacaaa gccgcgggag gagcagtaca acagcacgta 1900 

ccgtgtggtc agcgtcctca ccgtcctgca ccaggactgg ctgaatggca 1950 

aggagtacaa gtgcaaggtc tccaacaaag ccctcccagc ccccatcgag 2000 

aaaaccatct ccaaagccaa agggcagccc cgagaaccac aggtgtacac 2050 

cctgccccca tcccgggaag agatgaccaa gaaccaggtc agcctgacct 2100 

gcctggtcaa aggcttctat cccagcgaca tcgccgtgga gtgggagagc 2150 

aatgggcagc cggagaacaa ctacaagacc acgcctcccg tgctggactc 2200 

cgacggctcc ttcttcctct acagcaagct caccgtggac aagagcaggt 2250 

ggcagcaggg gaacgtcttc tcatgctccg tgatgcatga ggctctgcac 2300 

aaccactaca cgcagaagag cctctccctg tctccgggta aatgagtgcg 2350 

acggccctag agtcgacctg cagaagcttg gccgccatgg cccaacttgt 2400 

ttattgcagc ttataatggt tacaaataaa gcaatagcat cacaaatttc 2450 

acaaataaag catttttttc actgcattct agttgtggtt tgtccaaact 2500 

catcaatgta tcttatcatg tctggatcga tcgggaatta attcggcgca 2550 

gcaccatggc ctgaaataac ctctgaaaga ggaacttggt taggtacctt 2600 

ctgaggcgga aagaaccatc tgtggaatgt gtgtcagtta gggtgtggaa 2650 

agtccccagg ctccccagca ggcagaagta tgcaaagcat gcatctcaat 2700 

tagtcagcaa ccaggtgtgg aaagtcccca ggctccccag caggcagaag 2750 

tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa 2800 

ctccgcccat cccgccccta actccgccca gttccgccca ttctccgccc 2850 

catggctgac taattttttt tatttatgca gaggccgagg ccgcctcggc 2900 

ctctgagcta ttccagaagt agtgaggagg cttttttgga ggcctaggct 2950 

tttgcaaaaa gctgttaaca gcttggcact ggccgtcgtt ttacaacgtc 3000 

gtgactggga aaaccctggc gttacccaac ttaatcgcct tgcagcacat 3050 

ccccccttcg ccagttggcg taatagcgaa gaggcccgca ccgatcgccc 3100 

ttcccaacag ttgcgtagcc tgaatggcga atggcgcctg atgcggtatt 3150 

ttctccttac gcatctgtgc ggtatttcac accgcatacg tcaaagcaac 3200 
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catagtacgc gccctgtagc ggcgcattaa gcgcggcggg tgtggtggtt 3250 

acgcgcagcg tgaccgctac acttgccagc gccctagcgc ccgctccttt 3300 

cgctttcttc ccttcctttc tcgccacgtt cgccggcttt ccccgtcaag 3350 

ctctaaatcg ggggctccct ttagggttcc gatttagtgc tttacggcac 3400 

ctcgacccca aaaaacttga tttgggtgat ggttcacgta gtgggccatc 3450 

gccctgatag acggtttttc gccctttgac gttggagtcc acgttcttta 3500 

atagtggact cttgttccaa actggaacaa cactcaaccc tatctcgggc 3550 

tattcttttg atttataagg gattttgccg atttcggcct attggttaaa 3600 

aaatgagctg atttaacaaa aatttaacgc gaattttaac aaaatattaa 3650 

cgtttacaat tttatggtgc actctcagta caatctgctc tgatgccgca 3700 

tagttaagcc aactccgcta tcgctacgtg actgggtcat ggctgcgccc 3750 

cgacacccgc caacacccgc tgacgcgccc tgacgggctt gtctgctccc 3800 

ggcatccgct tacagacaag ctgtgaccgt ctccgggagc tgcatgtgtc 3850 

agaggttttc accgtcatca ccgaaacgcg cgaggcagta ttcttgaaga 3900 

cgaaagggcc tcgtgatacg cctattttta taggttaatg tcatgataat 3950 

aatggtttct tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa 4000 

cccctatttg tttatttttc taaatacatt caaatatgta tccgctcatg 4050 

agacaataac cctgataaat gcttcaataa tattgaaaaa ggaagagtat 4100 

gagtattcaa catttccgtg tcgcccttat tccctttttt gcggcatttt 4150 

gccttcctgt ttttgctcac ccagaaacgc tggtgaaagt aaaagatgct 4200 

gaagatcagt tgggtgcacg agtgggttac atcgaactgg atctcaacag 4250 

cggtaagatc cttgagagtt ttcgccccga agaacgtttt ccaatgatga 4300 

gcacttttaa agttctgcta tgtggcgcgg tattatcccg tgatgacgcc 4350 

gggcaagagc aactcggtcg ccgcatacac tattctcaga atgacttggt 4400 

tgagtactca ccagtcacag aaaagcatct tacggatggc atgacagtaa 4450 

gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccaac 4500 

ttacttctga caacgatcgg aggaccgaag gagctaaccg cttttttgca 4550 

caacatgggg gatcatgtaa ctcgccttga tcgttgggaa ccggagctga 4600 

atgaagccat accaaacgac gagcgtgaca ccacgatgcc agcagcaatg 4650 

gcaacaacgt tgcgcaaact attaactggc gaactactta ctctagcttc 4700 

ccggcaacaa ttaatagact ggatggaggc ggataaagtt gcaggaccac 4750 
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ttctgcgctc ggcccttccg gctggctggt ttattgctga taaatctgga 4800 

gccggtgagc gtgggtctcg cggtatcatt gcagcactgg ggccagatgg 4850 

taagccctcc cgtatcgtag ttatctacac gacggggagt caggcaacta 4900 

tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag 4950 

cattggtaac tgtcagacca agtttactca tatatacttt agattgattt 5000 

aaaacttcat ttttaattta aaaggatcta ggtgaagatc ctttttgata 5050 

atctcatgac caaaatccct taacgtgagt tttcgttcca ctgagcgtca 5100 

gaccccgtag aaaagatcaa aggatcttct tgagatcctt tttttctgcg 5150 

cgtaatctgc tgcttgcaaa caaaaaaacc accgctacca gcggtggttt 5200 

gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttc 5250 

agcagagcgc agataccaaa tactgtcctt ctagtgtagc cgtagttagg 5300 

ccaccacttc aagaactctg tagcaccgcc tacatacctc gctctgctaa 5350 

tcctgttacc agtggctgct gccagtggcg ataagtcgtg tcttaccggg 5400 

ttggactcaa gacgatagtt accggataag gcgcagcggt cgggctgaac 5450 

ggggggttcg tgcacacagc ccagcttgga gcgaacgacc tacaccgaac 5500 

tgagatacct acagcgtgag cattgagaaa gcgccacgct tcccgaaggg 5550 

agaaaggcgg acaggtatcc ggtaagcggc agggtcggaa caggagagcg 5600 

cacgagggag cttccagggg gaaacgcctg gtatctttat agtcctgtcg 5650 

ggtttcgcca cctctgactt gagcgtcgat ttttgtgatg ctcgtcaggg 5700 

gggcggagcc tatggaaaaa cgccagcaac gcggcctttt tacggttcct 5750 

ggccttttgc tggccttttg ctcacatgtt ctttcctgcg ttatcccctg 5800 

attctgtgga taaccgtatt accgcctttg agtgagctga taccgctcgc 5850 

cgcagccgaa cgaccgagcg cagcgagtca gtgagcgagg aagcggaaga 5900 

gcgcccaata cgcaaaccgc ctctccccgc gcgttggccg attcattaat 5950 

ccaactggca cgacaggttt cccgactgga aagcgggcag tgagcgcaac 6000 

gcaattaatg tgagttacct cactcattag gcaccccagg ctttacactt 6050 

tatgcttccg gctcgtatgt tgtgtggaat tgtgagcgga taacaatttc 6100 

acacaggaaa cagctatgac catgattacg aatta 6135 

<210> 21 
<211> 232 
<212> PRT 

<213> Artificial sequence 
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<220> 
<223> Sequence is synthesized 

<400> 21 
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 

1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
20 25 30 

Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser 
35 40 45 

Ser Ser Val Ser Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys 
50 55 60 

Ala Pro Lys Pro Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly 
65 70 75 

Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 
80 85 90 

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr 
95 100 105 

Cys Gln Gln Trp Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr 
110 115 120 

Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile 
125 130 135 

Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 
140 145 150 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln 
155 160 165 

Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser 
170 175 180 

Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser 
185 190 195 

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 
200 205 210 

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys 
215 220 225 

Ser Phe Asn Arg Gly Glu Cys 
230 

<210> 22 
<211> 471 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 22 
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Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 

1 5 10 15 

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu 
20 25 30 

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly 
35 40 45 

Tyr Thr Phe Thr Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly 
65 70 75 

Asp Thr Ser Tyr Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser 
80 85 90 

Val Asp Lys Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu 
95 100 105 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr 
110 115 120 

Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr 
125 130 135 

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 
140 145 150 

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 
155 160 165 

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 
170 175 180 

Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro 
185 190 195 

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val 
200 205 210 

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn 
215 220 225 

Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu 
230 235 240 

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
245 250 255 

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 
260 265 270 

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 
275 280 285 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn 
290 295 300 

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro 
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305 310 315 

Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu 
320 325 330 

Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys 
335 340 345 

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile 
350 355 360 

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu 
365 370 375 

Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr 
380 385 390 

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp 
395 400 405 

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro 
410 415 420 

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 
425 430 435 

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser 
440 445 450 

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu 
455 460 465 

Ser Leu Ser Pro Gly Lys 
470 

<210> 23 
<211> 471 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 23 
Met Gly 

1 

Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
5 10 15 

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu 
20 25 30 

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly 
35 40 45 

Tyr Thr Phe Thr Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly 
65 70 75 

Asp Thr Ser Tyr Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser 
80 85 90 
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Val Asp Lys Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu 
95 lOO l05 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr 
llO ll5 120 

Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr 
l25 l30 135 

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 
140 l45 l50 

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 
l55 l60 l65 

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 
l70 l75 180 

Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro 
l85 l90 l95 

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val 
200 205 2l0 

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn 
2l5 220 225 

Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu 
230 235 240 

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
245 250 255 

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 
260 265 270 

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr cys 
275 280 285 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn 
290 295 300 

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro 
305 310 3l5 

Arg Glu Glu Gln Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu 
320 325 330 

Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys 
335 340 345 

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile 
350 355 360 

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu 
365 370 375 

Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr 
380 385 390 

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp 
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395 400 405 

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro 
410 415 420 

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 
425 430 435 

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser 
440 445 450 

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu 
455 460 465 

Ser Leu Ser Pro Gly Lys 
470 

<210> 24 
<211> 891 
<212> DNA 
<213> Macaca fascicularis 

<400> 24 
atgacaacac ccagaaattc agtaaatggg actttcccag cagagccaat 50 

gaaaggccct attgctatgc aacctggtcc aaaaccactc ctcaggagga 100 

tgtcttcact ggtgggtccc acgcaaagct tcttcatgag ggaatctaag 150 

gctttggggg ctgtccagat tatgaatggg ctcttccaca ttgccctggg 200 

gggtcttctg atgatcccag cagggatcta tgcacccatc tgtgtgactg 250 

tgtggtaccc tctgtgggga ggcattatgt atattatttc cggatcactc 300 

ctggcagcaa cggagaaaaa ctccaggaag tgtttggtca aaggaaaaat 350 

gataatgaat tcattgagcc tctttgctgc catttctgga atgattcttt 400 

caatcatgga catacttaat attaaaattt cccatttttt aaaaatggag 450 

agtctgaatt ttatcagagt tcacacacca tatattaaca tatacaactg 500 

tgaaccagct aatccctctg agaaaaactc tccatctact caatactgtt 550 

acagcataca atctctgttc ctgggcattt tgtcagtgat gctgatcttt 600 

gccttcttcc aggaacttgt aatagctggc atcgttgaga atgaatggag 650 

aagaacatgc tccagaccca aatctagcgt agttctcctg tcagctgaag 700 

aaaaaaaaga acaagtcatt gaaataaaag aagaagtggt tgggctaact 750 

gaaacatctt cccaaccaaa gaatgaagaa gccattgaaa ttattccaat 800 

ccaagaagag gaagaagaag aaacagagac aaactttcca gaacctcccc 850 

aagatcagga atcttcacca atagaaaatg acagctctcc t 891 

<210> 25 
<211> 297 
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<212> PRT 
<213> Mac a ca fascicularis 

<400> 25 
Met Thr Thr Pro Arg Asn Ser Val Asn Gly Thr Phe Pro Ala Glu 

1 5 10 15 

Pro Met Lys Gly Pro Ile Ala Met Gln Pro Gly Pro Lys Pro Leu 
20 25 30 

Leu Arg Arg Met Ser Ser Leu Val Gly Pro Thr Gln Ser Phe Phe 
35 40 45 

Met Arg Glu Ser Lys Ala Leu Gly Ala Val Gln Ile Met Asn Gly 
50 55 60 

Leu Phe His Ile Ala Leu Gly Gly Leu Leu Met Ile Pro Ala Gly 
65 70 75 

Ile Tyr Ala Pro Ile Cys Val Thr Val Trp Tyr Pro Leu Trp Gly 
80 85 90 

Gly Ile Met Tyr Ile Ile Ser Gly Ser Leu Leu Ala Ala Thr Glu 
95 100 105 

Lys Asn Ser Arg Lys Cys Leu Val Lys Gly Lys Met Ile Met Asn 
llO 115 120 

Ser Leu Ser Leu Phe Ala Ala Ile Ser Gly Met Ile Leu Ser Ile 
125 130 135 

Met Asp Ile Leu Asn Ile Lys Ile Ser His Phe Leu Lys Met Glu 
140 145 150 

Ser Leu Asn Phe Ile Arg Val His Thr Pro Tyr Ile Asn Ile Tyr 
155 160 165 

Asn Cys Glu Pro Ala Asn Pro Ser Glu Lys Asn Ser Pro Ser Thr 
170 175 180 

Gln Tyr Cys Tyr Ser Ile Gln Ser Leu Phe Leu Gly Ile Leu Ser 
185 190 195 

Val Met Leu Ile Phe Ala Phe Phe Gln Glu Leu Val Ile Ala Gly 
200 205 210 

Ile Val Glu Asn Glu Trp Arg Arg Thr Cys Ser Arg Pro Lys Ser 
215 220 225 

Ser Val Val Leu Leu Ser Ala Glu Glu Lys Lys Glu Gln Val Ile 
230 235 240 

Glu Ile Lys Glu Glu Val Val Gly Leu Thr Glu Thr Ser Ser Gln 
245 250 255 

Pro Lys Asn Glu Glu Ala Ile Glu Ile Ile Pro Ile Gln Glu Glu 
260 265 270 

Glu Glu Glu Glu Thr Glu Thr Asn Phe Pro Glu Pro Pro Gln Asp 
275 280 285 
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Gln Glu Ser Ser Pro Ile Glu Asn Asp Ser Ser Pro 
290 295 

<210> 26 
<211> 297 
<212> PRT 
<213> Homo sapiens 

<400> 26 
Met Thr Thr Pro Arg Asn Ser Val Asn Gly Thr Phe Pro Ala Glu 

1 5 10 15 

Pro Met Lys Gly Pro Ile Ala Met Gln Ser Gly Pro Lys Pro Leu 
20 25 30 

Phe Arg Arg Met Ser Ser Leu Val Gly Pro Thr Gln Ser Phe Phe 
35 40 45 

Met Arg Glu Ser Lys Ala Leu Gly Ala Val Gln Ile Met Asn Gly 
50 55 60 

Leu Phe His Ile Ala Leu Gly Gly Leu Leu Met Ile Pro Ala Gly 
65 70 75 

Ile Tyr Ala Pro Ile Cys Val Thr Val Trp Tyr Pro Leu Trp Gly 
80 85 90 

Gly Ile Met Tyr Ile Ile Ser Gly Ser Leu Leu Ala Ala Thr Glu 
95 100 105 

Lys Asn Ser Arg Lys Cys Leu Val Lys Gly Lys Met Ile Met Asn 
110 115 120 

Ser Leu Ser Leu Phe Ala Ala Ile Ser Gly Met Ile Leu Ser Ile 
125 130 135 

Met Asp Ile Leu Asn Ile Lys Ile Ser His Phe Leu Lys Met Glu 
140 145 150 

Ser Leu Asn Phe Ile Arg Ala His Thr Pro Tyr Ile Asn Ile Tyr 
155 160 165 

Asn Cys Glu Pro Ala Asn· Pro Ser Glu Lys Asn Ser Pro Ser Thr 
170 175 180 

Gln Tyr Cys Tyr Ser Ile Gln Ser Leu Phe Leu Gly Ile Leu Ser 
185 190 195 

Val Met Leu Ile Phe Ala Phe Phe Gln Glu Leu Val Ile Ala Gly 
200 205 210 

Ile Val Glu Asn Glu Trp Lys Arg Thr Cys Ser Arg Pro Lys Ser 
215 220 225 

Asn Ile Val Leu Leu Ser Ala Glu Glu Lys Lys Glu Gln Thr Ile 
230 235 240 

Glu Ile Lys Glu Glu Val Val Gly Leu Thr Glu Thr Ser Ser Gln 
245 250 255 

Pro Lys Asn Glu Glu Asp Ile Glu Ile Ile Pro Ile Gln Glu Glu 
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260 265 270 

Glu Glu Glu Glu Thr Glu Thr Asn Phe Pro Glu Pro Pro Gln Asp 
275 280 285 

Gln Glu Ser Ser Pro Ile Glu Asn Asp Ser Ser Pro 
2 90 295 

<210> 27 
<211> 36 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 27 
ctacaccttc acgagctata acatgcactg ggtccg 36 

<210> 28 
<211> 51 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 28 
gattaatcct gacaacggcg acacgagcta taaccagaag ttcaagggcc 50 

g 51 

<210> 29 

<211> 38 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 29 
gaatgggttg cagcgatcta tcctggcaac ggcgacac 38 

<210> 30 
<211> 65 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 30 
attattgtgc tcgagtggtc tactatagca acagctactg gtacttcgac 50 

gtctggggtc aagga 65 

<210> 31 
<211> 36 
<212> DNA 

<213> Artificial sequence 
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<220> 
<223> Sequence is synthesized 

<400> 3l 
ctgcacagcc agctcttctg tcagctatat gcattg 36 

<210> 32 
<2ll> 42 

<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 32 

aactactgat ttacgctcca tcgaacctcg cgtctggagt cc 42 

<210> 33 
<211> 45 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 33 
tattactgtc aacagtggag cttcaatccg cccacatttg gacag 45 

<210> 34 
<211> 37 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 34 
gtttcactat aagtgtcgac aagtccaaaa acacatt 37 

<210> 35 
<211> 33 
<212> DNA 

<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 35 
gccaggatag atggcgeeaa eecatteeag gee 33 

<210> 36 
<211> 26 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Sequence is synthesized 

<400> 36 

aagctccgaa accactgatt tacgct 26 
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<210> 37 
<211> 18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 37 
agttttgaga gcaaaatg 18 

<210> 38 
<211> 18 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Sequence is synthesized 

<400> 38 
aagctatgaa cactaatg 18 

<210> 39 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 39 
Glu Val 

1 
Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 
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Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 
440 445 450 

Gly Lys 
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<210> 40 
<211> 213 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 40 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 

Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 
35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 
95 100 105 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 
110 115 120 

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu 
125 130 135 

Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp 
140 145 150 

Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 
155 160 165 

Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu 
170 175 180 

Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val 
185 190 195 

Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg 
200 205 210 

Gly Glu Cys 

<210> 41 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 
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<400> 41 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 
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Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 

Gly Lys 

<210> 42 
<211> 452 
<212> PRT 

440 445 450 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 42 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
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95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 
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Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 

Gly Lys 

<210> 43 
<211> 213 
<212> PRT 

440 445 450 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 43 
Asp Ile 

1 
Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 

Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 
35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 
95 100 105 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 
110 115 120 

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu 
125 130 135 

Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp 
140 145 150 

Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 
155 160 165 

Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu 
170 175 180 

Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val 
185 190 195 
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Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg 
200 205 210 

Gly Glu Cys 

<210> 44 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 44 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
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230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 

Gly Lys 

<210> 45 
<211> 213 
<212> PRT 

440 445 450 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 45 
Asp Ile 

1 

Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 
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Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 
35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ala Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 
95 100 105 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 
110 115 120 

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu 
125 130 135 

Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp 
140 145 150 

Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 
155 160 165 

Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu 
170 175 180 

Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val 
185 190 195 

Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg 

Gly Glu Cys 

<210> 46 
<211> 452 
<212> PRT 

200 205 210 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 46 
Glu Val 

1 
Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
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65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
llO ll5 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 
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Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 

Gly Lys 

<210> 47 
<211> 213 
<212> PRT 

440 445 450 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 47 
Asp Ile 

1 
Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 

Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 
35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ala Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 
95 100 105 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 
110 115 120 

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu 
125 130 135 

Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp 
140 145 150 

Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 
155 160 165 

Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu 
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170 175 180 

Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val 
185 190 195 

Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg 
200 205 210 

Gly Glu Cys 

<210> 48 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 48 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 
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Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 
440 445 450 

Gly Lys 

<210> 49 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 49 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
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1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro· Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 
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Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Ala Val Ser Asn 
320 325 330 

Lys Ala Leu Pro Ala Pro Ile Glu Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
410 415 420 

Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 
440 445 450 

Gly Lys 

<210> 50 
<211> 452 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 50 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
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110 115 120 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 
125 130 135 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
140 145 150 

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 
155 160 165 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 
170 175 180 

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
185 190 195 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
200 205 210 

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 
215 220 225 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
230 235 240 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
245 250 255 

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 
260 265 270 

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 
275 280 285 

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
290 295 300 

Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His 
305 310 315 

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
320 325 330 

Ala Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 
335 340 345 

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 
350 355 360 

Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys 
365 370 375 

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
380 385 390 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser 
395 400 405 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser 
410 415 420 
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Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
425 430 435 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro 
440 445 450 

Gly Lys 

<210> 51 
<211> 122 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 51 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 
20 25 30 

Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 
50 55 60 

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 
95 100 105 

Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser 

<210> 52 
<211> 107 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 52 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 1 5 10 15 

Gly Asp Arg Val Thr Ile Thr cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 

Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 

51 



35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ala Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 

Lys Arg 

<210> 53 
<211> 107 
<212> PRT 

95 100 105 

<213> Artificial sequence 

<220> 
<223> sequence is synthesized 

<400> 53 
Asp Ile 

1 
Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 
20 25 30 

Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro 
35 40 45 

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 
65 70 75 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 
80 85 90 

Ala Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 
95 100 105 

Lys Arg 
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