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IMMUNOGLOBULIN VARIANTS AND USES THEREOF

FIELD OF THE INVENTION
The invention relates to anti-CD20 antibodies and their use in the freatment of B-cell related

diseases.

BACKGROUND OF THE INVENTION

Lymphocytes are one of several populations of white blood cells; they specifically recognize and
respond to foreign antigen. The thiree major classes of lymphooytes are B lymphocytes (B cells), T
Iymphocytes (T cells) and natural killer (NK) cells. B lymphooytes are the cells responsible for antibody
production and provide humoral immunity. B cells mature within the bone marrow and leave the marrow
expressing an antigen-binding antibody on their cell surface. When a naive B cell first encousters the
antigen for which its membrane-bourd antibody is specific, the cell begins to divide rapidly and its progeny
differentiate into memory B cells and effector cells called “plasma cells™, Memory B cells have a longer life
span and continue t0 express membrane-bound antibody with the same specificity as the original parent cell.
Plasma cells do not produce membrane-bound antibody but instead producs secreted form of the antibody,

Secreted antibodies ate the major effector molecules of humoral immunity,

The CD20 antigen (also called human B-lymphocyte-restricted differentiation antigen, Bp35) isa
hydrophobic transmembrase protein with a molecular weight of approximately 35 D Tocated on pre-B and
mature B lymphocytes (Valentine et al. J. Biol. Chem. 264(19):11282-11287 (1989); and Einfeld ez af,
EMBOJ. 7(3).711-717 (1988)). The antigen is also expressed on greater than 90% of B cell non-Hodglan’s
lymphomas (NHL) (Anderson et al. Blood 63(6):1424-1433 (1984)), but is not found on hematopoietic stem
cells, pro- cells, normal plasma cells or other normal tissues (Tedder et al. J, Fununol. 135 (20.973-979
(19853). CD20 is thought to regulate an early step(s} in the activation process for cell gycle initiation and
differentiation (Tedder et al., supra) and possibly functions as a caleium jon chanmel {Tedder et al. J, Cell,
Biochem. 14D:195 (1990)).

Given the expression of CD20 in B cell lymphomas, this antigen has been a useful thefapeutis
target to treat such lymphomas. There are more than 300,000 people in the United States with B-cell NEIL
and mare than 56,000 new cases are diagnosed each year. For example, the rituximab RITUXAN®)
antibody which is a genetically engineered chimeric nwurine/buman monoclonal antthody directed against
human CD20 antigen (commercially available from Genentech, Inc., South San Francisco, California, U.5.)
is used for the treatrnent of patients with relapsed or refractory low-grade or follicular, CD20 positive, B cell
non-Hodpkin’s lymphoma, Rituximab is the antibody referred to as “C2B8" in US Patent No. 5,716,137
issued April 7, 1998 (Anderson ez al) and in US Pat No. 5,776,456, In vitro mechanism of action studies
have demonstrated that RITUXAN® binds human complement and Iyses Lyxﬁphoid B cell lines through
complement-dependent cytotoxicity (CDC) (Reff et al, Blood 83(2):435-445 (1994)). Additionally, it has
significent activity in assays for antibody-dependent cellular cytotoxicity (ADCC). In vivo preclinical
studies have shown that RITUXAN® depletes B cells from the peripheral blood, ymph nodes, and bone
marrow of cynomolgus monkeys, presumably through complement and cell-mediated processes (Reff et al.
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Blood 83(2):435-445 (1994)). Other unti-CD20 antibodies indicated for the treatment of RHL inclvde the
murine antibody Zevalin™ which is linked to the radioisotope, Ylirium-90 (IDBC Pharmaceuticals, San
Diego, CA), Bexxar™ which ig & another fully murine antibody conjugated to I-131 (Corixa, WA).

A sajor limitation in the use of muriae antibodics in human therapy is the hurnan anti-mouss
antibody (HAMA) response (see, e.8., Miller, R.A. et al, “Monoclonal antibody therapeutio trials in ssven
patients with T-cell lymphoma™ Blood, 62:988-995, 1983; and Sobroff, R.W., ¢t al, “Human anti-ourine
immunoglobulin respovss in patients recefving monoctonal antibody therapy’” Cancer Res, , 45:879-885,
1985). Bven cidmeric molecules, where the variable (V) domains of rodént antibodies are fased to human
constant (C) regione, are 5l capable of eticiting a slgoificent immune response (HAGA, human antl
chimeris antibody) (Neuberger et al. Nature (Lond.), 314:268-270, 1985), A powerful approach to
overcome these Jlimitations in the clinical use of monoclonal antibodies is “bumanization’” of the murine
antibody or antibody from & not-human spueles (Jones ef al. Nature (Loud), 321:522-525, 1986; Riechman
el al., Natute (Lond), 332:323-327, 1988).

Thus, it is bencficial to produce therapeutlo antibodics to the CD20 antigen that ereate minimal or
1o anfigonicity when administered to patients, cspecislly for chronic treatment. ‘The present invention
satisfies this and other needs, The present inveation provides anti-CD20 antibodics that overcome thoe
limitations of current therapeutic compositions as welf as offer additional advantages that will be gppevent

_ from the detailed deseription below,

ARY OR THE ENTI

The present invention provides CD20 binding antibodies or fnctional fragments thereof, and their
use i the weatment of B-cell sssocinted diseases, These antibodics are monoclonal antibodles. In specific
embodiments, the antibodies that bind CD20 aro humanized or chi meric. The humazﬁzcd 2H7 variants
factude those that kave aralno acid substicutions in the FR and affinity meturatlon vmauts with changes In
the grafted CDRs, The substltuted smino acids in the CDR. or FR are ot Hited to those preseut in tie
donor or reciplent antibody, In other emboditents, the auti-CD20 antibodies of the jnveotion farther
compise changes in amino acid xesidues in the Fo segion that lead to fmproved effector function {ncluding
enhenced CDC and/or ADCC funotion and B-cell killing (also referred to herein as B-cell depletion), Othsr
anti-CD20 antibodies of the iavention inchude those having speoifio changes that improve stability. Ina
speoifio embodiment, the humanized 257 vadants whh'lnoxoascd stability are es deseribed in example 6
below, Pucose doficient variants kaving Huproved ADCC function kn vivo ere also provided. In one
emboditment, the ohimerle anti~CD20 antibody has murine V regious sud human C reglon. One such
specific clirorlo sutl-CD20 antibody fs Ritexen® (Rituximab®; Geneateoh, Inc.).

In & proferced embodiment of all of the antibody compositions and methods of use of this invention,
e humauized CD20 binding antibody Is 2B7.v16 having the light avd heavy chein amino sold sequonce of
SBQID NO. 21 and 22, raspeotively, as shown in FIG. 6 and FIG. 7, When referring 1o the polypeptide
sequences In Pipures 6, 7 and 8, It should be understood that the first 19 of 50 amino acids thet form the
gecretory slgnal sequence are not preveat fx the voature polypeptide,

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

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

16 will have the amino acid sequences of v16 except at the positions of amino acid substitutions
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which are indicated in the disolosure, Unless otherwlse indicated, the 2H7 variants will bave the sams L
chuin rg that of v16.

The igvention provides & humanized antibody that binds buman CD20, or an antigen-bindlng
fragment thereof, whereln the entibody is effective to deplofe primate B cells in vivo, the antibody
comprishag in the H chain Vatiable reglon (V) at loast s COR3 sequence of SEQ ID NO, 12 from &n goti-
hamaz CD20 antibody and substantially the human consensus framework (FR) residues of human heavy
chain subgroup I (VyII). In ono embodiment, the primate B cells aro from humon and Cyaomolgus
monkey. In one embodiment, the antibody fusther comprises tie H chaln CDRI sequence of SEQ ID NO.
10 and CDR2 sequonce of SEQ YD NO, 11, In another enbodinent, the preveding antibody comprises the L
ohain CDR1 sequence of SEQ ID NO. 4, CDR2 sequence of SEQ 0 NO, §, CRR3 sequence of SEQ [13]
NO. 6 with substantially the human consensus Samework (FR) residoes of human light chain  subgroup 3
(Vd). In a preforred embodiment, the FR reglon in Vi has a donor antibody residuc at position 46; in 8
specific erubodiment, FR2 In Vi has an amino acid substitution of leulA6pro (Leu in the buman kI
consengus sequense ohanged to pro which is present in the corresponding position in m2H7).

The VH region further conprises a donor antibody xesidue &t at loast amino acld positions 49, 71 and 73 n
the framework. Tn one embodiment, {n the Vi, the following PR positions in the human heavy chaln
subgroup I aro substituted: AlaH49Gly in FR2; AxgH71Val sud AsnH{73Lys in FR3. In other
embodimeats, the CDR. reglons in the humanized entibody further comprise amino.acid substitmtions where

the residues are neither from donor nor reciplent antibody,
The entibody of the preceding embodiments can ‘comprise the Vy sequence of SEQID NO8 of
v16, es shown In FIG, 1B. In a further erbodiment of the preceding, the antibedy forther comprises the Vi,

sequence of -SEQ ID NQ.2 of v16, as shown in FIG. 1A,
In other embodbments, {he humanized aatibody js 2H7.v31 having the light and heavy chain amitio

acid sequence of SEQ 1D NO, 2 and 23, respectively, as showa in FIG, 6 and FIG. §; 2H7.731 having the
heavy chain amino acid sequence of SBQIDNO, 23 as showa It FIG. §; 2H7.v96 with the amino acld

substitutions of D56A and N100A in the H chain and S92A in the L chain of vi6. SEQ ID No.
41 represents the mature heavy chain amino acid sequence of 2H7.v31 minus the sectetory signal
sequence.

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

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

activity over the original or parent antibody from which it was derived, v.16 being the parent antibody
being compared o in most cases, and Rifuxan in other cases. One such antibody with improved activity
comprises the triple Alanine substitution of S298A/E333A/K334A in the Fc region. One antibody having
SI98A/E333A/KI34A substitution is 2H7.v31 having the heavy chain amino acid sequence of SEQ '
ID NO. 23. Antibody 2H7.v114 and 2H7.v115 show at least 10-fold improved ADCC activity as compared
To Rituxan. |

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

comprises at least the substitution K3224 in the H chain. The comparison of ADCC and CDC activity

can be assayed as described in the examples.
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In a preferred embodlment, the antibudies of the jnvention arc fl} length antihodles whereits the vy
region is joined to 4 human IgG heavy chain constant region. Tn preferred embodiments, the 1gG is human

IaG1 or IgG3.
in one embodiment, the CD20 hinding antibody is conjugated to A cylotoxic agent, In proferred

embodiments the cytotaxic agent is a toxin or a udionctive istope.
Tn ope embudiment, the antibudies of the invention for uss i thorapeutic or diagnostic purposes arc

rraduced in CHO celis. .
Also provided 18 a compusidon comprising an antibody of any one of the preceding embodimuonts,
and a carrler. In one embodiment, the cacrier is a pharmaceuticaily acceptable carrler, These compositions
cunt be provided in an anicle of manufacturs or 2 Xit,
The invertion also provided a Gguld formulation comprising o humanized 2H7 antibody at
20mg/mb antibody, 10mM histidine sulfate pHS.8, 60mg/my sicross {6%), 1.2 mefol polysorbute 20

(0,02%).
The inveation also provides an isolated nucleic acld that encodes any of the antibodics disclosed

hercia, including an expression voctor for expressing the antibody.

Another uspeet of the inveution are host eclts eomprising the preceding nueleie acids, and host celis
that yrroduce the antibody, In a profomred embodiment of the Jatier, the host cell is a CHO cell. A msthod of
producing these antibodies is provided, the method comprising culturing the host cell tiat produces the
untibody snd recavering the antibody from the celf culturo,

Yetanother aspest of the Invention §s un seticle of manufacture comprisiog a containerand
compesition contained therein, wherein the vompuoyition corprises an antibody of aty of the preceding
crmbodiments, For use in weating NHL., the sriicle of munufactare fanher comprises a packupe insert
indieating fhat the compaosition is used to wreat non-Hodgkin's lymphoma.

A further aspect of the lnventon is a method of inducing apoptosis in B ¢efls In vivo, comprising

contacting B culls with the antibody of any of the preceding, thereby kiillng the 3 cells,
Fhe invention slso provides mathods of treating the dicsases digclosed borein by sdministration of a

€120 binding antlbedy or functosal feagment thereof, 10 a sammed such us # bumun patient suffering fram
the diseass, Inany of the methods for treating an autoimmune disease or aCD20 pusitive cancer, iz one
embadiment, (he antibody is 2H7,v16 having the fight and heavy chuin amino acid segbonee of SEQ T NQ.
21 and 22, vespectively, s shown in FIG. 6 and FIG. 7. Thus, one embadiment is a method of treating 2
CE20 positive cancer, comprising adminisiering 1o 4 patent sufferlng from the catcer, a therapeutically
offectiva anaunt of & humanized CD20 binding antibody of the invention. In prefemed embodiments, the
CD20 positive cancer is a B celf lymphoma or feukemia incloding nos-Hodgkin’s ymphoina (INHL) of
Iymphouyte predominuat Hodgkin's glseuse (LPHD), chronic lymphooylic levkemia (CLL) or SLL., In one
smbadiment of the method of routing & B coll lymphornu or leukemiy, (e dotibody i administered wt &
dosage range of dhout 275-375mgim’. Tn additionsl crabodiments, the treatment sucthod furthor CORIPrises
administering to the patient at Teast one chemaotherapsutic agent, wherein for non-Hadgkins lymphoma
(NI4L), the chemsotherapeutic agent is selected from the aroup consisting of doxorubicin, eyclophosphamide,

vineristing und prednisolone,
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Also provided is a method of treating an autolmmune disease, comprising administaring to A patient
sufiering from the autofmmune disease, & therapeulically effective amount of the hunanized CD20 binding
antibody of any onc of the preveding claims. The antoimmune discuss is selected from the group consisting
of theumatoid arthritis, juvenile theumatoid arthritis, systemic lupys erythematosus (SLE), Wegener's
disease, intlammatory bowel disease, idivpathic thromboeytopenic purpuca (TP, thrombotic
hrombocytopenic purpura (TTP), autaimmune thrombocytopestz, multiple sclerasis, psoriasts, IgA
nephrapathy, 1gM patynewropathics, myasthenia pravis, vasculitis, dishetes melitus, Reynavd’s syndrome,
Sjotgen"s vyndrome and glomerulonepheitis. Where the autolmmune disease is thoumatoid arthritis, the
antihody can be administersd in conjunction with a sscond therapzutie agent which js preferably

methotrexate,
In these ticatrnent methods, the CD20 binding antibodies can be administered alone or in

conjuiiction with a second therapeutic agent such s u scoond antibody, or a chematherapeutic sgent or an
fmnunosuppressive ugent. The second antibedy can be one that binds CD20 or a different B coll anti gen, or
a NK or T cel antigen. Tn one embodinent, the second antibody is a radivlabeled anti-C20 antibody. Tn
otizer embedimionts, the CD20 binding antibody is conjugated to 2 cytotosi¢ agent includin g atoxinor a
radicactive isotops, -

In another aspect, the invention provides a method of treating an awtoinumune diseasc selected from
the group consisting of Dermatomyositds, Wogner's granulomatosls, ANCA, Aplastic anemia, Antolmmons
hemalytic anenia (ATHA), factor VHI deficiency, hemephilia A, Autolmimunc ncutropenia, Castlemran's
syndeome. Goodpasture's syndrusnc, solid argan transplant refection, graft vorss hose dissage (GVHD), 1gM
mediated. thrornbofic thrumbocytopenic purpura (TTP), Hashimato's Thyxoiditis, uutoimmane hepatitis,
lymphoid bnterstitial preumonitis (HIV), bronchiolitis obliterans (non-vansplant) vs, NSIP, Guilluin-Burre
Syndrome, Jarge vessel vaseulitis, giant oel) (Takayasy's) arteritis, medium vessel vuseulitis, Kawasaki's
Discase, polyarteritjs nodosa, comprising adeministering to a paticot suffering from the disease, a
therapeutically effective wmount of o CD20 binding antibady. ¥n ona embodinent of Uds method, the CD20
bindinyg antibody is Rituxan®,

The invention also provides an isolated suclels acld comprsiuyg the nucleotide sequence of SEQ I
NO.: 24 of the Cynomolgns monkey CH20 (shawn U 4G, 19). of & degenerate vaciant of this scquence .
Oue embodiment iy av isolated pucleic acld comprising a sequence that encodes a polypeptide with the
amino acld sequence of §12Q 1 NO, 25 (shown B{G. 20), or SBQ 1P NO. 25 (FIG, 20) with conscrvative
amino acid sshstitutions. Another embodiment is 2 vettor compeising the preceding nnclsic acid, including
an expression vector for expression I a host cefl, Tocluded as well is a host colf comprising the vector. Also
provided is an isolated polypeptide comprising the amine acid sequence [SEQ I NO. 25; FIG. 20) of the

Cynomolzus monkey Ch20.

BRIEY DESCRIPTION OF THE FIGURES
FiG. 1A is a sequence alignment comparing the amino a¢id seqaenices of the Hght chain variable
doamin (Vi) of each of murine 27 (SEQ ID NO., 1), wmasized 2H7, v16 vaddant (SEQ 1D NO. 2 ), aud
human kappa light chain subgroup T (SEQ 1D NO. 3). The CDRs of Vi, of 2H7 and hu2H7.v16 are a5

follows: CDR] (S8Q 1 NO.4), CDR2 (SEQ 1D NO.5 ), and CDR3 (S0 1D NGO.6).
3
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KiG, IB is 2 sequence aligimmen which comipares the Vi sequenices of plurine 2H7 (SEQ 1D NO.
7), humgaized ZH7.v16 variant (SRQ 12 NO. 8), and the human consensus sequence of hewvy chain
stbgroup T (SEQ D NO, 9). The CDRs of ¥i of ZHT and hu2H7.v16 are as follow: COR1 (S3Q ID

NO.10), CDR2 (SBQ ID NO.11), snd CDR3 (SEQ ID NO.12).,
Tn FIG. 1A and [1G. 1B, the CDRI, CDR2 and CDR3 in each chain aye stictosed within brackets,

fManked by the framework regions, FR1-FR4, us indicated. 257 cefers to the murine 2H7 antibody. The
asiorisks In botween two rows of sequences indicat the positions that ans different between the fwo
scquences, Residue numbering is according to Kabat et al,, Scquences of Immunologica! Tnterast. Sth Bd,
Public Houalth Service, Natonal Instliutes of Health, Butlicsda, Md. (1991), with insertions shown as a, b, ¢,

d, und o,
FIG. 2 shows the sequence of phiagemid pVX4 (SEQ 1O N0.13) used Far constrvction of 2ZHT Eab

plasmids (sce Example 1) as well as tha amino acid sequences of the L chala (SEQ 1D NO.14) and H chain

(SBQ I NO.15} of the Fab for the CDR-grafted anti-IEN-e¢ humanized antibody.
F1G, 3 shows the sequence of the cxpression plasmid which encodes the climeric 2E7.v6.8 Rab

(SEQ 1D NO.16). The amlno acid sequences of the L chaln (SEQ ID NO.17) and H ¢hain (SEQTD NOI8)

are shown,
1IG, 4 shows the sequence of the plasmid pDR) (SEQ 1D N0.19; 53971 bp) for expression of

immunoglobulin ight chains us deseribed in Bxample 1. pDRI contains sequences encoding an joelevant
antlbody, the light chain of 2 humanized anti-CD3 antibody (Shalaby et al., I, Exp. Med, 175 217-223

(1992)), the start and stop codons for which are indicated in bold and vnderlined,
FIG. 5 shows the sequence of phennid pDR2 (SEQ T NQ.20; 6133 by} for cxpression of

immunoglobolin heavy chaing gs deseribed in Bxample 1. pDR2 contains scquences encading an imelevant
antibody, the heavy chain f a humanized anti-CD3 antibody (Shalaby ¢t al., supra), the start and step

eodons for which are indicated in bold and underlined.
FIG. 6 shows the aminn zcid sequence of the 2H7.v16 complete L chain (SHQ 10 NO.21). The

first 19 amico acids before DIQ are the seoretory signal sequence not present in e mafure polypeptide

chain,
FIQ1, 7 shows the amino aeid sequence of the 2H7.vi6 complete H chain (SEQ T NO.22), The

first 19 amino aclds bafore EVQ before are the sacretory signal sequence not present in the mature
polypeptide chain, Aligniag (he Vi sequence in FIG. 1B (SEQ 1D NO, 8) with the vorplele H chuin

seequence, the human 71 constant region is from amino acid position 114-471 in SIIQ 1D NO, 22,
FIG. 8 shows the aming acid sequenee of the ZH7.v31 complete H chain (§EQ TDNO.23). The

first 19 zmino avids before EVQ before are the secretory signal sequence not present i the mature

patypentide chain. The ¥ chain is the same as for 2H7.v16 (woc FIG. 6).
114G, 9 shows e relative stability of 2H7.v16 and 2BH7.v73 T2G vaufants as deseribed in Example 6.

Aunty rosults were normralived to Lhe values prior (o incubation and reported a8 percent remaining afler

ncubation,
FIQ. 103 o flow chart summarizing the amine acid changes fronr the murine 2H7 t0 a subset of

hurmanized vergions up to v74.
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FIG. 1 is 2 surmary of mean absolute B-cell count {CD3-/CD40+] in 21 groups (2H7 study and

Ritugan study combined), us described in Bxample (0,

FIG. 12 shows the resuits of a reprosontative ADCC assay on fucose deficient 2HT vafants a5
doscribed in Fxample 1 1.

FIG. 13 shows the resulis of the Annexin V staining ploted as a fangtlon of antibody concentration.
Rainos vells weps treated with an irrelevant TgGH conteol sntbody (Herceptin®; circles), Riuximab
(squares), or chuMAb 2H7.v16 (trianglos) in the presonce of a crosslinking secondary antihody and were
analyzed by FACS. Figures 13-15 ore described in Bxample 13.

F1G. 14 shows the resulis of the Annexin V and propidium jodide double-staining arc plottad as a
function of antbixdy concepteation. Ramos cefls were treated with an frrelevant JgG1 conteol antibody
{Hereeprin®; circles), Rituximab (squares), or rthuMAb 2H7.v16 (triangles} in the prosence of a crosstinking
secoadary antibody and wete analyzed by BACS,

FIG, 15 shows the counts (per 10 1) of live, unstained cells are plotted as a function of wmihody
concentration. Rumos cells were Wouted with ap irrefevamt TgG1 eontrol antibody (Hereeptin®; circles),
Rituximab (squares), or shuM Ab 2H7.v16 (triangles) in the presence of a crosslinking secomlury antibody

and were analyzed by FACS.
ElGs, 16, 17, 18 show inhibtion of Ruji cell umor growth in nude mice, 25 described in Example

14, Animals were freated weekly (a5 lodicated by vortical arrowas 18 mice per group) for 6 weeks with
PRS (control) or with Rituxan® or chuMAb ZHT7.v16 at 5 mgfkg (FIG. 16), 0.5 mgfkg (FIG. 17 oc 0.05

mg/ky (FIG, I8). )
FIG. 19 shows the nucleotide (SEQ T NQ. 24 ) and amino scid (SEQ TD NO. 25 ) sequences of

Cynomoigus monkey CD28, as described in Example 15,

FIG. 20 shows the amino acld sequetice for cynvmolgus monkey CI320 (SEQ 1D NO, 23), Residues
that differ fram human CID20 at2 undetlined and the human rosidoes (SEQ TD NO. 26) axe indicated dircotdy
helow the monkey residue. The putatlve extraceliviar domain of the monkey Cix20 is in bold type.

FiCk. 21 shows the results of Cynomolgus mopkey cells expressing CP20 binding to huZF7.v16,
-v31, and Rituxan, as desecibed in Lxample 15, ‘The antibodics wore asanyed for the ability to biad and

. displace FITC-confugated murine 2H7 binding to cynomolgus CD20.

FIG, 22 shows dose escalation schema for thevmateid arthritis phase VI clinioul trial,
11G, 23 shows the vector for expression of 2H7.v16 in CHO colls.

DETAWLED DESCRIFTION OF THE FREFEREED EMBODIMENTS

The “CD20" anfigen i a non-glycosylatod, ransmembrane phosphoprotein with 2 molecular weight
of approximately 35 KD that fs found on the surface of greater than 90% of B cells from peripheral blood or
Iymphoid organs, D20 Is expressed durlng sarly pre-B cell developnieat and remains until plasma cell
differentiation: it is not found on human stem celly, Tymphoid progenitor cells gr normal plasma cells. CI2G
ia present on both normal B cells as well as matignant B cells. Othrer sames for CD20 in the fiterature
include *B-lymphogyte-testricied difforentlation antigen™ and *“Bp35", The CD20 amtigen is described in, for
example, Clark and Ledbetien, Adv. Can. Res, 52:81-149 (1989) and Valentine ef &l /. Bivk Chem.

264193 11282-11287 (1989,
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The term “antibady” is used in the brosdest sense apd specifically covers monocional antibadles
(including full length monoclonal antibodies), multispecific antibodies (e.g., bispecific andbodics), and
antibody frugments so long as they exhibit tho desired biological uctivity or furietlon,

The blological activity of the £D20 binding and humanized CD20 binding antibodies of the
invention will include at least hindi g of the anttbody ro human CD20, more prefesably binding to buniin
aind other primate CD20 (including cynomolgus monkey, thesus monkey, chimpunzess), The antibodius
would bind CD20 with a Ky value of ao higher than 1 x 108, preforably a Kg vaflue no highor than about [ x
10”. and be abls to kif) or deplete B cells in vivo, preferably by at Jeast 20% when cormpared to the
appropriutc negative contral whicl is not treated with such an autibody. B cell deplotion can be i result of
one or more of ADQC, CIDC, apoptosis, or olftér mechanisin, In some embodiments of dlsense treatment
herein, specilic cffector functions or mechanisms may be destead over others and cortafn variaots of the
huwanized 2HT are preferred to achieve those bivlogieal functions, such as ANCC,

"Amihody fragments” comprise a portion of a fufl kngth antibody, generally the antigen binding or
varlable region thercof . Bxamples of untibody fragments include Fab, Fab', F{al')s, and Fv fiagnicnls;
diabodies; Hineur antibodies: single-chuin antibody molecules; and multlspecific antibodies formed from
antihody fragiments.

"Fv" is the minimuwn antibody fragment which contalns a complete antigen-reconition and -
binding site, “This fragsnent consisls of a dimer of one heavy- aod onu light-chain variable ragion domain in
tight, non-covalent association. From the folding of these two domalng emanate six hypervariable loops (3
Joeps cach from the H and L chaln) that contribute the amine acid residues for untigen hinding avd confer
antigen binding specificlty to e untibody. However, even a single variable domain (or half of an Lv
comprising only tiree CDRs specific for an antigen) has the abifity to recognize and bind antigen, although
at a lowor uffinity thun the emire biading site,

The term "monoclottal antibody™” us uscd herein refers w an antlbody obtained from a population of
substantially hamogeneous aatibodics, i.e., the individud] antibodies comprising the population we identieal
axeept for pessible natueally occurring mutations that may be present in minor amounts. Monoclonal
antibodiss are Wlglily sposific, belng Girected agalnse 4 singlo antigonic she. Purthermeora, in contrast 1o
conventional (polycloral) antibody preparations which typically include different antbodies direcred agalnst
difforont determinants (epitopes), each monactonal antibody s directed against a slagle determinant on the
antiges. The modifler "monoclonal® indicates the ¢haracter of the antibody s being oblained from a
substantially homogencous population of antibodics, and 35 not to be constroed ax requiring production of
the antihady by any parfionlar method. For example, the monaclonal antibodies to be used in accordance
with the present invention may he made hy the hybridoma method first deserihed by Koller o af, Nature
256:495 (1975), or may be made by recombinant DNA methods (see, 2.g., U1.S. Patent No. 4,81.6,567). The
"nonoclonad antibodles" may also be Isolated from. phage antibody Hbrarles using the techniques dascribed
in Clécksan ot al, Nature 352:624-628 (1991} und Marks et al., J. Mol Binl. 222:581-597 (1991), for
crample. :

“Bunctional fragments” of the CD20 binding antdbodles of the inventon are those fragments that
retaln blading to C20 with substantiatly the same affinity as te intact full kongth moleeule from which
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they are derived and show biological gotivity including depleting B eolls as meusuved by in vitro or in vivo
assuys such as hose d_cscﬁhed hercin.

The term "variable” refers to the fact that centain segments of the valable domalns differ
extensively bt sequence amony antibodies, The V domain medlates antigen binding sod define specificity of
u particular antibody for its partioular antigen. However, the variability is not evenly distributed across the
t 10-amino acid spun of the variuble domains. Jastead, the V regions consist of relatively invaziuot stretches
ealled framework reglons (FR=) of 15-30 amino aclds scparated by shorter teglons of extreme variability
tulled “hypervuriable regions™ that are each $-12 amino acids long. The varizble domalns of native heavy
and light chains each comprise four FRs, largely sdopting a B-sheet configurntion, conneeted by three
hypervasiable regions, whlch forsa lonps connecting, and in some ¢ases forming pact of, the f-sheat
structure, The hypervariable regions la euch chain are held ogother in close proximity by the FRs and, with

the hypervariuble regions from the other chain, contdbule to the formation of the antigen-bloding site of

antibudics (see Kabat et al., Seuucnces of Proteins of lmmunolomienl katerest, Sth Bd. Public Health Service,

National Tnstitutes of Health, Bethesda, MD. (1891)). The constant domains are not involved dircctly in
binding un untibody to an antigen, but cxhibit various effector functions, such as participation of the

untibady in antibody dependent cellular cytatoxieity {ADCC),
The term “hypesvariable region™ when used hereln sefiers (o the amine acid residuss of an antbody

which arc respansible for antigen-binding. The hypervariable region generally comprises amino acid
residues from o “complementarily deteymining region” or “CDR™ (.8, around sbout residues 24-34 (L1},
50-536 (L2) and 89.97 (L3) in the V, and azound about 31-358 (H11), 50-65 (H2) and 95-102 (H3) in the Vi
{Kahat et ol,, Sequences of Proteing of Immunylogiesl Interest, 5th Bd. Public Health Seyvice, Nationad
Institoles of Hualth, Bethesda, MD. (1921)) and/or those vesidues from a *hypervariable loop™ (2.2, residues
2632 (L 1), 50-52 (L2) and 91-96 (L3) in the Vi, and 26-32 (H1), 52A-55 (F2) and 96-101 (H3) i the Vi
(Chothia and Y.esk I_Mal. Blol, 196:901-217 (J9873).

As sefesved to herein, the “consensus sequence” or consunsus V dumain sequencs s an artificial
sequence derived fom a comparison of the aming acld sequences of known human immunaglobulin variabla
region sequences, Based on these comparisons, recotbinant nuclciv acid sequences encoditg the V domain
aming 2cids that are a consensus of the sequences derived from the huwman x and the human H chain
subgroup I V domuing were prepurod. The comensus 'V sequence does nat have any known antibody

binding speeificity or affinity.
“Chlimerie® antibodies (immunoglobuting) have a portion of the heavy and/or light chain identica)

with or hotwologous to comresponding sequences in antibodies derived. from a pactionlar species or belonglng
toa paﬂicu!ar antibody ¢lass or subclass, while the remainder of the chain(s) is identical with or homwologous
{0 corresponding sequences In sntibodies derived from another species or belonging to arother antitedy
class or subglass, as well as fragoents of such andbodies, so Tong as they exhilit the desired biclogical
activily (U.S. Patest No, 4,816,567 and Morzison ¢f al., Proc, Nadl, Acad, Sci, USA 81:6851-6855 (1984)).

Humanized untibody as used herels Is a subsef of chimeric aniibadies.
"Humunized™ forms of non-huroan {z.g., myirine} untdbodies sro chimeric antibadics which contain

minimal seyuence derived from nor-human immunoglobulin, For flic most part, humanized antibodies are
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huian immunoglobullng (recipient or acceptor antibody) in which hypervarisble roglon residues of the
vecipient are replaced by hypervarlablc region residues froma a son-human species (donor antibody) such ag
miuse, ral, rabbit or nonhuman primare baving the dosived specificity, affinity, and capacity. In some
instances, Fv framework region (FR) residues of the human immunoglobulin ars replaced by comesponding
non-human residues. Yurthermore, humanized antibodies My comptise residuss which are not found In the
reciplent antibody or iu the donor antibody, These modifications are made to further refine notihody
performance such as biading affinfty, Gencerally, the humanized antibady will comprise substantially sY of
at feast one, and typleally two, vasiablc domains, in which all or substantially aTt of the hypervariable loops
correspond to those of & pon-hucran imntunoglobulin and ¢) or substlantially alt of e FR reglons uso those
of & human immuneglobulin sequence although the FR tegioos iy inchade oite or move amino avid
substifutions that improve hinding sffinity. The number of these amine acid substitutions in the ¥R arc
typically 50 morc than 6 in the H chain, and in the L chain, no more than 3. The humanized antibody
optionally also will comprise al leust & porsing of an immunnglobulin constant region (Fe), typically tbat of &
horaze imnumoglobulin, For further details, see Joncs ot &L, Nature 321:522.525 (J986); Reichmann af «f,
Neure 332:323-329 (31988); and Presta, Crrr. Op. Struet. Biol, 2:593-596 (1992),

Antibexly “effector functions™ refer tn those blolugic'al acivitles attributuble ta the Fo region (a
wative sequence Fe region or amine acid sequence variunt Fe reglon} of an antibody, and vary with the
antthody isotyps, Examples of antihody effector functions include: €1g binding und complement depeadent
cytotoxicity; Fo receptor binding; antibody-dependent cell-medialed cytotaxichty (ADCC): phagocytasis;
down rogniation of cell surfece reecptors (e.g. B cell receptot); and B ocll activation.

“Amibody-dependent cell-mediated cytoroxicity” or “ADCC™ refers to a form of cytotoxicity in
which secreted 1g bound onto Fu receptors (FoRs) present ot ¢értuin cytotoxic eells (2.2 Natural Killer (NK)
el neulrophils, and macrophiages) enable these cylotoxic offoctor cells to bind specifically to an untigen-
bearing targes cell and subsequently kit the target coll with cytotoxins. The antibodics “wrm™ the cytotoxic
cells and are absolutely required for such killing, The primary cells for mediating ADCC, NK cclls, express -
FeyR1T] only. whereas monocyles express FeyRL FeyRIE and FeyRUT. FoR expression on hematopoictic
tells ix summarized in Table 3 on page 464 of Raverch and Kloel, Annw, Rev. Inununol 9:457-92 (1991). To
dsseds ADCC acrivity of a moleculs of interest, an in vitro ADCC assay. such ay that deseribed in US Patent
Nn, §,500.362 or 5,821,337 may be performed. Useful effector eclls For such assays include peripharal
blotsd monvauclear cells (PBMC) und Natural Killer (NK) cells.  Ahematively, or additionally, ADCC
activity of the molecule of Ivterest ;ay be assessed in vivo, e, It 2 aaimal modef such 4 that disclosed In
Clynes et al. PNAS (USA) 95:652-G56 (1998). '

"1 recepior” or “FeR™ describes a receptor that binds to the I'c reglon of an antibody, The
preferred FeR 18 a pative sequetice human VeR. Moreover, a prefesred KGR is onc which Binds an TpG
sntibody (2 gamma roveptor) and includes receptors of the FoyRE, FeyRTT, and FoyRITT subclasses, including
allelic variunts and aliemutively spliced forms of these reecptors. FoyRIT receptors include FoyRTA (an
"activating receptor”) and PoyRIE (an “inhibiting receptor), whick huve similar amine acid sequences that
differ primatlly In the cytoplasmic domalns thereof, Activating receptor FeyREA conlsing an
immuntroeeptor tyrosine-bared sctivation motif (TTAM] in its cytoplasmic dogwin. Inhibiting recepror

FeyRTIB ¢ontalns @i immwporecepior tyroslue-based inbibition molif' ATIM) in its cytoplasmic domain, (see
10



0

20

23

30

48

revhkew M. in Datiron, A, Rev. fmmunol, 15:203-234 (1997)). FeRs are reviewed in Ravetch and Kines,
Annie, Rev. Immunot 9:457-92 (1 991); Capel et ek, bnmunomethods 4:25-34 (1994); and de Hags e al, J,
Lah, Clin, Med. 126:330-41 ( 1995). Other FeRs, including those to be identified in the fature, ure
cacompussed by the term "FeR" hevein, ‘The term 2)so Ineludes the noonara) meceptor, BeRn, which Js
responsible for the teansfer of maternal 1gGs to the fetus (Guyer et al., J. Jovrunol. 117:587 {1976} aud Kim
ef alo J. hmanol, 24:249 (1994)),

WO00/42072 (Presta) doseribes antibody variants with improved ot diminished binding o FoRs,
The content of that patent publication is specifically incorporated herein by reference. See, ulsa, Shields er
al. /. Biol. Chem. 9(2): 6591-6504 (2001},

“Humun effector colls™ ure Jeukocytes whith express one ur more FeRs and perforn effector
funttions, Preferably, the cells express ot least FeyRTH and perform ADCC effoctur function. Eramples of
hurnan lenkoeytes which mediate ADCC include peripheral blood mononuclear cells (PBMC), natral killer
(NK) cclis, monocytes. cytotoxic T cells and neutrophils; with PBMCs and NK ceils belng preferred. The

effcetar cefls may be isolated from a native souree, g, from blood.
*Complement dependent cytotoricity™ ur “CDC" refers to the Iysis of a targer cell jn the proscnce

of complement. Activation of the classlcal complement pathway is initiated by the binding of the first
componcnt of the complement system (Cly) to antibodies (of the appropriae subelass) which ans bound to
their cognate antigen. To assess complement activation., 8 CDC ussay, e.g. as described in Gazzane-Santoro

et el J Immunol. Methods 202:163 (1996), may be perfosmed.
Polypeptide variants with alered Fo region amino acld sequences und increased ar deereased Clg

binding capability ar¢ described In US patent No. 6,194,551B1 and WOSY/51642. The contents of those -
paten{ publivations arc specifically incorporated herein by reference. See, wlso, Idusogic er al J, fnmunol,
164: 4178~4184 (20000,

The N-glycosylation sfte jn IoG is at Asn297 in the CH2 domain. ‘The present invention also
provides compositions of 1 CD20-binding, humanized antibody having & Fe tegion, whetein about 80-100%
{und preforably about 90.99%) of the antibody in the composition comprises a mature cors carboliydrats
structure which fucke fucoso, atiached to the Fe region of the glycoprotcin, Such compositiony wers
demonstrated horein 10 exhibit a surprising improvement in binding to FoyRIETAF158), which is not as
aifcotive ay FeyRITIA (V158) in interacting with human 1gG. Thus, the compositions herein are anticipated
to he guperior 1o previously described anti-CID20 antihody compositions, especially for therapy of human
patients who express FeyRIHA. (F158), FeyRITA (F158) is mote common than FeyRIKA. (V158) in
agrmal, healthy African Americans and Caucastans. S.cc Lchmbecher ef al. Bload 94:4220 (1999). The
present spplication furtber demanstrates the synergistic increass in FeyRTH binding and/or ADCC funetion
that results from combining the glycosylation variotions berein with amino acid sequence modificotion(s) in
the Ve region of the glycoproteln,

An “isofated” antibody is one which fias been identilied and sepavated andfor recoversd from a
component of ils natural envivonment, Conlaminant componeéats of fts natvrul cnvironment are miateriuly
which would interferc with dizsgnostic or therapoutic uses for the antihady, and may include enzymes,
bormones, and other proleinaceous or nonprofeinaceous solutes, In preferred embodiments, the antibody
will be puvified (1) to greator than 85% by weight of antibady as determined by the Lowry methad, and most
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preferably more than 99% by weight, (2) 1 a degres sufficient to obtaln at least 15 residues of Noterminal or
internal amino acid sequence by vse of u spinning cup sequenator, or (3) 1a homogeneity by SDS-PAGE
under reducing or nomreducing conditions using Coomassie blue or, preferably, silver stain, Isolated
antibudy includes the antibody in siti within recombinant cells since at least ofie component of the
autibody's natural environment will not be prosent. Ordinarily, however, isolated ansibody will be prepared
by at least unc purification step.

An “isolated" nucleie acld melecule is & nucleie acld mulecule that is identified and separated from
al least one contaminunt nuclele acid malecule with which it is ordinarily associuted in the natural source of
tho sntibody nucleic acid. An isolated nuclelc acid molecule i other than In the form o setting in which it is
found in nature. Isofated nucleic achd moleculey therefore are distinguishod from the auclcic acid molsule
an it exlsts In naturyd cells. However, an isolated sucleic acid nwolecule inclndes a nutlpic acid molecule
contained in cells that ordinurily express the antibudy whers, for exumple, the nueleic acid moleculs is in o

chraomosomal location different from thut of nemral cells.
The ¢xprossion “confrol sequences” refers 1o PDNA, sequcnces necessary for the expression of axn

operably linked coding scquence in a partdeutar host organism. The control sequences that ars suitable for
prokaryotes, for cxample, include 1 promoter, optionally an operator sequonce, and a ribosome binding site.

Bukaryotic cells are known to utifize pramoters, polyadenylation signals, and enbancets.
Nuclede acld is "operably linked" when K is placed into 2 fimetiona) relationship with another

nucleie acid sequence. For example, DNA. for a presequence or ssoretory leader is operably linked to DNA,
for 2 polypeptide i it is expressed as a préprotein that purticipates n the secretlon of the polypeptide; 2
promoter or enhancer is operably Buked to a coding sequence if it affects the wansetiption of the scquence;
or a ribosome binding site is operably linked to 2 coding sequencs if it is pusitioned s ay to facilitate
trawslation. Generally, "opetably linked" means that the DNA seyucncey being linked are contguous, and,
in the cage of & sacretory leader, contiguous rad in reuding phass, However, enbancers do nat have w0 be
contiguous, Linklag is accomplished by ligution at convenient restriction sites, I such sltes do vot exist, the

synthelic oligonucleotide adapiors or Hnkers arc used in accordance with conventional practice,
"Yeotar” ineludes shuttle and exprassion vectors. Typleally, the plasmid construct will alse mclude

an origin of replication (e.g., the ColB1 orlgin of replication) and a selectable marker (eg.. ampicillin or
tatracycline resistance), for replication and selection, respactively, of the plasmids n bacteria, An
Yexpression vector” refers to a veotor thal.contains the necassary control sequences or regufatory efemenis
for expresslon of the antibodies Including antibody fragment of the tnvention, in bacterlal or cukaryotic cetls,

Suitable veutors are disclosed below.
The cefl that produces a bumanized CD20 binding artibody of the invention will include the

bucleria) and cukasyotic host cells into which nucleic acid encoding the antibodies have been inroduced.

Suitabile host colls ure disclosed balow,
The word "Jabel™ when uscd hercin refers (o a dotectable compound or composition which is

conjugated direedy o indircetly to the antibody. The lshel may itself be dotectable by itself {e.g,
radioizotope labels or fluoreseent Tabels) or, in the case of un cnzymatic label, muy catalyze chentical

alicration of a suhsrare compound or composition which is detectable,
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An “autolmmnne disease" herein is a non-malignant disease or disorder ariglag from and direcied
apuingt an individual™s awn (self) untigens sndfor tissues,

As used hercin, “B cell depletion” refees to a reducrion in B cell fevels in atl aniroal of burnan after
drug ar antibady treatment, a5 comparcd to the B cclt level before weatttent. B cell Jevels are meusurable
using woll known assays such as those described in the Experinenta Exsmples. B cell depiction can be
complete or partial, In one embodiment, the deplotion of CI20 expressing B cells Is of Joast 25%, Notto be
imited by any one mechanist, possible mechanisms of B-cell depletion include ADCC, CDC, apoptosis,
modulation of calcium flux or 2 combination of o of ore of the preccding,

The term. "cytotoxie agent” s used hereln refers to a substance fhat inkibits or pravents the function
of calls andfor causes destriction of cclls. The term Is intended o Joclude rdinactive Isotopes (a.g., 17N
T, ¥* and Re™™), chemotherapeutic apents, and toxins such as enzymatically active toxins of hacteriad,
fungal, plant or animal origin, ar fragments thereod.

A "chemotherepeutic agent™ is & chomical eompound usefl in the treatinent of cancer, Examplex
of chemotherapeutic agents inoludo alkalyzing or alkylaGng agents such as thivtepa and cyclosphosphamids
(CYTOXANTY; alkyl sulfonates such as busoifan, improsulfun and piposvwifan aziridines such as
henzedopa, carboguons, meturcdopa, and uredopa; ethylenimines and methylamelamincs including,
altrotamine, triethyfenemelumine, trictylenephosphoramide, tricthylenethiophosphaoramide und
trimethylolomelaming; nitrogen musiards such as chlorambucil, chlomaphazine, cholophosphamide,
estramusting, ifostamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phencsterine, prednimustine, rofosfamlde, uracit mustund; nitrosereas such as carmusting, chlorozatacin,
tatemusting, lomustine, aimustipe, runimustine; antibiotics svch as aclacinom ysins, actnomycin,
avthramycin, azaserine, blevmyoiny, cuctinomyoin, calicheamicin, carablein. carminomycin, earzinophilin,
chromormycing, dactivomycin, deunorubicin, detorubicin, G-diaze-5-oxo-l-norleucing, doxorvbicin
{Adriamycin), epirublein, ssorubicin, idarubicin, marecllomyuin, mitomycios, mycaphenollc sclkd,
nogalamycin, olivomycins, peplomycin, potfitomycin, purosnycin, quelamyein, rodorubicin, straptonigrin,
sweptuzovin, tubareiding ubenimex, tnostatin, zorubicing anti-mctabaolites such as methotrexate and 5-
fluorourasil (5-Ft); folic acld analogues such as denopierin, methotrexate, pleropierin, ttimetrexats; purine
analozs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguaning; pyrimidine anslogy such us
ancitabine, azacitiding, 6-wenwidine, curmofur, cyiarabing, dideoxyuridine, doxifimidine, enocitsbine,
floxuridine, 5-FU; androgons such as calusterone, dromostanolons propionats, epitiostanol, mepitiostans,
testolactone; anti-adrensls such as aminogiutethimide, mitotane, tellostans: folic acld seplenisher such as
frolinde acid; aceglatone; aldophosphamide glycoside; aminolevalinio acid; amsucring; bestrabugil;
bisantrene: edatiaxate; defofanrine; damecolaine; diaziquone; elfornithine; elliptininm acerate: etogiucids
gafitom aitrates hydroxyureas lentinan; lonkdamine; mitoguazone; mitoxantrone: mopidamol; altracrine:
pentostating phenamet; pirarubicing podophyllinic soid; 2-cthyThydruzide; procurbarine; PSKE; ravoxane;
sizofiran: spirogermaniuny tenuazonic acid: viaziquone; 2, 242 wichlorortlethylanune: vrethan: vindesineg;
dacarbazlne: mansomustine; mitobronitod; moftolactol; plpobroman; gacytosing; amabinoside ("Ara-C™):
thiotepa; taxoids, ¢.¢. paclitaxel (TAXOLE, Bristol-Myers Squibb Oncology. Princeton, NIy and doxetaxet
(TAXOTERE®, Rhne-Poulenc Rorer, Antony, France); chiorambucil; gemeitabine; 6-thivguanine;
mereapiopuring methotrexate; platinum yoslogs such as cisplatin and carboplating platinum; etoposide (VE-
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163 iosfamide; miromycin C; mitoxantrone; vineristine; vinblastine; vinorclbine: ravelbine; novantronc;
teniposide; datnomycin; aminoperiy; xcloda; ibandronate: CPT-1J; topuizomerase inhibitor RFS 2004,
difluoromethyloraithine (DM FOY; setinoic acid; esperamlcins; capecitabine; and phrmaceutically
sceeptable sults, aclds or derivatives of any of the above, Alse included in this definition are anti-hormonal
Afonts that act to regulate or Inhibit horone sction ot turmors such us unti-estrogons including for example
tamuxifen, raloxifens, aromatase inhibjting 4(5)-imidurnles, 4hydroxytamoxifen, irioxifenc, keoxifenc,
LY 117018, onapristonc, and toremifene (Raresion); anti-androgens such as flutamide, nilutamids,
hicalutamide, leuprolide, and gosenstin; other chemotiicrupeutic agents such as prednisolone,

Phurmacentieally aceeptable salts, acids or derivatives of any of the above are included.

THresting” or “treatnent” or “alleviation” refers 1o both therapentis treatment and prophylactic or
preventative measures, wherein the object is to provont ar sfow down (Tossen) the targeted pathofogic
candition or disorder. A subject is successfully “treated™ for a CDZ0 positive cancer or an autoimmuns
disense i, after receiving a therapeutic amount of 2 CD20 binding xutibady of the invention according to the
metheds of the prosent invention, the subject shows observable andfor measurable reduction in or sbscnce of
one or mare signs and symploms of the paticolar dissase. For example, for cuncer, reduction i the number
of cuncer cells or absence of the cancer ¢ells: reduction in the fumor size; inhibition (L.2., slow to some
extent and preferably stop) of tumor metastasis; ishibition, to some extent, oF tumor growth: Increuse in
length of ramission, and/or relicf to some extent, one or more of the symptoms associated with the specific
exncer; reduced morbidity and morlity, and improvement in quality of Hife Jssues, Reduction of the signs
or symplors of a diseass may also be feli by the patient. Treatment can achisve a complete response,
defined as disappearance of all signs of cancer, or a purtial response, whetein the size of the mnor is
decreased, preferably By more than 50 percent, more proforably by 75%. A puticnt 75 also congldered treuted
if the pativnt caperiences stable disease. In a preferred embodiment, the cancer puticuts arg stifl
progression-fres in the cancer afier one your, preferably after 15 months. These parsncters for assessing
successful treatmeol and improvement in the discuse are readily measurabds by routing pracedures familiar
10 a physician of appwopriate skill i the arl,

A “sherapenteally effective amount™ roftrs to an amonnt of an aniibody or a drug elifective to
“wear” a discase or disordor in & subject. In the case of cancer, the therapetilically etfoctive amount of the
drug may reduce the number of cancer cells; reduce the tumor size; inhibi (i.e., slow to sowme extent and
proforably stop) cancer cell infikiration Into peripheral organs; inhibit ¢i.e., slow o some extent and
prefersbly stup) tumor snotastasis; inkibit, to some cxiont, tumeor growth; and/or refieve 10 s0the extent one

ur more of the symptoms asseciated with the cancer. See preceding definition of “weating”,
"Chronie" administration rofers to administration of the ageni(s) in a contlnuous mode as epposed

fo an uoufc modce, 50 48 t0 maintain the inidzl therapeutic effect (Fetivity) for an extended petdod of time.
“Tntermittent™ administration js treatrant that is not consesutively done without intcrmuption, but rather is

cyelic in natuse,

Compositions and Methods of the Invention
The Invenrion provides bumnanized antlbodies that bind human CD20, and preferably other primate

CD20 a5 well, comprising a H chaln having at Ieast one, preferubly two or all of the H chaln GRS of & son-
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human spacles anti-huian CD20 antibody (donor antibody), and substantlally alt of (ho framework residucs
ot a huhan consensus antibody as the rusipient antibody, "[he donor antibody can be from varipus non-
human specics inctuding miouse, rat, guinea pig, goat, rabbit, horse, primate but mast frequently will be a
muring antibody. “Substantislly il In this context is meant that the reclplent BR reglons in the hurnunized
antihody muy include one ur more amino ocid substitutions not ariginally present in the human consensus
FR sequenee, These FR changes may coniptise rosidues ol found Jo the recipient of the donot antibody.

Tn ons embudiment, the donor aniibody is the murine 2H7 antibody, the 'V segion tnclading the
CDR and LR scquences of ¢ach of the H and L. chains of which are shown in FIG, 1A und 1B, In a specific
cmbodiment, the residues for the iuman Fab framawork correspond to the consensus sequence of human
Vx subgroup I and of Vi subgroup X, these consensus sequences are shown In Figure 1A and Figare 1B,
respéclively. The humanlzed 2H7 antibody of (he Invention will have at least one of the CDRs In the 5
chain of the murite donor entibody. 1o one embodiment, the humanized 287 amtibudy that binds human
€20 comprises the CDRs of both the H and L chuins of the doror antibody.

Tn 2 fill fength antibody, the humaalzed CD20 binding antibody of the invention will comprise &
humanized ¥V domain joined 10 a C domaln of # human immunoglobulin. T a prefeored embodiment, the B
chain € region is from human IgG, preforably Ts(i or JpG3. The L chain C domaln is preferably from
hurnan ¥ chalp, -

Unless indicated otheewise, 4 humanized 2H7 sntibody version horcin will have the V and C
domain sequences of 21172.v16 L chuin (FIG. 6, SEQ D NQ, 21) and H chain (FK3 7., SEQ 1D NO, 22)
exceps ar the positions of anting acid substitutions or changes ndicated in the experimental examples below,

The homanized CD20 binding antibocdics will hind at leagt human CD20 and preferably hind ather
primate CD20 such as that of monkeys including cynomolgus and thesus monkeys, and chimpanzces. The

sequence of the eynromolgus morkey CD20 is disclosed in Bxample 15 and Figure 19
The biological activity of the CD20 binding antibodles and bumunized CD21 binding andbodies of

the invertion will include at Teast binding of the aotibody o human CD2(, more preferzhbly hinding fo

human aud primate CD20 (ncluding cynomolgus monksy, rhesus monkey, chimpanzees), with a Ky value of
na higher than 1 x 10°%, prefarably o Ky value oo higher fhuan about 1 2 107, sven vee preferubly 2 Ky value
na higher thar sbout T x 107, and be able to kill or deplete B ¢ells in vitro or in vivo, proforably by at lcast

20% when compared to the baseline leve! or appropriate negative control which ix not freated with such an
aalibody.
The desired level of B cell depletion will depend on the disease, For the treatment of 2 CD20
positive cancer, It may be desirable to maximize the depletion of the B ¢eils which ure tho target of the anti-
CD20 antibodies of the invedtion, Thus. for the reatment of & CD20 positive B ¢oHl neoplasm, it is desirable
that the B cell depletion be sufficient to at least prevent progrossion of the discase which can be assessed by
the phiysician of skilt in the art, ¢.g, by monitoring tumor growth (;sizc), profiferation of the cuncerous cell
type, metastasis, other signs and symproms of the particular cancer, Preferably, the B eelt depletion is
sufficient to prevent progression of disease for at least 2 months, more preferably 3 months, even more
preferahly 4 monibs, more preferably § months. even more preferably € or wore mumths. In even meve
praferred embodiments, the B cell depdetion iy sufficient to increase the time in remission by at least 6
inonths, wore preferably 9 months, more preferably one year, more preferably 2 yeurs, mare preferably 3
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years, cven more preferably $ ar more years. In a most preferred smbodimant, {he B celf depletion s
sufficleat to cure the disease, ln preferred embodiments, the B cell depletion in a cancor patient Is ut Jeast
about 75% and more preferably, k0%, 85%, 90%, 95% , 99% and cven 1009 of the bascline level befure
ireatnet,

Por reatment of an antoimmune disease, it may be dasirable to modulare the extont of B cell
depletion depending on the disease and/or the severity of the condition i the individul patient, by adjusting
the dosage of CD20 binding antibody. Thus. B coll depletion cun hur does nat bave 1o be complets, Or,
tafal B cell depletion may be desired in Initial treatment butin subsequent treatments, the dossge nray be
adjusted to achiave only partial depletion. In one embodiment, the B el depletion Is at least 20%, Le., 80%
or less of CD20 positive B cells xernuin as compared to the baseline Jovet befors teatment. Ty oflier
ebediments, B cell depletion is 25%, 30%, 4%, 50%, 60%, 70% ar areater, Preforably, the 13 cel)
deplerion Is sufficicnt to halt progression of the disease, more preferably 1o alleviata the $igns and symptams

of the particutar diseass wnder treutment, even more preferably to ciirs the discase.
The invention also provides bispecific C1220 binding ansibodies whorcin ane arm of the antibady

haw a humanized B and L chain of the humanized CD20 binding antibody of the invention, and the other srm

has V region binding speciticity for a second aotigen. In specific embodiments, tho sccond antigen Is

selecied from the group consisting of C3, CDG4, CO324, TDU6, NKGID or other NK activating ligands,
In comparison with Rituxan (tituximab), v16 exhibits about 2 to 5 fold incroased ADCO potency

~3-4 foid decreased CDC than Rituxan.

Amntihody production

Moncclone? antibodiss
Maonoelonal auntibodics muy be made using the Rybridoma method first deseribed by Kobler es al.,

Nature, 256:495 (1975), or may be made by recombinant DNA metbods (D.5. Peienl No. 4,816567).
In the hybridoma snethod, 2 miotise or other appropriate fost unimul, such as o hamster, is

immunized as described above to elich fymphocytes that producc ur are capuble of producing antibodies that
will npecilionily bind to the protoin used for immunization. Alernatively, lymphocytes eay be ioununized

in vitro. After immunization, lymphocytes are isolated and then fused with a mryeloma cell Hane using a
spitahle fusing agent, such as polyethylene glycal, to form a hybridoma cell (Goding, Meroclonal

Antibodies: Principles and Practice, pp.59-103 (Acadomic Press, 1986)).
The hybridama cells thuos prepared are seeded and grown in a suitable cutre mediom which

medium preferably confains one or mors substances that lnhiblt the growth or survival of the unfused,
parenta] niyeloma cells {alzo reforred to as fusion partner), For example, iF the parental myvelama cells lack
the enzyoie hypoxanthine guanine phosphoribosy) transferase (HGPRT or HPRT), the selective culture
medium for the hybridomas typically will include hypoxanthine, sminopterin, 2nd thymidine (HAT
medium), which substances provent the growth of HGPRT-deficient ceils.

Proltmed fasion purtner myeloma cells ars those tal fuse efficicntly, support stable high-Jovel
produstion of sntibody by the selected sntibody-producing cells, and are sonsitive fo # selective medjum that
selonts against the unfused parental celis. Preferred myelomn cell lines are murine mysloma Jines, such as
those derived from MOPC-21 and MPC-1] mouse tumors available from the Sulk Institute Coll Distribution
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Center, San Diego, Colifornia USA, and $P-2 and detivatives &g, X63-Ag8-653 cells availatie from the
American Type Culrues Coilection, Rockville, Maryland USA. Human myeloma and mouse-hwoan
heteromyeloma cell lines also have been desetibed for the production of human monoctonal sntibodics
(Kuzhor, J, Jmunok, 133:3001 (1984): and Brodeur ef al,, Monoclonal Aartbody Production Techniques
and Applications, pp. 51-63 (Marcel [ekker, Tnc,, Now Vork, 1 9873).

Culturs medivm in which hybridoma calls are growi ng is assuyed for production of monclanal
antibudies directed aguinst the antigen. Preferbly, the binding specificity of monuclonal aotibodics
produced by hybridoma cells is dotermined by Immunoprecipitation or by an in vitre binding assuy, such as
racliolmmunoassay (RIA) or enzyme-Tinked immunosorbent assuy (BLISA),

The binding affinity of the monoclonal antibody can, for example, be determined by the Seazchand
amulysis described i Munson et af., Anol. Blachem., 107:220 (1980).

Ounce hyhridoma cells that produce antibodies of the degired specificity, affinity, andfor activity are
identified, the clones may be sobcloned by limiting ditution procedures and grown by standard mtethods
(Goding, Monoclanal Antlbodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable
eulture media for tiis purpose include, for cxample, D-MEM or RPMI-1640 medivm. In addition, the
hybridoma cells may be grows i vive gs asoites tumors tn ad animad e.g, by L.p. Injectos of the cells into
mice.
‘The manoelonal antibodics secrcted by the subclones are suitably separated from the cultore
medinm, ascites fluld, or serum by conventional antibady purification procedures such as, for example,
affmity chromatography (a.8., uslitg protein A or profein G-Sepharose) or fon-exchange chromatography,
hydraxylapatite chromgtogeaphy, gel ¢lectrophoresis, dialysis, etc. -

INA encoding the nxonoclonal antibudics is voadily isofated and sequenced using conventional
procedures {e.2., by using oligonucléotide probus that arc capable of binding speciically to genes encoding
the heavy and light ¢halns of musine anfibodivs), The hybridoma cells serve as a preferred source of such
DNA, Ogee jsolated, the DNA muay be plated Into expression veetors, which are then tansfected im_o host
colls wueh as E. ool oolls, simian COS cells, Chinose Hamster Qvary (CHO) cells, of inyeloma cells that do
not otherwise produce antibody proteln, to abtain the synthesls of motoclonal antibodies in the recombinant
host eolls. Review wrticles on recombinant expression in bacteris of DNA cacoding the antibody fncltide
Skerra et al, Ciar, Gpinien in fmmunol., 5:256-262 (1993) and PHickthun, fmeaviel, Revs,, 130:151-188
(992, '

In a further embodiment, monoclony? antibodics or aﬁ&bcdy fragments can be isvlated from
antibady phage ifbrarfes genernted using the techniques deseribed in MeCafferty ef al,, Natura, 348:552-554
(1990). Cluvkuon ef al, Nature, 352:624-628 (1991) and Marks et ad, J. Mol Blol, 222:581.597 (1991}
describe tha fsolation of murine and human xatibedies, respectively, using phage librarles. Subsequent
publications deseribe the production of high affinity (M range) human antibodies by chain shuffling (Marks
&t al., Bio/Technotogy, I0779-733 (1992, as well as combinatorial Infection and in piveo recomblnation as a
strategy for consfrucing very large phags lbracies (Waterhouse ez af.. Nue, Acidds, Rey.,, 21:2265-2266
(1993)). Thus, thess technlques are viable alternatives to traditional mopocionat antibody hybridoma

lechniques fur isolalion of monocfondd antibodies,
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The DNA that encodes the antibody may be modificd to produce chimerie or fusion antibody
polypeptides, for example, by substituting human keavy chain and light chain constant domsin (G and )
sequences for the homologous murjne sequences (TS, Patont No, 4,816,567; and Mosrisan, e al, Proc,
Natl Acud, Sci. USA, 81:6851 (1984)), or by fusjug the immunoglobulin coding seaquence with all or part of
the coding sequence for a non-tmmemaglobufia polypeptide (heterologous polypeptide). The nos-
immunoglobulin palypeptide sequences can substitute for the constant domains of an amibody, orthey are
substitured for the vaciuble domains of one aptigen-combining site of an antibody 1o create u chimerle
bivalent antibody comprising one antigen~combining site having specificity for an antigon and another
antigen-combiving site having specificity for a different antigen.

Humanized antibodies
Methods for huntunizing non-human antibudies have been described in the ars, Preferably, a

humanized antibody has one or more amino seid residues introduced into it from a source which is non-
hurman, These non-human amino acid vesidues are often xeforred to 25 "import” residues, which are ypically
taken from an “import™ variable damain. Huwanization cun be essevtially performed following the method
of Winter and co-workers (Fones er al, Netture, 321:522-525 (1986); Relchmann et al, Nature, 332:323-327
(1988} Veshooyen ef al, Science, 239:1534-1536 (1988)), by substituting hypervariable region sequences
for the comsponding sequences of 2 human antibody. Accordingly, such "huntnized™ antibodies are
shimerie anfibodics (U8, Patent. No, 4,816,567) whertin substantially less than aa lntact human varisble
domuin has been substitaed by the corresponding sequente from a non-human species. In practice,
humanized antibodies are typivully human antibodies in which some lypervariable rogion residues and
poysibly somc ¥R residues are substinted by residues front analogous sites in redont antibodies.

The chalce of human variable domaios, hoth Light and heavy, to be used in making the humanized
antikiodies Is very important to reduce antigesicity and HAMA responye (human anti-mouse antibody) when
the antibody is intended for husman therapentic uss. Accosding to the so-called “best-fit” method, the
#equence of the variable domain of a rodent antibody is sereeved against the entire libsary of known human
variable domain sequances. The buman V domain sequence which is closest to that of the rodent is
identified and the human frumework region (FR) within it aceepted for ths humanized antibody (Sims et al,
I Immiemol, 151:2206 (1998); Chothja a1 al, J. Mol Bial, 196:901 (1987)). Another method uses a
pacticular framewark reglon derived from the consensus sequence of all humae antihodies of 7 pagticular
subgroup of light or heavy chalns, The same framework may be used for sevesal differant humanized
antibadios (Carter es al, Proc, Nail Acad, Sci. USA, 8914285 (1992): Presta ef al., J, fmmunol,, 151:2623
(1993)).
Tt is furthor impurfant that antibodics be humunized with retontion of high binding affinity for the
antlgen and other favorable biologicnl properties. To achieve this goal, acconding t¢ 4 preferted method,
humanized antibodics ure prepared by # procuss of analysis of the parental sequences and various conceptual
humanized products using three-dimensianal madels of the parental and humanized sequences. Three-~
dimensional immungglobulin models are commonly available and are familiar 1o those skilled i the art.
Computar programs gre avatlable which illustrate and display prohable three-dimensiosal cotformational
structures of selected eandidate immunoglobulin sequences, Iaspection of these displays permils anulysis of
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the Tikely role of the residues In the functiuning of the candidite immuaoglobulin sequence, £, the analysis
of resfdues thur influsnce the ability of the cundidate Invmunoglobulia to bind irs antigen. To this way, ER
residues can be selected and scombined from the recipient and import sequencas so that the desired antibody
characteristie, such ag fncrezsed affinity for the target antigen(s). is achicved. In gencral, the bypervariable
region residues are dircetly and most substantially involved in influencing antigen binding.

"The humanjzed antibady may be an antibody fragment, such as a Fab, which is oplionully
conjugated with one or more cytotoxic agent(s) In order to getienite an immwncconjugate. Alternatively, the
humanized antibody may be an full length sntibody, such as an full length 15G1 antibody.

Hunan anitbodies and phage display methodology
As an altetnative to humanization, humnan miibodies can be generated. For cxample, it Js sow

possible 10 proddcs trunsgenic animals (e.g., mice) that ave <apable, upon immunization, of producieg a full
repectolre of humn untibodies in the absenee of endogesons immunoglobulin production. For example, it
has been described that the flomozygous deletion of the antibody hoavy-chaln Joining rogion (Ty) gene In
chimeric and germ-ling mutant mice rosults in complete Inhibition of endogentous antibody production,
Transfer of the human germ-line immunoglobulin gene array into such gorm-line muzant mice will sesult in
the production of bumsan anibodics upon antigen challenge, Sev, a.g., Jakohovits et al, Proc. Nat. Acad.

Sed USA.90:2551 (1993); Jskobovils et alf, Naturs, 3622255258 (1993); Broggemana of of, Yearin
Jannana., 133 (1993); U8, Pateat Nos, 5,545,806, 5,569,825, 5,591,669 (all of GenPhurm); 5,545,807; and
WO 9717852,

- Alternutively, phage display technotogy McCaffeny er al, Nature 348:552-553 [1890]) cun he
used 10 produce human unfibodies snd antibody fragments {r vitro, frony immunoglobulin variable (V)
domain gene repertoires from unimmunized donorss. According o this technique, antihody V domain genes
are cloned In-frame into elther a major or mtinor coal protein gone of 4 Alamentous bacteriophage, such a3
MI13 or £d, and displayed as functivnal antibudy fragments on the surface of the phage particie. Becauge the
fitanrentous particle contains a single-stranded DNA copy of the phage genuome, sclections based on the
fimctionad proportivs of the antibody ulse resull in selection of the gene cnoeding the antibody exhibiting
those propertics. Thus, the phage mimics some of the propertics of the B-ecll. Phage display can be
performed in a variety of formats, reviewed in, c.g'., Jobnson, Kevin 8. and Chiswell, David ¥, Cumrent
Opinion in Structural Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage
display. Clackson et al., Nature, 352,624-628 (1991} isolated & diverse array of anti-oxszolone anlibodiss
from a sorall randam combinatorial library of V genes derfved from the spleens of immunized mice. A
repetioire of V genes from volonnunized tuman donors can be constructed and antibodies to a diverse amray
of antigens {inclhiding selfiantigens) can be igolated exsentiaily following the techniques described by Marks
&t al S Mol, Biol, 222:583-897 (1991), or Griffith er al, EMBO J. 12:725-734 (1993), Ses, also, U.S.

Fatent Nos. 5,565,332 and 5,573,005,
As discussed above, human antibodies may also be generated by in vitre sctivated B cells (see TL.S.

Patents 5,307,010 and 5,229,275},
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Awtibody fragments

In cettaln circomstances therc ure advantages of wsing antibody fragments, rather than whole
antibodies. The smaller size of the fragments sllows for rapid clearanes, apd may lead to improved aceess to
solid tumors,

Varions rechiiques have been developed For the production of antibody fragments. Traditionaily,
these [ragments were derived via proteolytic digestion of intuck anttbodics (see, e.g.. Marimoto ezal.
Journal of Biochamicat and Binphysical Methads 24:107-117 (1992); and Brepnan et af, Scidnve, 229:81
{1985). However, these fragments cun naw be produced directly by recombjuant hust cells. Bab, Py and
Seby antibody fragments can ul) be expressed in and secreted from &, cofi, thus allowing the facile
production of large amounts of these fragments, Astibody fragments can be isofated from the antibudy
phage librardes divoussed above, Altcrmatively, Fab-SH fiagments can be direstly recovered from &, colf
and chemleally coupled to form F(ub™, fragments (Curler et &L, Bio/Technology 10:163-167 (1992)).
According to another approach, F(nb"), fragmients can b isolated dircetly Hom recomblnunt host cell culture,
Faub and Fab'"), fragment with increased in vivo halflife comprising d sulvage receplor binding epitope
reaiducs are deseribed in TLS. Patent No, 5,869.046.. Other technigues for the production of antihorly
fragments will be apparent to the skifled practitioner, In other embodintents, the antibody of choice s a
single chain Py fragment {5eFv). See WO 93716185: U.S. Patent No. 5,571,894; and U.5. Patent No,
5.587.458. Fy und sFv are the enly spacles with intuct combining sites that arc devoid of constant yegions;
thss, they are suliable for reduced nonspesific binding during in vive use. sFv fusion proleins may he
constenctad to yield fusion of an effector protefn at either the wmine or the carboxy terminus of an sFe. See
Asntibedy Engincering, cd. Bomrehaeck, supra, The antibody frugmont may also be a “linear antibody”, c.g-.
as described In UL, Patent 5,641,870 for example. Such lnear antibody fragments may be monospecific or

bispecific.

Blspecific anitbodles
Bispecific amtibodics are antibodies that have binding specificities for at least iwo diffcront

epitopes, Excmplary bispecific antibadies may bind to two different epitopes of the CD20 protein. Other
such antibodies may combing a CD20 binding site with a binding site for another protein, Almutively, an
anti-CTI20 arm may be combined with an aem which binds to 3 triggering molecule on a leukoeyte suck a5 2
‘T-uell receplor molecule (e.g. CD3), or Fe recoptors for IgG (FeyR), such as FeyRT {CDG4), FeyRI(CP2)
and FeyRALE (CD16), or NKGZD or other NK colt activating Higand, so as to focus and lgealize cellujar
defonse mechanisims to the CH20-sxpressiog cell, Bispeolfic antibodies may also be used to Jocalize
eylatoxic agents to cells which express CD20, Thess antibodles possess a CD20-bindiug arm and an wm
which binds the tyloloxic agent {e.g. supurin, anti-faterieron-o), vinca alkaloid, rivin A chain, methotrexate
ar tadioncrive isotope hapten). Bispacific antibadies can be prapared as full length antibedies or antibody
frapments (a.g. F{ab%); bispecific ancibodies).

WO 9616673 doscribes a bispecific anti-ErbB2ami-FeyRIAT antibody and U.S, Paient No.
5,837,234 discloses & bispecific unti-BrbR2ant-FoyRT antthady. A bispecific anti-UrbB2Fco anfibody is
shown in WO08/02463, U.S. Pateat No. 5,821,337 teaches a bispecific anti-FrbB2/anti-C3 aatibody,
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Methods for making bispecific antibudics are known in the art, Traditional preduction of full
lenygth hispeciic sntibodies is based on the co-expression of two Inmunoglobulin heavy chain-light chain
paits, where the two chaing have diffcrent. specificitios (Millsieln ef al,, Nature. J05:537-539 (1983)).
Beeause of the random assorument uf immunoglobulin heavy and light chajug, (ose hybridomas
{quadromas) produce a polential mixiure of 10 differeat antibody molecules, of which only one has the
correed bispacific stucture. Purlfication of the cortect molecule, which is uswally done by affinity
chromatography sieps, is ratber curnbersome, and the product yickis are Jow, Similar procedurcs are
disclosed in WO 93/08829, and in Traunccker at af,, ZMBO J., 10:3655-3659 (1991},

Arcorting to a different upproach, antibody variable donudng with the desited binding spocificities
(=ntibody-untigen combining sites) are fused 10 immunoglobulin constant domein soyuencas, Preforably, the
fusion Is with an Tg heavy chaln cunstant domals, comprising at Jeast part of the hinge, Cy2, and Cy3
regions, I is preferred to have the first heavy-chein constant reglon (Cyt ) containing the site necessary for
light chain bonding, prescnt In at least one of the fusions, DNAs eacoding the immunoglobubn heavy chain
fusions and, If desired, the immunoglobulin Jight chaln, are inserted Into separate cxpression vectors, and ate
go-transfected into a suitable host coll. This provides for greater flexibifity In adinsting the mustaal
propuortions of the three polypeptide fragments in cmbodiments when unequal ratios of the three polypeptide
chiaing used in the construction provide the optimum yicld of the desired bispecific antibody. 1tis, however,
possible to insest the ceding soquences for two or a1l three polypeptide chiains into 2 single expression veotor
when the expression of at Icust two polypeptide chains in equal ratios results in high yields or when the
ratiog have no signiticunt affect on the yield of the Jesived chain combination,

- In e prefored embndiment of this approuch, the hispecific antivodics sro composed of a hybrid.
immunoglohulin heavy chain with a st binding specificity in one arm, und a hybrid inynunoglobulin heavy
chatn-light chain pair (providing a sccond binding specificity) in the other arm. Tt was found that this
asymeétele struciure fheilitares the separation of the deslred bispecifie compound from unwanted
immunuglobulia chuin combinations, as the presence of ah immunoglobulin Tight chaiu o coly ote hall of
the bigpeeific moloenle provides for a facile way of separation, This approuch is disclosed in WO 94/04690,
For furthur details of generating bispecific antibodies see, for example, Surcsh et al., Methads in

Enzymalogy, 121:210 (1986).
According to another appronch deseribed u ULS. Patent No. 5,731,168, the jaterface between o pair

of antihody moleoules ean be enginecred to moximize the percentage of heterodimers which arc rocovercd
from recombinant cell cujture. The preferred interface comprises at least a part of the O3 dornain. In this
method, ane or more small avidne acid side chalns from the interfave of the first antibody molecule are
replaced with larger side chalns (e.g. tyrosine or tryptophan), Compensstory "cavities" of identieal or
sieniiar size (o the fargs side chain(s} are created on the interfsce of the sceond antibody molecule by
replacing large smino acid side chuing with smallor ones (e.g. alanine or threoning), This provides a
mechanism for Increasing the yield of the heterodimer over other unwand cnd-products such as

honiodimers.
Bispeeific antibodics include eross-Tinked or "heteravonjugate” sutibodies. Fot exaniple, ens of the

antibotics in the boteraconjugate can be coupled to avidin, the other to biotiti, Such antibodies have, for
oxample, heen proposed to torget Immune system cells fo wnwanied ¢ells (U.S. Patent Na. 4,676,980, and
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far rreatiient of HIV infoution (WO 91 0360, WO 92/200373, snd EP 0303, Heteroconfugate antibodics
miy be made using any convenient cross<Jinki ng methads. Suilable cross-linking agents are well known in
the art, and are discloscd in U5, Patent: No, 4,676,980, along with a number of cross-Finkin p techniques,

Tochnigues for generuting bispecific antibodies from antibudy fragments have also beon deseribed
in the literature. For examiple, bispeciflo amtibodies can he prepared using chemicad Tinkage. Brennan o of..
Scicnee, 229: 81 (1985) describe a procedure whersin intoct anfibodies are proleolytically cleaved to
gencrre F(ab'), fragments. Thuse fragrmenits arc reduced in the presence of the dithiol complexing agent,
sodium wenite, to stabilizo vicingl dithiols and prevent istermolecular disulfide formation. The Mab*
Tragments generated are then converted to thionitrobenzoste (TNB) derivatives, One of the Fab>TNE
derivatives is then reconverted to the Fab'~thiol hy reduction with mercaptocthylamine and is mixed with an
cquimular amownt of the other Fab~I'NB dorivative 1o fotr the bispecific anfibody. The blspecific
antibodies produced cun be ured 25 agents for the selective immobilization of enzymes.

Recent pragress has facliitated the direct recovery of Fab'-8H fragments from £ coli, witich van be
chemically coupled to form bispecific antihodies. Shalaby eral, J. Exp. Med., 175: 217-225 (1492) describe
the production of a fully humanized hispecific antibody F(sb" molecule, Bxch Fab' fragment was scparately
seoreted fromt £, coli and subjected 10 directed ehemical coupling in vitre to forra the bispecific antihody.
The hispecific antibody thus formed was able o bind to celis overexpressing the Etb32 sovoptor and normal
human T celfs, as well 23 twigger the Iytie activity of hwan cytotoxic lymphocytes against humun breast
tumor targets.

Varlous techniques for amaking and isolating bispecific antibody frugments directly from
recambinant cell culture have also beon described. For example, blispecific antibodies have been produced
vsing leucioe zippers, Xostelny et al, J. Enmunol., 148(9):1547-1553 (1992). The lcncine #ipper peptides
from the Fos and Jun proteins were linked to the Pab' portions of twa different antibodies by gene fusion.
The antibody homodimers were reduced xt the hinge region to form monomess and thea re-uxidized to form
the antibody heterodimers, ‘This mxthod can slso be utilized for the production of ant] body homudimers,
The "dizbody" technology described by Hollinger et ol., Proc. Nath Acad. Sci. USA, 90:6444-6448 (1993)
has provided au alterparive mechanism for making hispecific anlihody faigmaontz  The fragrents somprige 2
Vi comsseted 10 2 ¥, by u linker which 3s too shorl to allow pairing between the two domaing on the sare
chain. Accordingly, the Vi and Vi, domains of one fragment are forced m pair with the complementary V),
gnd Vi domaing of another fragment, thereby forming two antigeo-binding shtes, Another strategy for
making bispecific antibody fragiments by the use of single-chain Fv {sFv) dimcrs hus also been reported. See

Grulser et zd,, J, Immunal,, 152:5368 (1994).
Aniibodies with move than two valencics are contornplated. For extmple, trispecific antibodies can

te prepared, Tutteral J. hnntnel. 147: 60 (1991).

Mrultivalent Angibodies
A multivalent antibody may be Internatized (und/or catabolized) faster than a bivalent antibody by a

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

tetravatlent amibodios), which can be readily produced by resombinant expression of nueleic acid encoding
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the polypeptidis chaing of the antthody. The multivalent antibody can comprise ¢ dimerization demain and
thres ur more antigen binding sites. The prefemed dimerizadon domain comprises (or cansists ¢f) an Fe
repgion or a hinge reglon. In this scenario, the antibudy will comprise an Fe reglon and thres or more antigen
binding sites smino-terminal to the Fo rogion, The preforred mullivalent antibody hereln comprises (or
cohsists of) three to about eight, but preferably four, antigen binding sites, The multivalent antibody
comprises at least onc polypeptide chain (and preferably two polypeptide chuins), wherein the polypeptide
chain{x) comprlse two ar mors variable domalns. Forinstance, the polypeptide chain(s) may comprise V1~
(X1}~ YDZ-(X2),-Fe, whercin VDI is a first variable domain, VD2 Is & sceond varlable domain, 1 is one
polypeptide chain of an F seglon, X1 and X2 represent an avdno acid or polypeptide, and n Js Gur 1. For
instance, the polypeptide chuin(s) may comprisc: VH-CHi-flexible linker-VI3-CH I -Fo region chain; or VH-
CH1-VH-CHI-Fe region chain, The multivalent antibody horcin preferably further comprises ut Jeast two
{and prefcrubly four} liaht chain variable domain polypoptides. The multivalont ansibody hercin may, for
Instance, somprise from about two to abont eight Hight chaju variable donain pulypoptides. "the Hight chain
variable domain polypeptdes contsmplated here comprise 4 light chain variable dumain and, optionally,

further comprise & CL domuin.

Other entlng actd sequence modifications
Amino acld seyuenes modificadon(s) of the CD20 binding antihodies described hervin are

coptemplated, For exumple, it may bie desirable to loxprove the binding affinity andfor ather biclogical
properies of the antitdy, Amino scid sequenca variants of the apti-CD20 antibody are prepared by
introducing appropriate nucleotide changes into the anti-CID20 antibody oucleic mid, or by peptide
synihesis. Such mudifications include, for example, deletions from, and/or Juserions into andfor
substitutions of, residues within the amino acjd sequences of the anti-CD20 antibody. Any cowhination of
deletion, insertion, and substittion is wade to arrlve at the final construct, provided that the final construct
posaesses the desired characteristics, The amino acid changes alse may alter post-transfational processes of

the anti-CDZ0 antibody, such as changing the pumber ar position of glycosylation sites.
A useful mathod for identification of corfain rosidues or regione of the anti CD30 antibody that ara

preferred Jacations far mutagenesis is called “alunine seanning mutagenesis” as described by Cunningham
and Wells in Scitnce, 244:1081-1085 (1989). Here, avesidue ar group of target residues ore identified {e.0.,
chargad residues such as arg, asp, his, Iys, and glu) 4nd replaced by a neutral or negatively charged aming
weid (most preferably alanine or polyalanine) to affect the Interaction of the amlno acids with CD20 antigen.
Those aming acid locations demonstrating functioaal sensitivity to the substitutions then are refined by
introdhueing further or other vardants at, o for, the sites of substrutlon. Thus. while the slte for introducing
an araine scid scquonce vaxdation is predétermined, the pature of the mutation per s¢ need not be
predetermined. For example, (6 analyzs the peiformance of a smutation at a given sie, ala scanning or
random mutagenesis is conducted at the target codon or yegion and the expressed anti-CD20 antibody

varfanis are sereened for the desired sotvity,
Amine acid sequence insections include aming- andfor carhioxyl-terminal fusions ranging in length

from one residuc o polypeptides containing s hundred or more residucs, as well as intrasequence insertions

of single or pultiple aming acid residues. Examples of terminal insertions include an anti-QD20 antibody
23



with an N-terminat wethionyl residue or the antibody fused o a cytotoxic polypeptide, Qther inscrtional
variants of the anti-CD2Q antibody molecule include the fusion to the N- op C-torminus of the antj-CD20
antibunly to an enzyme (e.g. for ADBFT) r a polypepride which increases the seruol halflife of the
antibody. ,

Aruther fype of variant is an amine acld sebstitution variant. These vardants have at leash ope
amino acid residus in the anti-CD20 antibody ravlceule replaced by a differcut residue, The sites of greatest
inlorest for substitutional mutageacsis include the hypervariable regions, but FR slterations are also
cemterplated, Conservative substitutions are shown in the ‘Yable below vader the heading of "preferred
substitutiong”. If such substitutions result in a changs in bjulopical activity, then more substantial changes,
donominated "excmplary substifutivns” in the Table, or as further deseribed below in reference 10 atino acid

classer, ruy ba integduced and the products sereoncd.

TABLE of Amine Acld Substitigions

Original Residue Exemplary “Preferred
Subslitntions Substitutions
Ala (A) val; Ieu; 1o val
Arg (R) lys; gin; asn lys
Asn (N lw; his; asp, lys; arg gln
Asp (D) gly; asn - 1 g
Cys {C) sory ala K
Gin (Q) asm; glu asn
Glu (9 asp; glu asp
Gly {G) ala ala
His (H) asn; gln; Iys argg _ ag
e lew: val: met; ala; phe: norlencine Teu
Teud) natleucine; ile; val; met; ala; phe ile
Lys (K) arg; gin; asn Hrg
Met (M) leu; phe; ile len
Phe (19 Jew; val; ile: ala; tyr r
Pro (P) alu afa
Ser () thr ’ Ehr
Thr (T) ser ser
T, (W) tyr; phe tyr
Tyr (Y} trp; phe; thr; ser phe
Val (V) ile; Teu; met; phe; ala; norfeucine Jeu
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Substantial modifications in the biological properties of the antibody are sccomplished by setecting
substitutions that differ sighiflcantly in their effect on maintaining (2) the stucture of the putypeptide
buckbone in the area of the substitution, for example, us a sheet or heltical confurmation, (b) the charge or
hydrophobicity of the molecyle at the target sit, or {c) the bulk of the side chalu, Nalurally occurring
residues are divided intg groups based on common side-chain properties:

(1) hydrophobiv: norlcucing, met, ala, val, Jeu, ile;

(2) nemral hydrophilic: vys, ser, the;

(3} acldles asp, gly

(4) basiv: usn, gln, his, lys, arg

(5} residucs shas inflvenss chain orientation; gly, pro; and

{6) aromatic: trp, tyr, pbe,

Non-conservarive subsifttions will ontail exchanging a mumber of ope of these classes for another
class,
Aty ¢ysteine residue not iovelved in maimaining the proper conformation of the anb-CD20O
antihady also noay be substimtad, generally with scrine, to improve the xidative stability of the molecnle
and prevesst sberrunt crosslinking. Conversaly, cysteine bond(s) may be added 10 the autibedy to improvs its
stabilily (partcularly whers the antibody is an antibody fragment such o3 an v fragment).

A particularly preferred type of substitutional variant invel ves substituting one or more
bypervariable region sesiducs of a parent antibody (e.g. ¢ humavized or human dntibody). Generally, the
resuiting veriunt(s) sclected for further development will have improved bivlogical properties relative {o the
patant antibody frum which they are generated, A convoniont way for generating such substitutional
variants Involves affinity moturation using phage display, Brielly, scveral hypervarkable region sites (2.g- [
7 sites) are mutated to generate sl possible amino substitulions at each site. The antibody variunts thus
ganeruced arc displayed in a monovalent fashion from filamentous phage particles as Iusions to the gene n
product of M13 packaged within each particle. The phage-displayed varlamts are then sereened for their
blological activity (e.g. binding atfinity) as herein disclosed, In order to identify candidate hypervatiable
vogion sites for madification, alanine scanning pwtagenesis ¢an be performed i identify hypervariablo
rogion residucs contribating significantly fo antigen blading, Alternatively, or addidiouaily, it may be
beneficial to analyze a crystal stwcture of the antigen-antibady comiplex to identify contact points between
the antihody and human CT920. Such contact residues and neighiboring residucs are candidates for
substitution according to the technlgues slaborated herein, Onoo such variants are generated, the pane) of
varianiy fs subjocted to sercening as deseribed herein and antibodies with superlor propetties in one or wore
relevant assays may be selected for further development,

Anvther type of arnino scid varisnt of the antibady alters the original glycosylatlon pattem of the
aotibody. By wltering is mount deloting vnc or more carhohydrve moleties found jn the antihody. und/or
adding one or mioré glycosylation sites that are not prevent in the antihody.

Glyeosylation of antibodics is typitally cither N-linked or O-linked. N-Unked refers (o the
sytachment of the carhohydrate mofery to the side chain of an aspacagine residue. The fripeptide sequences

asparagloe-K-serine and asparagine-X-threoning, where X is any smino acid except proline, are the
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recognition sequences for ¢nzymatic attachment of the carbohydrate moiety 1o the asparagine side chain.
Thus, the pressnce of cither of these tripeptide seyuences In a polypeptide Creates & potential dlycosylation
site, O-inked glycosylation refets 1o the attachment of one of the sugars N-aceylgalactosamine. galastosc,
or xylose 1o a hydraxyamine acid, most communly serine or threoning, although 3-hydroxyproline or 5-
ftydvoxylysine may also he used,

Additian of glycosylation sites to the antibody is convenicntly accomplished by witering the amino
aeid sequenco such that it containg une or more of the above-deseribed tripeptide sequences (for N-Hinked
glycosylation sltes), The aiteration may also be mude by the additon of; or substitation by, onc or more
sorine of threonine residues to the sequence uf the original antibody (for O-linked glycosylation sitex).

Nucteie ucid molecnles encoding amine acid sequence vardants of the anti-CD2Y aotibedy are
prepared by a vagiety of methads known in the at. These methods include, but are sot limited io, isolation
from & natural source (in the case of auturally cccurring amino ueid sequence variants) or preparation by
oligoneclcatide-mediated (or site-direcead) mutagencsis, PCR nutagenesis, and cassette mulagencsis of an
carlicr prepared variant or a nos-variant version of the anti-C20 antbudy.

1 may be desinshle to modify the antibody of the tnvention with respect ro effector function, e.g. so
21 10 ephancs antigen-dependant cell-medinted cymoxicity (ADCC) andfor complement dependent
cytataxlcity (CDC) of the antihody. This may be uchicved by introducing one or maore amino acid
suhstinutions in an Fe rogion of the antibody, Alernatively or additionadly, cysteine residue(s) may be
introduced in the Fe rogion, thereby allowing intcrehain disvlfide bond formation in this region. The
fiomodimeric antibody thus generatéd may have improved internulization capability and/or incronsed
comploment-mediated celf killing and antibody-depeadent cellular oytotoxicity (ADCC). Ses Caron ¢f ¢, /.
Exp Med. 176:1191-1195 (1992) and Shopes, B. J. lmmunol. 148:2918-2022 (1992), Homodimerie ‘
abtibodiss with cnhanced anti-tumor activity may also be prepared using beterobifunctional cross-linkers as
described in Wollf ef al, Cancer Research 53:2560-2565 (1993). Ahernatively, an antibudy can be
englneered which hus dusl Fe regions and may thereby have cuhanced complement medialed lysis amd

ADCC cupubilition. Sco Stevenson et al. Anti-Cancer Drug Dexign 3:219.230 (3989).
To increase the serum half fife of e antibudy, onc may incomorate a salvage receptor binding

opitope Into the antibody (espectully an antibody fragment) as deseribed in U.8. Patont 5,739,277, for
cuammple. As used herein, the term "salvage receptor binding epitupe” refors to an epitope of the Fe region of
an TG molesuls (2.g., TG, 18Gy. 1oCh, of 12Ga) that Is responsible for increasing the M vive serum hall-lifs

of the TgG molecule.

Other antibody modifications
Other modificutions of the antihody are contemplated herely, For example, the anfibody may be

Tinked to ane of a variety of nonproteinaceous polymers, e.g., polyethylenc glyeal, palypropylens glycel,
polyoxyalkylenes, or copulymers of polycthylenc glycol and polypropylene glycol, The antihody wlso may
be entrapped in micrcmpéuies prepared, for example, by coagervation technigues or by interfacial
polymetization (for cxsmple, hydroxymethylcellulose or gelatin-microcapsules and poly-
{ructhylmethacylatc) microuapsules, respectively), in colloidal drug delivery systers (for example,
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Hiposomes, athumin polcrospheres, microemulsions, nang-particles and nanccapsules), or in macroemulsions.

Such rechiiques we disclosed in Ramingron's Phurmaceutical Sciences, 16th edition, Oslo, A, Ed., (1980),

Screening for antibodies with the desired properties
Antbodies with certain blolugical charactaristics may be selected a5 deseribed in the Brperimontal

Examples,

The growth Inkibltory effects of an anti-CD20 antibody of the inveation mny be assessed by
mathods krowa in the art, e.g., ustag cells which express CD2¢ cithet endogenously or following
transfection with the CD20 gune. For example, tumor eell Jines and CPD20-travsfected cells may treatcd with
an 2nti-CD2Q monoclonal antibody of the invention at vatiows concentrations fur a few days (e.g., 2-7) days
wind stafned with cryst-.il violet or MTT or analyzed by soine other colorimetric assay. Another method of
measuelng proliferation woulkl ba by comparing *H-thymidine uptake by the ¢olls troated in the presénce or
ahsence an anti-CD20 amibody of the invention, Afier antibody freatment, the cells are harvested and the
ainount of adivactivity jncorporated inw the DNA quantitated in a scintillation countor. Appropriate
positive contrals include treatment of o selected celf line with a growtht inhibitory antibady known 16 inhibit
grawth of that cell Hne. '

Tuo scleet for nrribodles which induce ccll death, loss of membrane integity a5 indicated by, &.8..
propidinm fodide (P1). &eypan blue or TAAD uptake may be assessed relative to cantrol. A PILuptuke assny
can be performed in the absence of complement and immune effsctor cells, CD20-expressivg tumor cells
are Incubated with mediumg alone or medium containing of the appropriate moneclional antibady af.€.g, about
l{)p.g/m]-. Tha cells are Incubated for a 3 day fime period. Following each reatmuat, cells are washed and
aliquoted into 35 mm strainer-cupped 12 x 75 fubes (Tml per tube, 3 tubes per treatment group) for removal
of cell lumps. Tubes then receive PT(10ug/ml). Samples may be analyzed using a FACSCAIN™ flow
eyrometer and FACSCONVERT™ CellQuest softwars (Beeton Dickinson). Those antibod]es which induce
statistically significant levels of cell death as detcrmined by PT uptake may be selectad as ¢oll demb-inducing
antibodies,
‘ Ta screen for antibodles which bind to a0 epliops on CD20 bound by an zatibody of interest, a
routine cross-blocking assay such as that deseribed in Antibodies, A Laboratory Manual, Cold Spring Farkor
Laboratory, Ed Harlow and David Lanc (1988), van be porfarmed, This assay can be used o determine if a
test antihody binds the same site or epitope as an anti-CD20 antibody of the invention. Altémaﬁv:ly, or
additionally, epitope mapping can be performed by rethods known I the art. For example, the antdbody
sequence can be mutagenized such as by alanine scanning, to identify contact residucs, The mutant antibody
is lnitailly tested for binding with palyclonal antibody to casure proper folding. In a different mothod,
preptides corresponding o ditforent regions of CD20 can be used in competition assays with the lest
antibadies or with a test antibody and an antibody with a characterizod ur kaown opitope.

Veetors, Host Cells and Reeprthinant Methods
The jnvention also provides an isolated nucleic acid enceding a Iumanized CDZ0 blnding antlbady,

veetors und host colts comprising the nucleie acid, and recombinant techniques for the production of the

antibody.
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For recombinant produstion of the antibody, the nucleic acid eacoding It is isolared and inserted
inw a replivable vector for further cloning (amplification of the DNAj ot for expression, DNA ancoding the
monaclonal antibody is readily isolated and sequenced using conventional procedures (e.g., by ushng
oligonuclcotide probes that are capable of binding speaifically 1o gones encoding the heavy und light chaing
of the antibody), Many veclors are available. The vector components geserally inchids, but are not ligired
10, oe ur mure of the following: a signal scquence, an origin of replication, ons ot more marker genes, un
enhancer clement, a promoter, and a teanscription tennination sequence.

(1) Signaf seguence conponent
‘The CD20 hinding antibudy of this inveation may be produced recombinantly not oaly directly, but

al26 ux = fusion polvpeptide with a hetervtugous polypeptide, which is preferably u signal sequence o7 other
polypeptide having a specific cloavage site ot the N-terminus of the matore protein or polypeptide. The
keterologous signal sequence selocted preferably is onc that is recognized and processed (ie., cleaved bya
signal peptidase) by the bost eell. For prokaryotic host celfs that do not recognize and provess the native
CD20 hinding antibody signal sequance. the signal sequence §s substituied by a prokaryotic signal sequence
selected, for example, from the group of the afkalite phosphatase, penicillisase, Ipp, or beat-stable
enteratoxin I leaders, For yeast secretion the native signal sequence tisay be substituted by, e.g., the yeast
inveriase leader, ¢ factor leader (including Saccharomyces and Kluyveromyces w-factor kaders), ur acid
phospliatasc leader, the C. albicans glucoamylasc leader, or the signal deseribed in WO $0/13646, 1n
mummatian cell expression, mammalian signal sequences as well as vixal scorctory leaders, for exampls, the
herpes simplex 2D slgnal, are available.

“The DPNA for such precursor rogion s ligated in reading fiame to DNA sncoding the CD20 binding
antibody,

{fi} Origin of replication
Both expression and cloming vectors contain a nucleic acid sequence that enebles the vocfor to

replicate in one or more selected hast cells. Generally, in cloning vectors this sequence is one that enables
the vector to replicste Independently of the bost chronosomal DNA, and iuciudes origins of replication or
aatonorousty replicuting sequences. Such sequences are well known fora vaviety of bucteriy, youst, and
viruses, The origin of replication from the plasmid pBR322 is svitable for most Gram-negative bacteria, the
2p plavmid origin is suilable for yeast, and varlous viral orlgins (SV40, palyoma, adenovirus, VSV of BPV)
arc usalul for cloning vectors in mammalian cells, Cenerally, the origin of replication component is not
needed for mammalion expression vectors (the SV40 origin may typically be used only hecause it containg

the carly promoter.

(#if) Selection gane vomponent
Rxpression and claning veotors may canlain a seleetion gene, slso tormed a selectable marker.

Typical scleotion gencs encode proteins that (1) confor resistanee o antibioties or other toxins, e.g.,
ampieillin, neamycin, methotrexate, or totrtcycling, (b) complement puxetrophic deficiencies, or (¢} supply
critical nytrients not available from complex medin, e.g., the gone encoding D-alanine racemase for Baclli.
One expmple of a selection scheme nrilizes a drug to amest growth of a host cell. Those cefls that
are suceessiully transformed with & heterologous gene produce a protein conferring drog resistance and thus
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survive the selection resimen. Bxamples of such dominant selection use the drugs neomyein, mycophenolic
acid and hygromyein,

Anuther example of suitable seleotuble warkers fiov mammalian eells are those that cosblo the
ldentification of ¢2}ls competent to take vp the (20 binding antbady nucleic acid, such as DHIR,
thymidine kinasc, metallothioncin-l and W17, preforably primatc metaliothioncin genes, adenosine deaminase,
ornitiine decarbaxylase, efe.

For example, cells transformed with the DHFR selection gene are first identifizd by culturing all of
the transformants in a culture medium that conming methotrexate (Mix). a compaifiive antagonist of DHER.
An appropriats bost celf when wild-type DMER is employed is the Chinese hamster ovary (CHO) coll Jine

deficient in DHFR activily (.., ATCC CRL-9096),
Altcrnatively, host cells (particnlarly wild-type hosts that contain endogeiious DHER) transformed

or ca-transformed with DNA, sequences encoding CD20 binding antibody, wild-type DEFR protein, and
anather selectable marker such as aminoglycoside 3vphasphotmnsferuse (APH) can be relectad by celi
growth in medium containing a selection agont for the selectable marker such as an amineglycosidic
antiblotic, ¢.g., kanamycln, seomyein, or G418, Ses U.S. Patent No. 4,963,199,

A suhtable selection gene for use in yeast is the #rpl gonc present in the yeast plasmid YRp7
{(Stinchcomb ex al, Natare, 282:39 (1979)). The frpl pene provides a selection marker for a mutant straln of
yeast Jacking the ability to grow Jn bryptaphan, for example, ATCOC No, 44076 or PEP4-1. Jones, Gencties,
8312 (J977). The proscres of the rrp1 lesion in the yeast host cell genome thew provides an offective
cnviroameit for detecting ransformation by growth in the absence of tryplophun. Similarly, Leu2-deficient

yeast sratns (ATCC 20,622 or 38,626) are complementsd by knowa plasmids bearing the Law2 gene.
In addition, vectors derived from the 1.6 pm circular plasmid pK can be vsed {or ranstormation

ol Kluyveromyces yeusts., Alferastively, un cxprossion system for Targe-scale produetion of recombivant calf
chymosin was reported for K. lactls. Van den Berg, RlofTechnelagy, 8:135 (19905, Stable multi-copy
cxprogsion vecters for secretion of mature reconabinant buman serom albumin by indostrigl struins of
Kinyverotmyces have also been disclosed. Vieer er al, Bio/Technology. 9:968-975 {1991).

{&v} Promoter component
Exprassion ant cloning vectors usually contzin z promater that is resognized by the host organism

and is operably linked te the nucleie acid encoding the CD20 binding antibady. Promoters saitable for use
with prokaryotic hosts inciude the phod promofor , B-lactamasc and lactose promoeter systems, alkaline
phasphatase promoler, a ryploptian (trp) promoler system, aad hybrid promoters such as the tac promtoter.
Howaver, other known hacterial promoters ave suitable, Promofers for use in bacterial systems also will
contaln a Shine-Dalgarno (5.D.) sequence aperably Tinked 10 the DNA encoding the €20 binding antibody.
Promofer sequences ave known for cokaryoles., Virtually 1l enkaryotic gones have an AT-rich
regrion Jovated approximately 25 ta 30 buses upstroum frum the sitc where transcription is inftdated. Another
sequence found 70 to 8 hases upstream from the start of transcription of many genes is a CNCAAT region
where N may be any nucleotide, At the 3" end of wmost eukaryotic genes is an AATAAA sequence that oy
fe the sigral for addition of the poly A 1ajl to the 3' end of the cading sequence. AH of these sequences ure

suitably inserted Into svkaryotle expression veotoss,
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Examples of svitable promoter sequences for use with yeast hosts Include the promoters for 3«
phosphoglycerate kinuse or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphutc
dehydrogenase, hexokinase, pyruvate decarbuxylase, phosphofructokinase, glucose-6-phosphiate isomerase,
3-phosphoglycerate mutase, pyrovate kinase, triosephosphate isomerase, phosphoglucoss jsomerass, and
alucokinuse,

Ofher veast promotars, which are inducible promoters having the addditional advautage of
trangeription controlled by prowth condjtions, are the promoter regions for alcolio! dehydrogenase 2,
isecytuchrame C, acid phosphatase, degradative enzymcs associated with nirrogen metabolism,
motaltothioncin, plyceraldehyde-3-phosphate debydrogenasc, and envymes responsible for maliose and
salscrose utilization. Sultable vectors and promoters for use in yeast exprassion are forther described in EP
73,657, Yeast enhancers also are advantageously uscd with yeast promotess.

CD20 binding antibody wunscription from vectors in mammalian host cells 13 controlled, for
example, by promoters obtained from the genomes of viruses such as polyonta vitus, fowlpox vims,
adenoviruy (such as Adenovirus 2), bovinc papilloina virus, svian sarcoma vivus, cytomegalovirus, a
rctrovirue, hepatitis-B vims and wost preferably Simian Virus 40 (SV40), from heterologous mammalian
promulers, e.g., the actin promoter or an immunoglobulin promotor, fram beat-shock promoters, provided
such prowoters arg compatible with the host cell systems.

Tho carly and laie promoters of the SV40 vimus aro conveniently obtained a5 an SVAD restriction
feagracnt. that also contains the SV40 viral origin of replication. The inmupedlate early prometer of the hnman
eytoregalavirus is conventently obtained as 2 HindIIl E restriction fragment. A gsystetss For expressing DNA
in mammalian hosts using the bovine papitloma virus as u voctor is disclosed in U.S. Parent No. 4,419,446,
A modification of this system is described in TS, Palent No. 4,601,978, See also Reyes ef al, Nature
207:598.601 (19%2) oti expressjon ¢f human P-intorforon cDNA 1n mouse cells under the control of 2
thymidine kinase promoter frow herpes simplex virus, Alternatively, the Rous Swrcoma Virus long terminal
repeal cag be vsed as the promoter.

(v} Enfancer element componeant
Transcription of a DNA ebcoding the CD20 binding autibody of this invention by higher

cukaryotes is often increased by inserting an enhancer seqaence into the vector, Maty enlancsr sequenices
are now known from munmalian gepes (globin, elastase, albumin, o-fetoprotein, and insulin), Typically,
howevar. one will use im cahancer from a sukaryotlc ¢all virus. Examples include the SV40 eohancer on the
late sidle of the repticmion origin (bp 100-270), the cytomegalovirus early promoter enhancer, the polyoma
enhancer on the late side of the replication origin, and adenovirus enhancers. Sco also Yaniv, Nofure
297:17-18 (19R2) on enhancing clemenis {or activation of eukaryotic prompters. The enhoncer may be
spliced into the vector at a position §' or 3' to the CD20 binding antibody-sncoding sequencs, but is

prefesably Towated ut a site 5' from the promoter.

(vi} Trauscription lermingtion coponant
Expression vectoss nsed in eukaryotic host cells (ycust, fungi, insect, plant. animal, iuman, or

nucleated cells from uther multicellular organisms) will also contain sequences necessary for the termination
of transeription and for stabilizing the mRNA. Such sequences are commonly available from the §'and,
occasionally 3, untranslated regions of eukaryotic ot viral DNAs ar eDNAs. Thess regions confain
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nucieotide segments transeribed as polyadenyluted fragments in the untraaslated portion of the mRNA
entoding G20 binding antibody. Cne uscful transeription termination component is the bovine growth
hormone polyadenylation region, See W(94/11026 and the expression veotor diselosed thorein.

(vii) Selaction and transformation of hast cells

Suitable host eulls for cloping or expressing the DNA in the vectors hereln are the prokaryute,
yoast, o higher eukaryote cells desoribed above. Suitable prokuryates for this purpase includc eubasteria,
such ax Gram-nepative or Gram-pusitive orgarisms, for example, Enterobacteriaces such as Escherichis,
a.5., B. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, ¢.8. Salmonella typhimurieny, Serraiia,
& Sarratia marcescans, and Shigella, ms welk ks Bacil such es B, subtilis and B. Hcheniformis (e.g. B.
Ucheniformis AP disclosed in DD 266,710 published 12 Aprit 1989), Preudomonas such as P aeruginess,
and Streplonyces. One preferred E. coli cloning hust is £, coli 204 (ATCCS 1,446), although other straing
such a5 £ coli B, B, col X1.776 (NTCC 31,537), and E. colf W3110 (ATCC 27,325) are suitable. These
cxamples ore Hlustmtive rather than limiting.

Puil length untibody, antibody fragments, and anibody fusion proleins can be produced in bacterds,
i particolar when glycosylation and Fe effcetor Tunctlon are not needed, such us when the therapeutic
antibody is conjugated (o a eytotoxic agent (¢.55, & toxin) and the immunocorjugate by itself shows
effectivencss in tumor cell destruction. Full Tength aatibodies have greater half life In cirenlation.

Production in B. voli is faster and more cost efficient. For expression of antibady fragments and
polypeptides in bacteria, sco, ¢.g., US, 5,648,237 (Carter ot. al.), U.5. 5,789,199 (Toly et al.), und U.S.
5,840,523 (Simmons et al.) which deseribes transfation initiation region (TIR) and gignal sequences for
aptintizing expression and secretion, these patents incorporated herein by reference. After expression, the
antibody 18 isofated fram the B. coli coll paste in a soluble fraction and can be pucified through, e.2., @ '
protein A or G cokwmn depending on the lsotype. Final purification can be ¢auried out similar to the process
for purifylng antibody expressed e.g,, in CHO cells.

In adkditlon to prokaryntes, cuksryotic microbes such as filamcntous fungl or yeast are suitable
oloning or exprossion hosts for CD20 hinding antibody-tncoding vectors. Saccharamyces cerevisiag, or
common baker's yeast, is the most commonly uscd amung lower eukaryotle host microorganisms. However,
«# nubar of other genera, species, and strains are commonly available and useful herein, such a3
Schimsaccharomyces pontbe; Kluyveronyces hosts such as, e.g. & loctis, K Fragills (ATCC 12,424), £,
bulgaricus (ATCC 16,045), K. wickeramil (ATCC 24,178), K. waltii (KTCC 56,5000, K. drosophilarum
(ATCC 36.906), K . thermosalerans, and £, marxianus; yarrowia (EP 402226) Pichia pastaris (BP
183,070); Candida: Trichoderma reesia (EP 244,234y Neurpspara crassa; Schwanniostyces such as
Schwaneiomyces oacidentalis; and filamentous fung such 83, e.g., Neurospora, Penicillivn, Tolypocladinn,
and Aspergilius hosts such as A, nidulans and A, riger.

Suitable host cells for the exprassion of glycosylated CP20 birding antibody are derived from
wulticellular organisms. Examples of invertebrate colls include plant and insect cells. MNumerous
baculoviral straing and variants and correspanding permissive insect host cells from hosts such as
Spodoprara frugiperda (caterplllar), Aedes aegypti (mosquho), Aedes albopictus (musywite), rosophila
melanogaster (fraithy), and Bombyx mori have been identified. A variety of viral strains for transfecton are
publicly available, e, the L-1 variant of Awtographa californlce NPV and the Bm-3 strain of Bombyx mort
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NPV, and such viruses muy be used as the virus herein according to the present invention, particulacly for

translection of Spadoptera fragiperds cells.
Plant cell cultures of cotton, com, potato, soybean, polunia, tomato, and tobaccw cam also ke utilized

s hosts,
However, intercst has been greatest in vertebrule colls, and propagation of vertebrate cells in culture
(tissue culture) has becote a routing procedure. Bxamples of useful mamynudian host cell lines are monkey
kidnoy CV| line transformed by $Y40 (COS-7, ATCC CRL 1651): human cmbryonic kidney live (293 or
293 cells subcloned for growth in suspension cultuve, Graham ¢f «f, J. Gen Virol, 36:59 (1977)) : baby
hamster kidney colls (BHK, ATCC CLT. 10); Chinese hamster uvary eclls-DHFR (CHO, Utlavb esal.,
Proe. Natl. Acad, Sci. USA 77:4216 (1930)) ; mouse serioh eells (TM4, Mather, Biol Reprod, 23:243.251
(1980) ) monkey Xidney cells ({CV} ATCC CCL 70); African green monkey kidney cells {VER(Q-76, ATCC
CRL-1587); human cervical carcinoma cefs (IELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL. 34); huffalo rat liver cells (BRL 34, ATCC CRL 1442); human lung eslls (W138, ATCC CCL 75);
human liver cells (Hep G2, HB 8065): mouse mammary tumar (MMT 060362, AXCC CCLS1); TR colls
(Mather et af., Anrials N.Y. Acad, Sci. 383:44-68 (1982)); MRC 5 cclls; FS4 cells; and 2 human bepatonia
Hna (Fep G2),

Hosl cells are transformed with the above-described expression oF cloning vectors for CD20
binding antibody production and euttured in conventional nutient media mudified a5 appropriate for

Inducing promoters, selecting wansformants, of amplifying the gones cocoding the desired sequences.

(viit) Culluring the bost culls
“The host ¢ells used to produce the CD20 binding untibudy of this invention may be cultsred ina

variety of medin, Commescially avallable media such as Ham's F10 ($igmu), Minimal Esseutial Medium
({MIM), (Slgmn), REML-1640 (Sigma), and Dulbeceo’s Modified Eagle's Medium (DMEM]}, Sizma} are
suftable for aulturing the host eolls, In addition, any of the media deserihed in Ham o el, Meth, Enz. 58144
(1979), Barncs er al, Anal. Biochen. 102:255 (1980}, U.8. Pat. Nos. 4,767,704; 4,657,866; 4.927,762;
4.560,655: or 5,122,4569; WO 90/03430: WO 87/00195; or U.S, Patent Re, 30,985 may be used as culture
medis for the host cells. Any of these media may be supplemented v neuessary 'with hormones and/or ather
growth factors (such s insulin, trunsforrin, or epidermal growth fuctor), salts (such as sodium chioride,
galeium, magnesium, and phosphate), buffors (such as BEPES), nuclcotides (such a5 adenosine and
thyrnidine), antibiotivs {such 8s GENTAMY CIN'™ drug), irace eloments (defined 8 inorganic compounds
ukually present at final concentrations in the micromolar range), and slucose or an equivalent energy source.
Aty other necossary supplements may also be jucluded a1 approprlate concentrations that would be kuown to
thosc skilled in the art. The culture conditions, such as temperature, pH, and the like, are these previously
used with the host cell selected for expression, and will be apparent 1o the ordinarily skilled artisan,

(ix) Prrification of antibody

When using recombinant techniques, the antibody can be produced intracsllulusly, in the
periplasmic space, or directly sestefed into the medium, If the anlibody is produced intracelhulurly, as a first
step, the purticulaie debris, cither host eolls or lysed fragments, ace romoved, for example, by centrifugation
ar ultvafiltration, Carter ot al., BlofTechnology 10:163-167 (1992) describe a procedine for isolating
antibodies which are secreted 10 the periplasmic space of £, cofi. Briefly, cell paste is thawed in the
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prevence of sodfut acctate (pH 3.5), EDTA, and phenytmethylsulfony!fluoride (PMSF) over about 3¢ min.
Cell debris cun be removed by centifugation. Where the antlbody is scereted into the medium, supernatanis
from such expression systeims ar generally first concentaled using a commerclally available protein
concentration fitter, for example, an' Amicon or Millipore Pellicon ultrafiltration uniz. A proreass inhibitor
sch as PMSE may be included in any of the foregofug steps (o inhibit proteolysis and antibiotics may he
included tn prevent the growth of sdventitious contaminants.

The antibody composition prepered from the calls cag bs purilicd using, for example.
hydraxylapatite chromatography, gl electrophoresis, dialysls, and sffinity chrowmatography, with atlinity
chromalogrsphy bring the preferred purification technique, The suitability of protein A as an aflinily lgand
depends on the species and isotype of any immunoglobulin Fo domain that is present in the antibody,

Protcin A can be used to purify antibodies that are based on human ¥, ¥2, 05 74 heavy chains (Lindmark ef
al. J. Buntanol Meth, 62:1-13 (1983)). Protetn G is rccommended for ali mouse isotypes and for human 43
(Guss et.al, EMBO J. 5:15671575 (1986)). ‘Lhe niatrix to which the affmity ligand is attached s most often
agarase, hut other matrices ars avaifable, Mechanically steble mutrices such as controlled pore glass or
poly(styrenedivinyfbenzene atow for faster flow rates und shortor processing times than can be ac}deved
with agarose, Where the autibody comprises 4 Cy3 domain, the Bakerbond ABX™resin 3. T. Baker,
Phillipshurg, NJ} is useful for purification, Other technigues for protcin purification such as fractionation on
an ion-exchunge column, ethanol precipitation, Roverse Phase HPLC, chromatagraphy on silica,
chromarngraphy on heparin SERFHAROQOSE™ chromatography on an anion or eption exchange resin (such as
a polyaspatle acid colwme), chromatofocusing, SDS-PACE, and ammonium salfate precipitation are also
available depending on the antibody to be recovered, .

Foliowing any preliminacy purification step(s), the mixture comprising the antibady of interest and
contaminants may be subjected to low pH hydrophobic inleraciion chromatogvaphy using an clution bulfor
al a pH between sbout 2,545, preferably perfornred at Jow salt concentrations fep, from about 0-0,.25M

agit).

Antibody conjugates
The antibody may be conjogated to a cytotoxic agent such as 5 toxin or a radloactive isotope, I

certsin embodiments, the toxla is calicheamicin, a maytansinoid, a dolastatin, avtistatin B and analogs or

derivatives thereof, are prefirable,
Preforvod drugsfoxins inctude DNA damagiug agents, inhibltors of microtubule polymerization or

depalymerization and antimetubolites. Proferred classes of eytotoxic agents include, for example, the
enzyine tnhibitors such as diiydrofolate reductase intibitors, and thymidylate synthase inhibitors, DNA
intercalators, DNA cleavers, topotsomerase inhiblors, the sathracycline family of drups, the vinca drugs, the
mitomycins, the bleomycing, the cytorexic nucleasides, the preridine family of drugs, diynenes, the
paduphyllotoxins and diffetentdation inducers. Particulatly useful meinbers of those classes include, for
exarple, metholrexate, methoptetin, dichtoromethotrexate, $-fluarouracil, S-mercaptopurine, cytoging
srabinoside, nielphalan, levrosine, Jeurosldeine, actinomysin, dauncrubicin, doxorubicig, N-(3.5-
dizectoxypentyl)doxorubicin, morpholino-doxorubichn, 1-(2-choreehthyl)-1,2-dimethanesulfonyl hydrazide,
Nhacetvi spermidine, aminopterin methapterin, esperamicin, mitomycin €, mitomycin A, actinomyoin,
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Wonntyzin, carminomyuin, aminopterin, talfysomycin, podophyllotoats and podophyllotoxin derivatives
such as eloposide ur ctoposide phosphate, vinblastine, vineristing, vindesine, taxol, taxoters, retinvie acid,
butyric acid, N¥acetyl spérmidine, caiptothecin, calicheamicin, bryostating, cephalostating, snsamitncin,
actosin, maytansinolds such & DM-1, mayransine, maylansinul, Nodesmethyl-4,5-Jesepuxymaytansined, C-
13-dechloromaytunsinol, C-20-hydroxymaytansinel, C-20-demethoxymaytansingl, C-9-SK maytasinol, C-
14-zlkoxymethylmaytansinol, C-14-hydroxy or acetyloxymethtmaytansinol, C-15-
hydroxy/scetyloxymaytansingl, C-15-methoxymaytunsingl, C-18-N-demethylmaytansivol and 4,3-
deorymaytansino), auristating such as xuristatin E, M, PHE and PH; dolostating such as dolostatin 4,
dolostatin 13, dolostatin C, dolostatin I, dolostatin B (20-epl and 11-epd), dolostutin €3, dolostatinH,
dofostaiin 1, dolustatin 1, dolostatin 2, dolostatin 3, dofostatin 4, dolostatin 5, dolostatin 6, dolostatia 7.
dolostalin &, dolustatin 9, dolostatin 10, deo-dolostatln 10, dolostatin 11, dolostatin 12, dofostarin 13,
dolostatin 14, dojostadin 15, dolostatin 16, dolostatin 17, and dolostatin £8; cephalostating such as
cephalostatin 1, cephalostatin 2, cophalostatin 3, cephalostatin 4, cephalostatin 5, cophalostutin 6,
cephalestatin 7, 25%epi-cepbalostatin 7, 20-epl-cephialostatin 7, vephalowtatin §, cephalostatin ©,
cephalostatin 10, cephalostatin [ Lesphalostatin 12,cophalostatin 13,cophalosturin 14, cephalostatin
S.cephalostatin )6,cephalostatin 17, cephalostatin 18, and cephalustutin (9., :
Maytansinoids are mitototic inhibitors which act by intibiting tubulin polymerizavion. Maytansine
was first isolated from the east Afdican shrub Maytenres servafa (U.S. Patent No, 3.896,111). Subscqucnily,
Ir was discovered that certain microbes also produce maytansinoids, such as maylansinel and C-3
wmaylansinog! esters (ULS. Patent No. 4,151,042). Synthttic maytsnsinot and derivatives and snalogues
thereof are disclosed, for example, in U.S. Patent Nos. 4,137,230; 4,248,870; 4,256,746; 4,260.608;
4.265,814; 4,204,757 4,307,016; 4,308,268; 4,308,269; 4,309 428; 4,313,045; 4,315,000: 4,317,521;
4.522,348; 4,331,598; 4,361,650; 4,364,866; 4,424,210; 4,450,254; 4,362,663 and 4,371,533, the

disclosures of which are hereby expressly incarporated by reference.
Maytansine and maytansinoids have been conjugated to antibodies speifically binding to turmor

coll antigens, Invnunoeoningsates containing maymusingids and their thevapeutic use are disclosed, for
example, in 118, Paten Nos. 5,208,020, 5416004 and Hurapean Patent 13P 0 425 235 11, the disclnsitres of
which are herehy cxprossty incorporated by referenee. Liu er o, Pryge. Nutl, Acad. Sci. USA 93:3618-8623
(1996) described impumoconjugates comprising a maytansinoid designated DM linked to the monoclonal
antibody G242 dinected against buman colorectal cancer. The ronjtgate was fouad 1 be highly cyrotoxic
towardy culfured colon cancer cells, and showed antltemor acrivily in an i vive umor growrh assay. Chari
«t al. Cuncer Ruscarch 52:127-131 (1992} describe Jonmnunoconjugates in which a maytanshioid was
conjugated via a disulfido Tinker to the murine anfibody A7 binding toan antigen on human colon cancer cell
lites, or to another murine monoelonal antibody TA.1 that binds the HER-2Atex oncogenc.

There ace many linking grotps knowa In the art for makiag antibody-maytansinoid conjugates,
including, for example. those disclosed in UL8, Patont No. 5,208,020 or EP Patent O 425 235 B, and Chan
ef o, Cancer Research 52: 127-131 (1992). The Hnking groups include disnfide zroups, thicether groups,
ucid Jabile groups, photolabile groups, peptidase labile groups, or esterase 1abile groups, s disclosed in the

above-identified patents, disulfide and thioether groups being preferred.
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Conjugares of the smibody und maytsnsinoid may be made using a variety of bifunctional protein
coupling sgents such as N-succiimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-4-(N-
maleimidomethyl) cyclohexane- l-carhoxylate, iminothiofane (LF), bifunctional derivatives of imidoesters
{such as dimethy! udipimidate HCL), active esters (such as disnccinimidy! suberate), skichydes (such as
glutareldehyde), bis-axido compounds (Such as bls (p-azidabenzoy!) hezanediamine), bis-diazonivm
derivatives (such a5 bis-(p-diazonivmbenzoyl-ethylenediamine). diisocyanates (such as toluene 2,6-
diisocyanate), and big-active fluarine compounds (such as 1,5-dillvoro-2.4-dinitrobenzene), Paricularly
prefered coupling agents inchude Nesaccinimidyl-3-(2-pyridyldithio} propionate (SPDP) {Culsson of af.,
Blaclens 2. 173323737 | 1978)) and N-succlntmldyi-4-(2-pyridylthic)pentanoate (SPP) to provids for a

disulfide finkage,
The linker may be aitached to the maytansinoid molecule at varions positions, depending on the

type of the link. For sxample, an estor linkage may be formed by reaction with a hydraxy! group using
sonventiond coupling techniques, The reaction may ogcur at the C-3 position having a hydroxyl gronp, the
C-14 pasition modificd with hyrdoxymethyl, the C-15 position modified with a hydroxy! group, and the C.
20 position having 2 hydroxyl group. In a preferred embodiment, the linkage is formed at the C-3 position

of maytansinol or ¢ maymnsinol ansloguc,

Callcheumicin
Amnothor immunoconfugate of intarest comprises an CD20 binding antibedy corjugated to unc or

more calicheamicin molecules, The calicheamicin family of antibiotics are capable of praducing doublce
stranded DNA breaks at sub-pleomolar concentrations. Far the preparation of conjugates of the
calickeamicio family, see U.S. patents 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710,
3,773,001, 5,877,296 (all to American Cyanamid Company). Structural analogues of calicheamicin which
may be used include, but are aot limited to, /', &4, &', N-acetvl-!, PSAQ and 8", (Hinman ez al. Cancer
Research 53: 3336-3342 (1993), Ludc et al. Concer Research 58: 2925-2928 (1998) and the aforsmientioned
U.S. patents to American Cyanamid). Another snti-tumser drog 'Lhat-thc antibody can be conjugated is QFA
which iz an satifolate Roth nalichenmicin and QFA have intracellilar sifes of sction and da not readily

cr'oss the plasma membrane, Therefors, cotlular uptake of these agents through avtibody mediated

internalization gready enharces their cytotuxic effects.

Radipactive iyotogpes
For selective destruction of the tumor, the anfbody may comprise a highly radioactive atot, A

varicty ol vadioactlve Jsotopes are avaitable for the production of radicconjugated anti-CD20 antibodies,
Examplos include AR, J2, 115, Y%, pet¥, pofth ong!R pi#t p32 pp2t2 4oy radinactive isomipes of Lu,
When tho eonjugrate is used for diagnosis, i may comprise s radioactive atom for scintigraphie studies, for
example 1™ or I', or a spin labef for nuclear magnetic resonance (NMR) imaging (also known a5
magnetic resonance imaging, mri), such as Jodine-123 again, iodine-131, indiumn-111, Auorine-19, carbon-
13, niogen-15, oxygen-17, gadolinium, manganese ar iran,

The radit- or other labels may be incorporated In the conjugate in knows ways, For example, the
peptide may be biosynihesized or may be synthesized by chomical anino aeid synthosts ustirg suituble smico
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acld precursors involving, for example, Huorine- 19 In pluce of hydrogen. Labels such as t¢”™ or '3, Re™,
Re™ and In" can be stached via a cysteine residue in the peptide. Ytrium-90 can be atterhed via a lysine
residue. The JODOQGEN method (Fraker et al (1978) Bivchem. Biophys. Res. Comraun, B0: 49-57 can be
vsed (0 incorporate indine-123. "Meonocional Antibodies Ih Tramumoseintigraphy™ (Chatal .CRC Press 1989)
deseribes other methods In detail,

Conjugates of the antibudy and eytotaxic agenit may be made using a variely of bifunctional protein
coupling agents sucl ay N-suceinimidyl-3-(2-pytidyldithio) propionate (SPDP), succinimidyd-4-(N-
maleimidomeothyl) cyclohexane-1-carboxylute, iminothiclane (IT), bifunctenu) derivatives of Ynldoesters
{such us dimethyl adipimidate HCL), uctive esters {such as disuccintmidy] suberate), aldehiydes (such ay
glutareldehyde), his-szido compounds (such as bis (p-uzidphenznoy!) hexanediaring), bis-diazoniom
dervatives (such ag bls-(pizzonivmbenzoyl)cthylensdiaming), dilsecyanates (such oy tolyene 2,6
ddlisncyanate), and bis-active fluoring compounds (sueh a5 1,5-difluore-2.4-dinitrobenzenc). Far example, o
vieln iruntinotoxin can be prepared ws deseribed in Vitetta of al. Sclence 238: 1098 (1987). Carbon-14-
fabeled 1-isothiocyanatoboneyl-3-methyldiethylens triaminepentancstic acld (MX-DTPA) §s an exemplary
chelating agent for conjugation of mdicmuctentide t the antibody. See WO94/711026, The linker may be a
Yeleavable linker™ facilitating release of the cylotoxic drug in the cell, For example, an actd-Tahile linker,
peptidase-sensitive Hnker, photolabile linker, dimethy] linker or disulfide-containing lnker (Chatl e ok
Cuncer Research 52: 127-131 (1992); U8, Patent No. 5,208,020) may be used.

‘Therapeutic Uses of the CD28 binding Antibodies
The €D20 binding antibodies of the invention arc useful 1o treat a number of malignant and noas

mulipnant discuses including sutoimmune diveases and related conditions, and CD20 positive cancers
inctading B cell lymphomas and leukemias. Stem eells (B-cell progenitors) in hone marvow lack the CT320
antigen. allowing healthy B-cells to regenerate afier treatment and teturn to normal fevels within several

munths.
Atoimmune diseases or avloimmune related conditions include arthrids fcheumutoid wihnitiy,

Juvenile theumatoid arthritis, osteourthritis, psodatic arthritis), psoriasis, denmatids including uw(opic
dermatitit; chronfe antviomume uricuria, polymyosits/dermatomyositis, Woxic epidermal necrolysis,
systemic seleroderma and yolerosis, rospanses assoctated with inf{Ianumatory bowsl diseass (LIBD) (Crobn's
dlscase, nleerative colitis), respiratory distross syndrome, adult respitatory distrass syndrome (ARDS),
meningitis, offerpic chinitls. encephalitis, uveitis, colitis, glomerslonephritis. allergle conditions, eczema,
asthma, canditions involving infiltration of T culls and chronie inflammatory responses, stherosclerosis,
abtolsnmung myosarditis, leskoeyre adhesion deficiency, systemic lupus erythematosus (S1.E), lupus
(incloding nephrlils, non-yenal, discoid, slopecis), jovenile onset diabetes, multiple selerosis, allergie
encephaloniyalitls, Jowmune responses associated with acute and delayed hypersensitivity mediated by
gytokines und T-lymphecytes, tubercviosis, sarcoldosls, granvlomatosis Including Wegenet's
granulomutosis, agranuloeytusis, vaseulits (including ANCA), aplastic snomis, Cormnbs positive unemiz,
Diamaond Blackfan anemia, immune hemolytic anemia including nutoimmune hemolytic anemia (ATHA),
pernicious anémla, pure red cell aplasia (PRCA), Factor VI deficiency, hemophilia A, avtohmmune
neufrapenia, pancytapenia, leukopents, disenses involving Jeckocyte diapedesis, NS inflammatory
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disorders, niuliiple urgan injury syndrome, myssthenia gravis, antigen-antibody complex mediated diseases,
anti-glomendlar basement membrano disease, anti-phosphelipid ontibody syndrome, aliergic newsitis, Bechot
diserse, Castlernan's syndroms, Goodpasture's Syndrome, Lamber-Faton Myasthenic Syndrome, Reynaud's
ryndrome, Sjorgen's syndrome, Stevens-Jolnson syndrome, solid organ transplant rejection (Jncluding
pretreathient for high panel veactive antibody titers, TgA deposit in Hasues, ete), graft versus host disease
(GVHD), pemphigoid bulfous, pemphiges {al) including vulgariy, foliacens), suloimmune
polyendocrinopathics, Reiter's disease, stiff~mun syndvome, glant cell arteritis, immune complex nephrits,
igA nephropathy, [gM polyneuroputhies or TgM mediated reuropathy, idiopathis thrombecytwpenic purpura
(ITP), thrombotic hrebocytopenic purpara (TTP), antoitnmune thrombosytopenia, autodmmme discase of
the tests andt vvary including auteimune orebliis and oophuritis, primary hypothyroidism; uatoimmune
eadocring discases ncluding astaimmune thytoidits, chiruniu thyreiditis (Fashimoto®s Thyrolditis), subacute
thyvoiditis, idinpathic hypothyroldisni., Addison’s discase, Grave's disease, autolttutiunc polyglandular
syndromes (or polyglandular enducrinopathy syndromes), Typs I diabetes also refered ta as insulin-
dependant disheres mellitus (VM) and Shechan's syidrome; autaimmame hepatitis, Lymphoid interstitia)
pnoumonitis (HIV), bronchiclits obliterens (on-transplant} vs NSTP, Guoillain.Barre’ Syndtome, Large
Vassel Vaseulitls (including Polymyalgia Risumation snd Giant Cell (Takayasn's) Arteritis), Medivm
Vassel Vascullds ducluding Kawasaki's Diséasa ang Polyurteritis Nodosa), ankylosing spondylids, Berger’s
Disease (IgA. nephiropathy), Rapily Progressive Glomeruloncphritis, Primary biliary cimhosis, Celiag sprye
{pluten shteropathy), Cryoglobulinemia, ALS, cororary attery diseuse,

€020 positive cancers wre thoso comprising abnarmul proliferation of cells that express (D20 o
the cell surface. The CD20 positive B cell neoplasms include CDR0-positive Hodgkin's disease including
1ymphoayte predominant Hodgkin's disease (LPHDY; non-Hodgkin’s lymphoma (NUL): follicufar cenler
cell (FCC) lymphomas; seuts lympheoytic Jeukemia (ALL); chronic %ymphmytic-!enkwia(CLL): Haiey
celf leitkemia, The non-Hodgkins lymphoma include low grade/follicular non-Hodpkin's lymphoma (NHL),
stall lyinpbocytic lymphoms (SLL), Inteymediate gracte/follicuiar NHL, fitermediate geade diffise ML,
ligh grade immunoblastic NWHL, high grade lymphablastic NHL, high grade small aon-cleaved cefl NHL,
balky diseass NHL, plasmacyiold lymphocyric fymphoma, mantla cell lymphoma, AITIS- related lymphoma
and Waldenstrom's macroglobulinemia. Treatment of rolupscs of thesc canvers ure slso contemplated.
LYHD is a type of Hodgkin's disense that tends to velapse freguently despite radiation or chemotherapy
weatment and Is chavacterized by CD20-positive malignant cells. CII. is ona of four major types of
Jeukemia, A cancer of mature B-colls oalled iyinphocytes, CLL (s manlfestad by progressive accumulation
of eelly in bloed, bone marrow and [ymphatic tissues,

Tn specific embodiments, thie humanized CD20 binding andbodies and fuoctional fragrents thereof
are vsed 1o treat non-Hodgkin's lymphoma (NHL), lymphocyts predominant Hodgkin's disease (LPHDY),
smatt ymphooytic lyimphoma (SLL), chionic iymphocytic leukemia, rheumatoid arthritis and juventle
rhoumuaoid arthritis, systemic Tupus erythomatosus (SLE) including lupus nepheitls, Wegenur™s disease,
inflanwnatory bowel disease, idiopathic thrombocytopenic purpura (TTP), thrombetic throbogytopenic
purpura (TFP), autcimmune thrombacytopenia, multiple solerosis, peoriesis, IzA nephoroputhy, T
polyneuropathiss, myasthenia gravis, vasonlitis, diabetes mellitus, Roynaud's syndrame, Sjorgen’s syndrome

and glomerulbnephyitis.
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The humanized CD20 binding antibodies or functional fragments theréof ore useful as a single-
AgeRt treutment in, ¢.g-, for refapsed or refractory low-grade or follicular, CD20-positive, B-ecH NHL, or can
be administersd to patients in conjunction with other drugs ln a multi drg regimen,

Indolent lymphoma is a glow-growing, Jucurable disease in which the average patient survives
hotween six and 10 years followlng numerous peciods of remission and velapse, In one embodiment, the
husmanized CD2Z6 binding antibedies or functional fragments theiwof are uted to freat indolent NFHL.

The pararoeters for assessing efficacy or success of treatment of the neaplasm will be known to the
plysiclan of skill in the uppropriote diseaye. Generally, the physiclan of skill will look for reduction in the
vigns end symptoms of the specific disease. Parameters can include median time to disense progression,
timne in romnission, stuble digease,

The following teferencey deseribs lympbomas and CLL, thoir diagnases, treatment and standard
micicul procedures for measusing weatment ¢fficacy. Cancilos GP, Lister, TA, Skiac )L The Lymphomas.
W.B.Saunders Company, Phitadelphis, 1998; van Besien K and Cabanlllas, I Clinicat Manifestations,
Staping and Treslmont of Non-Hodgkin's Lymphorsa, Chap, 70, pp 1293-1338, in: Hamatology , Saske
Prinviples and Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 20005 and Rat,
¥ and Patd, D:Chromic Lymphocytic Leukemia, Chap, 72, pp 13501362, in: Hematology , Husic Principles

and Practice, 3rd ed. Hoffman et ol. (aditots), Churehill Livingstone, Philadelphia, 2000,
The parameters for assessing éfﬂcacy Qr fuceess of treatment of an autofmmnne or auteimmunc

rolated disease will be known to the physician of ski]l in the appropriate discase. Generally, the physician of
skill will Yook For reduction in the gigns and sympioms of (he specific disease. The followlng are by way of
exumples. C

n one eothodiment, the antibodics of the invention are vsefal to treal thoumatoid arthritis. RA is
characterized by Inltammution of muldple joins, cartilage logs and bone erosion that leads to jolnt
destrvetion and vltirnately seduced joint funetion. Additionally, since RA is a systemic diseage, Jtcan bave
effects in other fissucs such as the lungs, eyes and bone marrow. Fewer than 50 pereent of patients who
fhiave had RA for more thun 10 yoars ctn continte to work or fanction nocmally oh & day-to-tay basis,

The antibodics can be used as first-Tine therapy in patients with carly RA (i.c., mesthotrexate (MTo0)
naive) snd os monotherapy, or fo comblnation with, ¢.g., MTX or eyclophosphamide. Or, the antibodles can
be used in treatment as second-line thermapy fur paticnty who were DMART and/or MTX. refraciory, und ag
monotherupy or in combination with, e.g., MTX, The humanjred CD20 binding antibedies are uscful to
prevent and control joint darmage, delay structural damage, decreass pain associaled with inflammation in
RA, ond generally reduce the signs and symptoms in modetats o severs RA, The RA puticnt tun be troated
with the humanized CI20 antibody prior (o, after or together with treatment with other drugs wsed i
treating RA {s¢e combination therapy below). ln one embodiment, paticnts wha had previously failed
discuye-madifying antithcumatic drugs and/or had on inadequate response to methotrexate alone are treated
with a humanized CD2Q bindfng antibedy of the inventlon, In ong embodiment of this treurment, the patients
are in 4 17-duy trepdracnt regimen reeciving humanized CD20 binding antibody alone (Jg v Infusions on
days | und 15); CD20 binding antibody plus eyelophtsphamide (750mg iv infusion days 3 and 17): or CD20

binding antibody plus methotexute,
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One method of evaluating treatment efficacy in RA is hased oo American College of Rheumutology
(ACRY eritarin, which measures the percantage of improvement In fender and swollss juints, among other
things, The RA puriont can be scored at for cxumple, ACR. 20 (20 percent improvement) compared with no
antibudy troatment (2.3,, baseline befors treatmant) or eatmont with placebo. Othor ways of evaluating the
elficacy of aniibody treatment include X-ray scoring such as the. Sharp X-ray score used (o seorc structural
darnags such as buwie crosion and folnt spuce nurrowing. Patlenis can also be evalunted for the prevention of
ar improveraent In disubility based on Heulth Assessment Questionnaire [BAQ] score; AIMS soore, SI*-36 at
time periads during or after beatment, The ACR 20 criteria may includs 20% improvement in both tender
(painful) joint count and swallen jolst count phus 2 20% inprovement in ot least 3 of 5 additions] measures:

1. patient's puin assegament by visuad anufog scale (VAS),
2. patient's global assessment of discass activity (VAS),

3, physician's global assessment of disease activity (VAS),
4. patient's selfassessed disability meusured by the Health Assessment Questionnaire,

and
5. acute phast reastants, CRP or BSR,

The ACR 50 and 70 are defined analogously. Preferably, the patient Is adminisiered au amnunt of 2 CD20
binding antibody of the invention effective to achieve at least a score of ACR 20, preferably at least ACR 30,
marc preferably ar least ACRS0, even more preferably ut least ACR70, most preferably at least ACR 73 and
higher.
Psariatic artheltis has usigue and distinet radiographie feataren. For psoriatic arthrids, Joint erosion
and jolnt space narnowing can be syaluated by the Sharp svore us woll. The humnanized P20 binding
amibodies of the invention can be used to prevent the juint dumuge as well a5 reduce disease signs and
symptoms of the disorder,

Yet unother uspeet of the fivention is 2 method of treating Lupus or SLE by admisistering (o the
paticnt suffering from SLE, a therapentically effective amount of a bumanized CD20 Slnding amibudy uf th
tnvention. SLBDAI scoras provide a numerleal guastitation of disease activity, The SLEDAT is & weighted
index of 24 elinfead and laboratoty pacameters Juows 10 correlale with disease activity, with 4 numerical
rangs of 0103, sea Rryan Glescuk & John Davis, “Novel therapeutle agent for systemic Jupus
erytheniatosus” ia Cursent Opinlon in Rheumatology 2002, 14:515-521. Antibodies to double-stranded DINA.
ure believed o canse resal flares and other manifestations of lupus. Patients vadergolng antibody treatment
un be monitored for ime to renal fTare, which Is defined as a significant, reproducible increase in serum
ereatinine. urine protein o bloed in the urine. Alternatively or in addition, pationts can be manitored for
levels of antinuclear antibodies and antibodies to double-stranded DNA. Treatments for SLR include high-
dosa corticosteroids and/or cyclophusphamide (HDCC).

Spandyloarthraputhics are & group of disorders of the joints, including ankylasing spemdylitis,
psorlatic arthritis and Crohn's discase, Treutmeni success ¢an be datarmined by vatidated paticnt and
physicizn global assessmient mwasuring tools.

Various medications are used (o lreat psoriasis; reatment diffors directly in relation fo disease
veverily, Paticuts with a mare mild form of psotlagis typleally utilize tupical treatments, such as topical
sferoids, nnthralin, caleipotriens, clobetasol, and tuzaroiens, (o manage the disease while patients with
maoderats and severe psosiasis ure nore Sikely 1o employ systemic (riestholreXate. ratinbids, cyelosporing
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PUYA and UVB) therapies. Tars are also used, These therapies bave 2 cambination of safety concstas, fime
consuming regimens, orinconvenient prooesses of treatment. Furtheroons, sume requirs expensive
cquipment and dedicated spave in the offlce setling. Systemic medications can produce serious side effects,
including hyportension, hypeilipidemia, bone matrow suppression, Liver discase, kidney disease und
wastrointestinal upsel. Also, the use of phototlerapy can increase the incidencs of skin cancers, In addition
t the inconvenience sad discomfort associated with the use of topical therapies, phototherapy and systamic
treatments require Sycling patients on and off therapy and monitoting lifctime exposure due to thelr side
¢cffects,

Treatment efficacy fur psoriasis i essessed by monitoring changes in clinical signs and symploms
of the disease including Physician's Globat Asscisment (PGA) changes and Prorlasis Anga and Scverity
Index (PAST) scores, Psorlasis Symptom Assetsment {PSA), compured with the baseline condition, The
patient ean bo measured poriodically throughout treatnoeni( on the Visual analog scale tsed (o indicate the
depres of ehing expericneed at specific time points,

Puticnts may cxperience an infusion reaciion or infusion-rolated symptoins with their first infusion
of a therupoutic antibody. These symptoms vary In severity and gencrally ave reversible with wedleal
intervention, These sympioms joclude but are ot Hmited to, flu-like fover, chilfs/rigons, nansea, urticaria,
headache, bronichospasm, angioedema. It would be desirable for the disease treatment methods of the
present inventon o minimize infusion reactions. Thus, another aspect of the invention is a method of
troating the diseases disclosed by administering a humanized CD20 binding antibody whercin the aatibody
has rednced or no eomplement dependent cytotoxicity and resvlts 1n reduced infusion related symptorus us
compared to weatment with Rituxan®. In one embodiment, the bumanleed CD20 binding satibody iy

2H7.v1146.

Dosage
Depending on the indication 10 be treated and factors relevant to the doslig that 2 physiclan of skl

in the field would be familiar with, the antibodies of the invention will be administered at a dosage that is
efficacions for the reatmant of that indicatinn whils minimizing tanicity and side effects. For the treatment
of 1 CD20 positive cancer or an autoimmune discase, (he therapeutioally effective dosage will be in the
range of about 250mg/ m* to about 400 mg/m? or 500 mg,l.l\f2 » preforably abowt 250.375my/m’. Inone
cmbodiment, the dosage range is 275.375 mum®, I one embodiment of the weatment of « CD20 positive B
eoll neaplasm, the antbody s admindstered at arunge of 340-375 mg/m?®, For the reatment of patients
suffering from B-cell tymphoma such s non-Hodgking iymphowa, ina spevific cmbodbnent, e enti-CH20
antibodies and humanized antl-CD20 sntibodios of the invention will be adininistored to g human patient at 2
dosage of 10mgkg or 375mghn®, Lor treating NBL, one dosing tegimen would be to administer one dose of
the antibody composition 4 dosage of 10ay/ke in the first weck of treatment, followed by 4 2 weel Jnterval,
tien a secomd dose of the same amount of antibody is administered, Generally, NHL patients receive such
treadinent ones during & year but npon rceurrence of the lymphota, such treatment can be repeated. In
another dosing ragimen, palients treated with lowngrade NHL roceive four waeks of & version of hutmanizad
207, preferubly v16 (375 mgim?2 woekly) followed at week five by threc udditional courses of the antibody
plos standard CHOP (cyclophosphamide, daxerubiein, vineristine and pradnisone) or CVP
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(tyclophosphamide, vineristing, prednisons) chemotherapy, which was given every thiee weeks for three
¢yeles,

For treating vheumatoid artiritis, in one embodiment, the dosage rensc for the humanized onijbody
is 129mgfm’ (equivalent to about 200mg/doss) te 600me/m?, glven in two doses, e.z., the first dose of
200myg is administered on day one followed hy 2 second duse of 200mg on day 15. Tn different
eimtbodiments, the dosage Is 250mg/dose, 275mg., 300mg. 325myg, 350mg, 375my, 400mg, 425mg. 450me,
473mg, 500mg, 525mg, 550myg, 575myg, 500mg,

Io treating discase, the C120 binding antibodies of the invention cun be administered to the patient
¢hranically or intermittently, as determined by the physician of skill in the diseass.

A patlent administered a drug by intravenous infusion or subsutaneously muy cxperience adverse
events such ay {over, chills, burning sensation, asthenia and headache. ‘Lo wilevinte or minimize such
ailverso events. the patient may receive an nitial conditioning dose(s) of the antibody followed by
therapeutic dose. the conditioning dose(s) will he lower than ths therepeutic dase to condition the patient tu

tolorate bigher dosages,

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

such us by intravenous admiunistration, e.g., as a bolus or by continvous infusion over u period of time, by
subreutuncous, intramuscular, intraperitonesl, fnwacerobrospinal, intra-articular, Intrasyaovial, intrathecal, or
{nhalution routes, generally by intravenous or subcutansaus adrinistration.

Inon embodirnent, the homanized 2H7 antibody is administered by Tntravenous infusion with .9%

sodium chlpride solution as an infusion vehicle.

Combination Therapy
Tn treating the B ooll neoplasms described above, the pariens can be wreated with the CD20 binding

antibodies of the present invention fn conjunction with, one or more therapewsic agents such as &
chemothorapoutio agont In o multidrugreptmen, The CD2O binding antibody can be administered
congutrently, sequentially, or sltermuting with e chemotherapentic agent, or afier non-responsivencss with
uiher therapy, Standard chemothorspy for lymphoma treatment may inchude cyclaphosphamide, cytarabine,
melphataon and mitoxaotrone plus melphalun. CHOP s oaes of the roost common chemiotherapy regimens
for ireating Non-Hodgkin's lymphoma. The following are the drugs used in the CHOP regimen:
evelophosphamide (brand names cyloxen, neosar); adriamycin (doxarubicin / bydroxydoxorublcin):
vineristing (Oneovin): and prednisolone (sometimes called Deltasone or Orasone). In partioular
cinhodiments, the CD20 binding antibody is administered 1o « patient in péed thereof in combination with
one or more of the fullowing chemotherapeautie agents of doxorubleln, ¢yclophosphamide, vineristine and
predaisolone, Tn & specific embodiment, & patient suffering from & fymphoma (such as a non Hodgkin®s
lymphema) s weated with an anf-CD20 antibody of the presont invention in conjunction with CHOY
(eyclophosphamide, doxorubicin, vineristine and prednisone) therapy. In another embodiment, the cancer
patient can be treated with « humasized CD20 hinding antibady of the imventiun in vomblnation with CVP
(cyclophasphariide, vincristine, and prednisone) chemntherapy. In 3 specific embodiment, the patent
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suffering from CD20-positive NFL is treuted with humanized ZH‘l'.vl & In conjunction with CVP. Ina
specific cmbodiment of the treatment of CLL, the CD20 bindjng antibody is administered n conjunction
with chemotherapy with one or hoth of fludambine and cytoxan.

1n trealing the avtoinumuna diseases or antoimmaunc related condidons deseribed above, the patlent
can be trented with the CD20 binding antthodies of the present invention in conjunction with 4 second
therupoutic agent, such &3 an innunosuppressive agent, such ag in a multi drug regimen. The D20 hinding
antihady can be administered concurrently, sequentially or allernating with the lomunosy ppressiva agent or
vipon non-responsiveness with other thevapy. The immunosuppressive agont car bo administored at the
same o Jossor dosages thaa as set forth in the art. The preferred adjunct immunosuppressive agent wilt
depend an many factors, including the type of disorder being treated as well as the paticnt's history.

“Immunosuppressive agent” ns nsed hercin for adjunct therapy refors to substunces that act to
suppress or mask the immune system of 2 patient. Such agents would include substancos thut suppross
eytokine production, down regulate or suppress relf-antigen expressinn, or mask the MAC ansigens.
Bxamples of such agents include stercids such as glucocorticosteroids, «.4., prednisone, methylprednisolone,
and dexamatbasona; 2-omino-G-aryl-5-substituted pyrimidinés (see T1.S. Pat. No. 4,665,077}, azathioprine
{or eyclophosphamide, If thers Is an adverse reaction to azathloprine): bromocryptines glutaraldeliyde (which
masks the MHC mntigons, as desesibed in U.S. Pat. No. 4,120,649); anti-idiotypic antibodics for MHC
antigens and MAC fragments; cyslasporin A; cytokine or cytokine receptor antagonists including anfi-
interferon-¥, «B, vr - antibodies; anti-umor teerosis factor-« antibodies; ant-tumor necrosis factor-p
antihodics; anti-interleukin2 antibodics und anti-IL-2 receptor anibudics; unii-L3T4 antibodics;
heterologous amti-lymphocyts globuling pan-T antibodies, preferably anti-CD3 or anti-CD4/CD4u
amtibudios; soluble peptide containing u LEA-3 binding domain (WO 90/08187 published 7/26/90);
strepokinase; TGF-f; stroptadornase; RMA or DNA from the host; FK506; RS-61443; deooxyspergualing
rapamyein: T-cel! receptor (U5, Pac, No, 5,114,721); T-cell receptor fragments (Offner et al, Selence
2511430432 (1091 WO 071 1254; and WO 91/01433): and T cell seceptor antibodies (RP 340,109) such as

TIOBS.
Tor the freaiment of thevmacold arthritis, the patient can be reated with o €D20 antibody of the

fnveatiow in conjurction with any one of inore of the following drugs: DMARDS (disease-modifylag antl-
thevtnatic drugs (.., methotroxate), NSAL or NSATD (non-steroidal antirinflammatory drugs),
BUMIRA™ (adalimunabs Abbor Laboratorics), ARAVA®R (leflunomide), REMICADE® (infliximabi
Contacor Tne., of Malvers, Pa), ENFRES, {etancrcept; Immunex, WA), COX-2 inhibitors. DMARDs
sommoniy vsed in RA arc hydroaycloroquine, sulfasalanine, methobreanie, [eflunomisle, etanercept,
fnliximub, szathlopsine, D-penicillaming, Gold (oral), Gold (intramusculun), minocycline, cyclosporine,
Staphylocacesl protein A Immunoadsorption. Adalimumab Is a human monoctonal antibody thatbinds to
TNPa. Infliximab is a chimeric monoclonal antibody that binds to TNFe, Btanercept is an
“immunoadhesin® fusion protein consisting of the extraceltular ligand binding portivn of the hugoan 75 KD
(P75} tusmor necrosis factor reeeptor (INER) inked to the Fe partion of a human Tg(31. For conventional
treatment of RA, $¢e, &.5., “Guidelines fur the management of rheurmnatoid srtheitie Arthrivis & Rheumatism
46(2) 328-346 (Fehruary, 2002). In a specific embediment, (he R4 patient is treated with & CD20 antibody
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of the invention in conjunction with methotrexate (MTX). An exemplury dosage of MTX is sbout 7.5~
25 mgfkg/wk, MTX can be adminlsiercd orafly and spbeutancously,

For the treatment of ankylosing spondylitis, psoriatic arthritis and Crofin's discase, the patient can
he treated with 5 CD2{ binding antibody of the invention in conjunction with, for exanpls, Remivude®
{afliximub; from Cenmeor Inc., of Malvern, Pa.), BNBREL (stanercept; Immuncx, WA),

Teeatments for SLE include high-dose corticostoroids and/os cyclophosphamide (HDCC).

For the treatment of psoriasis, patignts cun be adminjstered & CD20 binding antibody in conjunction
with topical treatments, such as toplcal stcruids, anthralin, calciputricne, olobetasol, and tazaratene, or with
methotrexate, vetinoids, cyelosporine, PUVA and UVE therupies. Jn one embodiment, the psoriasls paticnt
is treated with the CD20 binding autibody sequontislly or concurrently with eyelosporing,

Pharmaceulioal Formulations
Therapeuiic formulations of the CD20-binding antibodies used i accordance with the prosent

invention are prepared for storage by mixing an antibody having the dosired degrea of pusity with optional
pharmaceutically acceptable varriers, excipients or siablllzers (Remington's Pharmacentical Scienver 16th
edition, Osol, A, Ed. (1980)), in the form of lyophilized formulutions or aqueovs solutlons, Accoptable
curticrs. excipients, or stabilizets are nontoxic to vecipients at the dosages and voncentrations emaployed, and
inelude buffers such us phosphate, citrate, and other organ)e acids: antivxidunts including ascarbic acid and
methionine; preservatives (such os ovtadecyldimethylbenzyl ammonium chioride; hexaraethonium chloride;
benzalkarium chloride, benzethbnium ehloride; phenol, batyl or benzyt! aleohol; alkyl parabens such as
melhyl or propyl passbien; catdehal; yesorcinel; cyclohoxanol; 3-pentanol; and mecresol); low molecular
woight (ess than ubout §0 residues) polypeptides; proteins, such as scrum albumin, gelatin, or
immunoglohutins; hydrophific polymers such a5 oly vinylpyrrolidonc; amioo acids such as glycine,
glutamine, aspasagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
enrhohydrates including glucose, mannose, os dextrins; chelating agents such as EDTA; sugars such as
sucrase, manmitol, tehaloss or sorhltols salt-forming cotunter-ions such as sedium; motal corplexes (2.8, Zn~
protein complexesy; andfor non-jonle suifactants snch as TWEENTM, PLURGNICS™ or polycthylenc glyvol
(PEG).
Rxemplary anti-CD20 antlbody formulations are described fn WO98/56418, expressly Inconporated
herein by reference. Another furmulation is a liguid mnitidose formulation comprising the anti-CD20
antibady at 40 mg/nil., 25 nild acewts, 150 mM tehialoss, 0.9% benzyl alcobol, 0.02% polysarbate 20 at pH
5.0 that has a minimuam sheif Iife of two ye'm's storage at 2-8°C. Another inti-CD20¢ formulation of Interest
comprises [Omg/ml antibody 1n 9.0 mg/ml. sodium chloride, .35 mg/inl, sodiup citrate dihydrate,
0,7mg/ml. polyserbato 80, and Sterle Water for Tnjection, pH 6.5, Yot another aqueous pharmaceutical
formulation comprises J0-30 tiM sodlum acetate from about pH 4.8 to ubout pi 5.5, preferably at pHS.3,
polysorbate ng a surfactant in 1 an smount of about §.03-0.1% wfv, mehalose at un smount of abott 2-10%
wiv, and benzy) aloohol as a preservative (U.S. §,171.586), Lyophilized formulations adupted for
suheutmonus administration ate described in WQ97/0480). Such tyophilized formulations may be
teconstituted with a suiuble difuent (o & high protein concentration and the recunstituled formulation may be

administered subcuaneovsly ro the memmatl to be trented hersin,
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One formulation for the humanized 207 variants [s antibedy at 12-14 mg/ml. in 10 mM histidine,
0% suerose, 0.02% polysurbate 20, pH 5.8

Tn a specific embodiment, ZHT voriants and in particular 2H7.v16 is formulated a5 20mg/mL
antibody in 10oM histidine sulfats, 60mg/m! sucrose., 0.2 mg/mi polysarbate 20, and Sterile Werter for
Tajection, at pHS5.8.

The formulstion hercin may alse contain mere than ove active compound as nocessary for the
particular indication belpg treuted, preforably those with complementary activites that do not adversely
affoct each ather, For oxample, it may be desiruble to further provide a cytotoxie agent, chemotherapsutic
agent, cylokine or immunosuppressive agent. (e.2. oné which acts on T ealls, such as cyclosporin or an
antibody that binds T cells, a.g. one whick binds LIFA<T). The effectlve amonnt of such other sgents
depends on the amount of anijbody present in the formulation, the type of diseass or disurder or mestment,
and other facrors discussed above. These are generajly vsed in the same dosages and with administation
routes 63 deseribed herein or sbout from 1 10 99% of the heretofore cmployesd dosages, :

The active ingredicnts may alse be entrapped in microcupsules prepared, for exaraple, by
coacervation (echniques or by interfacial polymerization, for exumple, hydroxymethyleellulose or gelatin-
inicrocapsules and poly-(methyimethaeylate) mictocapsules, respestively, in colloidal drug delivery systems
tfor cxumple, liposomes, albumsin microspheres, microcmulsions, nano-particles and nanocapsules) or in
macroemulstons. Such techniyues are disclosed in Reminglon's Phurmuceutical Sclences 16tk editlon, Osol,
A Lid. (1980).

Sustained-reloase proparations may be prepared. Sultable examples of sustaincd-relensc
préparations imelude semi-permeable masrices of solid hydrophobie pofymers contalning the antsgonist, o
which matrices arc in the form of shaped avticles, ¢.g. films, or micracapsules. Bxamples of sustained-
releare mutrices include polyesters, hydragels (for cxample, poly(2-hydroxyethyl-methacrytate), or
poly(vinylalcohol)), polylactides (U.5. Pat. No. 3,773,219), copolymess of L-glutamie acid and ethyl-L-
glutainate, non-degradable ethylenc-viny! aceiate, degradable Jactlc acid-glyculic seid topolymers such us
the LUPRON DEPOT™ (injuctable microspheres compased of lacile acid-glycolic ueid copolymer and

leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
The formulations 1o be used for fr vive adoinistrasion must be sterile. This is readily accomplished

hy filration through sterile filtration mexnbranes,

Articles of Manufactore and Kits
Another smbodiment of the Inveition is 2n artiele of manufaciure containing materials useful for

the treatment of autoimmune discases snd rolated condittons and CD20 positive cancess such as non-
Hodgkin's fymphoma, The article of manufucture comprises & contadner and a label or package Insert on or
ussuciated with the contalner. Suitzhle containers include, For cxumple, bottles, vials, syringes, ete, The
containers may bo formed frofn 2 varlety of materials such os glass ov plastio, The container holds &
compasition which is elfectve for teatlag the condition and may have a sterile gecess port (for example the
contaiier may he an intravenous solation bag or a vial having a stopper pierceable by ahypodermic injection

ncedle). At least one active agent in the composition is u CD20 binding antibody of the inventton, The label
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or package fnsert indicates that the composition is used fur treating the particulur condition. The Tahel ar
packape insert will turther comprise instructions for administerlng the antibody composidon to the patieat,
Package insert refers to nstructions customarily jncluded in commerciul packages of thorapeutie priciucts,
that contain information aboul the indications, usige, dosage, udministration, contraindications and/or
wariings concerning the use of such therapoutic products. Tn one embadiment, the package insert indicates
that the composition i used for treating non-Hedgking' lymphoma,

Additionally, the asticle of manufactuse may futher comprise a seeond container comprising a
pharmaceutically-ceeptable buffer, such uy bucteriostatic water for injection (BWFI), phosphate-buffered
xaline, Ringer's solution and dextross solution, Tt may furtler Include other materiulk deshrable from a
commercial and user standpoint. including other buffers, diluents, Rlters, neadles, and syringes.

Kits are also provided that are useiul for vatious purposes , ¢.E., for B-cell killing assays, 25 2
poritive control for apoptosis assays, for purification or imnunoprecipitation of CD20 from eells. For
isolatfon and purification of CD20, the kit cun contuin an anti-CD20 antibody coupled to beads (@8
sepliarose beads), Kits can be provided which contiin the antibodies for detection and quantitation of CD20
in vitro, ¢.g. in et ELISA or a Western blot. As with the article of manufacturs, the kit comprises u
container and a label or package insert on or assoclated with the container. The container halds a
composttion comprising at least one anti-CD20 antibody of the invention, Additional eontainers may be
included that contain, e.8., dHuents and buffers, control antibodivs, The Tubel oy package insert may provide
u deseription of the composition as well as insgtructions for the Intended in vitro vr diggnestio use.

Cynoncigus monkey CD20
The invention alse provides an Isolated nucleic acid comprising the nucleotide sequence of SEQ ID

NO.: 24 of the Cynomolgus monkey CD20 as shown in FIG. 19. Tn one embodimen, the nucleic avidisa
¢DNA, In one erbodiment, the nucleie acid encoding the monkey CD24 is in an exprovsion veetor for
expression in & host cell. The nucleotide sequence of SEQ YD NO.: 24 in the expresyion vector is operably
linked (o an expression control seyuence such as a promoter of promoter and enhances, The expression
control sequence can be'can be the native sequence normally assoclated with the Cynomolgus CD20 gene, or
hoteralogous to the gene. Also provided iy un isulared polypeptide sotopeising (e umino acid sequence
1SEQ 1D NO, 25; FIG. 19 & 201 of the Cynomolgus monkey C20, as woll as host celly conaining the
Cynomolgus CD20 nuclefe acid, In one aspect the host colls ure eukaryotic cells, e.g., CHO oeils. Fusion
protelns comprising the Cynomolgus CD20 aminn aeid sequence or fagments of the scyuence are also

contemplated.

Lxperimental Examples
Example

Huranization of 207 anti-CH20 morine monoclonal antibody
Rumantzation of the murins anti-humar CD20 antibody, 2H? {also referred to herein as m2H7, m
for muring), wis carricd out in u series of site-directed mutagenesis steps. The murine 2H7 antibody
variubie rogion sequences and the chimeric ZHT with the mouse V and burman C bave been describud, see,

a.g. 118, patents 5,846,818 and 6,204,023, The CDR residues of 2H7 ware Identified by ¢omparing the
43
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amino zcid sequence of the murine ZHT variable domains (Slstlosed in U.S. 5,846,818) with the sequetices
of known antibodies (Kabat et al., Sequences of protcing of immunological interest, Bd. 5, Poblic Health
Scrvice, National Institutes of Health, Bethesda, MD (19913} The CDR regions for the light and heavy
chains were defined bused on seguence hypervarisbility (Kabar o al., supra) and are showst in Fig, 1A and
Uig. 1B, rospectively. Using synthetic uligonuclactides (Table 1), site-directed mutugencesis (Kunkel, Proc
Natl Acad, S¢i, 82:488-492 (1985)) was vsed to introduee all six of the murine 2H7 CDR reglons into 4
complete humun Fub framework cofrsspomnding to 3 copsensus sequence VI, Vit (Vy kappa subgroup L Vi
subgroup 11} cuntained on plasild pvX4 (Fig. 2). '

The phagemid pVX4 (19g. 2) was used for mutagencsis as well a5 for expression of Fab)s in E,
coll, Bused on the phagendd pbD720, a derivativa of pR0O47S (Cunningham et al., Sticnce 243: 1330-1336
{1989)), pVX4 contalns a DNA fragment encoding & humanizod eonsensis x-subgroup ¥ 1ight chabn (V-
Co) and # humanized consensus subgroup 0T keavy chain (VaB-Cy) ) ami-TFN-¢t (Interferon o) antibody.
VX4 also has an alkaline phasphatase promotor and Shine-Dalgame sequence both derived from anothor
previousty deseribed pUCT 19-based plasmid, pAK2 ¢Carter ¢t al., Proe. Natl, Acad, Sei. USA 89: 4285
{1992)). A unique Spel restriction site was thtroduced betwveen the DNA encoding for the Fluab) Heht and
heavy chaing, “Ihe {irst 23 amino 2cids in both antd-LFN-0; heavy and light ehaing are the Si7T secretion
slgnal sequence (Chung et al, Gens 55: 180-196 (1987

To construet the CDR-swap verston of 2H7 (ZH7,v2), site-directed mutagenesis wus performed on
1 deosyvridine-containing template of pVX4; all six CDRs of anti-TRN-ot were changed to the murine 2H7
CIDRs, The resulting molceuls is referred 1o as humanized 2H7 version 2 (2H7.2), or the "CRf-swap
version” of ZHT; it has the m207 CDR resldues with the consensus human FR residues shown in Figures 1A

and 1B. Humanized 2E17.v2 was used for further humanization.
Table 3 shows (he oligonucleotide sequence used to create each of the nweine 2ZH7 (m2HT) CDRs

It tho H and | chain. For example, the CDR-H] oligonuclootide was used tn recreats the m2H7 H chuin
CDRY, CDR-HI, COR-HZ and CDR-H3 refery to the H chain CDR 1, CDR2 and CIIRA, respectively;
similarly, COR-L L, CDR-L2 and CPR-L3 refors to cach of the L chain CDRs. The substitutions in CDR-HZ
were dons in two sleps with two vligennelootides, CDR-H2A snd CDR-H2R.

Table I, Qligonuciectide sequences used for construction of the COR-swap of murine 2H7 CDRs into a
hosan framework in p¥¥4. Residues changed by each oligonweieotide are vndorined.

Substhution Qlisgnualeotide sequencs

ChR-II CTAC ACC TTC ACT AGC TAT ARG ATG CAC TGO TG 6O
{SEQ IDNO, 27)

CDR-H2A G ATT AAT CCT GAC ARG GOG GAC ACG AGC TAT AACCAG AAG
TTC AAG GGC CG (SEQID NO. 28)

COR-H2B GAA TGA QTT GCA QCO ATC TAT CCT GGC AAC GGC QAC AC
(SEQ 1D NO, 29)

CDR-H3 AT TATTGT GCT CAA GTE GICTAC TAT AGC AAGC AGC TACTGG
TAC TIC GAC GIC TGG GOT CAA GGA (SEQ 1D MO, 3

CDR.L1 CTGC ACA GCC AGC TCT TCT GIC AGC TAT ATG CAT TG
{SEQ IDNO, 31)

CPR-L2 AA CTA CIG ATT TAC GCI CCA JCG AAC CIC GGG TCT GGA GTCC
{SEG 1D NQ. 32}

CDR-L2 TAT TAC TGT CAA CAG TGG AGC TTC AAT CCG CCC ACA TTT GGA

CaG (SEQ Y NO, 33)
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For compurison with humanized constructs, a plasmid expresslng « chimegle ZH7 Fab (contuining
murine V1, and Vi domalns, and human Cp, and CH; demalos) was constructed by site-ditectod mutagsnesis
(Kunke), supra} nsing synthetic sligonucleotides to intreduce the murine framework residues inte 2R7.¥2,
"The soquence of the resulting plasmid construet for expression of the chimerie Fab known us 2H7.v6.8, i
shown in Pig. 3. Huch encoded chain of the Fab has a 23 amino acld i1 secrerion signal sequance as
dascribed for pVX4 (Flg.2) ubove.

Based om & sequence comparisan of the murine 2H7 framework restdues with the human VI, Vi1

consepsus framewnrk (Figures 1A and 18) and previously humanized suttbodics (Carter et al., #rvc, Natl.
Acids Sei. USA 89:4285-4289 (1992)), several framework mutations wers introduced into the 2137.v2 Fub
consiruct by site-divected mulagoncsis. These mutations result in a change of certain human consensus
framewark resldues to those found in the muring 2H7 framework, at sites that might affecr COR
conformations of antigen contsets. Version 3 contained VH(R71V, N73K), version 4 containud VR(R71V),

version 5 conteined V(RT1V, N73K) and Vi({LA6P), ond version 6 contained V(R 17, N73K) and

VI{LAGER, TATW),
Humanized and chirieric Fab versions of m2H7 antibody wure exprossed in B. coli and purified us

follows. Plasmids were transformed into B colt strain XI-7 Blue (Siatagenc, San Dicgo, CA} for
preparation of double-und single-stranded DNA. For each variant, both light and heavy chains were
completely sequenced using the didcoxynuclenﬁd'e. method (Sequenase, U8, Biochemical Corp.). Plasmids
swesre transformed into B coli strain 16G9, & derivative of MM294, plated onto LB plates containing 5 pg/m]
carbanicitlin, and 8 single cofony selected for protein exprossion. The single colany was grown in 5 ral LB-
100 pg/m) carbeniciflin for 5-8 h at 37° C, The 5 ml culrure was added 1o 500 ml APS-100 pg/ml
carbeniciliin and alfowed to grow for 16 h in a 4 L bafflcd shuke fiask ot TP, APS media conglsis oft 155
glucass, 11,0 Hyease SF, .6g yeast catruct (certified). 0.19g anhydrous MaS04, 1.07g WH4Cl, 3.73g KC,
1.2 NoCl, 120 ) 3 M tristhanolaming, pH 7.4, (0 1 water and then sterile filtered through 0.] ym

Sealkeon filter.
Celis were harvested by centifugation ina 1 L centrifuge botlle (Malgene) at 3000xg ond the

superaatant removed. After freezing tor 1 §, the pellet was resuspended in 25 ml cold 10 mM MES-10 oM

LDTA, pH 5.0 (huffor A). 230 il of 0.1M PMSF (Sigmni) wis widded to inhibir proteplysis and 3.5 mi of
stock 10 mp/m] ken egg white lysoryme (Sigma) was added 1o aid lysis of the bucterial cell wall. After
pentle shaking on ice for I #i, the saemple was centrifuged at 40,000xg for 15 min. The supernatantwas
prought 1o 50 mt with buffer A and loaded oatoa 2 il DEAE cotumn equilibrated with bulfec A. The flow-
through was then applicd (o a protain G-Sepharose CL-413 (Pharmacia) columa (0.5 mi bed volume)
cquilibrated with buffer A. The colurn was washed with 19 ml buffer A and eluted with 3 1m3 03 M
glycine, pH 3.0, into 1,25 mi 1 M Tris, pH 8.0. The F(ah) was then butfer exchanged fnto PBS using a

Centricun-30 (Amicon) and ooncentrated to a final volune of 0.5 ml. SDS.PAGE gels of il Fab)s were run

10 nseertain purity and the molceular welght of each variunl was verified by elcctrospray mass speewometry,
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In celi-based BLISA binding assays (deseribed betow), the binding of Fabs, including chimerie 2H7
Fab, to CDZ0 was difficult to detest. Therefore, the 2H7 Pub versions weps reformatted as foll-length TsG1
antibodics for assays and {urther mutaganesis,

Plasmids for exprassion of full-dength TgQ’s were construeted by subcloning the Vi, and Yy
domalng of chimeric 2H7 (v6,8) Fub as well as humanized Fab verstons 2 Lo 6 fnth previonsly deseribed
PRI vectora for maminalian coll expression (Gormun et al., DNA Proc Bng. Tach. 2:3-30 (1990)). Brisfly,
cueh Fab construcl was digested with EcpXV and Bipl 10 excise o Vi, fragmient, which wag cloned into the
EeaoRVIBI sites of plasmid pDR1 (Fig. 4) for expression of the complete light thatn (V-CL domuing).
Additfonally, each Fab construct was digasted with Pvall and Apal to exclse a Vi fragment, which was
sloned into the Prall/dpal sites of plasmid pDR2 (Fig. 5) for expression of the complele heavy chain (Vii-
CHy-hinge-CHCHz domning). Por cach IgG variant, transient trensfections were poformed by
cotransfeeting a lighr-chaie expressing plasmid and a hiesvy-chauin expressing plasmid into an adenovirus-
ransformed homag embryonio kidney cell line, 293 (Grabam et al, J, Gen, Virol, 36:59-74, (1977)).
Briafly, 203 celfs wore split on the day prior to trunsfection, snd plated in scrurn-containing awdism, On the
following day, double-stranded DNA propavad a5 a catocium phosphute precipitats was added, followed by
pAdVAnage™ DNA (Promegy, Madison, WIY, and cells were incubated overnlght at 37°C. Cells were
cultured in scrum-free medivm and harvested afivr 4 duys. Antibodies were purified from eulmre
supetiaiants using protein ASephargse CL~43, hen buffer cxchanged fota 10 mM sudiura succinate, 140
M NaCl, pH 6.0, and concentrared psing a Centricon-10 {Amican). Protein concentrations were
determined by quantitative amlno acid analysis.

To measure relative bindlng affinitics to the CD2Q antigen, a cefl-based BLISA assuy was
daveloped, Huinan B-lymphoblastoid WIL2-S colls (ATCC CRT, 8885, Amerivan Type Culture Colleetion,
Rockville, MD) were grown in RPMI 1640 supplemented with 2 mM L-glutamine, 20 mM HEPES, pH 7.2
and 10% heat-inactivated fetal hovine serum in a humidified 5% CO; incubator. The colls were washed with
PBS conining 1% FBS (assay buffer) and seeded at 250-300,000 cellfwell in 96-well round bottor plates
(Nune, Roskilde, Denmark). Two-fold serially diluted standacd {15.6-1000 ng/ml of 287 v6.8 chimeric 1gG)
and thresfold setially dilured samples (2.7-2000 ag/ml) in assay buffer were added to the plates. ‘The plates
were buried in ice and incubated for 45 min. 'To remove the unbound antibody, 0.1 mL assay buffer were
added 1o the wells, Plates were centrifuged and supematants were removed, Cells were washed two more
rimes with 0.2 ml. assay buffer. Antibody bound to the plates was deteeted by adding peroxidase confugated
goat anti-humun Fe untibddy (Jackson ImmunoResearch, West Grave, PA) to the plutes. After 4 45 win
incubatlon, cells were washed xs described before, TMB substrate (3,35, 5 tetramehyl benzidine;
Kirkegaard & Perry Laborutorics, Galtliersburg, MD) wes added to the plates, "Lhe reaction was stopped by
2dding 1 M phosphoric acid. Timation curves weee fit with a four-paramelcr donlinear regression curve-
fitting program (KaleidaGraph, Synergy software, Reading, PA). The ahsarbance at the midpoint of the
titration curve (mid-OD) and lts correspanding concentration of the standard were determined. Then die
concentraton of sach variant at this mid-OD was determined, snd the concetitration of the standard wus
divided by that of cach vatjant, Hence the values are a ratio of the binding of cach variant relative to the
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standard. Standard deviations in relative afficity (equiﬁalent soncentration) were generally +/- 10% betweon

experiments. _
As shown in Table 2, binding of the CDR-sw2p varfont (v.2) was extremely reduced compared to

versions 3 to 6 showed improved binding. To determine the minimum,

chimerio 2H7 (v.6.8). However,.
nupiber of mutations that might be required to sostors binding affinity to that of chimeric 2H7, additional

constructed by site-direct mutagenesis to produce variants 7
tions A49G, FG'TA? I69Y., N73K, and
7 showed the best relative binding’

mutations and combinations of mutations were
0 17 a5 indicated in Tablo®. o partioular, thesa included Vi souta
L78A; z_md V', mutations M4L, M33], and ¥7 e Versions 16 and: 1
yﬁ',initice. within 2-fold of that of the chimetic vetsion, with no significhnt difference (s.d. =+ 10%)
between tho two, To winimize fhe nimber oF mutaions, version 16, havisgionly 4 routations of buman
Suonontock rsldues fo murins ramovkorkresidues (Tibla), v therofore chosen as e buananized foria

for additional chiaracterization.
Tabhlé 2, Relative binding amnity'omumanmdzmxgdvami& toCO20 cornparéd to chimertc IHT
xislng cell-based BLIS A o relative bindingis expréssed as thyconcsatrationiof the ohimerio 2H7 oves s
concedttation of thovatiant required for cquivalbnt binding; hencea satio’<l indicates weaker affinity-for -
the variant. Standard deviation in refative affinlty detsomination averaged /- 10%. Framework

substifntions in the varlable domains are selative to the CDR-swap verslon agcording o the nupbering
system bfKsbat (Kebat et sl:, s1ipra).
287 Heavy chata (Vi) fﬁé&am (V). Relative
yersion w@ﬁm “‘substitutions | bindidg
6.8 | (Clilnets) ) | (Chimek) . oL
2 |{CORevap). “[{COR s¥v2n). — 1001
3 BRIV, RI3K - . 1 (CDR.swap) 1021
4 RV {CDR.sWab) To21__
9 R7IV, N73K 11468 . 0:50
[ RITV, N7T3K 1AGP, YATW 0.58
7RV 7S 033
8 RTLV, LT8A . et 0,19
9 |RIIV,EGTA LAGP . 007,
10 R7LV; # G9L L y ) 10.12
11 IRANGEGIALT8A | ¥ , 1049 .
12 _LF ) . TAP, MAL )32 3
{33 IRV ) ¥ T 1031
14 IBAV 6P, FTIY . 025
35 RV TAGE MAL WAL 1026
16 IRV, NEE,AG. LAGE . 0.65
~ 17 RIIV, N7IK, 249G 1A6P, LATW 0:67
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Table 3 Oligonuclevtide segvetices used for sonstruction of mutations VH(A4YE, RV, NT3K) and
VILLAGP) in humanized 257 version 16 (ZH7.v16), Underlined codons cnende the Indicated amino acid
cubstitotions. For Yy (R7T1V, N73K) and Vi, (LA6P), the aligas are shown as the sensc strand since these
wera used for mutageness on the Fab iemplate, while for Vi (A49G), the oligo s shown as the ami-sonse
strand, sidee this was used wilh the pRK (4gG heavy clialn) template. The protein scquence of vession 16Js
shown in Rig. 6 and Fig. 7. '

Substitution Qligonucleotide sequence :
Vi {R7T1V, N73K) GTT1IC ACT ATA AGT GIG GAC AAG TCC AAA AAC ACATT
(SEQ D NO. 34) e
Vi (A490) GCCAGGATAGATGOLLGCAACCCATICCAGACC (SHQ I NO. 33)
Vy (LAGF) AAGCICCUAAACCACTOATTTACGCY (SEQID NG, 36)
Example 2

Antigen-hinding deferminants (paratope) of 2H7
Alanine substitutions (Cunningham & Wells, Svicnce 244: 1081-1085 (1989) were made in
2H7.v16 or 2H7.v17 in vrder to test the conrtibutions of individual side chains of the antibody In binding to
CD20. ToG varlants were expressed in 293 cells from pDRT and pDR2 vectors, purified, and sssayed for
refative binding uffinity ns desoribed above. Scvoral slanine substitutions resulted in signifigant decreuses in
relative binding to CD20 on WIL-2S etlls (Table 4).

Tahled, Eifects of alapine substitutions in the CIR reglons of humanized 27T w16 measured using tell-
based ELISA (WIL2-S celis), The relutive binding is expragsed as the concentration of the 2H7.v16 parent
aves the concentration of the variant requiced for equivalent binding: hemee 1 rutio <! indicates weaker
affinity for the varfant; a ragio >1 indicates higher affiolty for the variant, Stundard deviation in relative
uffinity determination averaged 4/~ 10%, Framework. substltudons in the varisble domains are relative to
147916 sccording (o ths numbesing system of Kabut (Kubat cx al., supra). NBD means no dstectable
binding. The two nurnbers for version 45 uro from soparaft CXpOITMENLS.

2H7 [cDR cavy ghain____[Light vhain [Retative binding
version _Jlocution _bubstitutions jsubstitutions

16 - - . 1.
140 51 0208, - 0.63
141 1 Y274, - 047
34 I_;g 1284 . 0.86
133 1 F29A - 0,07
36 1 1304 - 0.81
37 Jﬁl 5314, - 0.97
142 11 Y324 = . 0.63
143 [t N33A . NDB
144 HI M34A . 1.2
145 g1 H35A - (25
146 M2 ASOG - 0.31
147 H2 1514 - 0.63

U



8. 112 Y52A - 0.01
148 K2 P5ZaA - 0.66
139 H2 GS3A - 0.89
67 H2 INSAA . 1.4
40 F2 (355A - 0.7%
41 H2 DS6A - 2.0
29 H2 157A - 0.61
00 2 S5RA - .52
] 2 Y504 - 0.74
2 52 N60A - 0.80
93 2 _O61A - 0.83
94 H2 K624 " 0.44
b5 k12 F63A . 0.5
43 12 V71A - 0.96
149 2 K644 - 0.82
150 H2 Cig5 A : 1.2
153 H3 VISA - {0.89
~ H3 VO6A - 0.98
43 3 Y974 - 0.63
44 113 ¥98A - 040
45 H3 $99A : 0.84; 0.92
46 3 N100A - 0.81
49 H3 510024 - 0.85
4% Fi3 Y 100bA - (.78
49 K3 WI00cA - 0.02
59 43 Y 100dA . 0.98
60 H3 17100 A - NDB
51 H3 D101A, - 031
151 H3 V102A - 1.3
117 L1 . R24A .85
118 L1 - 425G 0.86
11 L1 - 926 0.98
120 L] - S2TA 0.98
121 LI - 5284 1.0
22 Il - V294 041
5ty 1.1 - S30A 0.6
51 L1 - 32 10
123 1.1 - IM13A 10
124 L1 - F34A 0.2]
125 2 - 4300 092
126 % . P31A 0.88
52 L2 - S52A 080
53 L2 c NI3A 0.76
54 12 - L5344 0.6
127 L2 - AS5E 14
128 Lz - S56A L.t

31
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129 1.3 - 0804 0.46
130 L3 - Q%0A <0.22
55 1.2 . worA  loss
56 1.3 - 924, 1.1
57 1.3 . F93A, 0,36
58 T3 . NO4A 0.61
131 1.3 . FOSA NDB
132 13 - IPD6A 0,18
133 13 . iT974 <022
Lxample 3

Addifional mutations within 2H? CDR regions
Substitwtlons of udditional rasidues snd combinations of substitutlons at CDR positions thut were
identified as important by Ala-scanning were also tested, Several combination varianzs, partdevlarly v.96
appesred to hind more tighdy than v.16.

Table 8. Bffects of combinations of mutations and fon-ulanine suhstitutions in e COR regions of
humanized 2R7.v16 Ineasurcd using cell-hased BLISA (WIL2-S cells). ‘The relutive binding o CD20 i3
expressed a3 e concontration of the 287.v16 parent aver tha copcentration of the varisat required for
equlvalent binding; hence aratio <1 Indicaies weaker affinity for the vaviant;  ratio >1 indicates higher
alTmity for the variant. Standard deviation in relative affinity defermination averaged +/- 10%, Framowork
suhsritutions in the variable durnaing are relative to 2H7.v16 according to the numberiag system of Knbat

{Kabat at al,, supra),
217 tavy chain ght chain !Relati vé binding
version jsubstitutions substitutions
16 - - w1
90 DE0A, NI00A RYZA 3.3
07 IS9UT, N1OGCG, YIO0hI - (1,99
93 SU0G, N1DOS, Y 10062 - 1.6
B NIOBGC, Y 1O0bL - .80
107 N548, DSGA - 1.7
102 NS4K, DS6A - 0.48
103 DIoA. NIONA - 2.4
1(i4 SUOT, NIN0G - .31
145 S996, N1G0S - 1.1
106 NI10G - - 1
167 I1S100aG, Y100bS -
136 DS6A, N1O0A ] 3564, SO2A 2.6
137 D564, NIN0A ASSG, S9ZA 2.1
156 |D5GA, N10DA 820A, 856A, S92A __ {2.1
107 DIGA, NTOOA, Y I0{ibT 5924, not exprossed
182 V2T -

52



183 I¥27F -

184 By -

185 uzow -

186G X320 -

187 [Y3w A

188 N33Q -

189 IN33D -

190 IN3AY -

191 IN33s -

0% IH358 - .
200 IAS0S -

210 [asoR .

211 . Jasoy .

212 |ASOE, .

68 |y50W -

169 |Va2F . 0.75
170 INsaD . 0.25
171 NS48 - 1.2
172 DS6K. - 1
173 DEER .

174 D36H - 1.5
175 Ipsep . 1.2
213 __ Inses .

214 ___DS6G -

1215 DSEN =

216 ID56Y z

176 [¥s59w .

177 ___J¥5oF -

180 |K62R -

181 [K62D -

178 ___[F63W -

179 Fo3Y -

157 [Yorw . 0.64
158 [Y97F - 12
159 [RoswW - 0.64
160 [YosF . 0,48
06 INIOOG -

168 IwWioteY - 0.05
162 [w100el - 027
163 [F100eY - 059
164 RIOCW - 0.71
163 DINN - 0,64
166 S909G, NI100G, $100aD, Y 100b delatad - .99
217 lvipey - LY
207 |- Ha4Y

a3
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192 - GROE

193 . QRN

194 - OY0E

{95 - QOON

196 - WY

197 - WoLL

205 - 302N

2045 - 592G

198 . FO3Y

19 . FO3W

204 “ FV3S, N94Y

200 - 6L

201 - P96y

202 - ' PoEW

203 - POGR
Exarnple 4 .

Muintions af sites of framework humanizalion suhshl‘.uﬁo»#

Substitutions of additonat residues at framework psitions that were changed during humanization
were also tested jn the 2H7.v16 background, In pasticufar, alternatlve framework substitutons that were
nelther found fr the murine ZH7 puront nor the human consensus framework were mde ut Ve(P46) and
Vu{G49, V71, und K73),

These substitutions generally led to litde changs In relative blading (Table 6), Ingicating that there

is some Mexibility n feamework resldues at thess positions.

Tahle . Relative binding in a col-based (WIL2-S) assay of franswork substitutions, 1gG varants are
shown with mutarions with respect ta the 287.v16 buckground. The refutive binding is expressed as the
conceattation of the 2H7.v6.8 chimera over the concentwrastion of the variant required for equivalent binding
Lienee 4 ratio <1 indicates weaker affinity for the variant; a vatly i1 indicates higher uifinity for the variunt,
Standard deviation in relative affinity determination averagod +~ 10%, Pramework substitutions in the
variabfe doniains are relmive to 2H7.v16 acearding to the numboring system of Kabat (Kabat et al.. suprok
(%) Vackmts (hat wegs assayed with 2H7.v16 a5 the standard compurator; relative values ure normalived (o

that f tho chimera,
HY Eiaavy chain Light chain Relutive binding

versiun  isubstitutions Isobsttutions
6.8 {chinera) {ehiricra) ~]=
16 - - .64
78 K73R - (.72
7% K73H - 0.49
30 K73Q .. 0.5
31 Y7L - 0.42
82 VT - 0.58
83 V714 ) .
34 Q498 n 0.32




0

13

20

25

35

25 G49L .
] . PAGE 0.22

37 . P46V 0.51

8% . PAGT

108 Ci49A, VTIT. K73R 592A, M32L, 46T 0.026%

1Y [49A, ADG, VIIT. K138 ' 592A, M32L, PA6T D.026*

110 K73R. D564, N10UA. 592A, M32T, Mot expressed
1] 3494, VTIT, KT3R - 046

112 G4A9A, ASDG, VTIT, KT3R - 12

("} Varianis thut wore sssayed with 2H7.v16 a5 the stapdard comparator;
redutive valuek wre normalized 1o that of the chinern,

Example &
Humanized 2X7 vartants with enliaoced effector functions

Bocnuse 2H7 van mediate lysis of B-cells through hoth complement-dependent cytotondeity (CDC)
und antibody-dependent cellular eytotoxicity (ADECC), we sought o produce vartants of humandzed 2H7.v16
with fmproved TC and ADCC activity. Mutstions of certaln residues within the Fo reglons of other
antibodies Biave been deseribed (Tdusople et o)., J. Jmomynol, 166:2571-2575 (2003)) fof Improving COC
through enhanced binding to (he complement component Cly, Mutations have also been deseribed (Shicks
ﬁl al, L. Biok Chem, 276:6591-6604 (2001); Presta ¢{ 8)., Biockent, Soc. Trans, 30:487-490 (2002)) for
Impraving ABCC through enhanced [pG binding to sctivating Foyreceptors and reduced TgC binding to
Inhibitory ey receptors, b pardeular, three mutariong have been Idaarified for improving CDC and ADCC
activity: S20BAME333AMK334A (alse relerred to hereln ag a teiphe Ala stulant or variant numbering in the I
region it sccording to the EU numbering system; Kabal ¢t al.. supre) a8 described (Idusogle el al. supra
(200 1); Shiclds et al,, supra),

Tn arder to enhance CDC and ADCG uctivity of 2H7, a triple Ald mutant of the 2H7 Fo was
construcied, A lwmanized variant of the mnti-HER?2 antibady 445 has heen produced with mutatans
SI9BAIERIIAIKI34A, and Is known as 451110 (Le., and-p"HAR2 1GT (5298A/MRIIZAKIIAY
Shiclds ot al., supra). A plasmid, pADSEe1 encoding antibody 4D5Fe1 10 (Shialds et al., supra) was
digesicd with Apal and f2indlH, and the Le-fragimesnt (containing mutations S208AMIIZAIKIZ4A) was
lguied into the Apal/tiindil] sites of the 27 heavy-chialn vactar pRR2-v16, to produce pDR2-v31, The
smino weid wequence of tie vérsion 31 complete H chafo is sbown in Fig. 8, The T.chain is the same a3 that
of vig,
Although the constanl demalns of the Fe region of IgG1 andibadles are relatively conserved within
n givon specics, allelic variutions exist (revieweﬂ by Leftane and Lafranc, in 1% Auman lgG subelassest
tialecular analysis of stracture, fanction, and regletion, pp, 43-78, F, Shekib (¢d.), Pergatinog Press,

Oxlord {19907,

'Fable 7. Effecrs of substitutions in the Pe region on CDZ0 binding. Relative binding to CD20 way

mesrure! in g oolf-bassd (WIL2-S) assay of framework substiwions. Fe muations (¥} are Indicated by BU

numbering (Kabat, supra) and are relative to the 2A7.v 16 parent. The combination of three Als chonges in
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the e regiian of v.31 is described a8 *Ful 10." Tadl variants are shown with muiations with respeot tn the
2H7.v16 hackground, The relutive binding is expressed as the concentrotien of the 2H7.v6.8 chimera pver
the concantration of the vartant royuired for equivalent binding; kierce a ratio <1 Indlcates wesker affinity
for the varianl, Standard deviation fa relative affinity determination averaged +/- 11%.

2H? Fo Relative

vegslon Subsitutions* binding .

6.4 . 1

16 . . 0,065

3] §291A, B333A, K334A 0.62
Exanplo &

Humwanized 2H7 vaciants with enhanced siability
Por developtiit as terapeutic proteins, it is desirable to choose varlants that remain siuble with
respret ( oxidation, deamidation, o ather processes that may affect product quulity, in u sujuble
formulation buffer. Tn 2H7.v16, several residues were Identlffed as possiblo sources of foswbility: Vil
(Vi82) and VH (M34, N106), "therefots, mutations were Introduced ul theke sites For comparison with v16.

Tahle §. Relative binding of 257 variants desighed for enbanced stabliity and/or effecior funetion, fo CD20
T n coll-Dosed (WIL2-8) nssay. TgG varinnts are shown with mutations with respect to the 2H7.v16
background, The relative binding Is expressed as the concentiation of (ho 2H7.v6.8 chimeru over the
concenlration of the varkané required for cquivalont binding; hence 4 ratio <1 indivates weaker affinity for
the variant. Smndard deviation in velative affinity determination avernged +/« 10%. Framewotk
substinaions i the varizble domaing are relativo 1 2H7.v16 according w the numbering sysiem of Kabat
and Fo mututions () wre ndicated by EU numbering (Kabat et al., siepra), (* ) Vuriunts thut were mieasured
with 2H7.v16 ns the stundurd compunitor; rolative values are nurmulicod to thut of the chimora,

Additions) Fo mutations wore combined with stability or affinity-enbuncing mutstions fo uifer or
enhanca effectar functions bused on previously soported mutations (dustgic ot sl, (2000%
Idusogle &t of. {2001); Shields et al. (2001)). These changes include 5298, B333A, K3344 as deseribed in
Bxzmple 5; K322A 1o reducsd CDC setivity; D265A (o reduce ADCC actdvity; K3264 or K326W (o
enbance CDC activity: and B356D/M3S5SL to test the effects of alfotyple ehanges In the Mo region, Nous of

{hosa mututiony caused significant dilferences in CDZ0 binding atfialty.

217 Heavy chuin  [Light chain  jFc changes * |R¢I&u'vc
version (V) chunpes [V chunges bindiog |
6.8 (chimart) (chimers) . =1

16 . - - 0.65

02 - M32L - 0,46

63 M34 - - 0.42

64 N1DOA . )

ok INIO0A LATW - .74

06 SUA LATW - 0,62

o7 NS4A e .
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68 - M321 - 0,48
5 - M3ZL. - 0.52
70 NIOGA - S208A, B3334, K334A 0.80
i NEQOD - S208A, BY33A, KIA Q.44
72 MICDA M321 . 0.58
74 NIRIA M32L . 0.53
(74 NIGUA M321 S298A, A333A, 3044 (.61
73 N100A M3 S208A, BI33A, K344 0.60
113 . - E356D, M358L. 0.60%%
114 DS6A, NIOOA {M32L, SYZA_[S29BA, B3Z3A, KIHA 1.2%%
115 DS6A, NIODA. [M32L, 5924 [S208A, BIB3A, K334A, BASED, MASEL, 14"
116 156A, NTO0A IM32L. $924  1S208A. K3344, K322A 125
134 D56A, NI00A_[IMB2L, 8924  [B356D, MAJEL, D265A 1,5%4
135 D56A, N100A IM32L, SUZA  [B356D), M358T,, D265A, K326W 0,05
138 DSEA, NI00A. [M32L, 5624 152084, £333A, K334A, KI20A Jam
139 D56A, NT00A IM32L.592A  [§208A, 19334, K334A K3264, BIS6N, M358L {1.7%*
134 - ~ D2G5A B
155 . - S208A, K322A, K3344 0,70

(%) Varlants thar ware measured with 2H7.v16 as compavargn
velatve hinding values are normalized to that of the ¢himerz.

o test the effects of siabllity soutations on the saie of proteln degradation, 2HT w16 and ZH2.WT3
were fommulated 4t 12-14 mp/ml in 10 mM hisddine, 6% sucross, 0.02% polysorbate 20, pH 5.8 and
fncubuted at 40°C for 16 duys, ‘The fucubitted sumples were thon assuyed for chungos in charge variunds by
ion exchunge chromutogrophy, tggregation and fragmentation by size oxclusion chromntography, and

relative hinding by testing in a cell-based (WIT.2-5) axsay.
Tl results (Fig, 9) show that 2H7 v.73 hay greater stability compared to 2H7 v.16 with respect. o

fosses In the fractlon of main peak by on exchange chromatography under secelerated stability conditions.
Mo significant differences were seen with respect to aggregation, fragmentation, ar binding affinity.

Example?
Scatchard unalysis of anifbody binding to CD20 on WIL2-S celis

Tiquiiibrium dissosiation constants (Kq) were determined for 2H7 Tg0 variantx binding to WIL2-8
colls using radivlabeled 2H7 IgG. JpO vaclants wers prodused Jn CHO cells. Rituxan® (source for al)
erperinents i Gunontech, 8, San Lrancisso, CA) and musios 2617 (BD PharMingen, San Diego, CA) were
used for compurison with humaitlzed variaots, The wurine 2H7 antibody Is also available from other
sources, a.g. cBioscience, and Calblochem (both of San Diego, CA), Accutate Chenleal & Sclentifie Corpa,
(Westhury, NY), Ancell (Bayport, MIN), sid Vinci-Biochem (Vinel, ltaly), All dilutions were porformed in
binding assay buffer (DMEM medin containing 1% bovine serum nibomin, 25 mM HEPES pH 7.2, und
0019 sodivm axide), Aliquots (025 miL) of W on7.v16 (lodinated whils lactoperoxidase) ats
conzontrution of 0.8 oM were dirpented Inur wells of & Vbottom Y6-well microgssay plute, urd sodal
ditutions (0.0 wl) of cold antibedy were added and mixed, WILZ-S vclly (61,000 cells in 0.023 ml} wore
than added. The plate was sealed and incubated st room temperawre for 24, then centrifoged for 15 min at

3,500 REM. The supernatant was then aspirated end the cell peliet wag washed and centrifuged, The
57



10

20

25

suptrmdtam was again axpirated, and the pellets were dissolved fn 1N NaOH and transfarred to tobes o
pamma counting. “The data were used For Searohnard anslysis (Munson and Redbad, Anal. Bivchem,
107:220-239 (1980)) using the program Tigand (McPherson, Comput, Programs Binmed. 17: 107114
(1983). The results, shows Jo Table 9, Indleats that humanized 287 variants had simitar CD20 bindlag
affiatty ng compared to mutine 2H7, and similar binding affinity to Rituxan®. Tt is expected that ZH7.v31
will have very similar Ky o v.16 on the busis of the binding shown in Table 7 above,

Table ¥, Bquilibrium hinding affinity of 2H7 varlants from Scatuhurd analysis

Antibody varfant Ky (n) n

Rituxan 0.9940.49 |3

257 (muring) 1231028 |3

ZHT w6 0.84:0.37 |4

2RINTA 1223039 |4

 ZH7.VT5 1.0940,17 | 4
Sxaynpls §

Complement Dependont Cyintoxialy (CDC) Assays

217 1gG varients wore ussayed for thelr ability to mediats comploment-dependent tysis of WIL2-8

aells, 1 CD20 cxpressing Jymphoblastoid B-cell line, essentlally s Sescribed (Tdusngic et al., J. fmmunol,
o4V TE-4184 (2000 Idusogio ot ul., /, Tmmunel, 166:2571-2573 (2001, Antibodivs ware serially dilated
153 from a 0.1 mg/mb stock sofution, A 0.05 mL aliguor of cach dilntion was added (o & 96-well issue
colluge plate Uit coutained 0.05 ml, of a solution of normal human complement {Quidel, Suu Dicgn, CA)
To ihis mixiure, 50,000 WIL2-5 cells were added in 20,05 nl volums, Afler Tncubation for 2k at 37°C,
0.05 ml. of u sdution of Alamar blue (Accumed Joternatfonal, Westakea, OH) way udded, and incubation
was comlnued for as additlonal 18h at37°C, Coveérs were then removed from the plates, and they were
sbaken for I5 min al roons mperadure on un vrbitul shuker, Relotive fluorescent units (RPU) were read
using a 530 man exchation flter and a 580 nm emission filter, An ECgy was caluulated by fitting RFU 252
fsnction of concentration for esch antidody uslvg KaleidaGraph software,

‘IThe resufts (lable 10) show surprising improvesent in CDC by bumanized 2H7 antibodias, with
relutive potency similar to Ritoxan® for v.73, 3-fold more potent than Ritxan® for v.75, and 3-fold weaker
than Rituxan® for v.16.

Table 10, CDC actvity of 2H7 avtibodles compared 1o Rinxan, Numbers »1 Indicate less potent CDC
autivity tun Rifuxan® and numbers <1 indicdte mure putent setvity thun Rituxan®. Antibadies were
produced From stable CHO lincs, excupt that thuss Indicsted by (¥) were prodused transtently .

Aatibody varlant _jn _{ECy(varian(/ECs,(Rituxan)
Ruxan® 4 |-1-

PHTNVIG 4 1721408

2H7.v31¥ 4 fal

287773 4 1105

2H7.v75 4 10,93
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287, v056* 4 956
2H7.v114* 4 1§.378
VATE R R R 4, 10473
2HT.vl16* 1 100
ZHT v [35% 2 {042

Esamp]
Antibedy Dependant Collulax Cytotoxicity (ADCC) Assays

2HT TpQ variunts were ersayed for their abiliey to roedlate Natveal-Kitler eolt (NK cclf) ysis of
WIL2-8 vclls, u CD20 cxpresring lynnphoblestoid B-celf line, essentlally as described (Shiclds etal, /. Blok
Chom, 276,6591-6604 (2001)} vsing a Jactate dehydrogenase (LDH) readout, NK celln wers prepaved fiom
100 L of heparinized bloud, dituted with 100 mL of PBS (phosphate buffered sallue), obtained from
normit humman donors who had been isotyped for FeyRIIL also know s CD16 (Koonc ot ul., Blood
S0:1109-1314 C1997)) In this experiment, the NK oells were feom human donors hererosygous for CL16
{FI58/V158). The diluted blond was layered aver 15 mL of lymphocys ssparation medivm (ON
Biovhemicl, Aurora, Ohiv) and ventrifiged For 20 min at 2000 RPM, White cells at the Inferfiice between
luyers were dispensed (o 4 clenn 50-rals tubes, which were filled with RPMI medium contuining )5% fotul
crtf sorus, Tuhes were centrifiuged for 5 win at 1400 RPM end the supematant discarded. Pelletn were
resuspended in MACHS hoffar (D.5% BSA, 2uM EDTAY, and NK cells were purified nsing beads (NK Cell
solation Rlt, 150-046-502) according to the manufacturer’s protocol (Milteny! Biotech,). K, cells were

diluted in MACS buffor to 2x10° cellsimL,
Scrial Giluons of antbody (.03 nil) in assay meditm (P12/DMEM 50:50 without glyclue, I M.

HEPES boller ptl 7.2, Paopicillin/Sreptomyein (100 unlts/mL; Giben), glmaming, and 1% heat-dnactivated
futal bovine seruly) were added to 2 96-well round-bottom tissue calture plate, WIL2-S cells were diluted in
uysity bulfer v o concenteation of 4 X 10°Ank, WIL2-S cells (0.05 ml per well) were mized with diluted
wtthody in the 96-woll plate and fnsubated for 30 min at room temperatura to allow binding of antibody to
CR20 (opsomization).

The ADCET reaction was initiated by adding @ | ml. of NK enlls o anch well, In annfrol wedls, 2%
Tidton X-100 was added. 'Fbe plate was then incubated for 4h at 37°C. Levels of LDH relewscd wore
smeasured vsing a cytowxicity (LIVH)} detecdon kit (Kighl 644793, Rocho Disgnostics, Indiamapolis, Indians,)
following the manufocturery tnstrucrions, 0.] mE of LDH doveluper was added to each well, followed by
mixtng for 10s, The plate wag then covered with aluminw foil und incubated fn the dark at mom
tomperature for 15 mitn, Optical dessity at 490 wn wos then read and use to calculate % lysis by dividing by
the tota) LDE mensured in contwol wells, Lysix was plotied us a function ol anlibody cencenivation, and 3 4-
pirsmeter curve £l (KaleidaCraph) was used to determine BCs concentrations,

"The sevulls showed at humantzed 2H7 sntibodles were active In ARCC, with relative potzncy 290-
fild higher than Rituxan® Jor v.3] and v.75, 5-fold more potent than Rituxen® for v.16, and abmnest 4-fald

higher than Rituxan® for v.73,
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3 Table 11, ADCC activity of ZH7 antihodies on WILZ-3 cells compared to 2H7.v36, based onn
experlivents. (Values > Indicate lower potency than 2H7.v16, and values <! indicara greater putency.)

Antibody variunt N BECy(varinat/ECsx{2H7.vI0)
Ri{uxun® 4 53
IR 5 i
2HT.V3 i 0,24
JHT.v13 5 1.4
2H7.vI3 4 Q.25

Additional ADCK assays were carried out w compars eombination-vasfants of A7 with Ritunan®,
M} The results of these assays Indicated Gt 2H7.v1 14 and 2H7.v1 15 have > 10-10ld improved ADCC potency

ax compared to Rimoxant (Lable 12).

Tahle 12, ADCC nctivity of 287 antibodties on WIL2-5 cells compared to Rituxan®, based oa nt
exprerinents (Values >1 Indicate lower potoncy then Rituxun®, and valnes <1 Indlcate geater potency).

15
Antibody variant | BC50(variani/ECIO(Ritwean)
Rituxan® 2 __|-1-
2H7 v.16 2 los2
2H7 v96 2 0.8
2H7.v114 2 10.093
2H7.v11S 2 D083
2R7.vil6 2 (030
Exomapla 10
In vivo cficcts of 2H7 variants in a pllot study In cynomolgus monkeys
2FI7 variants, produced by tanrsient ansfection of CIO cells, were tested in normal male
20 eynomolgus (Magaea fasclcularis) monkeys in order to evaltate telr i vivo activitles, Otherant-CD20

aniibudies, such 45 C2B3 (Rituxan®) have demonstrated an wbility to deplete B-cells in normal primates

{Relf ol al., Dlovd 8§31 435-445 (1994)).
Ia onc study, humatized 2H7 vatlanis were compared. Tn 2 peralie] study, Rituxan® was lso

tested in cynomolgus monkeys. Four monkeys were used tn each of flve doss grotps: (1) vehicle, (2) 0.05
25 mp/kg hZHIVIG, (3) 10 mg/ky hu2H7.v16, (4) 0.05 mgke hu2i7.v31, and (§) 10 mg/kg tu2H7.¥31.
Anttbadles were adminixtered intravenousiy at a coocentration of §, 0.2, or 20 mg/mL, for a total of twa
doses, one on day 1 of the sy, and snuther on day 8. ‘The fivst day of dosiug Is desi g:{aréd day 1 and the
pravious duy is desigiated day —13 the first day of retavery (fir 2 unfimuls in cuch group) is deslgnated 25
dey 11, Biood samples were collecled on days ~19, -12, 1 (prior (¢ doging), and at. 6h, 24h, and 724
a0 following the first dose. Additional nasmples weee token on day 8 (prior to dosing), day 10 {ptlorto sacrifice
uf 2 unimals/gronp), and on days 36 and 67 (for recavery animals),
Peripheral B-cefl congantrations were determined by a RACS methad that counted CDI/CDG0+
eclla, The pereent of CHI-CDA04+ 3 cally of toral Tymphacyies in monkey samples were ehained by the
follnwing gating stwategy. The lymphocyws population was marked on the forward scanter/ side scatter
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scattergrany 1o define Reglon 1 (R1). Using evams In Ri, flucrescence intansity dot plots were displayed for
GDA4t snd CD3 markers, Fluorescently Inbeted tsotype controls were sed to detetming respoctive cutoff
points for CT4Q and CDI posifivity. ' ' ) '

The results indicated that hoth 2H7,v16 and ZH7.v31 were capoble of producing full periphers! B-
cell depletiun at the 10 mgikg dose and partisl periphoral Bcell depletion at the 0,05 myykg dese (Fig. 11).
The time course and extent of B-cell doplotion measured durlng the flrst 72h of doting were similar for e
two antibodles, Spbscquem soalysis of the recovery animals lndlcated thut animuls treated with 2H7.v31
showed & prolonged deplation of B-cells a5 compared to thuso dosed with 2517.v16, In particular, recovery
anlmals treated with 10 mg/kg 2H7.v16, Bocalls showed substantial Brcell recovery ut some time between
sampling un Day 10 und on Day 36. Hawever, for recovery animals truated with 10 mgkg 2H7.va1, B-cells
did nof show rocovery until sorae time berween Day 36 aod Day 67 (Fig 11). This suggests o greater
duradion of foll depletion by about one month for 2H7.v31 compared to ZH7.vI6.

No toxieity was ohserved in the monkey stucty at low or high dosy und the gross patholopy was
normal, 1 other studies, v16 wag well toleated up to the highest dose evaluated of (100mg/kgx2 = 1200
gl £2) followiny Lv. adninistration of 2 dosus given 2 weeks spart in these monkeys,

Dats in Cynowmalgus monkcys with 2HT.v 16 versus Rituxan® suggests that a 5-fold reduction in
CTIC nctivity does 1ot adversely affect potency. An antibody with potest ADCC activity but reduced CDC
activity may have more favorable safety profile with ragard 1o first bifuslon reacilons whan one with grsater

COC avtlviry.

Examaple 13
Fucese deficient HT variant antibodics with ealianced effector funciion

" Normal CHO und HEK?293 cells add fucose to [gG oligosaccharide to a high degres (97-98%). IgG

from sors are also kighly focosylatod.

DP12, a dihydrofolate reductase minus (DHFR" CHO cell line that s fucosylution compe(ent, and
Loc 3,  cell line that s deficient in pratein fucasylation were used (o produce untibodies for this study. The
CHO cell line Pro-Les13.6a (Leo)3), was obtuined from Professor Paela Stanley of Albert Pinstsin
College of Medicine of Yeshiva Unfversity, Parental fhes ase Pro- (profibe auxocoph) and Gak (glycine,
adenosing, thymidine auxotroph). The CHO-DPIZ coll Jine is a dorivative of the CHO-K1 ¢ell fine (ATCC
#COL-61), which is dihydrofolate reductase deficient, and has a reduced requirement far insufin, Cell lines
were transfeotod with cDNA using e Superfect method (Qlagen, Valencia, CA). Selection of the Lec13
¢ells expressing tronsfected antibedien was porformed uslng purontycin dinydrochioride (Calblochetn, San
Diego, CA) al 10 yg/mi In growth medium containing: MEM Alphu Medivm wilh L-glutiming,
ribonucieosides and deoxyrihonucleasides (GIBCO-BRL, Gailiiersburg, MLY), supplemented with 10%
Ingctivaled 1BS (GIBCO), 10 mM REPES, and 1X penicillin/streptomycin (GIBCO), The CHO cells wors
similarly seloeted in growth medium contalning Ham's F12 without GHT: Low tHucase DMEM without
Glycina with NaHOO3 supplementod with 5% FBS (GIBCO), 10 mM BEPLS, 2 mM L-glutawine, X
GH'I'alyclne, hypoxanthine thymidine), und |X peniellfin/stroptomycin,

Colonics formed within two to tiree weeks end were pooled for expangian and protein expressior.
“The call poals were seeded initially at 3 x 10° ces/10 e plate for ssnall batoh proteln expression. The celly
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were converted (o serum-free media ance they grew 10 90-95% confluency and afier 3-5 days ecll
sugernatunts were collected and tested hik an Fe 1gG- und intsct TgG-BLISA 10 oitimate protein gxpression
Jevels. Teeld and CHO cells wers seuded at approximately 8 X 106 calis/1 § cm plate one day prlorto
converling (6 PS24 production medium, supplemcenicd with 10 mg/L recombinant husmun insulin and § op/L
trace olemants, :

Lecl3 cells uotd DPI2 eclls remained in serim-fres production medium for 3-8 days. Suparmatanty
wers collected and olarifiod by centrifugation in 150 mi conleal Wwhes to romove cells and debris, The
proteuse {inhihieors PMSE and aprotinjo (Sigma, St Louls, MQO) were added and dre suparnatants wers
concentratad 5-fold on stlered cells uslng MWCO30 filters (Amicon, Beverly, MA) prior 0 humediate
putification using protein G chromutography (Amersham Pharcaacia Blotech, Plscataway, NJ)). Al proteing
ware buffer cxchanged into phosphete-buffered sallne (P135) ueing Contripricp-3() concentrators (Amjeon)
and analyzed by S0S-polyacrylaunide gel clectrophoresis. Protein concentratons were dateyinined vsing

AZ80 and vesilied uslng amino scid compusition snulysis.
The CHO cells were (ansfocted with voutors oxprossing humanized 2H7v16, 2H7v.31 and selected

a3 deseribed, The 2HTv,16 anubody retains the wild (ype Fo region while v.31 (vos Exumple 5, T2ble 7
above) bus an Fe reglon wherein 3 aniino ucid changes were mude (S298A, B333A, K334A} which results in
Higher affinlty for the FeyRTIa receptor (Shields et al. %, Biol. Chem. 276 (9):6591-6604 (2001)), Following
trunsfelion and sclection, individeal colonics of eells were jsolitcd und ovaluated for protoin expression
tevel and the Highest producers were subjected to methotroxate selection to select for cells thot had amplified
the plusmid enpy number snd whivh torefore produced higher levels of antibody. Colls wore grown,
transforred to serum froe medium for & perdod of 7 days, then the wodium was collested, Toaded onfon
frotain A colam und the antibudy was cluted using standard techniques, The Snal concentration of s
antibady wa determined using s Efsa thut measures intact antibody. Al protelns were buller exchanged
Into phasphase-buffered kaline (PBS) using Contriprieg-30 concentiators, (Amicon) and analyzed by SDS-
polvaceylamide gel alectrophoresis.

Mairis-Assisted Laser DesorptionfTontzation Thne-of filght (MALDE-TOF) Mass Spectral Analysis
vf Asparagine-Linked Oligosaccharidess N-lnked oligosaccharides ware released from racombinant
mlycoprolcins using (e procedue of Papas ¢f al., Glycobiokgy 8, 443-454 (1998), Briefly, the wells ofa 96
well PYDEJined microtitre plate (Millipose, Hedford, MA) ware conditioned with 100 pd methanal dut wos
drawn Uirough the POVI! roembranes by applylng vacuum t the Millipore Multisoreen vacuum manifold,
Tho conditioned PYDF membranes were wushed with 3 X 250 uf water, Between all wash steps the wells
were dralued completely by applying gentle vacuum to the munifold, The mombranes were washed with
reduclion und carbosymethylation buffer (RCM) consisting of 6 M guanidine hydmchlorlde, 360 mM Tris, 2
mM RIDTA, pH #.6. Glycoprutein sumples (S0 pg) were applied to individual wells, agaln drawn, throush the
PYDF memhranes by gentle vacuum snd the wells were washed with 2 X 30 pf of RCM. buffer. The
itnmobilized samples were reduced by adding U ul of 2 6.1 M dithiothreltol (DTT) sofutlon to each well
and incubaing the micrative pluc st 37°C for | e, DTT was removed by vacuuss and the wells were
wushed 4 x 250 6l wacer, Cysteine regidnes were carbuxylmethyluted by the vddifion of 50 pl ofa 0.0 M
indascetic weid (JAA) solution which was freshly prepaied in 7 M WaGH and diluted 1o 0.1 M with RCM
buffor, Carhoxymethylation was secomplisticd by incubation for 30 win in (he dark al ambicnl Cmperafure,
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Vacuunt was apphied 10 the plate to remove the JTAA solution aod ts wells were washed with 4 x 250 il
parificd water. The PVDE membranes wore blocked by the addition of 100 p) of 1% PYP36D
(P"‘Yﬁﬂyfpleolfdlsm 366,000 MW) (Sigma) sofution and nculistion for | hr at ambisnt tempersture. The
PVP.360 solution was remaved by gentle vacyum and the wells were washed 4 x 250 ¥ water, 'The PNGuse
P{New Linglung Biolshs, Beverly, MA) digast solution, 25 pf of a 25 Unit/m sodution In 1 inM Tris
uectute, pH 8.4, was added tn cach well and the dlgest procecded for 3 be a1 37°C. Afeer digestion, the
samples were frsnsferred to 500 ol Bppendord tubes and 2.5 il of & 1.5 M ucetic acid solutlon was added to
cach sample. The seidified samples wero incubated for 3 br at ambient tomperatuis to ¢onvert the
ollgosuechuriden from glycosylamines to tho hydraxyl form. Prior to MALDLTOR mass spuctral analysis,
the released ollgoszocharldes were dowalicd ughng b 0.7-ii bed of cation exchangs resin (AGSOW-X8 resln
in the hydrogen form) (Blo-Rad, Horeules, CA) sturried packed into compact reaction tubes (US
Blachomical, Cleveland, GH),

Fur MATDI-TOR wass spectral uaalysis of the samples ia the positive made, the desalted
oltgosaccharides (0.5 il aliquots) were applied o the stalnless targot with 0.5 pil of the 2.5 dihydroxybonzaic
acid marrix (sDHB) that was prepared by dissolving 2 mg 2,5 dinydroxybenznic acid with 0.1 mg of 5-
methoxysticylic acld In 1 1y of ethanol/ 10 mM sadiam chlordde 111 (vf). The sample/matrix pixives was
drted by vacuumt. For analysis in the nogative made, the desalted N-tisked oligosaccharides 0.5 il aliguots)
ware applied to the stanless target along with 0.5 ul 2',4°,6™-uihydroxyscctophenone matrix {THAR)
rrepared In 113 (v/v) acetonitsle| 5.3 mM ammanium citrate buffer. The sample/matrix mixtore was
vaouum dricd and then allowed to absorb atmosphetic molsture prior to unalysis. Released oliposacchasides
were onalyzed by MALDE-TOF on a PerSeplive BioSystems Vayager-IDR moss spectrotieles, The musy
spectrometsr was apersted at 20 KV either fa the positive or nogative mode with the linear cotfiguration and
uttlizing deiayed extraction, Data were scquired using & Juser power of 1300 and in the data gummailon
mada (240 seans) to Improve the signal 10 poise, The Justrument wus calibrated with & rixtre of standord
aligosnccherides and the data wag simoothed uslog a 19 polut Savitsky-Golay algorithm hofore the manses
wers ssslgped. Integration of the mass speetral data was achleved using Cacsur 7.0 duta anglysis sofiware
packuye (SoiBridge Software).

Nataral klfler (NE) call auttbody depandent eytoxiclty assays.

ADCC nssays wete perforned as described is Mxample 9, NK to larget coll (WIL2-8) rutio was 4
to I, aseays wess tun for 4 hiours, aud toxiolty was measuced as before vsing factose debydrogenase sssuy.
Target oelly were opsonized whih the vopcentrations of antbody indicated for 30 mla prior to addiion of MK
solls. The Rituxan® antibody used was from Geaentech 5. San Franclseo. CA). Flgure 12shiows (e rasults
of & representative ADCC assay,

The resuh sliow that underfitcosylated anthodies mediate NK celi target cell killing more
efficiently than do sntibodies with & full complement of fucose, The underfucosylated amibody, 2H7v.31, Is
most sfficient at mediating target call killing. This antibody is effcative at lower concentrations and is
capable of medlating killing of a gredter prercentage of target cells at higher concentrations than sre the other
antihadios. The activity of the antibadics is oy follows: Loo13-derived 2H7 v315> Lec 13 derived 277 Vi
Dp12 derlved 2HTvA1> Dp12 derived 2H7v16 > or = to Rituxan. The protein snd carbohydmte altavations
are additive, Compatlson of the carbohydrate found on natlve IgG from the Lec13-produced aad CHO-

63



HY

20

L]

produced IO showed nu upprecioble differences In 1he extent of palactosylation amd honte the results can be

uktribured solely 1o the presencefubsence of fucoss.

gxamgle 12

Fucose-deficient 2B7 vaciant unfibodies with colianved ADCCin vive
This cxample describes ADCCT activity In vivo of the fucose-defiviont humanized 2H7 vadiunts
including v.16 and v.31 produced in Leel 3 compared 10 pomnal fucosyluted countesparts produced in DP12,

in mice expressing humun CD 16 [FeRyII) and human CD2D,

Generation of baCDIOTS" huCDISTE* mCDIG mivs
Humun CD20 wansgenic mice wele gensraled from human CD2O BAC DNA (Invitrogen, Carlsbad,

CA) Mice were sercencd hased on the BACS analysts of human CD20 expression, HuCD20 Tg" mice wets
then ¢rossed with huCDIGTE mCDIST mice o geaerute huCD20Tg huCH16TE mCD 167 mice.
I ylve trectinent

Ten to 100 pg of each of the 2H7 vuriunts or Rituxan® I3 admindstrted to
WCDZOTE huCBIETE MCIN 6 wics via tatraperfioneal injections. Baual srmownt of isotype-matched
antibodics wil] be applied simifarly (0 tho nogative control group of anlinals,

Manse lymphocytes preparation
Mouse lymplioeyies from whole biood, splecy, Iymph nndes and bone masrow are preparcd

scconding to standard protocol desceibed in “Current Protocals In Tmmunology, edited by John Ouligan, Ads
Kroisbeek, David Margulles, Lthan Shevach und Warron Stober, 1994%,

FACS analysiy
1l million ¢olls wre washed and resospended in 100 ul of FACS buffer, which is phosphate

buffered saline witk 1% BSA, containing 5 il of staining or cantral antibody. Al the stalning antibodies,
tncluding Jsorype conirols, are, obtalied from PhasMingen, San Diego, CA. Humun CDI0 cxprension ia
assossed hy rtaining with Rituxan® along with FITC-conjugated sntl-buman 1gG1 secondary wmtibody.
FACS analysis ig condunted using FACScan and Call Quest (Becton Dickinson Imntunocylomelry Systoms,
Son doaa, TA), All the Yymphaoaytos me defined in the forward and glde llght contterings, while alt the B
iymphocytes are defined with the sxpression of B220 on che ceoll surface.

B cell depletion ankf vecovery are asgessed by analyzing peripheral B cell counts and snalysiy of
hCD20+ B cells hy FACS in the spleen, Iymph node und bone marrow on a daily hasts for the first week
aftar injectlon and thersaster on o weekiy basls. Serum levels of the injectad 2H7 varfans antibody are

mojtorad,
Tits results of ¢hls in vive assay confirms the I vitre findings on the Inereased ADCC acilvity and

greater B cell depletion of fucoss-deficlent 2037 varlants over wild-type (witls resopot to fucosylation)

glycnsylution countorparts.
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Example 13

Apoptosis Activity
Ann»(‘mﬂ antibodies lncluding Rituxan® huve been shown to induce apopiosis it vitra when
erosslinksd by u secondury antibogy or by chemical means (Shan of ., Blaod 9:1644-1652 (1998)¢ Byrd ot
#l Blood 99:1038-43 (2002); Pedarson vt ul., Blood 99:1314.19 (002)), When chemleally crosslinked,
mawring 2LL7 dliners induced apoplosis of Daudi cclls (Ghetie et al., Proc Natl Acad Scl USA 94:7509-14

(l 997)). Crossflaklng with o secondary ttibody also induced apoprosis with the wurlne 2H7 autbudy (Shan

ot il I9V8). Thoso aotivitles are heHeved to be physiologleally refovant because a virdety of mochanisms
could leud to erosshinking of anti-Cly20 autlbodies bound 16 cell-surface CD20 & viva,

RimMAb 2H7.v16 lhumanized 2H7 v16; RiuMAD standi for recombinant human monoclonal
antibodyl snd Rituxsm® ware compared tn apoptosis assays & virre using a seeovdary crosstinking antibody,
Ramoz calls (CR1~1596, ATCC, Manassas, YA}, a C20-expressing. human B lymphocyts cell line, wore
wred ta measure the ability of the anti-C1920 monoclonal antlbodles thuMAb 2047.v16 and Rltudingb versus
a negarlve-control antibody, Trastuzunmab (Herceptin®, Genentech, South San Franciseo, CA), to induce
apoptosls as measured through Annexin V stalning and propidiom fadide dye exclusion (Vytrant®
Apaptogis Assay Kit, Molesular Probes, Seatde, WA). The Ramos cells were cultured in RPMI-1640
medium ((ibea, Rockvillz, MD) coataining 10% fotal bovine serum (Biosource International, Camarille,
CA) and 2 mM L-ghutaming (Glbeo), Prior to being assayed, the cells were washed twice in fresh media and
then adjusted to a vell concentration of 2 X 10° per mL, Cells (150 pL) were sdded to D6-well assay platas
(Becton Dickinson, Pala Alta, CA) which contzined [50 ML of & predotermined amoual of control 15G 1,
thubAb 2HT w16, or Riwximab, along with Fah)*2 goat ami-human Re {Pierce Blatcchnology, Rovkford,
IL). The final IpG concanirations were 700, 10, 1.6, 0.1, 0.01 and 0.001 nV, and the F(sb)*2 goac snti-
humen I antibody concentration wae set at twice the vaspeetive sample antibody concentrstion, Bach
dfiution was sot up i [tiplicate, After a 24-hour incubation at 37° G, the celln wero woshed twice with PBS
and then stained with Anwexin V and propidium fodide according 10 the manufactiire's recommendarions.
The winduning patterns of the Ramos cells wero analyzed by flow cytomietry using a FACsean Llow Cytometsr
(Becton Wlekinsan, San Tase, CA), und dats were collectad for 10 s-perlods, The data were reduced using
the Cellquest Pro software (Bewon Dickinson). Ramos colls that wess positive for (1) Annexin V staf ning,
(2) Annexln ¥ and prapidulm fndide doublesstaining, and (3) the supiber of unstained Hve cel Is, wera
aounted and plotted using RalelduGraph suftware (Syncrgy Software, Reading, PA).

Both thuMAb 2H7,v16 and Risvxdmab induoed epoptusis of Rumos colls whest crosslinked whit
ontl-iuman Fe and o5 compured $o an irclevant 1501 coutrol antibody (Figwres 13-13). The apoptotic
uufivity of (thubAb 2537) was slightly Tower than thut of Rituxbitiab, At 10 nM concenteations of
crogstinked rhuMAD 2H7, Rituximab, and controd lgG1 antibody, fractions of Amexin V staingd cells were
18.5, 16.5, 2.5%. respectively, fractions of doubly labcled colly were 28, 38, und 6%, und numbers of five
cally conated per 10§ weee 5200, 3100, and 3600, ,

Theye i viere dats demonstaie that apopiosis Iy one potential mechaninm far I vive B ccll
depletlon. In viva erosslinking of rhuMAb 2H7 of Rltuxtmab bound lo cell-surtace CD20 may oeeur

threipt Fu'rR uom the surfaces of Iintune effector cells,
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Exaniple 14
Iit Vivo Suppression of Tumor Growth

The sbility of rhyMAb 2H7,v16 w inhibit the growth of the Ruji human B-cells, 2 lymphoms ccll
tine (ATCC CCL 56), was cvaluated in Balb/c nude Catltysnic) mice. The Rajt colls express CD20 and have
been reported to grow in nude mice, producing metastatic disense; tumor growth s inhibired by Rhuxan®
{Clynas et al.. Nature Meditine 6, 443-446 (20000, Fifty-six 8-10 week old, Balb/e nuds mice wore divided
into 7 groups (A-G) with each group conslsting of 8 mice, On day 0, each mouse received o suhcutanecus
injactlon of 5 x 10° Raji B-lymphoma uclls in the fank. Beginaing at day 0, cuch mouse received either 100
ul, of the pegative-control soiution (FBS; phosphule-buffered xaline), Rlituxau® or ZHT.v16, Dosuge was
dependent on weight and drug delivery was intraventusly via the tail veln, Grotp A nice roveived PBS,
Groups BD reccived Rifuxun® a8 5.0, mg/kg, 0.5 mpkg, and .03 mg/kg respectively. Groups B-G mice
recelved 2H7 v.16 01 5.0 mg/kg, 0.5 mgike, and 0.03 ma/kg respettivaly, The injortions were repeated every
waek for 6 weaks, At weokly Intervals Quring treatment, cuch mousoe wis inspected for the presence of
palpable tumors at the site of injecénn, and the volume of the mimors if pressut wens przasured and recorded.

A finsl inspection was made at week B {after a two-week interval of no treatmens).
Tho results of this study showed that both rhiuMADb 2H7.v16 and Rituxan® and were effective a

Inhibiting subeutanecus Raji-cell tumor growth In pude mice (F1Gs, 16-18). Tumor growth was observed in
the PRS control gronp baginning an4 wesks, However, no temsr growth was observed In groups iweated
with Riraxan® or 2H7.v16 at 5 mgkg or (.5 mg/kg for the 8-week davation of the study, In the Tow-dose
0,05 mp/kg treatnient gLoups, tamors wers observed in ons animal in the 257 group and in one anfmal in the

Rituxan® grosp (FIG. 18).

. Exumple 15
Cloning of Cynomolgus monkey €20 and antihody binding

The CID20 DNA sequence for cyomolgus monkey (Macaca fascicularis) was determined upon this
Isolatlon of cDNA encoding CDZ0 from a cynomwlgus spleen cDNA library. A SUPERSCRIPT™ Plusmid
System for cNA Synthenis und Plaawid Cloning (Cawt18248-013, Invitrogen, Carlsbad, CA) was used with
slight modificatiuns to constret the iibrary, The pDNA Library was Hgated into & pRESE vectar using
rertrlation sites Xho I-and Notl. mRNA was isolated from spleen tissue ((Californin Regionad Research
Primate Conter, Davis, CA), Primers to amplify cDNA snceding CD20 wore designed based on nos-codlng
seguencas of human €20, N-termlnol region primer SSAGTTTTGAGAGCAAAATG-3 (SEQ ID NO, 37)
and C-rerminal rogion priter SYAAQCTATGAACACTAATG.3 (SEQ ID NQ. 28) wore used to clone by
polymerase chain yeaction (PCR) the cDNA encoding cynomolgus monkey CP20. The PCR reactiom was
eartied owt uging Platinum Tag DNA Polymerase High Fldellty according o the manufacmurers
recommendution (Gibeo, Rockville, MD). The FCR product was subcloned into pCR %2, 1-TOPO ® Veclor
tnvitrogen) and transtarmed into XL~ 1 bluc B, coli (Stralagens, La Jolla, CA). Plasmid DNA contaivkng

Ngated PCR products was {selated from individud clones and sequenced,
The aming zoid sequence for synomelgus monkey CD20 {s shows in IMigore 19, Fgoure 20 shows a

comparlson of cynomalgus and human CDZ¢. The cynomoigus monkey CIIV is $2.3% simila o luman
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CD20 with # differences. The exteacellular domain contains one chanige st VI57A, while the semining 7
residues can be found In the cytuplusmic or tarsmenibrans regions.

Antiboics directed sgoinst uman CD20 were ussayed for the abiflty to bind und displace FITC-
crnjuguted murine 2F77 binding to cynomulgus monkey cells expressing CD20. Twenty milliliters of binod
were drawn frora 2 cynonialgus munkeys (Culifurnia Regional Reseatch Prmute Conter, Davis, CA} into
sodium heparin and shippad dircetly 1 Genantech The., On the sans day, the blond sunples weze pooled and
dituted §z1 by the addition of 40 mi of phosphate buffeeed seling (FBS). 20 mi of diluted blood was layered
on 4 X 20 ml of Fieoll-Pague ™Plus (Amershum Bioscionees, Uppsala, Swedon) it 50 ml conten] {ubes
(CaBIS2008, Falcon, Frankiin Lukes, WY) and cenwrifuged at L300 tpm for 30 minutes R.T. ina Sorval 7
eenmifuge. (Dupont, Newtowo, CT), The PEMC Jayes was istlated and washed in PBS. Red blood celts
were Tysed in » 0,2% NaGl solutlon, restored o isolunicity with an cquivalent volume af 2 [.6% NaCl
zaluclon, and centrifuged for 10 wminutes ar 1000 REM, The PBMC pollot was resusperded in REMT 1640
(Gibeo, Rockvills, MD) contalning 5% fotal bovine serumt (FBS) and disponsed into a 10 om disue culturs
dish for 1 hour al 37° C. The non-adherent B und T eell pupulations were removed by aspiration,
centrifuged and counted. A fotal of 2.4 x 107 cells wers rosuvered, The resuspended PRMC were digtributed
inter twenty 12 x 75 mm culture twhes (Cath352053, Faleon), with each tbs contaliing 1 x 10° cells in a
volume o£ 0,25 mit. Tubes were divided dnto four sets of five tubes, To cach sel was udded cither media
(RPMI1I1640, 5% FBE), thraed smounts of contred human IOy antlbody, Rinuxan® 2H7.v16, or 2HIW31,
The fnal concenirarion of each antibndy was 30, 10, 3.9 and 1,1 nM. Tn addizlan, each whe also received 20
i of Flugresceln Tgothioeyanate (FITC)-canjugated anti-human CD20 (Cui¥555622. BD Biosciences, San
Diego, CA). The cells wers gengly mixed, incaboled for 1 hour on ice and then washed twice in sold PBS.
"The coll strfacs staluing was analyzad on 2 Epie XL3CL (Coulter, Miami, F1), the geometric means
dosived, plelted (KaleldaGraph™™, Synecgy Software,, Reading, PA) versus antlbody conceptrations.

Date fa Figure 21 shawed (hut ZH7 v.16 a0 ZH7 v.31 competitively displaced FITC-murns 2117
Binding o eynomolges mankey cells, Rurtheraore, Rituxan® also displaced FITC-murine K7 biodlng thus
damonsirating shar buth 257 und Ritoxan®™ bled to an oveslapplng epitops on CD20. T additian, the dats
show that the TCm value fir 287 v.16, ZH7 v.31 and Ktuxan are similar and fall in the 4-6 vl range.

Example 36
Phase VT siudy of thuldAD 267 (2E7.v16) In maderate to severs rhenmatold arthritis

Protocol Synopsis
A tatdamized, piaceha.contralled, multicenter, Blinded phrase VL study of the safety of escalating doses af

PROT0769 (rdMAD ZH7) in subjeocts with moderate to severe rhsvmatold axthyitts receiving stable doses of

voneoraifant methotrexate.

Objentives
The primary cblectiva of this study is to valuate the safely vnd tolsesbility of escalating Intravenous (IV)

duges of PROTOTED (shulAb 2H7) in subjects with muderate to sever rhcumatuid wthitis (RA).
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Study Design

"Tiis is & randomized, plavchoecintrolled, multicenter, blinded Phuse L, investigator aud subject-biinded
study of the safery of escalating doses of PROTUTEY in combination with MTX. tn subjecty with muderate to
sover RA, The study consists of a dose eseatation phase and a second phasc with envoliment of a lasger
number of subjects. The Sponsor will remala unblended to treatment asgignment.

Subjects with inederate to stvere RA who have fniled ond 10 flve Qissaxo-modifying antitheumotio
rugs o blologles who currently bave unsatisfactory clinical responses 10 treatment with MIX will be
gnrolled,
Subjouts will be roquired to receive MTX in the rangs of 10-25 g weekly for ut Teust 12 weeks
pirior 10 study eniry and to be on a stable dose for at feast 4 wooks before receiving their (nitial dose of siudy
drog (PRO0760 o placebo). Subjects may slse roccive stable doses of oral eorticosterolds (up to 10 mg
dally or prednisone cybivaient) and stoble dosen of nonsteroldal and-lnflammatory drigs (NSAIDz).
Suhjeots will receive two TV infusions of PROTOTG? er placeba scpuivalent gk the dndicated dase on Pays 1
mnd 15 acenrding to the following dose esealation plan (see Figurs 22).

Dasic escalation will scour asoording to specific oriterin and after review of safety data by an

review committee and aseessment of souke toxicity 72 how's folfowlng the second

futarnal snfaty data
subjocts (32

$nfusion T the last subject treated In each cohort, Afterthe doss escalation phase, 40 additionsl
sctive and 8 placebo) will bs zandomized to each of the followlng dose Jovels: 2150 mg, 2x200 mg, 500
g and 2x F000 mg, if the dose levels have been demonstrated to by tolerable durinyg the dore veeiintion
phuse, Approximuicly 205 subjoots will be earolied in the stady,

Becell counts will be abtuined and recorded, B-ccll vounts will bo ovaluuted using flow eytorutry
31t v 48-week follow-up pesiod beyotd the G-utouth sfflcacy svaluation. B-cell deplotion wiil sot be
considered & Gose-limiting toxlelty (DLC), but rather the expected pbatmacodynane outeame of PROMOTE9
trogtment. i
¥ s optional substudy, bloed for serem snd RNA analyses, os well as urine samples will be

obtained from subjects at varlous timepoints. These sumples mey be used to $dentify biomarkers thut may bo

prediedve of response to PROT0769 usatmentin subjects wich maderatz 10 severe RA.

Qutcome Mensures
‘The primary outcome messure for this atady is the rufety and tolorability of PRO70769 in subjeuts with

moderale Lo devers RA,

Study Trestment
Cohents vf' subjeets will recelve two 1V lafuslons of PROTO7

wn Days | and 15 sccording to the Yollowing escalation plan:

10 mg PROTOTEY vr placebo equividents 4 subjects active driig, 1 control
50 mg PROTOTA9 or placeho equivalent: § subjects dctive drug, 2 cantrol
200 sig PRO70769 of placelo equivalent: 8 subjects aetive drug, 2 control
500 g PROTITES or plucebo cqui valent; § subjocts active drug, 2 conlrol
1000 sag PROTOT69 or placebo equivatant: & sublects active drug, 2 contrel

69 or plaseho equivalent at the indicared doge

2 1 k] 1 3
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Miftcacy
The efficacy of PROTRTGS will be moasured hy ACR, tesponses. The pescentage of subjects who

schieve an ACR20, ACR40, and ACR70 rosponse will be suinmiarized by westment group and 95%
confidence tnlorvals will ba gesierated for cach group. The componcnts of these responise und their change

from baseline will be svmmarizod by trestment and visit,

T3 ki)
“T'ye ks shrve demonstrated th succuss in producing bumanized C2) binding anttbodles, in
prrticulur humanized 2H7 antibody variunty, ther raintained and even cahanced their biclogival proporiies.
“The humanized 2H7 antibodics of the nvention bound te CD20 ut affinities simitar 5o the murine dunor tod

chimeric 2H7 antbodles and were effiective st B cell killing ln & peimate, loading to B cell depletion, Cerlgin

varfants showed enbanced ADCC over o.chimeie ant-CD20 aotibody cnrently sed to weat, NEL, favoting

tho ust of Juwer doses of the therapautls antibody In patients. Additional, whereas it oy be negessury fora
ehimetle antibody that bas nstiring PR rusiduck to bo administered at a dose effective 10 achiove complete B

eell depletion to abvlate an antbody respunse sguinst it, the present tumanized antibodies can be

adminisfered sl dosuges thut nehieve pardal or complets T celt depletion, and for differcnt duratiens of tie,

ag devired for the pirtieuler disease and patient, Tn acidiion, these antibodles demonstruted stubility in

solution, These proportics of the humantzed 2H7 wntibodies make them ideal for use as Inmanothexapeotiv

agent fn the weatment of CD20 pusiiive cuncors and sutetrmune discases; these nnthodies ar nok expacied -
ant-CH20 antibedies

W be immunogonio or will at teast be less frmmumagenic than fully mrtns or chlmerie

T1s human putients.
Referepeps
Referenves cited within this application, Including patents, published applications nd ather
publications, e hereby incorporated by referencs. ’
The practice of the preseat inventlon will emplay, unless otherwise Indicated, conventional
rechniquies of nwolecular blolagy and the like, which are within the skill of the art. Such techniques are

uxpluined fully in die Hierawes, See e.g. Moleeulsr Cloning: A Laboratory Manwat, ¢, Sambrock & al.,
Cold Spring Hurbor Laborutory, Cold Spring Hacbor, N.Y. 1989); Cuttent Protogels n Mofecular Biology

(R, Ausubel et ek, eds., 1987 updatod); Bysontinl Moleoulsr Blolopy (T. Brawn cd., TRL Pross 1991); Gene
Dxpression Techoology (Goeddel ed., Academic Pross 1991); Methads for Cloning and Auslysls of
Buksrvote Genes (4, Bothwell ef al. eds., Bartert Publ, 1990); Geng Transfer and Expression (M. Kriegler,
Blookion Press 1990); Recomblnant TINA Mettiodology IT(R. Wu es al. wds., Academic Pross 1995); PCR:
APeactiont Approsch (M, MePherson ¢f all, TRL Rrese at Oxford University Press 1991); Qligpnuclentide
Synthesls (4. Gait ed,, 1984 Cell Guiture for Blochentsts (R. Adams ed., Bisavier Science Publishers
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WHAT 18 CLATMRD IS

1. A humanized antibody that binds humap CD20, or an antigen-binding fragment thargof, whetein
the antihady is effestlve 1 deploto primate B cells it vive, the amfhodsf comprising in the ¥ chaln Vari ublé,
rogion (Vi) at least 1 CDR3 sequence of SEQ ID NO. 12 from an snti-human CI:QO antibody and
substantinlly the human consensus framewock (FR) residucs of hurpan heavy chain subgronp HL (v, {11).

2. ‘The antibody of cleln 1, further comprising the H chaln CDR] soquence of SBQ 1D NO. 10 and
CDR2Z seyuence of 8EQ TD NG, 11,

3, ‘The antibody of clalns 2, further comprising sthe I, chain CDR! sequence of SHQ 1D NO. 4, cmu
sequence of SEQ IR NGO, §, CDR3 scquence of SEQ 10 NO. 6 and aubstu:mz_ﬂly the linman consensus
framowork (FR) residues of human light.chaln 1 subgroup 1 (VKD

4. The antibody of the preceding olafms, comprising the Yy scquence of SEQ I NO.8.

5. 'I'he antibody of vlaim 4, furthey comprising the Vy. soquonce of SBQ ID NO.2.

6. The antibody of claim 3, whereiss (be Vi region is joined to & human JgG chaln constant region,

7. The mﬁhody of clalm 6. whersin the human IgG is IgG1 or IgG3.

8. The antikody of clalm 1, wherein the antibody is 2H7.v16 having the light and heavy uham amino
sutd $CqUONCT of SEQ TD NO. 21 and 22, respectively.

9, 'I‘he: antibody of claim 1, wherela the antibody 15 2H7.v31 taving the light and heavy chaln amite

_ aeld sequence of SLQ 11y NO. 21 and 23, vospotively.

10, The antibody of claim §, but with the amino acid sobstitations of D36A sud N 100A in the H chain

and S92A i the L chain. .
11. The antibody of any of the preceding clalms, further cotprising at least onc samino ucid substitation

tn tho Fe region that improves ADCC and/or CRC acdvity.
~ 12. The antitedy of claim 11, wherein the amina acid substitutions ane S208AMEIIZA/KI34A.

1S. The entibedy of claim 12, wherein the antibady is 2H7.v31 having the heavy chain aming acid
sequonce of SEQ I NO. 23.

14, ‘The antibody of any of claitns 1-10. further comprishig al least one amino acid subshtution i the
Bo rogion thal dereases CDO aolivity.

(5. The entibady uf sny of olsim 14, oumprising ut loast fio substitution K322A.

16. The antthody of claim 110 whercin the sntibady is 2H7.vi14 or ZH7.v1 18 haviug at least 10-fald

tmpraved ADCC sotivity as compured to Rituxsn.
17. The antibady of clalm I wherciu the prlmatc B colls ure from humean and Cynomolgus monkey,

18, The antibody of any of the precading claims canjugated to e oytotoxio agent.

(9. The antibody of tlatm 18 whereln the cylotoxic agsatls n tadicactive lsotope of a tokin,
20, 'The antibady of eny of the preceding claims, which antibody 18 produced in CHO cclls,
21. An lsolated nucleic aeid that encodes the antibody of any one of the preceding claims,
22, An expression véctor encoding the antibody of any of the preceding claims.,

23, A host cell compristag a vuclele acld of elalm 21,
24: The host cell of elaim 23 that produices the antbody of any one vf preceding claims,

-95. “The host eell of cladm 24 which is & CHO cell,
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26. A micthnd of producing the antibody of any une of the preceding claims, comprising culturing the
cell that produces the antibody of claim 24 and recovering the antibedy fiom the cell culture.

27, A composition comprlsing the antibody of claim 1 and a earrier;

28, The compasition of claim 27 whereln the antibody is ZHT.v16 and the carrier I 4 phartnsceutcally
acceptdble carrier,

29, An atlicle of manufacture comprising a container and a compasition contalied theroin, whergiﬁ the

compuosition comprises an antibody of any of the preceding claims.

30, The ardele of mannfactore of claim 29, fusther eomprising a packuge insert indicating thet the

vumposition can be vsed (o reat non-Hadgkin's Tymphotix,

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

32, A wethod of treating & CDZ0 positive cancer, comprising sdministering to a padent suffering from
the castcer, & tcrupeuticully cffective amount of the humanized €20 binding antibody of any of the
proceding claims.

33, The method of clalm 32 whesein the CD20 ponitive cancer iz 8 B ¢ell lymphoma or lcukemia.

44, The method of claim 33 wherein CD20 positive cancsr is pon-Hodgkin's lymphoma (NHL) ar
Iymphoeyle predominant Hodgkin's disease (ILPAD).

_ 35. The method of claim 32 wherein the cancer is chronle lymphoeytic Iéukemia or SLI.

36. The method of claims 34 or 35 wherein the antfbody is selected from the group consisting of
ZHTv16, v31.v96, vi14, v1 S having the respective aming acid requences as shown in the faures and.
tablcs.

87, The method of claim 34 or 35 wherein the antibody ls 2E7.v16 having the light and heavy chain
emino acld sequence of SEQ ID NO. 21 and 22, respectively. ‘

38. The method of claim 33, wherein the antibody is administered ot 8 dosage runge of sbout 275-

$75mg/m’.
89, The method of cladm 32. further comprising administering to the patleat at feast one:

chemotherapeutic agent. _

40. The method of cluim 3V, whereln the cances is non-Hodgkln's lymphoma (NHL} and the
chomotherapeutic agent ig selected from the group consisting of doxorubioin, cyolephosphemide, vinoristue
and predalsolone. ' : '

41. A wmethod of treatlng an autolnune disease, uoin;'iriﬁng sdministering to a patient suffering from
tho uutoimmume discasc, a Gierapeutically effective amount of the humandzed C020 binding antlhody of
any one af the preoeding claims,

42, The saethod of ¢ladm 41, whereln the autolnunune disease is selected from the group consisting of
vheumatgid arthritis, juvenile rheumnataid arfbritls, systemic Jupus erythematosus (SLE), Wegener's dissase,
inflummiatory bowel disease, idiopathic throntbocytopenic purpura (ITE), thrombotic thrombocytopenic
purpura (TTP), sutoimmunc theombocytopenia, mufdple sclerosts, psorissis, 1A neplitopathy, Igh
pnlyncﬁmpamies, myasthenia gravis, vusculitis, disbetes mellitus, Reynaud's syndrome, Sjorgen’s syudrome
and glomervlonephritis,

43, ‘Ihe method of ¢lalm 42, whereln the autoimmune disease is rheumatoid arthrits.
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44. The method of clalm 43, further comprising admisistoring {0 the patient a second therapentje agetl,

45. The method of claim 44, wherein the secund therapentic agent is an immunosuppressive agent.

46, The method of claim 45, wherein (e lmmunosuppresgive ggent is methotrexate.

47. A method of wealing un autoimmune dissase salccted from the group consisting of
Dermutomyasitis, Wegner's granttlomatosis, ANCA (included voder vusculitis), Aplastic anemia,
Aatoimmune hemolytic anemia (ALHA), factar VITT deficlency. bemophilia A, Autoinmoune neutroperia,
Castleman's syndrome, Goodpasture's syndrome, solid organ teansplant rejoction, graft versug host dissuse
(GVHDY, IgM mudiated, thrombotic thrombocytopanic purpura (TT.%’), Hashimoto's Thyroldids,
gutoimiune heputitis, lymphoid interstitial poeumondtls (HIV), bronekiolitls obliterans {(not-transplunt) vs.
NSIP, Quillain-Barre Syndrame, large vessel vasoulitis, giunt cell (Takayasu's) attetitls, medium vessel
vagculitis, Kewasaki's Disease, and polyarteritis nodosa, comprising administering to u patient, snffering
from the discase, o therapeutically effective amount of & CD20 binding antibedy or functicogf fragoaent
thercof,

48, The method of claim 47 wherein the C20 binding antibody is Rituxan®.

49. An isolated wucleic acid comprising the nucleotide sequence of SEQ ID NO.: 24 of the
Cynumolgus monkey CD20, or a degeneraia varjaig of this sequence,

50. Anisolated nuclele acld comprising a sequencs that encodes ¢ pulypeptide with the aming acid
sucji:mcc of SEQ ID NO. 25, or SEQ I NO. 25 with aonservative amino acid substitutiaas,

51. A vectar comprising the nucleic acid of claim 50.

52. The vectar of claim 51 which is an expression vector comprising the nucleic acid of claim 49
operably Tined to an exlﬁression confro] sequence.

43. A host coll comprising the nuclcic scid of claim 50,

54. Anisclatced polypeptide comprising (ho amino acid sequence of SEQ 1D NO. 25 of the Cynumulgus
monkey CTx20,

55, & liquid formulation camprising a humanized 2H7 antibndy &t 20mg/ml., 10mM histidine rulfate at
pHS.8, 60mg/ul sucrase, 0.2 mgfod polysorbate 20.
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<110> Adams ET AL.

<120>

Sequence Listing

Immunoglobulin Variants and Uses Thereof

<130> P1L9S0R3C1

«140> US 11/147,780
<141l> 2005-06-07

<150 US 60/434,115
<15i> 2002-12-1¢6

<150> US 60/526,163
<151> 2003-12-01

<150>

PCT/15503/40426

<151> 2003-12-16

<160> 53

<210> 1

<211 107

«212> PRT

<213> Mus musculus

<400> 1

Gln Ile Val Leu Ser Gln Ser Pro

1 5

Gly Glu Lys vVal Thr Met Thr Cys
290

Tyr Met His Trp Tyr Gln Gln Lys
35

Trp Ile Tyr Ala Pro Ser Asn Leu
50

Phe Ser Gly Ser Gly Ser Gly Thr
65

Arg Val Glu Ala Glu Asp Ala Ala
80

Ser Phe Asn Pro Pro Thr Phe Gly
95

Lys Arg

<210> 2

<211> 107

<212> PRT

<213> Artificial sequence

<220>

<223> Seqguence is synthesized

<400> 2

Ala

Arg

Pro

Ala

Ser

Thr

Ala

Ile
10

Ala
25

Gly
40

Ser
55

TyYr
70

Tyr

Gly
100

Leu

Ser

Ser

Gly

Ser

Tyxr

Thr

Ser

Ser

Serxr

Val

Leu

Cys

Lys

Ala

Ser

Pro

Pro

Thr

Gln

Leu

Ser

Val

Lys

Ala

Tie

Gln

Glu

Pro
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Leu
105



Asp

Gly

Tyr

Leu

Phe

Ser

Ser

Lys

Ile

Asp

Met

Ile

Sex

Leu

Phe

Arg

<210> 3
<211> 108
<212> PRT
<213> Artificial Sequence

<220>

Gln

Arg

His

TyY

Gly

Gln

Asn

Met

Val

Txp

Ala

Ser

Pro

Pro

Thr
Thr
20

TyTr
35

BPro
50

Gly
65

Giu
80

Pro
95

Gln

Ile

Gln

Ser

Ser

Asp

Thr

Ser

Thr

Gln

Asn

Gly

Phe

Phe

Pro

Cys

Lys

Leu

Thr

Ala

Gly

<223> Sequence is synthesized

<400> 3

Asp

1

Gly

Asn

Leu

Arg

Sex

Tyr

Ile

Ile

Asp

Tyr

Leu

Phe

Ser

Asn

Lys

<210> 4

«211> 10
<212> PRT
<213> Mus musculus

Gln

Arg

Leu

Tle

Ser

Leu

Ser

Arg

Met

Val

Ala

TYyY

Gly

Gln

Leu

Thr
5

Thr
20

Trp
35

Ala
50

Ser
65

Pro
80

Pro
95

Gln

Ile

Tyr

Ala

Gly

Glu

Trp

Ser

Thr

Gln

Ser

Ser

Asp

Thr

Pro

Cys

Glin

Ser

Gly

Phe

Phe

Ser

Arg

Pro

Ala

Asp

Thr

Gln

Ser

Arg

Lys

Leu

Thr

Ala

Gly

Ser
10

Ala
25

Gly
40

Ser
55

Phe
70

TyY
85

Gly
100

Ser
10

Ala
25

Pro
40

Giu
55

Asp
70

Thr
85

Gln
100

Leu

Ser

Lys

Gly

Thr

Tyr

Thr

Leu

Ser

Gly

Ser

Phe

Tyr

Gly

Ser

Ser

Ala

Val

Leu

Cys

Lys

Ser

Gln

Lys

Gly

Thr

Tyr

Thr

Ala

Ser

Pro

Fro

Thr

Gln

val

Ala

Ser

Ala

val

Leu

Cys

Lys

Ser

val

Lys

Ser

Ile

Gln

Glu

Ser

Ile

Pro

Pro

Thr

Gln

val

val -
15

Ser
3cC

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

val
15

Ser
30

Lysg
45

Ser
60

Ile
75

Gln
990

Glu
105



<400> 4
Arg Ala Ser Ser Ser

val Ser Tyr Met His

5 10
<210> 5
<211> 7
«212> PRT
<213> Mus musculus
<400> 5
Ala Pro Ser Asn Leu Ala Ser
5
<210> 6
«211l> 9
<212> PRT
<213> Mus musculus
<4Q0> 6
@in Gln Trp Ser Phe Asn Pro Pro Thr
5
«210> 7
«211l> 122
«212> PRT
<213> Mus musculus
<400> 7
¢ln BAla Tyr Leu Gln Gln Ser Gly Ala Glu
1 5 10
ala Ser vVal Lys Met Ser Cys Lys Ala Ser
20 25
Ser Tyr Asn Met Hig Trp Val Lys Gln Thr
35 40
Glu Trp Ile Gly Rla Ile Tyr Pro Gly Asn
50 55
Asn Gln Lys Phe Lys Gly Lys Ala Thr Leu
65 70
Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser
80 85
ger hla Val Tyr Phe Cys Ala Arg Val Val
95 100
Tyr Trp Tyr Phe Asp Val Trp Gly Thr Gly
110 115
Ser Ser
<210> 8
«211> 122
«212> PRT
<213> Artificial seguence

«220>

Leu

Gly

Pro

Gly

Thr

Leu

Tyr

Thr

val

Tyx

Arg

Asp

val

Thr

VY

Thr

Arg

Thr

Gln

Thr

Asp

Ser

Ser

Val

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
9c

Ser
105

val
120



<223> Sequence is synthesized

<400> 8

Glu

1

Gly

Ser

Glu

Asn

Lys

Thr

Tyx

Ser

val

Ser

Tyr

Trp

Gln

Asn

Ala

Trp

Ser

<210 2
211> 118
<212> PRT

<213> Artificial Sequence

<220>
<223> Seguence is synthesized

<400> 9

Glu

1

Gly

Ser

Glu

Ala

Lys

Thr

vVal

Ser

Tyr

TrpR

Asp

Asn

Ala

Gln

L.eu

Asn

val

Lys

Thr

Val

Tyr

Gln

Leu

Ala

Val

Ser

Thr

Val

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Leu

Arg

Met

Ala

Val

Leu

Tyr

Val
5

Leu
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
11¢

Val
5

Leu
20

Ser
35

Val
50

Lys
65

Tyr
80

Tyr
95

Glu

Ser

Trp

Tle

Gly

Leu

Cys

Val

Giu

Ser

Trp

Ile

Gly

Leu

Cys

Ser

Cys

Val

Tyr

Arg

Gln

Ala

Trp

Ser

Cys

Val

Ser

Arg

Gln

Ala

Gly

Ala

Arqg

Pro

Phe

Met

Arg

Gly

Gly

Ala

Arg

Gly

Phe

Met

Arg

Gly

BAla

Gln

Gly

Thr

Asn

Val

Gln

Gly

Ala

Gln

Asp

Thr

Asn

Gly

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gly
115

Gly
10

Ser
25

Ala
40

Gly
Ile
70

Ser
85

Arg
100

Leu

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

Leu

Gly

Pro

Gly

Ser

Leu

Val

val

Tyr

Gly

Asp

Val

Arg

Tyr

Leu

val

Phe

Gly

Ser

Arg

Arg

Gly

Gln

Thr

Lys

Thr

Bsp

Ala

Ser

Val

Gln

Thr

Lys

Thr

Asp

Ala

Tyr

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Pro

Phe

Gly

Tvr

Asn

Glu

Ser

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
So

Ser
105

Val
120

Gly
15

Ser
30

Leu
45

Tyr
60

Ser
75

Asp

Leu
105



Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

<21C>
<211>
<212>
<213>

10
10
PRT

<400> 10

110

Mus musculus

115

Gly Tyr Thr Phe Thr Ser Tyr Asn Met His

<210>
«211>
<2125
<213>

11
17
PRT

<400> 11

5

Mus musculus

10

Ala Ile Tyr Pro Gly Asna Gly Asp Thr Ser Tyr Asn Gln Lys Phe

1
Lys Gly
<210> 12

<211> 13
212> PRT

5

<213> Mus musculus

<400> 12

10

Val Val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val

<210>
<211>
<212>
<213>

13
5679
DNA

<220>
<223>

<400> 13
gaattcaact

tcattgctga
gaactgtgtg
tegecaatatg
gggcgctgta
gagctgctge
aaaagttaat
atagtcgcett
tcggtacceg

atcgcatttce

5

tctecatact
gttgttattt
cgecaggtaga
gcgcaaaatg
cgaggtaaag
gecgattacgt
cttttecaaca
tgtttttatt
gggatcctct

ttcttgeate

Artificial Sequence

Sequence is synthesized

ttggataagg
aagcttgece
agctttggag
accaacagcg
ccegatgeca
aaagaagtta
gctgtcataa
ttttaatgta
agaggttgag

Ltatgttcgtt

i0

aaatacagac
aaaaagaaga
attatcgtea
gttgattgat
gcattcocctga
ttgaagcatc
agttgtcacg
tttgtaacta
gtgattttat

ttttctattg

5

atgaaaaatc
agagtcgaat
ctgcaatgct
caggtagagg
cgacgatacyg
ctcgtcagta
gccgagactt
gaattcgagce
gaaaaagaat

ctacaaacgc

15

50

100

1590

200

250

300

350

400

450

50¢C



gtacgctgat
tgggcgatag
agctcttata
gaaactactg
gcttctetgg
ctgcagccag
tcecgegceaca
ctgcaccatc
ggaactgctt
caaagtacag
agagtgtcac
accctgacge
cgaagtcacce
ggggagagtg
acgcaagttc
zaaagaatatce
caaacgcgta
cagccagggg
caccgaatat
aatgggttge
cgcttcaagg
atacctgcag
gtgctegatyg
gtcaccgtct
accctectece
tcaaggacta
ctgaccagcg
ctactccctce
agacctacat

aagaaagttg

atccagatga
ggtcaccatc
gctatatgca
atttactatg
atccggttcet
aagacttcgce
tttggacagg
tgtetteate
ctgttgtgtg
tggaaggtayg
agagcaggac
tgagcaaagc
catcagggec
ttaagctgat
acgtaazaag
geatttette
cgctgaggtt
gctcactceg
atcatccact
atcgattaat
gccogtttcac
atgaacagcc
gatcagcgat
ccteggecte
aagagcacct
cttceocegaa
geglgeacac
agcagcgtgg
ctgcaacgtg

agcccaaatc

cccagtecec
acctgcagag
ctggtatcaa
ctagcaacct
gggacggatt
aacttattac
gtaccaagdt
tteocegecat
cctgctgaat
ataacgeccect
agcaaggaca
agactacgag
tgagctcegec
cctetacgcce
ggtatctaga
ttgeatotat
cagcetggtgg
tttgtoctgt
gggtccgtea
cctgactacy
tataagtcgce
tgcgtgctga
ttcttegact
caccaagggc
ctgggggcac
cecggtgacgg
ctteceogget
tgaccgtgcc
aatcacaagc

ttgtgacaaa

gagctceccetg
ccagtcagag
cagaaaccag
cgagtctgga
tcactctgac
tgtcaacact
ggagatcaaa
ctgatgagca
aacttctatc
ccaatcgggt
gcacctacag
aaacacaaag
cgtcacaaag
ggacgcatcg
ggttgaggtyg
gttegttttt
agtctggegg
gcagcttetyg
ggccceegggt
acatcacgaa
gacgattcca
ggacactgcc
actggggtca
ccatcggtct
ageggecectg
tgtcgtggaa
gtcctacagt
ctecageage
ccagcaacac

actcacacat

tccgectetg
cgtgtegact
gaaaagctcc
gteccecttcte
catcagcagt
cttggggtat
cgaactgtgg
gttgaaatct
ccagagaggc
aactcccagg
ccteoageage
tctacgecctg
agcttcaaca
tggccctagt
attttatgaa
tctattgecta
tggeetggtg
gctacacctt
aagggectgg
ctataaccag
aaaacacatt
gtctattatt
aggaaccctg
teccectgge
ggctgcctgg
ctecaggegeco
cotecaggact
ttgggcacce
caaggtggac

gaccaccgcea

550

600

650

700

750

800

850

a00

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1200

1950

2000



tgcaccagta
gctagcgeeg
atggagccgg
cggattcacc
tgaatgecgca
tecagcagcea
ggtgcgcatg
gttgccttac
agcgactget
ctteggtttce
gcaccattat
ggaacaccta
tttictctygg
gttccagtaa
ctctctegtt
acacggaggc
ccgetttatc
tggacgcgga
gatgagcttt
aaattcgcgt
cgaaatcggce
tgagtgttgt
tccaacgtcea
tgaaccatca
taaatcggaa
ccggegaacy
tagggegetyg
ccgecgcttaa
ttcggtgatg
cacagettgt

cgtcageggg

tegtecatte
cectatacct
gecacctcoga
actccaagaa
aaccaaccct
gcacgeggcy
atcgtgctce
tggttagcag
gctgcaaaac
cgtgtttegt
gttceggate
catctgtatt
tcececgeogea
ccgggcatgt
tcatcggtat
atcaagtgac
agaagccaga
tgaacaggca
accgeageat
tazatttttg
aaaatccctt
tccagtttgg
aagggcgaaa
ccctaatcaa
ccctaaaggg
tggcgagaaa
gcaagtgtag
tgcgeccegeta
acggtgaaaa
ctgtaagecgg

tgttggeggg

cgacagcate
tgtctgecte
cctgaatgga
ttggagccaa
tggcagaaca
catcteggge
tgtcgttgag
aatgaatcac
gtctgcgacc
aaagtctgga
tgcatcgeag
aacgaagecgce
tecataccge
tcatcatcag
cattacccee
caaacaggaa
cattaacgct
gacatctgtg
coggaaattg
ttaaatcagc
ataaatcaaa
aacaagagtc
aaccgtcetat
gttttttagg
agceccccgat
ggaagggaag
cggtcacgcet
cagggcgcgt
cctctgacac
atgeccgggag

tgtcggggeg

gccagtcact
ccecgegttge
ageeggegge
tcaattcttyg
tatccatcge
agcgttgggt
gacccggcta
cgatacgcga
tgagcaacaa
aacgcggaag
gatgctgetg
tggcattgac
cagttgttta
taacccegtat
atgaacagaa
aaaaccgacc
tctggagaaa
aatcgettea
taaacgttaa
tcatttttta
agaatagacc
cactattaaa
cagggctatg
gtcgaggtgce
ttagagcettyg
aaagcgaaag
gegegtaacc
ccgeatectg
atgcagctcc
cagacaagcc

cagccatgac

7

atggegtget
gtcgeggtge
acctecgctaa
cggagaacty
gtccgcecceatce
cectggecacyg
ggctggcggg
gegaacgtga
catgaatggt
tcagcgecect
gctaccectgt
cctgagtgat
ccctcacaac
cotgagcatc
attccccett
ttaacatgge
ctcaacgagc
cgaccacgct
tattttgtta
accaatagge
gagatagggt
gaacgtggac
gcccactacg
cgtaaagcac
acggggaaag
gagegggcege
accacacccg
cctegegegt
cggagacggt
cgtcagggeg

ccagtcacgt

2050

2100

2150

2200

22590

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2300

2950

3000

3050

3100

315¢

3200

3250

3300

3350

3400

3450

3500

3550



agcgatagceg
gtactgagag
gagaaaatac
tgcgecteggt
gtaatacggt
agcaaaaggc
cgtttttcca
tcaagtcaga
tecoccoctgga
ccggatacct
agctcacgcet
gggctgtgtg
gtaactatcg
gcagcagceca
tacagagttc
tatttggtat
ggtagctett
tgtttgcaag
ctttgatctt
taagggattt
tttaaattaa
cttggtectga
atctgtctat
aactacgata
cgcgagaccc
gccggaagdyg
ccagtctatt
atagtttgeg
tecgtegtttg

agttacatga

gagtgtatac
tgcaccatat
cgcatcagge
cgttecggetyg
tatccacaga
cagcaaaadg
taggctccgce
ggtggcgaaa
agctcccteg
gtecegeettt
gtaggtatct
cacgaaccce
tcttgagtcc
ctggtaacag
ttgaagtggt
ctgcgctcectg
gatccggcaa
cagcagatta
ttctacgggg
tggtcatgag
aaatgaagtt
cagttaccaa
tEcgttcatc
cgggaggget
acgctcaccg
ccgagegeag
aattgttgec
caacgttgtt
gtatggcttc

tceccecatgt

tggcttaact
gcggtgtgaa
gctcttccge
cggcgagcgyg
atcaggggat
ccaggaaccg
cccectgacy
cccgacagga
tgecgctctce
ctececettegg
cagttcggtg
cegttcagee
aacccggtaa
gattagcaga
ggcctaacta
ctgaagccag
acaaaccacc
cgcgcagaaa
tctgacgctc
attatcaaaa
ttaaatcaat
tgcttaatca
catagttgcc
taccatctgg
gctccagatt
aagtggtcct
gggaagctag
gecattgcetg
attcagctcc

tgtgcaaaaa

atgcggeatce
ataccgcaca
tteetegete
tatcagectca
aacgcaggaa
taaaaaggcc
agcatcacaa
ctataaagat
tgtteccgacc
gaagcgtgygc
taggtcgtte
cgaccgctge
gacacgactt
gcgaggtatg
cggctacact
ttaccttegg
gctggtageg
aaaaggatct
agtggaacga
aggatcttca
¢taaagtata
gtgaggcacc
tgactcececcg
ccccagtget
tatcagcaat
gcaactttat
agtaagtagt
caggcatcogt
ggttcccaac

agcggttagce

agagcagatt
gatgecgtaag
actgactcge
ctcaaaggcg
agaacatgtg
gegttgetag
aaatcgacgc
accaggcgtt
ctgccgectta
gecttteteat
gctceccaaget
gccttatecyg
atcgccactg
taggcggtge
agaaggacag
aaaaagagtt
gtggtttttt
caagaagatc
aaactcacgt
cctagatcet
tatgagtaaa
tatctcagcg
tcgtgtagat
gcaatgatac
aaaccagcca
ccgccteccat
tcgcecagtta
ggtgtcacgc
gatcaaggey

tcectteggtce

3600

3650

3700

3750

3800

3850

3900

3850

4000

4050

4100

4150

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050



ctecgategt tgtcagaagt aagttggecg cagtgttatce
atggcagcac tgcataattc tcttactgtce atgccatccg
ttctgtgact ggtgagtact caaccaagtc attctgagaa
ggcgaccegag ttgctcttge ccggecgtcaa cacgggataa
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt
aaaactctca aggatcttac cgctgttgag atccagttcg
ctcgtgcace caactgatct tcagcatctt ttactttcac
gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg
gacacggaaa tgttgaatac tcatactcectt ccttttteaa
geatttatca gggttattgt ctcatgageg gatacatatt
tagaaaaata aacaaatagg ggttccgcecge acatttcecec
acctgacgtc taagaaacca ttattatcat gacattaacc
ggcgtatcac gaggcccttt cgtcttcaa 5679
<210> 14
<211l> 241
<212> PRT
<213> Artificial Sequence
<220>
<223> Sequence 1s synthesized
<400> 14
Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Sexr
1 5 10
Ser Ile Ala Thr Asn Ala Tyr Ala Asp Ile Gln
20 25
Pro Ser Ser Leu Ser Ala Ser Val Giy Asp Arg
35 40
Cys Arg Ala Ser Gln Ser Val Ser Thr Ser Ser
50 55
His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro
65 70
Tyr Tyr Ala Ser Asn Leu Glu Ser Gly Val Pro
80 BS
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 100
Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
110 115
Ile Pro Arg Thr Phe Gly Gln Gly Thr Lys Val
125 130

actcatggtt 5100
taagatgctt 5150
tagtgtatgc 5200
taccgoegoca 5250
cttcggggeg 5300
atgtaaccca 5350
cagcegtttet 5400
gaataagggc 5450
tattattgaa 5500
tgaatgtatt 5550
gaaaagtgcc 5600
tataaaaata 5650
Met Phe Val Phe

15
Met Thr Gln Ser

30
Val Thr Ile Thr

45
Tyr Ser Tyr Met

60
Lys Leu Leu Ile

75
Ser Arg Phe Ser

Q0
Ile Ser Ser Leu

105
His Ser Trp Gly

120
Glu Ile Lys Arg

135



Thr

Gln

Phe

Leu

Lys

Ala

Gin

Cys

val

Leu

Tyrx

Gln

Asp

Asp

Gly

<210> 15
248
PRT
Artificial Sequence

<211>
<212>
«213>

<220>
<223>

<400>

Met

1

Ser

Gly

Ala

Arg

Pro

Phe

Met

Arg

val

Bla

Lys

Pro

Ser

Ser

Tyr

Leu

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Pro
140

Gly
155

Glu
170

Asn
185

Tyr
200

Lys
215

Ser
230

Ser

Thr

Ala

Ser

Ser

His

Pro

Val

Ala

Lys

Gln

Leu

Lys

Vval

Phe

Ser

val

Glu

Ser

Val

Thr

Sequence is synthesized

15
Lys

Tle

Gly

Ala

Gln

Asp

Thr

Asn

Trp

Thr

Lys

Ala

Gly

Ser

Ala

Tyr

Ile

Ser

Ile

Val

Asn

Thr

Leu

Gly

Pro

Asp

Ser

Leu

Ser

sSer

Ile
5

Asn
20

Val
35

Tyr
50

Gly
Ile
80

Arg
95

Arg
110

Asp
125

Ser

Ala

Ala

Gin

Thr

Lys

Thr

Lsp

Ala

Phe

Ala

Phe

TYY

Pro

Phe

Gly

Asn

Bsp

Glu

Phe

Sexr

Leu

Ala

Gly

Thr

Leu

TyY

Ser

Asp

Asp

Thr

Ile

Val

Gln

Ser

Ser

Tyr

Lys

Leu

Glu

Gly

Glu

Glu

Asn

Lys

Thr

Tyr

Lys

Phe
145

val
160

Trp
175

Val
190

Thr
205

Ala
220

Ser
235

Ala
10

Val
25

Ser
40

Tyr
Trp
70

Gln
a5

Asn
100

Ala
115

Trp
130

Gly

10

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Ser

Gln

Leu

Ile

Vval

Arg

Thr

Val

Gly

Pro

Pro

Leu

Val

Glu

Thr

Glu

Asgn

Met

Leu

Arg

Ile

Ala

Phe

Leu

Tyr

Gln

Sexr

Ser

Leu

Asp

Gln

Leu

Val

Arg

Phe

val

Leu

His

Ser

Lys

Tyr

Tyr

Gly

Val

Asp

Asn

Asn

Asp

Ser

Thr

-Gly

Val

Glu

Sexr

Trp

Ile

Gly

Leu

Cys

Thr

Phe

Glu
150

hAsn
165

Ala
180

Ser
195

Lys
210

His
225

Glu
240

Phe
15

Ser
20

Cys
45

Val
60

Asn
75

Arg
Gln
105

Ala
120

Leu
135

Pro



Leu Ala

Gly Cys

Trp Asnh

Val Leu

Val Preo

Asn His

Lys Ser

<210>
<211>
«212>
«<213>

16
5678
DNA

<220
<223>

<400> 16
gaattcaact

tcattgctga
gaactgtgtyg
tegecaatatg
gggegctgta
gagctgetge
aaaagttaat
atagtcgett
tecggtacceg
tcgecatttet
tacgctcaga
tggcgagaag
tgcattggta
gctccatcga

tictgggact

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Arcificial

140

Ser
155

Ser

Val Lys

170

Ala
185

Gly

Ser Ser

2060

Ser
215

Ser

Ser
230

Pro

Asp Lys

245

tctceatact
gttgttattt
cgcecaggtaga
gcgcaaaaty
cgaggtaaag
gcecgattacgt
cttttcaaca
tgtttttatt
gggatcctet
tcttgecatet
tagtactgtc
gtcactatga
tcaacagaaa
acctcgecgtc

agttactctce

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Ser Thr

Tyr Phe

Thr Ser
Leu Tyr
Gly Thr
Thr Lys

His Thr

Sequence

Sequence is chimerig

ttggataagg
aagcttgccc
agctttggag
accaacagcg
cccgatgeca
aaagaagtta
gctgtcataa
ttttaatgta
agaggttgag
atgttcgttt

ccagtccceg

cctgeagage

ccaggaagct
tggagtccct

tgaccatcag

Ser

Pro

Gly

Ser

Gln

Val

145

Gly
160

Gly

Glu
175

Pro

vVal His

190
Leu Ser
205

Thr
220

Tyr

Asp
235

Lys

aaatacagac
aaaaagaaga
attatcgtca
gttgattgat
gecattcctga
ttgaagcatc
agttgteacy
tttgtaacta
gtgatttatg
tttctattgce
gctatcctgt
cagotcttct
ctcegaaacce
gegegettet
cagagtggag

11

Thr Ala Ala

Val Thr Vval

Thr Phe Pro

Ser Val Val

Ile Cys Asn

Lys Val Glu

atgaaaaatc
agagtegaat
ctgcaatgct
caggtagagg
cgacgatacg
ctcgtcagta
gccgagactt
gaattcgagce
aaaaagaata
tacaaacgcg
ccgectetee
gtgagctata
atggatttac

ctggatcogg

gcagaagacyg

150

Leu
1les

Ser
180

Ala
185

Thx
2190

Val
225

Pro
240

50

160

150

200

250

300

350

400

450

500

550

600

650

700

750



ccgcaactta
gcocggeacca
catcttcceg
tgtgcctget
gtggataacg
ggacagcaag
aagcagacta
ggoctgagct
tgatccteta
' aaagggtatc
cttettgeat
ggcttatctg
tcaagatgtce
cattgggtca
ctatcctggce
ccactctgac
agcctgactt
ctatagcaac
tcaccgtcte
ccctecteca
caaggactac
tgaccagegy
tactccctea
gacctacatc
agaaagttga
gcaccagtat
ctagcgeccgce
tggagccggg
ggattcacca

gaatgcgcaa

ttactgtcaa
agctggagct
ccatctgatg
gaataacttc
ccctecaatce
gacagcaccet
cgagaaacac
cgceccgteac
cgccggacgc
tagaggttga
ctatgttcgt
cagcagtctyg
ctgtaaagct
agcagacacc
aacggcgaca
tgtggacaag
ctgaggacag
agctactggt
ctegygectec
agagcacctc
tteccececgaac
cgtgcacacc
gcagcgtggt
tgcaacgtga
gcccaaatcet
cgteccatteoo
cctatacctt
ccacctcgac
ctccaagaat

accaacccectt

cagtggagct
caaacgaact
agcagttgaa
tatccecagag
gggtaactcc
acagcctcag
aaagtctacg
aaagagcttc
atcgtggccecce
ggtgatttta
tttttctatt
gcgecgagct
tctggctaca
gaggcaagdc
cgagctataa
tccagcagta
cgctgtetac
acttcgacgt
accaagggcc
tgggggeaca
cggtgacggt
ttceeggetg
gaccgtgcec
atcacaagce
tgtgacaaaa
gacagcateg
gtectgecteoc
ctgaatggaa
tggagccaat

ggcagaacat

tcaatcegcce
gtggectgeac
atctggaact
aggccaaagt
caggagagtg
cagcaccctg
cctgcgaagt
aacaggggag
tagtacgcaa
tgaaaaagaa
gctacaaacg
ggtgcggcca
ccttcaccag
ctggaatgga
ccagaagttc
ctgcctacat
ttttgtgete
ctgaggtacc
catcggtectt
geggecetgy
gtcgtggaac
tcctacagtce
teccageaget
cagcaacace
ctcacacatg
ccagtcacta
cegegttgeg
geeggeggea
caattcttgce

atcecatecacg

12

cacatttgga
catctgtett
gettetgttg
acagtggaag
tcacagagca
acgctgagca
cacccatcag
agtgttaagc
gttcacgtaa
tatcgecattt
cgtacgctcea
ggagctagceyg
ctataacatg
ttggagegat
aagggcaagg
gcaactgagc
gegtggtceta
ggaaccacag
cccecctggea
gctgecetggt
tcaggecgecoce
ctcaggactc
tgggcaccca
aaggtggaca
accaccgcat
tggcgtgetg
tcgeggtgea
cctegetaac
ggagaactgt

tcecgecatet

800

850

200

950

1000

1050

1100

1150

1200

1250

13¢0

1350

1400

1450

1500

1550

1600

16590

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250



ccagcagccg
gtgecgecatga
ttgcettact
gcgactgetyg
ttoggtttec
caccattatg
gaacacctac
tttetcectggt
ttccagtaac
tctectegttt
cacggaggca
cgctttatca
ggacgcggat
atgagcttta
aattcgegtt
gaaatcggcea
gagtgttgtt
ccaacgtcaa
gaaccatcac
aaatcggaac
cggcgaacgt
agggcgctgg
cgecgcettaat
teggtgatga
acagcttgtc
gtcagcgggt
gegatagegg
tactgagagt
agaaaatacc
gegeteggte

taatacggtt

cacgcggege
tcgtgctect
ggttagcaga
ctgcaaaacg
gtgtttcgta
tteecggatet
atctgtatta
cccéccgcat
cgggeatgtt
catcggtatc
tcaagtgacc
gaagccagac
gaacaggcag
ccgeagcatce
aaatttttgt
aaatccetta
ccagtttgga
agggcgaaaa
cctaatcaag
cctaaaggga
ggcgagaaag
caagtgtagc
gcgeegetac
cggtgaaaac
tgtaagcgga
gttggcgggt
agtgtatact
gcaccatatg
gcatcaggeg
gttecggetge

atccacagaa

atctcocgggea
gtcgttgagg
atgaatcacc
tctgecgacct
aagtctggaa
gcatcgcagg
acgaagcgct
ccataccgec
catcatcagt
attaccccca
aaacaggaaa
attaacgctt
acatctgtga
cggaaattgt
taaatcagct
taaatcaaaa
acaagagtcc
accgtctatc
ttttttgggg
geccecgatt
gaagggaaga
ggtcacgetg
agggcgcgtc
ctctgacaca
tgccgggagce
gtcggggege
ggcttaacta
cggtgtgaaa
ctctteceget
ggcgageggt

tcaggggata

gcgttaggte
accecggetag
gatacgcgag
gagcaacaac
acgcggaagt
atgetgctgg
ggcattgacc
agttgtttac
aacccgtate
tgaacagaaa
aaaccgeccet
ctggagaaac
atcgcttecac
aaacgttaat
cattttttaa
gaatagaccg
actattaaag
agggctatgg
tecgaggtgec
tagagcttga
aagcgaaagg
cgcgtaacca
cgcatectge
tgcagecteee
agacaagccc
agccatgacc
tgcggecatea
taccgcacag
tecetegetea
atcagectcac

acgcaggaaa

13

ctggecacgg
gctggegggag
cgaacgtgaa
atgaatggtc
cagcgccctg
ctaccctgtg
ctgagtgatt
cctcacaacyg
gtgagcatcc
ttececcectta
taacatggecce
tcaacgagct
gaccacgctg
attttgttaa
ccaataggcc
agatagggtt
aacgtggact
cecactacgt
gtaaagcact
cggggaaagc
agcgggegct
ccacaccegc
ctcgegegtt
ggagacggtc
gtcagggcge
cagtcacgta
gagcagattg
atgcgtaagg
ctgactegct
tcaaaggcgg

gaacatgtga

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2850

3000

3050

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800



gcaaaaggcc
gtttttccat
caagtcagag
ccccctggaa
cggatacctg
gctcacgctg
ggctgtgtgce
taactategt
cagcageocac
acagagttct
atttggtate
gtagctcttg
gtttgeaage
tttgatcttt
aagggatttt
ttaaattaaa
ttggtctgac
tctgtctatt
actacgatac
gcgagaccca
ccggaaggge
cagtctatta
tagtttgege
cgtegtttgyg
gttacatgat
tccgategtt
tggcagcact
tctgtgactyg
gcgaccgagt
atagcagaac

aaactctcaa

agcaaaaggc
aggctccgcc
gtggcgaaac
gctcecectegt
tcecgecttte
taggtatctc
acgaacccec
cttgagtceca
tggtaacagg
tgaagtggtyg
tgegetetge
atccggcaaa
agcagattac
tctacggggt
ggtcatgaga
aatgaagttt
agttaccaat
tecgttecatece
gggagggctt
cgctecacedyg
cgagegeaga
attgttgccg
aacgttgttyg
tatggettea
ccececatgtt
gtcagaagta
gcataattct
gtgagtactc
tgctcttgeo
tttaaaagtg

ggatcttacc

caggaaccgt
cccctgacga
ccgacaggac
gcgctctect
tcocetteggg
agttcggtgt
cgttcagecc
acccggtaag
attagcagag
gectaactac
tgaagccagt
caaaccaccg
gcgcagaaaa
ctgacgetca
ttatcaaaaa
taaatcaatc
gcttaatcag
atagttgcct
accatctgge
cteccagattt
agtggtcecctg
ggaagctaga
ccattgctge
ttcagctceeg
gtgcaaaaaa
agttggcegce
cttactgtca
aaccaagtca
cggcgtcaac
ctcatcattg

gctgttgaga

aaaaaggccg
gcatcacaaa
tataaagata
gttccgacce
aagcgtggcg
aggtegtteg
gacecgetgog
acacgactta
cgaggtatgt
ggctacacta
taccttegga
ctggtagegyg
aaaggatctc
gtggaacgaa
ggatcttcac
taaagtatat
tgaggcacct
gactcececcgt
cccagtgetg
atcagcaata
caactttatc
gtaagtagtt
aggcatcgtg
gttcccaacg
geggttaget
agtgttatca
tgccatcecgt
ttctgagaat
acgggataat
gaaaacgttc

tocagttega

14

cgttgetgge
aatcgacgct
ccaggcgttt
tgccgettac
ctttctcata
ctcecaagetg
ccttatecogg
tcgeccactgg
aggcggtgcet
gaaggacagt
aaaagagttg
tggttttttt
aagaagatcc
aactcacgtt
ctagatcctt
atgagtaaac
atctcagcga
cgtgtagata
caatgatacc
aaccagccag
cgcetecate
cgecagttaa
gtgtcacgct
atcaaggcaa
cctteggtec
ctcatggtta
aagatgcttt
agtgtatgecg
accgcgceac

tteggggega

tgtaacccac

3850
3900
3950
4000
4050
4100
4150
4200
4250
4300
4350
4400
4450
4500
4550
4600
4650
4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
5200
5250
5300

5350



tecgtgcacce aactgatctt cagcatcttt tacttteacc
ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg
acacggaaat gttgaatact catactcttc ctttttcaat
catttatcag ggttattgtc tcatgagcegg atacatattt
agaaaaataa acaaataggg gttccgegea catttccccg
cctgacgtet aagaaaccat tattatcatg acattaacct
gcgtatcacg aggccctttce gtcttcaa 5678
«210> 17
<2il> 236
<212> PRT
<213> Artificial sequence
<220>
«223> Seqguence is chimeric
<400> 17
Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser
1 5 10
Ser Ile Ala Thr Asn Ala Tyr Ala Gln Tle Val
29 25
Pro Ala Ile Leu Ser Ala Sexr Pro Gly Glu Lys
35 40
Cys Arg Ala Ser Ser Ser Val Ser Tyr Met His
50 55
Lys Pro Gly Ser Ser Pro Lys Pro Trp Ile Tyr
65 70
Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly
80 85
Thr Ser Tyr Ser Leu Thr Ile Ser Arg Val Glu
95 100
Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Phe Asn
i10 115
Gly Ala Gly Thr Lys Leu Giu Leu Lys Arg Thr
125 130
Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
140 145
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
155 160
Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu
170 175
Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys
185 130

15

agcgtttctg 5400
aataagggceg 5450
attattgaag 5500
gaatgtattt 5550
aaaagtgcca 5600
ataaaaatag 5650
Met Phe Val Phe
15
Leu Ser Gln Serxr
30
val Thr Met Thr
45
Trp Tyr Gln Gln
60
Ala Pro Ser Asn
75
Ser Gly Ser Gly
90
Ala Glu Asp Ala
105
Pro Pro Thr Phe
120
Val Ala Ala Pro
135
Leu Lys Ser Gly
150
Tyr Pro Arg Glu
165
Gln Ser Gly Asn
180
Asp Ser Thr Tyr
195



Ser Leu Ser Ser

Eis Lys Val Tyr

Pro Val Thr Lys

<210> 18
253

<21l>
<212>
213>

<220>

<223 >

<400> 18

Met

1

Ser

Gly

Lys

Lys

Pro

Ala

Leu

Arg

Gly

Pro

Gly

Pro

His

Ser

Lys

Ile

Ala

Ala

Gln

Gly

Thxr

Ser

val

Thr

Sexr

Thr

Val

Thr

Ser

PRT
Artificial

Lys

Ala

Gilu

Ser

Thr

Asn

Leu

Ser

Val

Gly

Val

Ala

Thr

Phe

Val

Asn

Thr

Leu

Gly

Pro

Gly

Thr

Leu

Tyr

Thr

Phe

Ala

val

Pro

Val

Thr Leu Thr Leu Ser

200

Ala Cys Glu Val Thr

215

Ser Phe Asn Arg Gly

230

sequence

Ile
5

Asn
20

Val
35

Tyr
50

Arg
65

Asp
80

Val
95

Thr
110

Tyr
125

Thr
140

Pro
i55

Leu
170

Ser
185

Ala
200

Thr

Ala

Ala

Arg

Thr

Gln

Thr

Asp

Ser

Ser

vVal

Leu

Giy

Trp

val

Val

Sequence is chimeric

Phe

Tyr

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Ala

Cys

Asn

Len

Pro

Leu

Ala

Gly

Thr

Leu

VY

Ser

Asp

Ser

Val

Pro

Leu

Ser

Gln

Ser

Leu

Gln

Ala

Ser

Glu

Asn

Ser

Ser

Tyr

Ser

Ser

Val

Gly

Ser

Ser

Lys
205

His
220

Glu
235

Ala
10

Ala
25

Ser
40

Tyr
55

Trp
Gln
BS

Ser
100

Ala
115

Trp
130

Ser
145

Ser
160

Lys
175

Ala
19C

Ser
205

Ser

16

Ala Asp Tyr Glu Lys

Gln Gly Leu Ser

Cys

Ser

Tyr

Val

Asn

Ile

Lys

Thr

Val

Tyr

Ala

Lys

RAsp

Leu

Gly

Leu

Met

Leu

Lys

Met

Gly

Phe

Ala

Tyr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Phe

Gln

Met

Hig

Ala

Lys

Tyr

Phe

Asp

Thr

Thr

Phe

Ser

Tyr

Thr

Val

Glin

Ser

Txp

Ile

Gly

Met

Cys

Val

Lys

Ser

Pro

Gly

Ser

Gln

210

Ser
225

Phe
15

Ser
30

Cys
45

Val
60

Tyr
75

Lys
S0

Gln
105

Rla
120

Trp
135

Gly
150

Gly
165

Glu
180

vVal
195

Leu
210

Thr



215

220

225

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lysg Val Asp

230

235

Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr

<210>
<211l>
<212>
<213>

1%
5391
DNA

<220
«<223>

<400> 1%
ttcgageteg

tacggggtca
ttacggtaaa
acgtcaataa
ttgacgtcaa
atcaagtgta
aaatggcccg
tacttggcag
ggttttggca
tttccaagtc
aaatcaacgg
aaatgggcgg
ttagtgaacc
ccatagaaga
ttggaacgcg
gtcetatagge
cataacctta
catccacttt
acctcggttc
tttttctagt
cagtccecega

ctgeccgtged

245

cccgacattg
ttagttcata
tggcccgect
tgacgtatgt
tgggtggagt
tcatatgcca
cctggeatta
tacatctacg
gtacatcaat
tccaccccat
gactttccaa
taggcgtgta
gtcagatcgc
caccgggacc
gattcccecgt
ccaccccectt
tgtatcatac
gcetttetet
tatcgattga
agcaactgca
gctccetgte

agtcaggaca

Artificial sequence

Sequence is synthesized

attattgact
gcccatatat
ggctgaccgce
toccatagta
atttacggta
agtacgcecce
tgcccagtac
tattagtcat
gggcgtggat
tgacgtcaat
aatgtcgtaa
cggtgggagg
ctggagacgc
gateccagect
gecaagagtyg
ggcttegtta
acatacgatt
ccacaggtgt
attccaccat
actggagtac
cgactectgtg

tccgtaatta

250

agttattaat
ggagttccge
ccaacgaccc
acgccaatag
aactgceccac
ctattgacgt
atgaccttat
cgctattacce
ageggttitga
gggagtttgt
caactccgec
tctatataag
catccacgct
cecgeggcedgg
acgtaagtac
gaacgcggct
taggtgacac
ccactcecag
gggatggtca

attcagatat

ggcgataggg

tttgaactgg

17

agtaatcaat
gttacataac
ccgcccattg
ggactttecca
ttggcagtac
caatgacggt
gggactttcc
ataggtgatgc
ctecacgggga
tttggcacca
ccattgacge
cagagctcgt
gttttgacct
gaacggtgca
cgcctataga
acaattaata
tatagaataa
gtccaactgc
tgtatcatcc
ccagatgacc
tcaccatcac

tatcaacaga

2490

5¢

i00

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100



aaccaggaaa
tctggagtec
tctgaccatc
agcaaggtaa
atcaaacgaa
tgagcagttg
tctatcececag
tecgggtaact
ctacageccte
acaaagtcta
acaaagagct
cttgtttatt
atttcacaaa
aaactcatca
gcgcagcacce
accttctgag
tggaaagtcc
tcaattagtc
agaagtatgc
cctaactecg
cgecccatgg
tcggectetg
aggcttttgce
acgtcgtgac
cacatcccce
cgecettece
gtattttctc
gcaaccatag
tggttacgcg
cotttegett

tcaagctcta

agctccgaaa
cttctcgett
agtagtctgc
tactctgeccg
ctgtggetge
aaatctggaa
aéaggccaaa
cccaggagag
agcagcaccc
cgcctgegaa
tcaacagggy
geagettata
taaagcattt
atgtatctta
atggcctgaa
gcggaaagaa
ccaggctecc
agcaaccagg
aaagcatgca
cccatcoege
ctgactaatt
agctattcca
aaaaagctgt
tgggaaaacc
cttcgcecage
aacagttgcg
cttacgceatc
tacgegecect
cagcgtgacce
tctteectte

aatcgggggce

ctactgattt

ctctggttct

aaccggagga
tggacgttcyg
accatctatce
ctgecctetgt
gtacagtgga
tgtcacagag
tgacgctgag
gtcacccatc
agagtgttaa
atggttacaa
ttttecactge
tcatgtctgg
ataacctctg
ccagctgtgg
cagcaggcag
tgtggaaagt
tctcaattag
ceetaactec
ttttttattt
gaagtagtga
taacagcttg
ctggegttac
tggcgtaata
tagectgaat
tgtgcggtat
gtagcggcgc
getacacttg
ctttctcgec

tccctttagg

actataccte
ggttctggga
cttegeaact
gacagggcac
ttcatcttcc
tgtgtgcetg
aggtggataa
caggacagca
caaagcagac
agggcctgag
gcttggecgce
ataaagcaat
attctagttg
atcgatcggg
aaagaggaac
aatgtgtgtc
aagtatgcaa
ccccaggcete
tcagcaacca
gcccagttec
atgcagaggce
ggaggetttt
gcactggeccg
ccaacttaat
gcgaagagge
ggcgaatgge
ttcacaccgce
attaagecgeg
ccagcgccct
acgttcgeceg

gttccgattt

18

cegectggag
cggattacac
tattactgte
caaggtggayg
cgccatctga
ctgaataact
cgcectcocaa
aggacagcac
tacgagaaac
ctcgeccgte
catggcccaa
agcatcacaa
tggtttgtce
aattaattcg
ttggttaggt
agttagggtg
agcatgcatc
cccagecaggce
tagtececegece
gececattete
cgaggcogce
ttggaggect
tcgttttaca
cgccttgeag
cogeacegat
gcctgatgeg
atacgtcaaa
gcgggtgtgg
agcgcccgct
gctttecceg

agtgctttac

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650



ggcaccicga
ccategeect
ctttaatagt
cgggectatte
ttaaaaaatg
attaacgttt
ccgcatagtt
cgccocgaca
ctececeggeat
gtgtcagagg
gaagacgaaa
ataataatgg
cggaacccct
tcatgagaca
agtatgagta
attttgcectt
atgctgaaga
aacagcggta
gatgagcact
acgccgggea
ttggttgagt
agtaagagaa
ccaacttact
ttgcacaaca
gctgaatgaa

caatggcaac

gcttcecegyge.

accacttctyg
ctggageegy
gatggtaagc

aactatggat

ccccaaaaaa
gatagacggt
ggactcttgt
ttttaattta
agctgattta
acaattttat
aagccaactc
ceegecaaca
ccecgottacag
ttttcacegt
gggcctegtyg
tttecttagac
atttgtttat
ataaccctga
ttcaacattt
cetgtttttyg
tcagttgggt
agatccttga
tttaaagttc
agagcaactc
actcaccagt
ttatgcagtg
tctgacaacyg
tgggggatca
gccataccaa
aacgttgcgc
aacaattaat
cgcteggeee
tgagegtggy
cctcccocgtat

gaacgaaata

cttgatttgg
ttttecgecect
tccaaactgg
taagggattt
acaaaaattt
ggtgcactct
cgctatcgct
ccecgectgacyg
acaagctgtg
catcaccgaa
atacgcctat
gtcaggtgge
ttttctaaat
taaatgcttc
ccgtgtcgcec
ctcacccaga
gcacgagtgg
gagttttege
tgctatgtgg
ggtcgeegea
cacagaaaag
ctgccataac
atcggaggac
tgtaactcege
acgacgagcyg
aaactattaa
agactggatg
ttccggetgg
tctegeggta
cgtagttatc

gacagatcgc

gtgatggttc
ttgacgttgg
aacaacactc
tgcecgatttc
aacgcgaatt
cagtacaatc
acgtgactgg
cgeoctgacg
accgtctccg
acgcgcgagg
ttttataggt
actttteggg
acattcaaat
aataatattg
cttatteceoct
aacgctggtyg
gttacatcga
cccgaagaac
cgcggtatta
tacactatic
catcttacgg
catgagtgat
cgaaggagct
cttgatcgtt
tgacaccacg
ctggcgaact
gaggcggata
ctggtttatt
tcattgcage
tacacgacgg

tgagataggt

19

acgtagtggg
agtccacgtt
aaccctatcet
ggcctattgg
ttaacaaaat
tgctctgatg
gtcatggctg
ggcttgtetg
ggagctgcat
cagtattctt
taatgtcatg
gaaatgtgcg
atgtatccge
aaaaaggaag
tttttgegge
aaagtaaaag
actggatcte
gttttccaat
tccecgtgatg
tecagaatgac
atggcatgac
aacactgegy
aaccgctttt
gggaaccgga
atgccagcag
acttactcta
aagttgcagg
gctgataaat
actggggcca
ggagtcaggce

gcctcactga

27040

2750

2800

2850

2900

2550

3600

3050

" 3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200



ttaagcattg
gatttaaaac
tgataatcte
cgtcagaccc
ctgegegtaa
ggtttgtttyg
gcttcagecag
ttaggccacc
gctaatcctg
ccgggttgga
tgaacggggg
cgaactgaga
aagggagaaa
gagcgcacga
tgtcgggttt
caggdagggcyg
ttcctggect
ccctgattet
ctegeccgecag
gaagagecgcec
ttaatccagc
gcaacgcaat
cactttatge
atttcacaca
<210>
<211>

<212>
<213>

20
6135
DNA

<220>
<223>

<400> 20

gtaactgtca
ttecattttta
atgaccaaaa
cgtagaaaag
tetgetgett
ccggatcaag
agcgcagata
acttcaagaa
ttaccagtgg
ctcaagacga
gttegtgeac
tacctacagc
ggcggacadyg
gggagcttcc
cgccacctet
gagcctatgg
tttgctggcc
gtggataacc
ccgaacgacc
caatacgcaa
tggcacgaca
taatgtgagt
ttecggeteg

ggaaacagct

gaccaagttt
atttaaaagg
tceoettaacg
atcaaaggat
gcaaacaaaa
agectaccaac
ccaaatactg
ctctgtagca
ctgctgccag
tagttaccgg
acagcccagce
gtgagcattg
tatccggtaa
agggggaaac
gacttgagecg
aazaacgcca
ttttgctcac
gtattaccge
gagcgcagceg
accgecctecte
ggtttccecga
tacctcactc
tatgttgtgt

atgaccatga

Artificial sequence

Sequence is synthesized

actcatatat
atctaggtga
tgagttttcg
cttcttgaga
aaaccaccga
tctttttecg
tccttctagt
ccgcectacat
tggegataag
ataaggcgcea
ttggagcgaa
agaaagcgcc
gcggcagggt
gectggtate
tcgatttttg
gcaacgcgge
atgttcttte
ctttgagtga
agtcagtgag
ccecgegegtt
ctggaaagcy
attaggcacc
ggaattgtga

ttacgaatta

actttagatt
agatcctttt
ttccactgag
tcctttettte
taccageggt
aaggtaactg
gtagcegtag
acctegetet
tegtgtetta
gcggtcggge
cgacctacac
acgcttcceg
cggaacagga
tttatagtcc
tgatgctcgt
ctttttacgyg
ctgcgttate
gctgataccg
cgaggaagcg
agcegattea
ggcagtgage
ccaggettta
gcggataaca

a 5391

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

£750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

attcgagctce geccegacatt gattattgac tagttattaa tagtaatcaa 50

ttacggggtc attagttcat agcccatata tggagttcceg cgttacataa 100

20



cttacggtaa
gacgtcaata
attgacgteca
catcaagtgt
taaatggccce
ctacttggceca
cggttttggce
atttccaagt
aaaatcaacg
caaatgggcg
tttagtgaac
tccatagaag
attggaacgc
agtctatagg
acataacctt
acatccactt
caccteggtt
ctttttectag
ggagtctgge
gtgcagctte
caggccccag
aggtgttact
tagataaatc
gaggacactg
cgactggtat
cggcectccac
agcacctctg
cccogaaccyg
tgcacacctt
agcgtggtga

caacgtgaat

atggccecegcec
atgacgtatg
atgggtggag
atcatatgcc
gcctggeatt
gtacatctac
agtacatcaa
ctccaccccea
ggactttcceca
gtaggegtgt
cgtcagatcg
acaccgggac
ggattccceg
cccacccect
atgtatcata
tgcetttecte
ctatcgattg
tagcaactgc
ggtggectgy
tggctactce
gtaagggcct
acctatgccg
caaaaacaca
ccgtcetatta
tttgacgtct
caagggccca
ggggcacagce
gtgacggtgt
cccggetgte
ctgtgcccte

cacaagccca

tggctgaccg
ttccecatagt
tatttacggt
aagtacgccc
atgcccagta
gtattagtca
tgggegtgga
ttgacgtcaa
aaatgtcgta
acggtgggag
cctggagacg
cgatccagcc
tgccaagagt
tggcttcgtt
cacatacgat
tccacaggtg
aattccacca
aactggagta
tgcagccagg
tttaccggcet
ggaatgggtt
atagcgtcaa
gcctacctge
ttgtgctaga
ggggtcaagyg
tecggtettce
ggecectggge
cgtggaactc
ctacagtect
tagcagcttg

gcaacaccaa

cccaacgaca
aacgccaata
aaactgccca
cctattgacg
catgacctta
tcgectattac
tagcggtttg
tgggagtttyg
acaacteccgce
gtctatataa
ccatccacge
tcegeggeag
gacgtaagta
agaacgcggce
ttaggtgaca
tccactecoca
tgggatggte
cattcagaag
gggctcactc
acactatgaa
gcactgatta
gggeogttte
aaatgaacag
agcggatact
aaccctggtce
ccctggecacce
tgcetggtea
aggcgcccetg
caggactcta

ggcacccaga

ggtggacaag

21

ccegeccatt
gggactttce
cttggcagta
tcaatgacgg
tgggacttte
catggtgatg
actcacgggg
ttttggcacc
cccattgacg
gcagagctcg
tgttttgacc
ggaacggtgce
ccgcctatag
tacaattaat
ctatagaata
ggtccaactyg
atgtatcatc
ttcagectggt
cgtttgtect
ctgggtgegt
atccttataa
actataagcg
cctgegtget
acggcgatag
accgtctect
ctectccaag
aggactactt
accagcggcg
ctceecteage
cctacatctg

aaagttgagc

150

200

250

300

350

400

450

560

550

600

650

700

750

800

a50

900

95¢

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

i500

1550

16C0

1650



ccaaatcttg
ctcctggggg
cctcatgatc
gccacgaaga
gtgcataatg
ccgtgtggte
aggagtacasa
aaaaccatcect
cotgececcea
gcctggtcaa
aatgggcagce
cgacggcectcc
ggcagcaggg
aaccactaca
acggccctag
ttattgcage
acaaataaag
catcaatgta
gcaccatggce
ctgaggegga
agtcceccocagyg
tagtcagcaa
tatgcaaagc
ctcegecocat
catggctgac
ctbctgageta
tttgcaaaaa
gtgactggga
cccececctteg
ttcccaacag

ttctccttac

tgacaaaact
gaccgtcagt
tcceggacec
ccetgaggte
ccaagacaaa
agcgtcctca
gtgcaaggtc
ccaaagccaa
tceegggaag
aggcttctat
cggagaacaa
ttecttectet
gaacgtcttc
cgcagaagag
agtcgacctg
ttataatggt
catttttttce
tcttatecatg
ctgaaataac
aagaaccatc
ctcceccagea
ccaggtgtgg
atgcatctcea
ccecgeccecta
taattttttt
ttcecagaagt
gctgttaaca
aaaccctggce
ccagttggcg
ttgcgtagec

gcatctgtgce

cacacatgcc
cttecectette
ctgaggtcac
aagttcaact
gcegcegggayg
ccgtectgea
tccaacaaag
agggcagccce
agatgaccaa
cccagcgaca
ctacaagacc
acagcaagct
tcatgctceg
cctctecectg
cagaagcttg
tacaaataaa
actgcattct
tctggatecga
ctectgaaaga
tgtggaatgt
ggcagaagta
aaagtcccca
attagtcage
actccgeccea
tatttatgca
agtgaggagg
gcttggecact
gttacccaac
taatagcgaa
tgaatggcga

ggtatttecac

caccgtgecce
cccccaaaac
atgcgtggtg
ggtacgtgga
gagcagtaca
ccaggactgg
cceicccage
cgagaaccac
gaaccaggtc
tcgeccgtgga
acgcctcceg
caccgtggac
tgatgcatga
tctecegggta
gccgecatgg
gcaatagcat
agttgtggtt
tcgggaatta
ggaacttggt
gtgtcagtta
tgcaaageat
ggctocececayg
aaccatagte
gttcegecca
gaggccgagg
cttttttaga
ggcegtegtt
ttaatcgect
gaggcccgca
atggecgectg

accgceatacyg

22

agcacctgaa
ccaaggacac
gtggacgtga
cggcgtggag
acagcacgta
ctgaatggeca
ccecatcecgag
aggtgtacac
agcctgacct
gtgggagagc
tgctggacte
aagagcaggt
ggctectgcac
aatgagtgecyg
cccaacttgt
cacaaatttc
tgtccaaact
attcggcgeca
taggtacctt
gggtgtggaa
gcatctceaat
caggcagaag
ccgceectaa
ttctecgece
ccgecteogge
ggcctaggct
ttacaacgtc
tgcagcacat
ccgategecc
atgcggtatt

tcaaagcaac

17060

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2850

3000

3050

3100

3150

3200



catagtacgc
acgcgcageg
cgetttette
ctctaaatcg
ctecgaccccea
gecctgatag
atagtggact
tattcttttg
aaatgagctg
cgtttacaat
tagttaagcc
cgacaccege
ggcatccgct
agaggttttc
cgaaagggcc
aatggtttet
cccctatttg
agacaataac
gagtattcaa
gectteootgt
gaagatcagt
cggtaagatce
gcacttttaa
gggcaagagc
tgagtactca
gagaattatg
ttacttctga
caacatgggyg
atgaagccat
gcaacaacgt

ccggcaacaa

gcecctgtage
tgaccgetac
ccttecetttc
agggctcoct
aaaaacttga
acggtttttc
cttgttccaa
atttataagg
atttaacaaa
tttatggtge
aactcogeta
caacacccge
tacagacaag
accgtecatca
tegtgatacg
tagacgtcag
tttatttttc
cctgataaat
catttcegtg
ttttgeteac
tgggtgeacg
cttgagagtt
agttctgeta
aactcggtcg
ccagtcacag
cagtgctgecce
caacgatcgg
gatcatgtaa
accaaacgac
tgcgcaaact

ttaatagact

ggcgeattaa
acttgccagc
tcgeccacgtt
ttagggttce
tttggatgat
gceceoctttgac
actggaacaa
gattttgeeg
aatttaacgc
actctcagta
tegetacgtyg
tgacgegecce
ctgtgaccgt
ccgaaacgcg
cctattttta
gtggecacttt
taaatacatt
gcttcaataa
tcgceccttat
ccagaaacgc
agtgggttac
ttegeceega
tgtggegegg
ccgcatacac
aaaagcatct
ataaccatga
aggaccgaag
ctegeettga
gagcgtgaca
attaactggc

ggatggaggce

gcgeggeggy
gcoctagege
cgcocggettt
gatttagtgc
ggttcacgta
gttggagtcc
cactcaaccc
attteggect
gaattttaac
caatctgetce
actgggtcat
tgacgggctt
ctcegggagce
cgaggcagta
taggttaatg
tcggggaaat
cagatatgta
tattgazaaa
tcecetttttt
tggtgaaagt
atcgaactgg
agaacgtttt
tattatcccg
tattctecaga
tacggatggc
gtgataacac
gagctaaccg
tcgttgggaa
ccacgatgcc
gaactactta

ggataaagtt

23

tgtggtggtt
cegetoettt
ccccgtcaag
tttacggcac
gtgggccatc
acgttcttta
tatcteggge
attggttaaa
aaaatattaa
tgatgccgca
ggctgegecc
gtectgctece
tgecatgtgtc
ttcttgaaga
tcatgataat
gtgcgeggaa
tccgectcatg
ggaagagtat
gcggecatttt
aaaagatgct
atctcaacag
ccaatgatga
tgatgacgcc
atgacttggt
atgacagtaa
tgcggecaac
cttttttgea
ccggagetga
agcagcaatg
ctctagetto

gcaggaccac

3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3800
3850
3500
3950
4000
4050
4100
4150
4200
4250
4300
4350
440Q
4450
4500
4550
4600
4650
4700

4750



ttectgegete
gccggtgagce
taagccctec
tggatgaacg
cattggtaac
aaaacttcat
atctecatgac
gacceegtag
cgtaatctgce
gtttgcegga
agcagagcgc
ccaccacttc
tcectgttace
ttggactcaa
ggggggttcg
tgagatacct
agaaaggcegyg
cacgagggag
ggtttegeca
gggeggagcec
ggccttttgce
attctgtgga
cgcagccgaa
gecgeccaata
ccaactggca
gcaattaatg
tatgcttceg
acacaggaaa
<210> 21

<211> 232
<212> PRT

ggcccectteeyg
gtgggtctcg
cgtategtag
aaatagacag
tgtcagacca
ttttaattta
caaaatccct
aaaagatcaa
tgecttgcaaa
tcaagagcta
agataccaaa
aagaactctg
agtggetget
gacgatagtt
tgcacacagce
acagcgtgag
acaggtatcc
cttocagygy
ceteotgactt
tatggaaaaa
tggecttttg
taaccgtatt
cgaccgadgeg
cgcaaacegc
cgacaggttt
tgagttacct
gctegtatgt

cagctatgac

getggetggt
cggtatcatt
ttatctacac
atcgctgaga
agtttactca
aaaggatcta
taacgtgagt
aggatcttct
caaaaaaacc
ccaactettt
tactgtcctt
tagcaccgcece
gecagtggeg
accggataag
ccagettgga
cattgagaaa
ggtaagcggc
gaaacgcctg
gagcgtegat
cgccagcaad
ctcacatgtt
accgcctttg
cagcgagtca
ctctecccge
cccgactgga
cactcattag
tgtgtggaat

catgattacg

«213> Artificial sequence

ttattgctga
gcagcactgg
gacggggagt
taggtgcecetc
tatatacttt
ggtgaagatc
tttegttcea
tgagatcctt
accgetacca
ttccgaaggt
ctagtgtagc
tacatacctce
ataagtcgtg
gcgcagcggt
gcgaacgacc
gcgecacgct
agggtcggaa
gtatctttat
ttttgtgatyg
geggeetttt
ctttecctgeg
agtgagctga
gtgagcgagg
gegttggeeg
aagcgggcag
gcaccccagg
tgtgagcgga

aatta 6135

24

taaatctgga
ggccagatgg
caggcaacta
actgattaag
agattgattt
ctttttgata
ctgagegtea
tttttctgeg
gcggtggtet
aactggcttc
cgtagttagg
gcteoctgctaa
tcttaccggyg
cgggctgaac
tacaccgaac
tcccgaaggg
caggagagcg
agtcctgtcg
ctcgtcaggyg
tacggttcct
ttatccecctg
taccgctcgc
aagcggaaga
attcattaat
tgagcgcaac
ctttacactt

taacaatttc

4800

4850

4900

4550

5000

5050

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100



<220>

<223> Sequence is synthesized

<400>

Met

1

Gly

Ser

Ser

Ala

val

Leu

Cys

Lys

Phe

vVal

Trp

val

Thr

Ala

Ser

<210>
<211>
<212>
<213

«220>
<223>

<400>

21
Gly Trp Ser Cys Ile Iie Leu Phe Leu
5 10

Val His Ser Asp Ile Gln Met Thr Gln
20 25

Ala Ser Val Gly Asp Arg Val Thr Ile
35 40

Ser Val Ser Tyr Met His Trp Tyr Gln
50 55

Pro Lys Pro Leu Ile Tyxr Ala Pro Ser
65 70

Pro Ser Arg Phe Ser Gly Ser Gly Ser
80 85

Thr Ile Ser Ser Leu Gln Pro Glu Asp
95 100

Gln Gin Trp Ser Phe Asn Pro Pro Thr
110 115

Val Glu Ile Lys Arg Thr Val Ala Ala
125 130

Pro Pro Ser Asp Glu Gln Leu Lys Ser
149 145

Cys Leu Leu Asn Asn Phe Tyr Pro Arg
155 160

Lys Val Asp Asn Ala Leu Gln Ser Gly
170 175

Thr Glu Gln Asp Ser Lys Asp Ser Thr
185 190

Leu Thr Leu Ser Lys Ala Asp Tyr Glu
200 205

Cys Glu Val Thr His Gin Gly Leu Ser
215 220

Phe Asn Arg Gly Glu Cys
230

22
471

PRT
Artificial sequence

Sequence is synthesized

22

25

Val

Ser

Thr

Gln

Asn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

Ala

Fro

Cys

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

Thr

Ser

Arg

Pro

Ala

Asp

Thr

Gln

vVal

Ala

Lys

Gln

Leu

Lys

Val

Ala

Ser

Ala

Gly

Ser

Phe

Tyr

Glvy

Phe

Ser

val

Glu

Ser

val

Thr

Thr
15

Leu
30

Ser
45

Lys
60

Gly
75

Thr
a0

TYY
105

Thr
120

Iie
135

Val
150

Gln
165

Ser
180

Ser
185

Tyr
210

Lys
225



Met

Gly

val

Tyr

Gly

Asp

Val

Arg

TYY

Leu

Pro

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

Val

Trp

Gly

Val

Gln

Thr

Lys

Thr

Asp

Ala

Ser

Val

Leu

Gly

Trp

Val

Val

Asn

Lys

Glu

Lys

val

TYY

Trp

His

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

Vai

Val

Ser

Ser

Gly

Thr

Leu

Tyr

Ser

Asp

Ser

Val

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

Asp

Asp

Cys
Glu
20

Gly
35

Ser
50

Glu
65

Asn
80

Lys
95

Thx
110

YT
125

Ser
14¢

Sexr
155

val
170

Gly
185

Ser
200

Ser
215

Pro
230

Asp
245

Gly
260

Leu
275

Val
290

Gly

Ile

Val

Ser

Tyxr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

val

Ile

Gln

Leu

Asn

val

Lys

Thr

vVal

Tyx

Ala

Lys

AsSp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Leu

Leu

Arg

Met

Gly

Phe

TLeu

Tvr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

val

Phe
val
Leu
His
Ala
Lys
Tyr
Tyxr
Asp
Thr
Thr
Phe
Ser
Tyr
Thr
Lys
Thr
val
Arg
ASp

Hisg

Leu
10

Glu
25

Ser
40

TIp
55

Ile
70

Gly
85

Leu
100

Cys
115

val
130

Lys
145

sSer
160

Pro
175

Gly
190

Ser
205

Gln
220

Val
235

Cys
250

Phe
265

Thr
280

Pro
295

Asn

26

Val

Ser

Cys

vVal

TYyTr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Ala

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Ser

TYEL

Lys

Pro

Phe

Glu

Val

Lys

Thr

Gly

Ala

Gln

Gly

Thr

Asn

val

Gln

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ala

Gly

Ser

Ala

Asn

Ile

Ser

Val

Gly

Val

Ala

Thr

Phe

Val

Cys

Val

Pro

Pro

Thr

Phe

Lys

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

Ser
Qg

Leu
105

Tyr
120

Thr
135

Phe
1590

Ala
165

val
1840

Pro
185

Val
210

Asn
225

Giu
240

Ala
255

Lys
270

Cys
285

Asn
300

Pro



Arg

Thr

Lvs

Ser

Pro

Cys

Giu

Val

Val

Val

Ser

Glu

Val

Val

Lys

Pro

Leu

Ser

Leu

Asp

Metf

Leu

<210> 23

<211> 471

Giu

Leu

Ser

Ala

Ser

Vai

Asn

Asp

Lys

His

Ser

<212> PRT
<212> Artificial

«220>

Gln

His

Asn

Lys

Arg

Lys

Gly

Ser

Ser

Glu

Pro

305

YL
320

Gln
335

Lys
350

Gly
365

Glu
380

Gly
395

Gln
410

Asp
425

Arg
440

Ala
455

Gly
470

Asn

hsp

Ala

Gln

Glu

Phe

Pro

Gly

Trp

Leu

Lys

Ser

Trp

Leu

Pro

Met

TYY

Glu

Ser

Gln

His

sequence

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

<223> Seguence is synthesized

<400> 23

Met
1

Gly

Gly

val

Val Gln

Tvyr

Gly

Thr

Lys

Asp Thr

Trp

His

Pro

Phe

Gly

Ser

Ser

Ser

Gly

Thr

Leu

TyT

Cys
5

Glu
20

Gly
35

Ser
50

Glu
65

Asn
80

Ile

Val

Ser

Tyr

Trp

Gln

Ile

Gin

Leu

Asn

Val

Lys

Leu

Leu

Arg

Met

Gly

Phe

TYY

Asn

Ala

Glu

Lys

Ser

Asn

Phe

Gly

His

Phe

Val

Leu

Ala

Lys

310

Arg
325

Gly
340

Pro
355

Pro
370

Asn
385

Asp
400

Tyr
415

Leu
430

Asn
445

Tyr
460

Leu
10

Glu
25

Ser
40

Trp
55

Ile
70

Gly

27

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

val

Thr

Val

Ser

Cys

val

Tyr

Arg

Val Ser

Giu Tyr

Glu Lys

Val Tyr

val Ser

Ala Val

Thr Thr

Ser Lys

Phe Ser

Gln Lys

Ala Thr

Gly Gly

Ala Ala

Arg Gln

Pro Gly

Phe Thr

Val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

Ser

Ala

Gly

Ser

Ala

Asn

Ile

315

Leu
33¢

Cys
345

Ile
360

Leu
375

Thr
390

Trp
405

Pro
420

Thr
435

Ser
450

Leu
465

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

Ser
SC



val

AYyg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Asp

Ala

Ser

val

Leu

Gly

Trp

Val

val

Asn

Lys

Glu

Lys

Val

Tyr

Gliu

Val

Val

Lys

Pro

Leu

Liys

Glu

Asn

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

Val

Val

Glu

Leu

Ser

Ala

Ser

val

Ser

Asp

Ser

Val

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

Asp

hgp

Gln

His

Asn

Lys

Arg

Lys

Lys
95

Thr
110

Tyr
125

Ser
140

Ser
155

vVal
170

Gly
185

Ser
200

Ser
215

Pro
230

AsSp
245

Gly
260

Leu
275

val
290

Gly
305

Tvr
320

Gln
335

Lys
350

Gly
365

Glu
380

Gly

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

Val

Asn

Asp

Ala

Gln

Glu

Phe

Thr

Val

Tyr

Ala

Lys

Agp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

Tyr

Leu

Tyr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Thr

Pro

VL

TYTY

hep

Thr

Thr

Phe

Ser

Tyr

Thr

Lys

Thr

val

Arg

Asp

Hisg

Tyr

Asn

Ala

Glu

Lys

Ser

Leu
100

Cys
1is5

Val
130

Lys
145

Ser
160

Pro
175

Gly
i90

Ser
205

Gln
220

Val
235

Cys
250

Phe
265

Thr
280

Pro
295

Asn
310

Arg
325

Gly
340

Pro
355

Pro
370

Asn
385

AsSp

28

Gln

Ala

Trp

Gly

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Gln

Gln

Ile

Met

Arg

Gly

Pro

Gly

Pro

His

Ser

TyY

Lys

Pro

Phe

Glu

Val

Lys

Vval

Glu

Ala

vVal

Vval

Ala

Asn

val

Gln

Ser

Thr

val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

Tyvr

Ala

Tyr

Ser

Val

Ser

Val

Gly

Val

Ala

Thr

Phe

Val

Cys

Val

Pro

Pro

Thr

Phe

Lys

Val

Lys

Thr

Thr

Leu

Glu

Leu
105

TYY
120

Thr
135

Phe
150

Ala
165

Val
180

Pro
195

Val
210

Asn
225

Glu
240

Ala
255

Lys
270

Cys
285

Asn
300

Pro
315

Leu
330

Cys
345

Ile
360

Leu
375

Thr
390

Trp



Glu Ser

Val Leu

Val Asp

Val Met

Ser Leu

<210> 24
<211> 891
<212> DNA

«<213> Macaca

<400> 24
atgacaacac

gaaaggccct
tgtcttcact
gectttagggg
gggtecttety
tgtggtaccc
ctggcagcaa
gataatgaat
caatcatgga
agtctgaatt
tgaaccagct
acagcataca
gccttcttce
aagaacatgce
aaaaaaaaga
gaaacatctte
ccaagaagag
aagatcagga

<210> 25
<211> 297

Asn

Asp

Lys

His

Ser

395

Gln
410

Gly

Ser Asp

425

Ser Arg

4490

Glu Ala

455

Pro Gly

470

ccagaaattce
attgctatge
ggtgggtcece
ctgteccagat
atgatcccag
tctgtgggga
cggagaaaaa
tcattgagcc
catacttaat
ttatcagagt
aatccctctg
atctcectgttce
aggaacttgt
tcocagaceca
acaagtcatt
cccaaccaaa
gaagaagaag

atcttcacca

Pro Glu Asn

Gly Ser Phe

Trp Gln Gln

Leu His Asn

Lys

fascicularis

agtaaatggg
aacctggtcc
acgcaaagct
tatgaatggg
cagggatcta
ggcattatgt
ctccaggaag
tctttgetge
attaaaattt
tcacacacca
agaaaaactc
ctgggecattt
aatagctggc
aatctagegt
gaaataaaag
gzatgaagaa
aaacagagac

atagaaaatg

400

Asn

Tyr
415

Lys

Phe Leu

430

TYY

Gly Asn Val

445

His Tyr Thr

460

acttteoccecag
gaaaccactc
tcttcatgag
ctctteeaca
tgcacccatc
atattatttc
tgtttggtca
catttctgga
cccatttttt
tatattaaca
teccatctact
tgtcagtgat
atcaottgaga
agttctcctg
aagaagtggt
gccattgaaa
aaactttcca

acagctctcc

29

Thr Thr Pro

Ser Lys Leu

Phe Ser Cys

Gln Lys Ser

cagagccaat
ctcaggagga
ggaatctaag
ttgececetggg
tgtgtgactg
cggatcactec
aaggaaaaat
atgattcttt
aaaaatggag
tatacaactg
caatactgtt
gctgatettt
atgaatggag
tcagctgaag
tgggctaact
ttattecaat
gaacctcccc

t 881

405

Pro
420

Thr
435

Ser
450

Leu
465

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850



«212> PRT
<213> Macaca

<400> 25

Met

1

Pro

Leu

Met

Leu

Ile

Gly

Lys

Ser

Met

Ser

Asn

Gln

Val

Ile

Ser

Glu

Pro

Glu

Thr

Met

Arg

Arg

Phe

Tyr

ile

Asn

Leu

Asp

Leu

Cys

Tyr

Met

Val

val

Ile

Lys

Glu

Thr

Lys

Arg

Glu

His

Ala

Met

Ser

Ser

Tle

Asn

Glu

Cys

Leu

Glu

Val

Lys

Asn

Glu

fascicularis

Pro

Gly

Met

Ser

Ile

Pro

Tyr

Arg

Leu

Leu

Phe

Pro

Tyr

Ile

asn

Leu

Glu

Glu

Glu

Arg
5

Pro
20

Ser
35

Lys
50

Ala
&5

Ile
80

Ile
95

Lys
110

Phe
125

Asn
140

Tie
155

Ala
17¢

Ser
185

Phe
200

Glu
215

Leu
230

Glu
245

Glu
260

Thr
275

Asn

Ile

Ser

Ala

Leu

Cys

Tie

Cys

Ala

Ile

Arg

Asn

Ile

Ala

Trp

Ser

val

Ala

Glu

Ser

Ala

Leu

Leu

Gly

val

Ser

Leu

Ala

Lys

Val

Pro

Gln

Phe

Arg

Ala

Val

Tle

Thr

Val

Met

Val

Gly

Gly

Thr

Gly

Val

Ile

Ile

His

Ser

Ser

Phe

Arg

Glu

Gly

Glu

Asn

Asn

Gln

Gly

Ala

Leu

Val

Ser

Lys

Ser

Ser

Thr

Glu

Leu

Gln

Thr

Glu

Leu

Ile

Phe

Gly
10

Pro
25

Pro
40

Val
55

Leu
70

Trp
85

Leu
100

Gly
115

Gly
130

His
145

Pro
160

Lys
175

Phe
190

Glu
205

Cys
220

Lys
235

Thr
250

Ile
265

Pro
280

30

Thr

Gly

Thr

Gln

Met

Tyr

Leu

Lys

Met

Phe

Tyr

Asn

Leu

Leu

Ser

Lys

Glu

Pro

Glu

Phe
Pro
Gin
Ile
Ile
Pro
Ala
Met
Ile
Leu
Ile
Ser
Gly
Val
Arg
Glu
Thr
Ile

Pro

Pro

Lys

Ser

Met

Pro

Leu

Ala

Tie

Leu

Lys

Asn

Pro

Ile

Iie

Pro

Gln

Ser

Gln

Pro

Ala

Pro

Phe

Asn

Ala

Trp

Thr

Met

Ser

Met

Ile

Ser

Leu

Ala

Lys

Val

Ser

Glu

Gln

Glu
15

Leu
30

Phe
45

Gly
60

Gly
75

Gly
90

Glu
105

Asn
120

ile
135

Glu
150

Tyr
165

Thr
180

Ser
135

Gly
210

Ser
225

Ile
240

Gln
255

Glu
270

Asp
285



Gln Glu Ser Ser Pro

<210> 26

<211>
<212>
<213>

287
PRT

290

Homo sapiens

<400> 26

Met

1

Pro

Phe

Met

Leu

Ile

Gly

Lys

Ser

Met

Ser

Asn

Gln

val

Ile

Asn

Glu

Pro

Thr

Met

Arg

Arg

Phe

Tyxr

Ile

Asn

Leu

Asp

Leu

Cys

Tyr

Met

val

Tlie

Ile

Lys

Thr

Lys

Arg

Glu

His

Ala

Metf

Ser

Ser

Ile

Asn

Glu

Cys

Leu

Giu

Val

Lys

Asn

Pro

Gly

Met

Ser

Ile

Pro

Tyr

Arg

Leu

Leu

Phe

BPro

TYyY

Ile

Asn

Leu

Glu

Glu

Arg
5

Pro
20

Ser
35

Lys
50

Ala
65

Ile
80

Ile
95

Lys
110

Phe
125

Asn
140

Ile
155

Ala
170

Ser
185

Phe
200

Glu
215

Leu
230

Glu
245

Glu

Ile Glu Asn Asp

AsTl

Ile

Ser

Ala

Leu

Cys

Ile

Cys

Ala

Ile

Arg

Asn

Ile

Ala

Trp

Ser

Val

Asp

Ser

Ala

Leu

Leu

Gly

Val

Ser

Leu

Ala

Lys

Ala

Pro

Gln

Phe

Lys

Ala

Val

Ile

Val

Met

Val

Gly

Gly

Thr

Gly

Val

Ile

Ile

His

Ser

Ser

Phe

Arg

Glu

Gly

Glu

Asn

Gln

Gly

Ala

Leu

Vai

Ser

Lys

Ser

Ser

Thr

Glu

Leu

Gln

Thr

Glu

Leu

Ile

Ser
295

Gly
10

Ser
25

Pro
40

val
55

Leu
70

Trp
Leu
100

Gly
115

Gly
130

His
145

Pro
160

Lys
175

Phe
190

Glu
205

Cys
220

Lys
235

Thr
250

Ile

31

Ser

Thr

Gly

Thr

Gln

Met

Tyr

Leu

Lys

Met

Phe

Tyx

Asn

Leu

Leu

Ser

Lys

Glu

Pro

Pro

Phe

Pro

Gln

Ile

Ile

Pro

Ala

Met

Ile

Leu

Ile

Serxr

Gly

Val

Arg

Glu

Thr

Ile

Pro

Lys

Ser

Met

Pro

Leu

Ala

Ile

Leu

Lys

Asn

Pro

Ile

Ile

Pro

Gln

Ser

Gln

Ala

Pro

Phe

Asn

Ala

Trp

Thr

Met

Ser

Met

Ile

Ser

Leu

Ala

Lys

Thr

Ser

Glu

Glu
15

Leu
30

Glu
105

Asn
120

Ile
135

Glu
150

Tyr
165

Thr
180

Ser
195

Gly
210

Ser
225

Ile
240

Gln
255

Glu



260 265 270

Glu Glu Glu Glu Thr Giu Thr Asn Phe Pro Glu Pro Pro Gln Asp
27% 280 285

Gln Glu Ser Ser Prc Ile Glu Asn Asp Ser Ser Pro
290 295

<210> 27

«<211l=> 36

<212> DNA

<213> Artificial sequence

<220
<223> Segquence is synthesized

<400> 27
ctacaccttc acgagctata acatgcactg ggtccg 36

<210> 28

<211= 51

<212> DNA

<213> Artificial sequence

<220>
«223> Sequence is synthesized

<4£00> 28
gattaatcct gacaacggcg acacgagcta taaccadaag ttcaagggce 50

g 51

<210> 29

<211> 38

<212> DNA

<213> Artificial sequence

<220
<223> Sequence is synthesized

<400> 29
gaatgggttg cagcgatcta toctggcaac ggegacac 38

<210=> 30

«<211l> 65

<212> DNA

<213> Artificial sequence

<220>
«<223> Sequence is synthesized

<400> 30
attattgtgc tcgagtggtc tactatagca acagctactg gtacttcgac 50

gtctggggtce aagga 65
<210> 31
<211> 36

<212> DNA
<213> Artificial sequence

32



<220>
<223> Sequence is synthesized

<400> 31
ctgcacagec agctcttcectg tcagctatat geattg 36

<210> 32

<211l> 42

<212> DNA

<213> Artificial sequence

<220>
<223> Sequence is synthesized

<400=>= 32
aactactgat ttacgcteca tcgaacctcg cgtectggagt co 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 sedquence

«220>
<223> Sequence is synthesized

<400> 34
gtttcactat aagtgtcgac aagtccaasa acacatt 37

<210> 35

<211> 33

<212> DNA

<213> Artificial sequence

<220>
<223> Seguence 1s synthesized

<400> 35
gecaggatag atggcgccaa cccatteccag gcec 33

<210> 36

<211> 26

<212> DNA

<213> Artificial segquence

<220>
<223> Sequence is synthesized

<400> 36
aagctcegaa accactgatt tacgect 26

33



<210> 37
<211l> 18

«212>
<213>

«<220>

<223>

<400> 37
agttttgaga gcaaaatg 18

<210> 38
<211> 18

<212>
<213>

<220>

<223>

<400> 38
aagctatgaa

<210> 39

<211>
«<212>
<213>

<220>
<223>

<400>

Glu

1

Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

Ser

452

DNA
Artificial Sequence

DNA
Artificial Sequence

PRT
Artificial sequence

cactaatg 18

Sequence is synthesized

Sequence is synthesized

sequence is synthesized

39
Val

Ser

Tyr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Gln

Leu

Asn

val

Lys

Thr

Val

Tyr

Ala

Lys

Leu Val
5

Arg Leu
20

Met His
35

Gly Ala
50

Phe Lys
65

Leu Tyr
80

Tyr Tyr
95

Phe Asp
110

Ser Thr
125

Ser Thr
i4¢

Glu

Ser

Trp

Ile

Gly

Leu

Cys

Val

Lys

Ser

Ser

Cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Gly

Ala

Arg

Pro

Phe

Met

hrg

Gly

Pro

Gly

Gly

Ala

Gln

Gly

Thr

Agn

Val

Gln

Ser

Thxr

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

Val
130

Ala
145

34

Leu

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

Phe

Ala

vVal

Tyr

Gly

Asp

Val

Arg

Tyx

Leu

Pro

Leu

Gln

Thr

Lys

Thr

Asp

Ala

Ser

Val

Leu

Gly

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Ala

Cys

Gly
15

Thr
30

Leu
45

Tyr
Ser
75

Asp
20

Ser
105

Val
120

Pro
135

Leu
150



Val

Gly

Sexr

Ser

Pro

Asp

Gly

Leu

val

Gly

TYyY

Gln

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Gly

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

val

Asn

Asp

Ala

Gln

Glu

Phe

Pro

Gly

Trp

Leu

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ser

Trp

Leu

Pro

Met

Tyr

Glu

Serxr

Gln

His

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Phe
155

Ser
170

VY
185

Thr
200

Lys
215

Thr
230

Val
245

Arg
260

Asp
275
His
290

Tyr
305

Asn
320

Ala
336

Glu
350

Lys
365

Ser
380

Asn
395

Phe
410

Gly
425
His
440

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Rep

Tyr

Leu

Asn

Tyr

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Glin

Ile

Lys

TYT

val

Thr

Pro

His

Ser

TyY

Lys

Pro

Phe

Glu

vVal

Lys

Val

Glu

Glu

Val

val

Ala

Thr

Ser

Phe

Gln

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

TYY

Lys

Tyr

Ser

Val

Thr

Lys

Ser

Lys

Thr
160

Phe
i75

Val
190

Cys
205

Val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

Val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

35

Val

Pro

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Sexr

Ala

Thr

val

Pro

Pro

Pro

Val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Val

val

val

Ser

Trp

val

val

Asn

Lys

Glu

Lys

Val

Tyr

Glu

Val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

Agn

Leu

Pro

His

Ser

Leu

Asp

val

Val

Glu

Leu

Ser

Ala

Ser

Val

Asn

Asp

Lys

His

Ser

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Asp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450



<210=> 40

<211> 213

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 40

Asp

1

Gly

Tyr

Leu

Phe

Ser

Ser

Lys

Asp

Asn

Asn

Asp

Ser

Thr

Gly

<210>
<23i1l>
<212>
<213 >

<220>
223>

Ile Gln Met Thr Gln Ser Pro
5

Asp Arg Val Thr Ile Thr Cys
20

Met His Trp Tyr Gln Gln Lys
35

Ile Tyr Ala Pro Ser Asn Leu
50

Ser Gly Ser Gly Ser Gly Thr
Leu Gin Pro Glu Asp Phe Ala
80

Phe Asn Pro Pro Thr Phe Gly
95

Arg Thr Val Ala Ala Pro Ser
11¢

Glu Gln Leu Lys Ser Gly Thr
125

Asn Phe Tyr Pro Arg Glu Ala
140

Ala Leu Gln Ser Gly Asn Ser
155

Ser Lys Asp Ser Thr Tyr Ser
17¢

Lys Ala Asp Tyr Glu Lys His
185

His Gln Gly Leu Ser Ser Pro
200

Glu Cys
41
452

PRT
Artificial sequence

sequence is synthesized

Ser

Arg

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

Gln

Leu

Lys

val

Ser
10

Ala
25

Gly
40

Ser
55

Phe
70

Tyr
85

Gly
100

FPhe
115

Ser
130

val
145

Glu
160

Ser
175

Val
190

Thr
205

36

Leu

Ser

Lys

Gly

Thr

Tyr

Thr

Ile

Val

Gln

Ser

Ser

Tyr

Lys

Ser

Ser

Ala

Val

Leu

Cys

Lys

Phe

Val

Trp

Val

Thr

Ala

Ser

Ala

Ser

Pro

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Ser

Val

Lys

Ser

Ile

Gln

Glu

Pro

Leu

Val

Glu

Thr

Glu

Asn

Val
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
a0

Ile
105

Ser
120

Leu
135

Asp
15¢

Gln
165

Leu
180

val
185

Arg
210



<400> 41

Glu

1

Gly

Ser

Glu

Asn

Lys

Thrxr

Tyr

Ser

Ser

Val

Gly

Ser

Ser

Pro

Asp

Gly

Leu

Val

Gly

val

Sex

Tyr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

Val

Gln

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Ser

Ser

TyY

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Val
Leu
20
His
35

Ala
50

Liys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

TYyr
185

Thr
200

Lys
215

Thr
230

Val
245

Arg
260

Asp
275
His
290

Glu

Ser

Trp

Ile

Gly

Leu

Cys

Val

Lys

Ser

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thr

Pro

Asn

Ser

Cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Serxr

Tyr

Lys

Pro

Phe

Glu

vVal

Lys

Gly

Ala

Gln

Gly

Thr

Asn

val

Gln

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

Val
130

Ala
145

Thr
160

Phe
175

val
190

Cys
205

Val
220

Pro
235

Pro
250

Thxr
265

Phe
280

Lys
2385

37

Leu

Gly

Pro

Gly

Ser

Leu

TYY

Thr

Phe

Ala

val

Pro

Val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Val

Tyr

Gly

ASp

Val

Arg

TYY

Leu

Pro

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

Val

Trp

Arg

Gln

Thr

Lys

Thr

Asp

Ala

Ser

vVal

Leu

Gly

Trp

Val

vVal

Asn

Lys

Glu

Liys

Val

Tyr

Glu

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

Val

Glu

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
20

Ser
105

vVal
120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

ASp
285

Gln
300



Tyr

Gin

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Gly

Asn

Asp

Ala

Gln

Glu

Phe

Prec

Gly

Trp

Leu

Lys

«210> 42

<211l> 452
PRT
Artificial

<212>
213>

<220>

<223>

Ala

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Gln

His

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

Sexr
380

Asn
395

Phe
410

Gly
425
His
440

Arg

Gly

Pro

Pro

Asn

Asp

TYTr

Leu

Asn

Tyr

val

Lys

Ile

Gln

Gln

Tle

Lys

Tyxr

Val

Thr

segquence

Val

Glu

Ala

Val

Vval

Ala

Thr

Ser

Phe

Gln

sequence 1ig synthesized

<400> 42
Glu Val Gln

1

Gly

Ser

Giu

Asn

Lys

Thr

Ser

Tyr

Trp

Gln

Asn

Ala

Leu

Asn

val

Lys

Thr

Val

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Val
5

Leu
20

Hisg
35

Ala
50

Lys
65

Tyr
8o

Tyr

Glu

Ser

Trp

Ile

Gly

Leu

Cys

Ser

Cys

Val

Tyr

Arg

Gln

Ala

Gly

Ala

Arg

Pro

Phe

Met

Arg

Ser

TYyY

Ala

Tyr

Ser

val

Thr

Lys

Ser

Lys

Gly

Ala

Gln

Gly

Thr

Asn

Val

Val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

Gly
Ser
25

Ala
40

Asn
55

Ile
70

Ser
a5

val

38

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Leu

Gly

Pro

Gly

Ser

Leu

TYyL

Thr

Lys

Sexr

Pro

Cys

Glu

Val

Val

val

Ser

Val

TYY

Gly

Asp

Val

Arg

Tyr

Val

Val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

Gln

Thr

Lys

Thr

Asp

Ala

Ser

Leu

Ser

Ala

Ser

Val

Asn

Asp

Lys

His

Ser

Pro

Phe

Gly

Ser

Lys

Glu

Ala

His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450

Gly
Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

Ser



Tyr

Ser

Ser

Val

Gly

Ser

Ser

Pro

AED

Gly

Leu

Vval

Gly

Tvr

Gln

Lys

Gly

Glu

Gly

Gln

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

Val

Asn

Asp

Ala

Gln

Glu

Phe

Pro

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Tle

His

Glu

Ala

Trp

Leu

Pro

Met

Tyr

Glu

Phe

Ser

Ser

TYY

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

95

Esp
110

Thr
125

Thr
140

Phe
155

Ser
170

TyT
185

Thr
200

Lys
215

Thr
230

val
245

Arg
260

Asp
275
Hisg
290

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

Sexr
380

Asn
395

Val

Lys

Ser

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Trp

Gly

Gly

Glu

Val

Len

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Gly

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

Vval

Lys

Val

Glu

Ala

Val

Val

Ala

Thr

Gln

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Ala

Tyr

Ser

Val

Thr

100

Gly
115

Val
130

Ala
145

Thr
160

Phe
175

Val
150

Cys
205

val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

Val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

39

Thr

Phe

Ala

Val

Pro

Val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Leu

Pro

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Val

val

Leu

Gly

Trp

val

Val

Asn

Lys

Glu

Lys

Val

Tyr

Glu

Val

val

Lys

Pro

Leu

Ser

Leu

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

vVal

Glu

Leu

Ser

Ala

Ser

Val

Asn

Asp

105

Val
120

Pro
138

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Agp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405



Asp Gly Ser Phe

Arg Trp Gln Gln

Ala Leu His Asn

Gly

Lys

<210> 43
<211l> 213

<212>
<213>

PRT

Artcificial

<220>

<223>

<4Q0> 43
Asp Ile Gln

1

Gly

Tyr

Leu

Phe

Ser

Ser

Lys

Asp

Asn

Asn

Asp

Ser

Asp

Leu

Ile

Sexr

Leu

Phe

Arqg

Glu

Asn

Ala

Ser

Lys

Arg

His

Tyr

Gly

Gln

Asn

Thr

Gln

Phe

Leu

Lys

Ala

Met

Val

Trp

Ala

Ser

Pro

Pro

Val

Leu

Tyr

Gln

Asp

Asp

Phe Leu Tyr Ser Lys

410

Gly Asn Val Phe Ser

425

His Tyr Thr Gln Lys

440

sequence

Thr
5

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
BO

Pro
95

Ala
110

Lys
125

Pro
140

Ser
155

Ser
170

Tyr
185

Gln

Ile

Gln

Ser

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Thr

Gln

Asn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

sequence is synthesized

Pro

Cys

Lys

Leu

Thr

Ala

Gly

Ser

Thx

Ala

Ser

Ser

His

Ser

Arg

Pro

Ala

Asp

Thr

Gln

vVal

Ala

Lys

Gln

Leu

Lys

Leu
415

Cys
430

Ser
445

Ser
10

Ala
25

Gly
40

Ser
55

Phe
70

Tyx
85

Gly
100

Phe
1i5

Ser
130

Val
145

Glu
160

Ser
175

Val
190

40

Thr val Asp Lvs

Ser val Met His

Leu Ser Leu Ser

Leu

Ser

Lys

Gly

Thr

Tyx

Thr

Ile

Val

Gin

Ser

Ser

Tyr

Ser

Ser

Ala

vVal

Leu

Cys

Lys

Phe

Val

Trp

val

Thr

Ala

Ala

Ser

Pro

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Cys

Ser

Val

Lys

Ser

Ile

Gln

Glu

Pro

Leu

Val

Glu

Thr

Glu

Ser
420

Glu
435

Pro
45¢

val
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

Ser
120

Leu
135

Asp
150

Gln
165

Leu
180

val
195



Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg

Gly Glu Cys

<210> 44

<211l>
<212>
«213>

<220>

<223>

<400> 44
Glu Val Glnr Leu

1

Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

Ser

val

Gly

Ser

Sexr

Pro

Asp

Ser

TyYr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

452
ERT
Artificial sequence

Leu

Asn

Val

Val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

200

Val
5

Leu
2¢

His
35

Ala
S0

Lys
€5

Tyr
80

TYyY
95

Asp
i10

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr

Glu

Ser

Trp

Ile

Gly

Leu

Cys

val

Lys

Ser

Pro

Gly

Ser

Gin

Val

Cys

Ser

Cys

val

Tyr

Arg

Gin

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

seguence is synthesized

Gily

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Gly

Ala

Gln

Gly

Thr

Asn

Val

Gln

Ser

Thr

Val

Thr

Sexr

Ile

Lys

Cys

205

Gly
10

Ser
25

Alas
4Q

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

val
130

Ala
145

Thr
160

Phe
175

Val
190

Cys
205

val
220

Pro

41

Leu

Gly

Pro

Gly

Ser

Leu

TyTr

Thr

Phe

Ala

val

Pro

Val

Asn

Glu

Ala

Val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Gln

Thr

Lys

Thr

Asp

Ala

Ser

val

Leil

Gly

Trp

Val

val

Asn

Lys

Glu

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thxr

Ala

Cys

Agn

Leu

Pro

His

Ser

Leu

210

Gly
15

Thr .
30

Leu
45

Tyr
60

Ser
75

Asp
Ser
105

val
120

Pro
135

Leu
1590

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu



Gly Gly

Leu Met

val Ser

Gly Val

Tyr Asn

Gln Asp

Lys Ala

Gly Gln

Glu Glu

Gly Phe

Gln Pro

Asp Gly

Arg Trp

Ala Leu

Gly Lys

<210> 45
<211> 213
<212> PRT

Pro
Ile
His
Glu
Ser
Trp
Leu
Pro
Met
Tyr
Glu
Ser
Gln

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gin

Asn

«213> Artificial

«<220>

230

Val
245

Arg
260

Asp
275
His
290

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

Ser
380

Asn
395

Phe
470

Gly
425
His
440

seguence

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

TyY

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gin

Tle

Lys

TyY

Val

Thr

Phe

Glu

Val

Lys

Val

Glu

Glu

val

Val

Ala

Thr

Ser

Phe

Gin

<223> sequence is synthesized

«<400> 45

Pro

val

Lys

Thr

Ser

Tyr

Lys

Tyxr

Ser

Val

Thr

Liys

Ser

Lys

235

Pro
250

Thr
265

Phe
280

Lys
285

val
310

Liys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser

1

5

10

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala

20

25

42

Lys

Cys

Asn

Pro

Leu

Cys

Tle

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Pro

Val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

Val

Val

Ser

Lys

val

Tyx

Glu

val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

Asp

Val

Val

Glu

Leu

Ser

Ala

Ser

vVal

Asn

Asp

Liys

His

Ser

240

Thr
255

Asp
270

Asp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450

Leu Ser Ala Ser Val

15

Ser Ser Ser Val Ser

30



Tyr

Leu

Phe

Ser

Ala

Lys

Asp

Asgn

Asn

Asp

Ser

Thr

Gly

«210>
<211>
<212>
<213>

«220>
<223>

<400>
Glu
1
Gly
Ser

Glu

Asn

Met

Ile

Ser

Leu

Fhe

Arg

Glu

Asn

Ala

Ser

Lys

Glu

46
452
PRT

His

Tyr

Gly

Gln

Asn

Thr

Gln

Phe

Leu

Lys

Ala

Gln

Cys

Trp

Ala

Ser

Pro

Pro

Val

Leu

Tyr

Gln

Asp

Asp

Gly

Artificial

YT
35

Pro
5¢

Gly
65

Glu
80

Pro
95

Ala
110

Lys
125

Pro
140

Ser
155

Ser
i70

TyY
i85

Leu
200

Gln

Ser

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Gin

Asn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

sequence

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

sequence is synthesized

46
Val

Ser

Tyr

Trp

Gln

Gln

Leu

Agn

Val

Lys

Leu

Arg

Met

Gly

Phe

val
5

Leu
20

His
35

Ala
50

Lys

Glu

Ser

Trp

Ile

Gly

Ser

Cys

Val

Tyr

Arg

Gly

Ala

Arg

Pro

Phe

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

Gln

Leu

Lys

Val

Gly

Ala

Gln

Gly

Thr

Gly
40

Ser
55

Phe
70

Tyr
85

Gily
100

Phe
il5s

Ser
130

Val
145

Glu
160

Ser
175

Val
190

Thr
205

Gly
10

Ser
25

Ala
:30)

Asn
55

Ile

43

Lys

Gly

Thr

Tyr

Thr

Ile

Val

Gln

Ser

Ser

Tyr

Lys

Leu

Gly

Pro

Gly

Ser

Ala

Val

Leu

Cys

Lys

Phe

Val

Trp

Val

Thr

Ala

Ser

val

Tyr

Gly

Ala

Val

Pro

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Gln

Thr

Lys

Thr

Asp

Lys

Ser

Ile

Gln

Glu

Pro

Leu

val

Glu

Thr

Glu

Asn

Pro

Phe

Gly

Ser

Lys

Pro
45

Arg
60

ser
75

Trp
90

Ile
105

Ser
120

Leu
135

Asp
150

Gln
165

Leu
1890

Val
195

Arg
210

Gly
Thr
30

Leu
45

Tyr
60

Ser



Lys

Thr

Tyr

Ser

Ser

val

Gily

Ser

Ser

Prc

Asp

Gly

Leu

val

Gly

Tyr

Gln

Lys

Gly

Giu

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Sexr

Ser

Ser

Lys

Gly

Met

Ser

vVal

Asn

Asp

Ala

Gln

Glu

Thr

Val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Tle

Higs

Glu

Ala

Trp

Leu

Pro

Met

Leu

Tyr

Phe

Ser

Ser

Tyr

Thxr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

65

Tyr
80

Tyr
95

Asp
11¢

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
2390

Val
245

Arg
260

Asp
275
His
290

Tyr
305

Asn
320

Ala
335

Glu
250

Lys
365

Leu

Cys

Val

Lys

Ser

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thx

Pxro

Asn

Arg

Gly

Pro

Pro

Asn

Gln

Ala

Trp

Gly

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Giu

Ala

val

Lys

Ile

Gln

Gln

Met

Arg

Gly

Pro

Gly

Pro

His

Sexr

Tyxr

Lys

Pro

Phe

Glu

Val

Lys

val

Glu

Ala

Val

Val

Asn

Val

Gln

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

Tyr

Ala

Tyr

Ser

70

Ser
B85

val
100

Gly
115

val
130

Ala
145

Thr
160

Phe
175

Val
120

Cys
205

Val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
2585

Val
310

Lys
325

Thr
340

Thr
355

Leu
370

44

Leu

Tvr

Thr

Phe

Ala

Val

Pro

Val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

vVal

Pro

Pro

Pro

Val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Ala

Ser

Val

Leu

Gly

Trp

Val

Val

Asn

Lys

Glu

Liys

Val

Tyr

Glu

val

Val

Lys

Pro

Leu

Glu

Ala

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

Val

Val

Glu

Leu

Ser

Ala

Ser

vVal

75

Asp
90

Ser
105

Val
120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Asp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375



Gly

Gln

Asp

Arg

Ala

Gly

<210
<211l>
<212
<23i3>

<220>
<223>

<400>

Phe

Pro

Gly

Trp

Leu

Lys

47

Tyf

Glu Asn

Ser

Gln

His Asn

213
PRT
Artificial sequence

Pro

Phe

Gln

Ser
380

Asn
355

Phe
4190

Gly
425
His
440

Asp

Tyr

Leu

Asn

Tyr

Ile

Lys

Tyr

Val

Thr

Ala

Thr

Ser

Phe

Gln

sequence is synthesized

47

Asp Ile Gln

1

Gly

TyY

Leu

Phe

Ser

Ala

Asp

Leu

Ile

Ser

Leu

Phe

Lys Arg

Asp Glu

Asn Asn

Asn Ala

hsp

Ser

Arg

His

TYT

Gly

Gln

Asn

Thr

Gln

Phe

Leu

Lys

Mef

Val

Trp

Ala

Ser

Pro

Pro

val

Leu

Tyr

Gln

Asp

Thr
5

Thr
20

Tyr
Pro
50

Gly
65

Glu
80

Pro
95

Ala
110

Lys
125

Pro
140

Ser
155

Ser

Gln

Ile

Gin

Ser

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Ser

Thr

Gln

Asn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

TYY

Pro

Cys

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

Val

Thr

Lys

Ser

Lys

Ser

Arg

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

Gln

Leu

Glu
385

Pro
4090

Leu
415

Cys
430

Ser
445

Ser
10

Ala
25

Gly
40

Ser
55

Phe
70

Tyr
85

Gly
100

Phe
115

Ser
130

Val
145

Glu
180

Ser

45

Trp

Pro

Thr

Ser

Leu

Leu

Ser

Lys

Gly

Thr

Tyr

Thr

Ile

val

Gln

Ser

Ser

Glu

val

Val

Val

Ser

Ser

Ser

Ala

Val

Leu

Cys

Lys

Phe

Val

Trp

val

Thr

Sexr

Leu

Asp

Met

Leu

Ala

Ser

Pro

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Asn

Asp

Lys

His

Ser

Ser

Val

Lys

Ser

Ile

Gln

Glu

Pro

Leu

vVal

Glu

Thr

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450

Val
is

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

Ser
120

Leu
135

Asp
150

Gln
165

Leu



170

Ser Lys Ala Asp Tyr Glu Lys His Lys

185

Thr His Gln Gly Leu Ser Ser Pro Val

Gly Glu Cys

<210> 48

<211>
<212>
<213>

452
PRT

200

Artificial sequence

<220>

<223>

<400> 48
Glu val Gln Leu Vval

1

Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

Ser

Val

Gly

Ser

Ser

Ser

Tyr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Leu

Asn

Val

Lys

Thxr

Val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

5

Leu
20
His
35

Ala
50

Lys
65

Tyxr
80

Tvr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
17¢

Tyr
i85

Thr
200

Glu

Ser

Trp

Ile

Gly

Leu

Cys

val

Lys

Ser

Pro

Gly

Ser

Gln

Ser

Cys

Val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

sequence is synthesized

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Ser

Tyr

Gly

Ala

Gln

Gly

Thr

Asn

Val

Gin

Ser

Thr

Val

Thr

Ser

Ile

175

Val
1390

Thr
205

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

Val
130

Ala
145

Thr
160

Phe
175

Val
190

Cys
205

46

180

Tyr Ala Cys Glu Val

195

Lys Ser Phe Asn Arg

Leu

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

Phe

Ala

Val

Pro

Val

Asn

Val

Tyr

Gly

Ala

Val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

Val

Gln

Thr

Lys

Thr

Asp

Ala

Ser

Val

Leu

Gly

Trp

val

Val

Asn

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

Cys

Asn

Leu

Pro

His

210

Gly
15

Thr
30

Leu
45

Tyr
Ser

75

Asp
20

Ser
105

Val
120

Pro
135

Leu
150

Ser
165

Gin
1890

Ser
195

Lys
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 31¢ 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 Sex 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 Gin Pro Gly

47



Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

Ser

vVal

Gly

Ser

Ser

Pro

Asp

Gly

Leu

Val

Gly

Tyr

Ser

Tyr

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

vVal

Asn

Leu

Asn

Val

Lys

Thr

Val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ala

Arg

Met

Gly

Phe

Leu

Tyxr

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu
20

His
35

Ala
50

Lys
65

Tyr
Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

Val
245

Arg
260

Asp
275
His
290

Tyr
305

Ser
Trp
Ile
Gly
Leu
Cys
Val
Lys
S_er
Pro
Gly
Ser
Gln
Val
Cys
Phe
Thr
Pro
Asn

Arg

Cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Val

Alz

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

Val

Lys

Val

Ala

Gln

Gly

Thr

Asn

Val

Gln

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

10

Ser
25

Ala
49

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

Val
13¢

Ala
145

Thr
160

Phe
175

Val
190

Cys
205

Val
220

Pro

235

Pro
250

Thr
265

Phe
280

Lys
295

Val
310

48

Gly

Pro

Gly

Ser

Tyr

Gly

Ala

vVal

Leu ' Arg

Tyr

Thr

Phe

Ala

Val

Pro

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

Val

Trp

Arg

Thr

Thr

Lys

Thr

Asp

Ala

Ser

Val

Leu

Gly

Trp

Val

Val

Agn

Lys

Glu

Lys

val

Tyr

Glu

Val

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

Val

Val

Glu

Leun

15

Thr
30

Leu
45

Tyx
60

Sexr
75

Asp
90

Ser
105

val
120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Asp
285

Gln
300

His
315



Gin

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Gly

<210>
<211l>
<2i2>
<213>

<220>
<223>

<400>

RED

Ala

Gln

Glu

Phe

Pro

Gly

Trp

Leu

Lys

50
452

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Gln

His

PRT
Artificial

Leu

Pro

Arg

Thr

Pro

Asn

FPhe

Gln

Asn

Asn
320

Ala
335

Glu
350

Lys
365

Ser
380

Asn
395

Phe
410

Gly
425
His
440

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Tyr

Lys

Ile

Gln

Gln

Tle

Lys

Tvr

Val

Thr

sequence

Glu

Glu

Val

Val

Ala

Thr

Ser

Phe

Gln

sequence is sgynthesized

50

Glu Val Gln

1

Gly

Sexr

Glu

Asn

Ser

Tyr

Trp

Gln

Lys Asn

Thr

Tyx

Ala

Trp

Leu

Asn

Val

Lys

Thr

val

Tyr

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Val
5

Leu
20

His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp

Glu Ser Gly

Ser

Trp

Ile

Gly

Leu

Cys

val

Cys

val

Tyr

Arg

Gln

Ala

Trp

Ala

Arg

Pro

Phe

Met

Arg

Gly

Tyr

Ala

Tyr

Ser

Val

Thr

Lys

Ser

Lys

Gly

Ala

Gln

Gly

Thr

Asn

Val

Gln

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gly

49

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Leu

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

Ala

Ser

Pro

Cys

Glu

vVal

Val

Val

Ser

Val

Tvr

Gly

Ala

Val

Arg

Tyr

Leu

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Len

Gln

Thr

Lys

Thr

Asp

Ala

Ser

vVal

Ser

Ala

Ser

val

Asn

Asp

Lys

His

Ser

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tvyr
60

Ser
75

Asp
20

Ser
105

vVal



Ser

Ser

val

Gly

Ser

Ser

Pro

Asp

Gly

Leu

Val

Gly

TyE

Gln

Ala

Gly

Glu

Gly

Gln

Asp

Ser Ala Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

Val

Asn

Asp

Ala

Gln

Giu

Phe

Pro

Gly

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

Tvr

Glu

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

ilo0

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

Val
245

Arg
260

Asp
275
His
290

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

Ser
380

Asn
395

Phe
41310

Lys

Ser

Pro

Gly

Ser

Gln

val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Gly

Gly

Giu

Val

Leu

Thr

AsSD

Pro

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

Val

Lys

Val

Glu

Ala

Val

Val

Ala

Thr

Ser

Ser

Thr

vVal

Thr

Ser

ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

Tyr

Ala

Tvr

Ser

Val

Thr

Lys

115

Val
130

Ala
145

Thr
1640

Phe
175

Val
190

Cys
205

Val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

Val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

50

Phe
Ala
Val
Pro
Val
Asn
Glu
Ala
Lys
Cys
Asn
Pro
Leu
Cys
Ile
Leu
Thr
Trp
Pro

Thr

Pro

Leu

Ser

Aia

Thr

Val

Pro

Pro

Pro

Val

Trp

Arg

Thr

Livs

Ser

Pro

Cys

Glu

Val

Val

Leu

Gly

Trp

vVal

Val

Asn

Lys

Glu

Lys

val

Tyxr

Glu

Val

Val

Lys

Pro

Leu

Ser

Leu

Asp

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

Val

Val

Glu

Leu

Ser

Ala

Ser

Val

Asn

Asp

Lys

120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Asp
285

Gin
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
290

Ser
405

Ser
420



Arg Trp Gln Gln

Ala Leu His Asn

Gly

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

Lys

51
122

PRT

Art

ificial

Gly Asn Val Phe Ser Cys Ser Val Met His

425

His Tyr Thr Gln Lys

440

sequernce

sequence is synthesized

51

Glu Val Gln Leu Val

1

Gly

Ser

Glu

Asn

Lys

Thrx

Tyr

Ser

<210>
<2]11>
<212
<213>

<220>
<223>

<400>

Ser

Tyxr

Trp

Gln

Asn

Ala

Trp

Ser

52

107
PRT
Art

Leu Arg

Asn Met

Val Gly

Lys Phe

Thr Leu

Val Tyr

Tyr Phe

ificial

5

Leu
290
His
315

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Glu Ser

Ser Cys

Trp Val

Ile Tyr

Gly Arg

Leu Gln

Cys Ala

Val Trp

seguence

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

sequence is gsynthesized

52

Gly

Ala

Gln

Gly

Thr

Asn

Val

Gln

430

Ser
£45

Gly
Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

Val
100

Gly
115

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser

1

5

Gly Asp Arg Val Thr

20

Tyr Met His Trp Tyr

10

Ile Thr Cys Arg Rla

25

Gln Gln Lys Pro Gly

51

Leu Ser Leu

Leu Val @ln

Gly Tyr Thr

Pro Gly Lys

Gly Ala Thr

Ser Val Asp

Leu Arg Ala

Tyr Tyr Ser

Thr Leu val

Ser

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
20

Ser
105

Val
120

Leu Ser Ala Ser val

15

Ser Ser Ser Val Ser

30

Lys Ala Pro Lys Pro



Leu Ile

35

Tyr Ala Pro

50

Ser Asn

Phe Ser Gly Ser Gly Ser Gly

Ser Leu

Ala Phe

Lys Arg

«<210> 53

Gln Pro

Asn Pro

<211> 107
<212> PRT
<213> Artificial sequence

«220>

65

Glu
80

Pro
95

BAsp Phe

Thr Phe

Leu

Thr

Ala

Gly

<223> sequence is synthesized

<400> 53

Asp Tle Gln Met

1

Gly Asp

Tyr Leu

Leu Ile

Phe Ser

Ser Leu

Ala Phe

Lys Arg

Arg

His

Tyr

Gly

Gln

Asn

Val

Trp

Ala

Ser

Pro

Pro

Thr
5

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
80

Pro
95

Gln Ser

Ile Thr

Gln Gin

Ser Asn

Ser Gly

Asp Phe

Thr Phe

Pro

Cys

Lys

Leu

Thr

Ala

Cly

Ala

Asp

Thr

Gln

Ser

Arg

Pro

Ala

AsSp

Thr

Gln

40

Ser
55

Phe
70

Tvr
85

Gly
100

Ser
10

Ala
25

Gly
40

Ser
55

Phe
70

Tyr
85

Gly
1060

52

Gly

Thr

Tyr

Thr

Leu

Ser

Lys

Gly

Thr

Tyr

Thr

Val

L.eu

Cys

Lys

Sexr

Ser

Ala

Val

Leu

Cys

Lys

Pro

Thr

Gin

val

Ala

Ser

Pro

Pro

Thr

Gln

Val

Ser

Ile

Gln

Glu

Ser

val

Lys

Ser

Ile

Gln

Glu

45

Arg
60

Ser
75

Trp
30

Ile
105

Val
15

Ser
30

Prec
45

Arg
60

Ser
75

Trp
90

Ile
105





