METHOD AND FORMULATION FOR REDUCING AGGREGATION OF A MACROMOLECULE
UNDER PHYSIOLOGICAL CONDITIONS 5 FIELD OF THE INVENTION The invention relates to
a method to minimize inflammation at the injection site for subcutaneous administration of a
macromolecule by reducing aggregation under 10physiological conditions. BACKGROUND OF THE
INVENTION In the past two decades, recombinant DNA technology has led to a significant
increase in the number of medicines which are biomolecules, in particular, proteins. The 15increase in
biomolecule medications has led to new challenges in drug formulation. High doses of protein
therapeutics sudhEEHEATbANBF CHRMEIAS INESORNRBIAUEHNGY ATERIGAI #ODSOR Aut this route of
drug administration i¥MAEGOMEENESRT.E iy BidR K Yrd faf A el (Ovfo o THeSfbtein therapeutic
for subcé@taneous injection where possible. However, the drug solution for subcutaneous injection is at
a much smaller 20volume than for i.v. infusion so the protein is necessarily present at a higher
concentration. At high therapeutic protein concentrations of tens of milligrams per milliliter it is
important to keep the therapeutic protEid.& Bl BIEEIRVERFIQYnded periods of time. High

allx
concentration solutipns@fRERieiRRincie astthedlikalilaps-ehMatginmiriaimintgrastianadayoring
aggregation; prevention of aggregation has become a major jssue for 25 protein drug formulation.

Aggregation TEAAEAE Y ATBBIBRIRB Bh RS HRIAIY o BE S AR A8 &r8AUBIiEF 8 the active protein,
altered pharptastKingtids;cantissmvanted immunogenicity. (Frokjaer, S. and Otzen, D.E., Nat. Reyv,
Drug. Discov. 4: 298-306 (2005); Jiskoot, W. and Crommelin, D.J.A., EJHP Practice 12:20-21 (2006)).
The prevention of aggregation re p @% _ 1] Jhe. [ lar details 300f the aggregation
process are generally unknown. Atyp V& ' ersto a protein solution. Commonly
used stabilizers inclodesugazy datsldrascaminoaatioy Sdethasidgnigiedtandiggfismmine
(Golovanov, i Pt al 1. ARy CHEM. 9628933 18939420040 Pabala,(SinghnS: fpd Singh, J.

AAPS Pharm. Sci. Tech 4: 1-9 (2003); Mishra, R. et al., J. Biol. Chem. 280:15553-15560 (2005)),
polyethyfene s s IPECY) caBamesHEPHoNIsstostin delaresormaies lorpelsiaimEhsihat may
reduce proteizpEQieHoiienaeinns: ¢k rakine Al JZERSHPIRI-GEI R-fhe phabn/tin. Biomed. Eng. 34:
1190200 (2006); (Nema, S..et al., PDA Journal of Pharmaceutical Science and Technology 51:
166-171 (198%)7" EFUDHERIISHE S AR G i HRgBSH AR L RAVHE Y- b Byranose units
Slinked with atpbed(} Axoivbosidit berds ©Dsamtnphedieed ffomuaeinacatbatjstasehessBrough the
action of the amylase, .cyclodextrin tran?%uco?(xla e. Lhe most common naturally occurring
cyclodextrind &fe alphacyciotextin coata- cyclodextin ana gammacydedelthn: E8hsiiing of 6, 7 and
8 glucopyranasemmitenrespeciiviebororaturatoyl codertsas yhetasoy etadegten conpentietitar, have low
aqueous solulifityy & %%%H(%Q%ﬁ’c%ﬂi’&ﬁ ‘GP%]@;) %{ﬁﬂ%%%‘s’gé%ﬂﬂﬂ@%“&rs physicochemical

properties have been synthesized. Commercially available CD derivatives include methylated CDs, 2-

hydroxypropyriedagiDe kaee thialeuaomss pratietet 8D dissnd vedifoberiirdBRp Sipds oy fmdor

cyclodextrin ineldenCRvIIRH &MQ!GIQ'MH@%&%’%@Q%@% QPHr&BéﬁL%QJ&%ﬁP- (For review, see
Loftsson, T.,.and Brewster, M.E., J. Pharm. Sci. 85:101- (1996); Uekama, 5K. et al., Chem. Reuv.
08:2045-20 78 ETHSISNS FyoFing ARETFRERUMAPIEY SRHUA AL ABRIS Y BN IR MBS e @i 5602 1493 (1990):
and Szjetli, JrdReiredApplohemon 6X825:3845142004)) . dapdadeiritsale lgssdhan 25,000 daltons in
molecular wejght an hencelcbaﬂ Qegglmoved frorp.sysﬁgmi ]grculati n by glomerular fig‘;[gation and are
not expected t5 S RTAIA HPHLS BORY *PH RERPBUR BFRH N AOTRARS Hhel as a

number immunogenicity. (Frokjaer, S. and Otzen, D.E., Nat. Rev. Drug. Discov. 4: 298-306
(2005); Jiskoot, W, and Crommelin, D.J.A., EJHP Practice 12:20-21 (2006)).

The prevention of aggregation remains largely empirical, as the molecular details
30  of the aggregation process are generally unknown. A typical strategy is to add stabilizers
to a protein solution. Commonly used stabilizers include sugars, salts, free amino acids
such as L-arginine and L-glutamine (Golovanov, A P, et al,, J. Am. Chem. Soc. 126:8933-
8939 (2004)), polyols (Singh, S. and Singh, J., AAPS Pharm. Sci. Tech 4: 1-9 (2003);
Mishra, R. ef al., J. Biol. Chem. 280:15553-15560 (2005)), polyethylene glycols (PEGs),

35 and other polymers, such as polysorbates or poloxamers that may reduce protein-protein



200f pharmaceutically relevant derivatives such as hydroxypropyl-beta-CD and sulfobutyl- beta-CD
has been well documented (Uekama et al., supra; Szjetli, supra). Cyclodextrins take the shape of a
truncated cone where the interior is hydrophobic and exterior is hydrophilic. The hydrophobic cavity
provides an environment into which appropriately sized non-polar compounds can be included and
form complexes. CD and 25its derivatives have been used as solubilizers for poorly water soluble
drugs. For eX4RiHEO AEEHRAS IR ESPBrRantwri) e sBilib izt tith RiirsdyBrpfbetaleD and
ziprasidone mesyizted>erden BVhy i seluhilizeshywish mufahbutytethsebata LR TR Mses of CD
include drug taﬁggézﬁion,o%%e masking, and adsorbent for essential oils. Currently available drug

ih Gy

products tha to trin include SporanoxTm (Janssen, Belgium), 30 ProstavasinTM (Ono,
Japan; Schwarz, GésnladygtriRsastBaphin500TMignel ddpaid)s GeeaodirutbiizencsiSAjtsVFENDTM
(Pfizer, USA), MitoExtra Mitozytre TM.FJ\I vartis, Switzerlan ?1 anhd VoltarenTM (Novartis,
Switzerllgnd)?lé%éo w\éwlisto %’%E?I%fg@f%% |,1 C(sja%l}d‘."T tggé{"r]?o%?g gﬁgrgrsogrgogﬁ fimted t6'Small molecule
compounds.tirergk ey imoleCiiesnylebe asy plegtides andsphateins saTatsodsrnomomplexes with

cyclodeXtrin%Mﬁ;%&e%#gg%tggaxa&%%%fmpﬁ9&%&&%9'Jyal.e Shudth & Dei3 aguant to stem in

part from the inhibi ' of CDs on cellular efflix pumps (Challa, R. et al., AAPS Pharm. Sci.
Tech. 6:E329¥SBACSD0GTP T e BEAahiih OE Seabiizansn BéT: FrotesHEhhdisepiass is also

qualitatively giffererttian .tbe.crrenh shahpRIacHIR drdgsWhile SRS GaNfatmiBelssion
complexes with small molecule drugs, CDs appear to bind to specific solvent-exposed amino acid

residue of tHESASETH Y BEJTIEALSAMNHR, B ol PIHRtem EHGhRIRAEI 16 888 %55 (2003)).
Maximum begefiicisAssuaynebiaingd atdoweyCivdetia-eensaniatiens asd dm enefits are often only

10partially concentration.de ent. For e le, aggr ion qf 1L -2 w timally inhibited by 0.5%
HP-beta—cyc?1 16%%1-_0827(1) fgggc['rll%h%? ((?aatv\?s g@ gu%%%g?%e sSI%rE%Iﬁ%/T%ZPHt?rPn nsg%Wmone was
improyed bywamémndwaZVG%nwtthimlphgoam}gmmnwﬁmmqm dodbeyceybrainfold Igss
effective thaﬂs@?}@v%%%%%o%‘. %E?A-g?. el M.}ﬂiﬂﬂ%%ggsg %)@%953}%@9 0 antigen

(also called human B-lymphocyte-festricted differentiation antigen, IS a hydrophobic”

transmeémbr&ne’proteite witR & iS40l (d AP DE approximrhlétians. D vdereetdPRi®e-B and mature

B lymphocytesiValeRung et 11 Biol (290 .A64618):31 282 A28 TLLIBYY ps Bipjeld etal, EMBO
J. 7(3):71] -717 (1988)). The antigen is also expressed on greater than 90% of B cell non-Hodgkin's 20

lymphomas (RASEY (AndlpdeHatsare srsdbae b b satansa mogaylaputishhanddenes sAtHEmatopoietic
stem cells, pramBedliBonarRatitasrod aelisiorashesnermaddissues tfeddesngtated gmmunol.
135(2):973-979 (1985)). CD20 js thought to regulate an early step(s) in the activation process for cell
cycle initiatiofy %‘E?H‘ %ﬁ‘(fg% ﬁiﬁéﬁ' (&%ﬁ%@?‘ 8{ 51%‘%‘6%Pf%%&ag%‘%#mﬂéﬁangésaaéaﬁl&h% ion channel
(Tedderetalgfhhaela @iochabm:cldi b 26¢1890))ch as IGirenthemibressitnol GDR6:VB cell
lymphomas,.this anti swkg3 - eutic tar et todre .ssuuc% mphomas. For example,
the rittodmat])g %glé%)%l@%%MEg@gﬁ%%%é gﬁ%lﬁ%gnd@?tvcvahﬁc%‘?saé %Zéﬁélficaﬂy anineered chimeric
murine/human moriaineakapttaies tiirettetioagdinsedichrancCres dntigeni (ecomméaibdibiavailable
from 30 GengniecR, 411Gy RAMBISAN TIRNGIEILGRIOINR HovidndhFRalmann . Racle AC, Basel,

Switzerland), is used for the treatment of patients with relapsed or refractory low- grade or follicular,
CD20 positiv@PERBHHS RIS AgRB 4 Aprrevdlsrrbbpiagiudaharddaps ayreterssd ¢Pandc2Bs" in US
Pat_e(r;tD bzég. @t}%@gﬂ}%ﬁ\_i@fﬂl@%ﬁ@f&ﬂ ZSﬁh%Q%dﬁsﬂae%?beﬁp@éﬂyﬁ%dt&@H@ﬁﬂ?@wg&51;3%@&5@2 Iﬁ)tq_?\; -
anti- antibodies Indicate the treatment o Include the murine antibo evalin whic
is linked to tﬁ%a@&iﬂ&%l&géﬁé)r%ﬁ?%%%W?ﬁﬁé&%‘ﬁ%%%ﬂﬁ&@? BB SREAPTARIBE xxarTM which
is a another fudyytaricecantibbdy eduiiigaiedin IniElu(@ania, DAALIT DA dswiswacBeful target
antigen for tﬁ%@fﬁﬁg gutoimgfﬂzr%%dis ases. Rituxim

rug sta o1, tasfe masking, an%%dsorbent for essential oils, Currently
available drug products that contain cyclodextrin include Sporanox™ (Janssen, Belgium),
30 Prostavasin™ (Ono, Japan; Schwarz, Germany), Prostandin 500™ (Ono, Japan),
Geodon™ (Pfizer, USA), VEEND™ (Pfizer, USA), MitoExtra Mitozytrex ™ (Novartis,
Switzerland), and Voltaren™ (Novartis, Switzerland). See also Table 1 of Szjetli, supra.

These formulations are all limited to small molecule compounds.



5 has also been studied in a variety of non-malignant autoimmune disorders, in which B cells and
autoantibodies appear to play a role in disease pathophysiology, including Edwards et al., Biochem
Soc. Trans. 30:824-828 (2002). Rituximab has been reported to potentially relieve signs and
symptoms of, for example, rheumatoid arthritis (RA) (Leandro flat, Ann. Rheum. Dis. 61:883-888
(2002); Edwards et at, Arthritis Rheum., 46 10(Suppl. 9): S46 (2002); Stahl et at, Ann. Rheum. Dis., 62
(Suppl. 1): 0P004 (bHES)ATEREY ISP SR iSIAEY A AEPE RS Ar S0 ieey), Ripas e Setberg,
Arthlritis. Res:ymeexaﬂ;ﬁ?fﬁé&x{&)@()@a mhﬁ&@%ﬁ&ﬁtﬁaﬁ%ﬁﬁtﬁﬂ@dﬁfg@%ﬂ%@k&ﬁ%ﬁﬁ@m @Ooi); Gorman
et al., Lupus,,13: 312-316 (2004)), immune thrombgcytopenic purpura (D!Arena et at, L ettk.
Cympoma ATRBT B3 008 S BEAE, RSO AL ST Se D 188, oncol,
27 (Supp 12R98-2034200MhafaiSet dtdhaeREMDRAICA 28075 1.8 THEAh(2a0Z N Batabitbhaiathom et at,
Ann. Int. Med.. 133:.275-279 (2000)),.pure red cell aplasia (Auner et at, Br I. Haematot,.116: 725-728
(2002, au R B R R W D ey v o i

Haenzatologitees 7 836 208291 colh agdbeiinincadivdase Wityios BralectidekergiaCls:ap87a8 (2001);
Berentsen clgt 106, 20RO 12902025 G0N BEIE0IED £t Bl e 115: 79-63

(2001); Bauduer, Br. J. Haematol., 112: 1083-1090 (2001), Damiani et at, Br. J. Haematot, 114:
229-234 (20043 by penpFslnefr@im Brafeseliaginpesinem! fefStin ed 18I efdrxmuumnbangiivied., 350:

310-311(2004.mixaslasiy@alobwlinermin. (Re Viaeiak i Arth s ROsuP46-SURBK $15206/5469 (2002)),
myasthenia gravis (Zaja etal., Neurolg%y, 55:1062-63 (2000); 25Wylam et at, J. Pediatr., 143: 674-677

(2003)) ! WedEREMY GPRATTBATL SRR TRdaEKE BETa MR AELE: Brisnancpgsalyg40 (2001)),
refractory peitakigdsyolgasiHEDepuyyebdtxAe N Dgmaiabd 1310681062904 Dhd irmaiamypsitis
(Levine, Arthritis Rheum., 46 (Suppl. 9):51299 (2 . Sjogren's syndrome. (Sqmer et at, Arthritis &
Rheumatism,1%‘?‘93@rréi)-%;;%lén ? %S?, R |v8r%‘/76§-l§yl%r%%)<éﬁe%eryoadI%%Otﬁ)l{r?“één/i’a ajg(ipe aaszl%lood, 101:
3827- 30383 (2008)Psgemphigbsseutgdris (Depayfettat; Mhb@e@iDatd 40 DEQS ¢2004)),

autoimmuneﬁggqgﬁfhyl(?@g[%%@zﬁeuroI. Nettrosurg. Psychiatry 74:485-489 (2003)),
paraneoplastic opsoclonus-myoelonus syndrome (Pranzatelli et al. Neurology 60(Suppl. 1) P05.

128:A395 (2003)), Ahel ¢EXAPsiripre fainoriiad hiples Bdioaph¢RmRMSIricrdst féeainabstract)
"Preliminarym%Eﬁ ﬁgm%q ! dhieslatR ] InMein SighthAnnualMesingof the Americas
an

Committees for Researc reatment in Multié)le Sclerosis, 20-21 (2003). Thé present invention

provides mefBEEERH TS mURioNE 8 PR aRe T BrbgainsdrnielsHiBred Wes' such as
antibodies, us@erqitysiclegica) conditionss Thesdbmatheistatithe.mntoniofienadyantages in the
preparation ulations of therapeutic proteins such as the antj-CD20 antjbodies described in the
specification?léggge R ARISGRE ?é)ﬁj%f?’iﬁéeéﬁﬁt? ?&%’}ﬁﬁﬂ%&%ﬂ#ﬁaﬁﬁﬁoﬁgg $eltineous injection
that will2provigimphoneas@dhipavadtabditye of thBltherap@itid antibirly and decr éaseddnfldvrmation at the
injection site I itional adv e il be apparentfrom the detailed.jodescription
baton SUMBE R R R e o S R (S 2R
solubilizers fér Hodripmanal sbidbletTitgs? GabiindinBe thathifiehentgawaoircsaiooesating(e.g.,
sulfo-butyl etfer byl Ry RIORY GAPRR MdraxY RPRYHSIR)BRIPHEA 2991 93H0R, And flocculation

of a protein, in particular, an antibody, is unexpected as antibodies are highly water soluble. The
finding that BRIGBBXERSIMNRiBite aekgRegardarastfisddtn stion of GolaRinsbamp at4D:195
25 (1990)).

Given the expression of CDD20 in B cell lymphomas, this antigen has been a useful
therapeutic target to treat such lymphomas. For example, the rituximab (RITUXAN®,
MABTHERA®) antibody, which is a genetically engineered chimeric murine/human
monoclonal antibody directed against human CD20 antigen (commercially available from

30 Genentech, Inc., South San Francisco, California, U.S. and F Hoffimann-La Roche AG,
Basel, Switzerland), is used for the treatment of patients with relapsed or refractory low-
grade or follicular, CD20 positive, B cell non-Hodgkin’s lymphoma. Rituximab is the
antibody referred to as “C2B8" in US Patent No. 5,736,137 issued April 7, 1998
(Anderson er al.) and in US Pat No. 5,776,456. Other anti-CD20 antibodies indicated for



high concentrations therefore represents a novel use for cyclodextrin. We have also developed a novel
in vitro screening method which includes the use of dialysis tubing with 20 defined molecular weight
(MW) cut-off and customized release media, both of which mimic the physiological conditions at the
injection site. The invention provides a method for reducing aggregation and inhibiting flocculation
of a macromolecule, such as a protein, under physiological conglitions, by the addition of 2% to 30%
cyclodextrind(CISayna & He éydistichermusnsetathad frévatie 2506l s takskingof hydroxy propyl
beta (HP-Betagididepxywmianyl apmuse (h-Gamnmelardspiabuty ethardSRE eyalodextrin. The

significant reduction in aggregation and flocculation by the addition of CDs also correlated to a
significant re T iniAfla i Ct njection in rats. The invention further
ignifi HERGIBF i A G AP HO M8t Qnatta ST anj e h furth
provides a method @otinimize nfefitmaganaidhefn)ectionsitecduAing StiveatanaatsagHpinistration
300f a macromolecule, such.as.a protei the addition of 2% to 30% HP-Beta cyclogextrin,
i Garmia IR G L L e S T RS i B
embodimentsct ting iwemtidodibeapaeromudloculelisiani satibpathot fukthery eimbodiiments of the
invention the:apiibRdy is aunerapeylic ANHRod0n adieonRstc AALRRL nas 1D VafigNS Gbodiments
of the invention, the macromolecule is an anii-CD20 antibody. In certain embodiments of the invention,

the anti-CD20tshtibbrclscacHigna Adetantivoost farceqaipl e risoairtafrrbritiefvention, the
anti-CD20 anfibody,comprisss ne.Af Be varanises Boby)DekwGadta! e Talle 4,1 g invention

further 5 provides methods and formulations wherein the anti-CD20 antibodﬁl comprises an amino acid
sequent® selRBl Fort tHe Mok §iebiglingar BemPio b1 E5rw AiHBP B FMents of the
invention, theastibady. compiiserihenlighioghain variable, denainiedSaQ DNl Aand the-heavy chain

choin veriahi B of SEO TN A BFHE R ndin VATGBIL Gt SR ToK0:3 and he

heavy chain Fariablé dorhaincd GBEQ), i@ Sthidrebimyenimniciputheragio\ddes: rrethddsand

f lati [ .antib, ' the,full;l i 0 0fS D :6 and th
fulength nean i 5 B S RSB T MR 5 N SRl o turner
providessmetisads &ngdbrmidations R8s (RROANtHOEY comprisesthmctulBTengBlight chain of 15
SEQ ID OB gpd s Hlengiheay il SEQ IRNOG SEQIR NI SERJPND:12, SEQ

ID NO:13, or SEQ’ID NO:14, In further anects, the invention provides a pharmaceutical formulation

for subcutanESUSEe it atidfeerdthattbmdhecate 2808 h: 4 8 BrHMEIR 2BRIB A& % to 30%

HP-Beta cyclagediine sk-Samma ey clodextsin onaBie4¥clogaxtine .sene. 2 embodiments, the
invention provides a phan aceutiéat‘?lt formulation for s,ubcutane%us administration of an antibody

comprising & it YeBicerfiatidh 4 Wit o> 200y /RS9 %0 6% HP-Beta
cyclodextrin, 1P -ISammiasciriode Reiren oe:SBRIcyblabdexidnqiol cetthiner3hodime Bs;dhe,antibody
concentration, ra is from 30-1 ) ther embodi ts, the anti oncentration range
is from 100-%0%95;}%?.&%1?1?%'rtg%%rgéggélﬁr@]({eﬁts, "%ﬁléarpl %t?%%?éﬁu{ic%ﬁgir%{%?a ?ioégi%%%rﬁ%rﬁes HP-Beta
cyclodextrin é&ﬂﬁbbﬁmﬁw@-ﬁrmqéfww@aﬂmﬁmgmlﬁ@dlhwenfs,f\fhéngh_afrm@de@ﬁ@al formulation
comprises HErGammAGICRIeAiA sl eaneeRasianal.oyt 9,20 liceriai ampediments, the

phatmaceutical formulation further comprises arglnl_ne succinate at a concentration of 50 mM to 200

mM. In certafiSSfihotithelte th e pra it St Aforoéemprisd 8 ER BR98Hextrin at a

concentrationgf2e10/9% Apmarain srehadimentss: ihewnbaimacemtioshiarnyiatensemprises an
/ml and HP-Beta cyclodextrM at a concentration of 15% to

antibody at a concentration of about 100 m
30%. In certa%%’mﬁéaﬁﬁ@ﬁ?ﬁf%"pﬁa&ﬁ%%&%ﬁ%é%\?%?}nﬁfaﬁ%ﬂfwmﬁwy&sawlgﬁﬂaQag}rawf

concentration/ot@bioDlethoranglmd and &2 oBefn dyatatdexiorial @ edneentmationBianouts30%. In

certain embadiments laceutical formulation comprises an antibody at a concentration of
ot 150 R B A T SRS e i AL gy
embodiment3%4R¥phitiaceotivakipeshutation dyrthbrbobnepris €8aga giniheFuedinte Hi2d-concentration
of 50 mly] to 200, Mih A sReGTic.SM L'_r&%]; hgy, ical sformulaty rises a
humanized 2E17raaintibljg’ yatﬁ?cégﬁcer?t%on raar%&z %}f’lo%%%%ﬂfﬁogéoﬁhg?m%nﬁ -Gaimma
cyclodextrin &ttaresHEseataRby 1Bot1enBevs  and amitinestreeiisai&atid tordetittatiéh of 50 mM to

100 mM. In furibey) smhadiments. (e ARAIMAcsUHER GAMRAKIIPRLIUHRAT SOMANiSesIA9 MM sodium
acetate; 5% %h?l)o?g%ik?ég}ate; gﬁﬁ 0.03% nglégsorbate 20, attgl-il 5.3. 10The inventﬁ further

provides an ﬁgﬁ}w}hdé\? %}M%@%@,}Np Jlapsing-remitting multiple sclerosis (RRMS).

Cross et al. (abstract) “Preliminary results from a phase II trial of Rituximab in MS$”



humanized anti-CD20 antibody consisting of any of the antibodies listed in Table 1. The invention
further provides formulations wherein the anti-CD20 antibody comprises an amino acid sequence
selected from the group consisting of SEQ ID NO:1-15. In further embodiments of the invention, the
antibody comprises the light chain variable domain of 15 SEQ ID NO:1 and the heavy chain variable
domain of SEQ ID NO:2, or the light chain variable domain of SEQ ID NO:3 and the heavy chain
variable donféghdrAmes Yeetng of e invastien Formmattpre oo Ss sersaicas Aretarriutations wherein
the antibody yamprisestis futblengttnlight chain of SEQ ID NO:6 and the full-length heavy chain of
SEQ ID NO:7, SEQ.ID NO:8, or SEQ ID NO: 15. The invention further provides methods and 20
formulations wherel P ERECSTIBBYRP LB BREeT e RAticRdPigridaier e nes9 and the

full-length hegyy.ghedn of bk MR GuBlELR 4RiDKAed LuREQ UL, Bl iHasN P 3, or SEQ ID

NO:14. _ The.inyention further proyides a method of treating a cancer of CD20 expressing B cells
comprising AAFETASKERS ARG SF TR Bh B30 o SErRL PR Bl
pharmaceutipsaitforssuldtiortcompdiig conbprsinde29tial 30 %cHPeBatatayclddextrin, HP-Gamma
cyclodextrin. gl RECHHRARHINGIRG RRARORING B.e5l FANGSLIBRISIRARNA RS ymphoma or
leukemia. In specific embodiments, tormdlations comprising the Umanized 2 an%bo ies that bind
human CD201hGh 2oy @serinetionelifaghibntboatprens anshesboind tesearonikfbagkitishanphoma
(NHL), indolgqt ﬂhﬁ@&i&?éﬁ&'EQWQF@&!%é&%ﬁ@pﬁgﬁt%&%‘iﬁﬁ%%ﬁ?%m%é%@ﬁéﬁ NHL,
lymphocyte predominant Hodgkin's disease (LPHD), small lymphocytic lymphoma (SLL), chronic
lympho&ytie flesheantion EE]I?I‘_") In specific embodiments, formulations comprising humanized CD20
binding antibodies, in particular, variants A, B, C, D or H from Table 1, or functional fragments thereof,
are used to treat the CD20 positive & seNioagueans leiad _Rpora TION he invention also provides a

method of treating gn autoimrnyne disease, rising .administering to a patient suffering from the
autoimmune diseasjeéi,cgoé?ﬁié}%spli%dlﬁ?caﬁiﬁ? 8%%%%8@%8‘5%%?%8%%2% R BTGy of Table 1 in a
pharmaceL(thiﬁdhi’:dwmhm@tio?mqugnim&%ﬁeéaﬁ%ﬁdPeBewcgﬁt@Mig,, Hl F?RGarryirmd Eﬁhy,clodcxtrin, or
SBE cyclo t'.xln egific embadiments, t tQimmu isease. is selegted from the group
consitit o e R R B R e e
methotrexat@ vix) irddepiancrespibaderts anekFEEEs Eothedipsnist itgidegustesebddonders,
rituximab-reHaetRRaE IRIRRSARAUEAIS WIRiORS SDRAHBETh PRRARAUEBE iR felkasIRry; or relapsed

with respect to another anti-CD20 therapeutic antibody. In other embodiments, the autoimmune
disease is sAEREMFBFA Y RTIpIRTTSREHIGRRREHIS 9p G¥cErErBath U ¥SEEY including lupus
nephritis, muitiplesederasia(M ) insdpdingd elapsng sRmkingdnuipig.sotarasis BHNSVith
15Wegener's disease, inflammator el disease, ulcerative colitis, idippathic thrombocytopenic
purpuraz?ITPa%L?Fé?ﬂmzﬁ% b tcé\?o%ﬁ%'ﬁ 8%%@6%%5%?\@%%8#Bgﬁ%fﬁbenia, multiple
sclerosis, psoriasishigphnephgapatoydigbipoliraujapathits, myasthenia gravis, ANCA associated
vasculitis, diabetesmellitus, .Reynaud's syndro Sjogren’s syndrome, Neuromyelitis Optica (NMO)
and 20 glomerlona Bl T el e e BT et C20 bincing
antibodies, iflgrertigidaroiansntsmolBuls, Budr 44 dnowtciablader prysinkipericiradinmentditikeeot, are
used to treal, g IgFNE dISeRRRR HSled BBRY Ssnere CEIRINLSMRGCINENLS Bl methods of

treating the aforementioned diseases, the subject or patient suffering from the disease Is a primate,

preferaBly a HGHHPIISTHEIRYEHMSH RiPd bprolideBoem Bidsek n PiemosArane Hafeamay
solubilization,ef QuiRigizingResiialicueian antibadyiitan RAveRsisYPsuaReRUsfoiinulation
upon injectiop at the, injection site of a patient, comprising adding 2% to 30% HP-Beta cyclodextrin,
HP-Gamma c§&f5 iRy SRt cﬁ&fﬁﬂﬁ?oc?ﬁ@iﬁ’ﬁﬂgﬁﬁﬁﬂkﬁﬁ?ﬁﬁ%%?&%uIation. In certain
embodimentsithemiirmaceyticabioubilationustgesiptise sak P Betaeyclod exiivrgravereentration of
5% to 30%. In cerfain embadiments, the hjll{ aceutical formulatio corplgrises %P-Gamma
cyclodextrin at'a concentration of 596 10 20%%. 17 CEamn SRoTimteh s?,u{ﬁ CB%%? Pt ¥olinulation
further eomprisesrangimiriecsic sirdtesat matoncentiatioldichbb @13/ to IO HivBdn certain

cyclodextrin, HP-Gamma cyclodextrin, or SBE cyclodextrin to the subcutaneous

formulation. In various embodiments of the invention, the macromolecuie is an antibody.
In further embodiments of the invention the antibody is a therapeutic antibody or a

diagnostic antibody.



embodiments, the pharmaceutical formulation comprises SBE cyclodextrin at a concentration of 2% to
9. The invention further provides a method of increasing the bioavailability of an antibody to be
administered subcutaneously, comprising adding 2% to 30% HP-Beta 5cyclodextrin, HP-Gamma
cyclodextrin, or SBE cyclodextrin to an aqueous subcutaneous formulation comprising the antibody. In
certain embodiments, the pharmaceutical formulation comprises HP-Beta cyclodextrin at a
concentration of 5%nteA809% cbedradnte pbbdlintsntionibophamemetastitaisernitia&BRComprises

HP-Gamma gyialadextiin af4,CoRGSIHRHAM Pl thithalRomb e -embadiments, the pharmaceutical

formulation 10further comprises arginine succinate at a concentration of 50 mM to 200 mM. In certain
embodiment@’ﬂl‘f’é"ﬁ%ﬁﬁﬁé)@@midalcﬁﬁ%WW@%@S’B‘E‘EWO@@)@W’T%P%Oc%ﬁ‘é@ﬁﬁation of 2% to
9.  The invgpfagfuiber provigea:an IBVvitrodialysi viathosh tp.eualuatedhe ahibty ofag excipient to
reduce aggregatjon of an antibody or other macromolecule under 15physiological condijtions,
comprisihg: AIAN9H e 0 B ST aES A RN AR XBIBIBAt against a
test mediumdsidsimulate: physiedoticrobn it ats3Tavwitls EQritianDdgitatitm fisdrapling the modified

media solution, aqd measyng, e appeprance auch as tubidit. of e samples and e gmount of
protein presént In the Teléase medium were measured by methods such as & UV photometric scan,
wherein 20irckenE2 N Prbtaid tbomceiraion andide dreased fGHERITY Wae setbadghthddium in the assay

containing the, gl 6ipie 0t 3B GamRRSeiR e ganal gkinardpiant aespdeaive of the abilty of

the test excipicnt to reduce aggregation of the macromolecule. In specific embodiments the media

relates 16 a ol EahPESR SRIGIESI9errESOE SRAIFY A 8 A derim chapviviabis épraainl 7mm
Phosphate, 4idt &y atageium Ti spesifiseabedipents 2aehiba methaduihe dialysisdubipg has a 1

million Dalton molecular weight cut-off. In further specific embaodiments of the method, protein
concentratioA 4R0% FBRIRSISF the Tkl aiidishiawmebair AR erd Setifslnest MaEirther
embodimentshafiiiae SEEMD the, SEgm NEisdeSEQUal NS pe atirgrihentadifietkreleasknedium and

the soluion i e SRS BG ot rsnliaten, whersin deereased fiscipiaian i the dilysi

tubing BOconIPaiclnlng excipient as'’compare e cking IS Indicative of the
ability ofsthe 5} Exciichind tedintiel agghdgatipnbeitioé SEACIOMEeRY ISEBRIEFODESERIETION OF

THE FBURﬁ:Uﬁ@I&ﬁWYE‘%p@ gbeg@)tjg)gl_ of 2H7 under phys_iolqgical_ con_ditions. 2H7 at 150
mg/ml was dialysed info PBS fortwo days at 37C. FIG. 2 shows the in vitro dialysis model used to

evaluate the effectdtofuskelieries o 2IPrAGERIGHTSH LPRISPBBSEIcH dgicalvdsiditions. A 250 ml glass
jar is filled with,22Q. 10 Qfaghfigd:RB srsaiie{d 8 /mMRediv My LAAMM Ghieriderd (nM Phosphate,

4mM Potassiuron) at37C. A6cm Iengéh of 12mm dial sis_tubingﬁls clamped at one end, filled with
approximateRPT° FiF P et 3cipApTéimdBdeaaime Fernsiatinape THE sHsident®r (RESing is clamped

to the seql. Theirnisplacreiat SfonyithveansiantstistngicilblauBshows ihs-bahayier of the controls
in the in vitro dialysis r_node. Both 2?7 and rhuMab CD1la were tested %n the modﬂe&ho n in Figure
2. The cumuf? g’ﬁ%?%%‘hf’ d& BHEIEiFOrEEE TS The P B SBTIGHBR WAL HIESSUred™ 8’5, 6, 12,

24, 33 and 4&® BOOmtirmepmih % to 30% HP-Beta cyclodextrin, HP-Gamma cyclodextrin, or SBE
cyclodextrin. In certain embodiments, the antibody concentration range is from 30-150
mg/ml. In further embodiments, the antibody concentration range is from 100-150 mg/ml.

25 In certain embodiments, the pharmaceutical formulation comprises HP-Beta cyclodextrin
at a concentration of 5% to 30%. In certain embodiments, the pharmaceutical formulation
comprises HP-Gamma cyclodextrin at a concentration of 5% to 20%. In certain
embodiments, the pharmaceutical formulation further comprises arginine succinate at a
concentration of 50 mM to 200 mM. In certain embodiments, the pharmaceutical

30  formulation comprises SBE cyclodextrin at a concentration of 2% to 9%. In certain
embodiments, the pharmaceutical formulation comprises an antibody at a concentration of
about 100 mg/m! and HP-Beta cyclodextrin at a concentration of 15% to 30%. In certain
embodiments, the pharmaceutical formulation comprises an antibody at a concentration of

about 150 mg/ml and HP-Beta cyclodextrin at a concentration of about 30%. In certain



FIG. 4 shows the effect of 2-9% SBE-cyclodextrin on the release of 2H7 in the in 15vitro model.

FIG. 5 shows the effect of 5-20% HP-Gamma-cyclodextrin on the release of 2H7 in the in vitro model.
FIG. 6 shows the effect of 5-20% HP-Beta-cyclodextrin on the release of 2H7 in the in vitro model.
20FIG. 7 shows the effect of HP-Gamma-cyclodextrin and arginine succmate on the release of 2H7 in
the in vitro model. DETAILED DESCRIPTION OF THE EMBODIMENTS The various forms of the verb
"to aggregatemRsfEm@nts. she chsy el indnitan 2spisisn smerituids Bracommsidrdmasiociate to
form aggregatps: AMb REHEHRI ISR A NRISIBSSEMPYGRIBRTSIRG SralRaK 650 comipigxes of

protein. Aggregation can proceed to the extent that a visible precipitate is foimed. The formation of
such a visibl&PpedipRate tacnbernaesterldErL IR FHEE SRINBRSCTHE PAISHVEHINE #h E of
precipitation @fnacmasiemglssHsimazobenietermispdifior-adeample typeampasiseaito a visual

control. Addifional methods aof assaying precipjtation are known in the art and described below, e.g.,
tho In vitto olSTRI DS ARG BELE, EXUSA SPHRHU6 S WOGBHIRa im Erample
3. The tetorl Sbioavail i iyireie rs/ thothe diegtecctawhichiar séte &t vBLH, andiugzdimather substance
s absorbed grhecomes ayallable:at (e 5a plpiysidigoical agiity alter, admipistration. The
bioavailabil ty of a macromolecule may be assayed by Iin vivo pharmaco inetics methods known in the
art.  The Ermimadroholioggticafarthiy eomptecs B wit sodoleecttateyéighitcbhlmsteast 10,000

daltons, and mayinelude PR IBSLRYALAS aNgRdies. SThe terms "excipient” or "phaimaceutical

excipient” referto compounds which may decrease aggregation of a macromolecule. Excipients may
include Yugars, saltshsrascatam&abrIPaIeAs &1y afdhsiakoxm dormylaamsenFBIiEE 2polyethylene

glycols (PEGamamndathar-oolymerss sHchas Rl SethatesHRAIMNANREY: @ dRIYiYIpyrrelidone. The
term "cyclodextrin!' (or "CD") refers to cyclic oligosaccharides having d- 10glucopyranose units linked

with alpha-(THFHi THYRGSST e RSSO B R are
alpha-cyclodexthin abieteeqyclagetitn afdman mnaayclotksitp o SES)IMMY Of 161 7. dnduBgiicopyranosc

units, respectively.. Synonyms for cyclodextrin include Cavitrgn, cyclic aligosaccharide, cycloamulose,
and cyclogIu%rgﬁfyqlﬁlg%r%m@y@‘éﬁéﬁ’tﬁgg%gnﬁlgggyh%%%}Sreﬁ’aycfilll te‘fﬁ}ﬁlc uﬁ%%?/%%)éréaiﬂfr}:%erivatives,
15including, @bt Nimitenhdchatethyl atednCBstfehipdnamypi 8 pildiz N C D semibetidteth &Ds, branched

CDs and sutohiil G or 318 NSRRI AV O VISIBIE i8N 20HBRRNIIRE used In the

treatment of disease. A therapeutic antibody may e various mechanisms of action. A therapeutic
antibody may iy ariédhdutiamiearneaonsibeds seddprerdetanser bRsinetharmpibody comprises
the full-length light chain of SEQ 1D NO:6 and the full-length heavy chain of SEQ ID
_ NO:7, SEQ ID NO:8, or SEQ ID NO:15. The invention further provides methods and
20 formulations wherein the antibody comprises the full-length light chain of SEQ ID NO:9
and the full-length heavy chain of SEQ 1D NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ
ID NO:13, or SEQ ID NO: 14,

The invention further provides a method of treating a cancer of CD20 cxpressing B

cells comprising administering any one of the humanized anti-CD20 antibodies of Table 1

25  in a pharmaceutical formulation comprising comprising 2% to 30% HP-Beta cyclodexirin,
HP-Gamma cyclodextrin, or SBE cyclodextrin. The CD20 positive B cell cancer is
preferably a B cell lymphoma or leukemia. In specific embodiments, formulations
comprising the humanized 2H7 antibodies that bind human CD20 (hCD20) and functional
fragments thereof are used to treat non-Hodgkin’s lymphoma (NHL), indolent NHL

30 including relapsed indolent NHL and rituximab-refractory indolent NHL., lymphocyte
predominant Hodgkin’s disease (LPHD), smali lymphocytic lymphoma (S1.1.), chronic
lymphocytic leukemia (CLL). In specific embodiments, formulations comprising

humanized CD20 binding antibodics, in particular, variants A, B, C, D or H from Table 1,



20 monoclonal antibody that blocks the activity of the protein needed for the survival of a cancer cell
causes the cell's death. Another therapeutic monoclonal antibody may bind and activate the notmai
function of a target. For example, a monoclonal antibody can bind to a protein on a cell and trigger an
apoptosis signal. Finally, if a monoclonal antibody binds to a target expressed only on diseased tissue,
conjugation of a toxic payload 25 (effective agent), such as a chemotherapeutic or radioactive agent, -
to the monodbRECHAR BshiEtbaRo haragert foispabiicaefvenitivr el wmpaylbaado the
diseased tisgugy£educing hat in to healthy tissue. The term "diagnostic antibody" refers to an
antibody that is used as a diagnastic reagent for a disease, The diagnostic antibody may bind to a
target that is specif%%lﬁf‘%ﬁ@é‘&é?gtgﬁ’\ﬂﬁ%ﬁ HPEHON ST HERLRESH BXSTBERIBS HS%Sarticular disease.
The diagnostiengiidedydmaysbeinsads fatiexampleirioftieicetatargehinadiologigal sample from a
patient, or in diagnostic imaging of disease. sites, suc Imars, in ient. ~ The "CD20" antigen
isa non-g)gchtggﬂ%%ﬁfz%rgn%mg%%?g]rl%l%thogsdpl%%%% Zerf}l %vﬁhﬁdgtﬂ%%ﬁigcciﬁﬁ%ﬁ/%i Ht bf approximately 35 kD
that is foundparthecsutifat &oh gieaie reham 808 e fiB308H STk dintpeyipbdrat i gdH-Gatymphoid organs.
CD20 is exp ) in y. developn I ing until plasma eell differentiation; it
is not found (%?%E‘?hxgﬁﬁét%rggcﬁeﬁggf?/%rﬁ%ﬁ%ﬁdel\ér%%%%%%%%no%ﬁ%’@%ﬁ%ﬁ%g]n%ug%f%ge&%éso is present

on both norniglcBaskitsrashwalbap eaatighnme Bleaimaotheithiind 4o p8DRCMitbditerdtide Sinclude

"B-lymphocy; ri ifarentiati igen:..and. " " Lantigen.| jbed in, for
example, Cléﬁ[(ﬂlgﬁ% I%ﬁe%%hgt?e%' %{;{/&é@e?ﬁ@ %Hg;ﬁ%z%%l(%%%%%ln%g églgﬁg%zpeiggﬁ%{iol. Chem.

264(19)41282LppBY ippdgDiate respprdtsinii taHTBEdYH s sparirr s bpabeest Seare and specifically

covers monogipRalaatibadies fncludingfultisnash-oenesionak-apibodiesiamutispepitis 10antibodies
(e.g., bispecific antibodies), and antibody fra%_ments so long_as they exhibit the desired biological

activity or fufRgiRcutic 2aHRag o QR H Y SR RIS S ERifih 5 Si5tRI0ERES 1BF the
invention wilkioghuekensttRasirbinaingeatthe antikedyta (@nBRiLRAN ey pegierably binding to
human and oth%\rféfrimste C (inclfj(éir%q nomolgus. [{nonke}ﬁ{ rglesys mo 5chimpanzees).
The antibodies would 5ivd" WS R VRIS SRS HIGR SRR 15CEShr Rt a Kd value no
higher tifan albegintris|diseasd, elatletokilbow defpletecButatistineviubiigreiepalilic by at least 20% when
compared to 8RR ' 'v?ﬁgn ich is not treated with such tibody. B cell
depletion ca#%i‘ a re@ﬁ#@#gﬁu‘ggﬁé ore oég%g\%égcé%gmg%c p%gg?slc BPlgﬁgr&rﬁﬁanism. In some
embodimentaugfidisaasdironbemnteraitiplsschivsfaroifindidnscomenschiadigvhs may be
desired overiiyers apsiseltainvariants.of ihe kmanized R VAL pre tariRaLo,ashigye those

biological functions, such as ADCC. "Antibody fragments" comprise a portion of a full length
antibody, geRé&vamytifedtigRR: BIEIY brXPiamie MeyiomirkrsdtPESERNIEY srdntibody fragments
include foab, 2bhationtpbrds andkhu e emBrisH el aslipsidinaar-ontireiesusipgia-caain@ntibody
molecules; and multispecific antibodies formed from.antibody fragments. =~ "Fv" is the minimum
antibody rad A AAR LT B BRa Ay e OB G R OB SO ragment
consists of afdignemof thnedteavy:sah thorettightohaimwardblensegiredomain in tight, non-covalent

association. From the fo di{lgmqgo%mhe e tfv¥gedo ains gmanate Etiexalf*l&gervqriabl dllge%gx (§hlé)ops each

n ceftd HHAATS methods, of treating 't mentioned \ .
from the El and L chain) that Contribute the amino acid residuss fof antigen binding Sna’ confer antigen

binding specﬁﬁbjt\,@ttgrthéi@mﬂyé@?ﬁglﬁm\ﬁéﬁ Evericasinglewaripisferdomaim(orrhalf of an Br comprising
only three CDRs spegific.fon:an ARHIER VAR (el JPifgRooNz &:angdRing antigen, although at a

lower affinity than the entire binding site. . )
solubilization of or minimizing precipitation of an antibody in an aqueous subcutaneous

formulation upon injection at the injection site of a patient, comprising adding 2% to 30%
HP-Beta cyclodextrin, HP-Gamma cyclodextrin, or SBE cyclodextrin to the aqueous
subcutaneous formulation. In certain embodiments, the pharmaceutical formulation

30 comprises HP-Beta cyclodextrin at a concentration of 5% to 30%. In certain
embodiments, the pharmaceutical formulation comprises HP-Gamma cyclodextrin at a
concentration of 5% to 20%. In certain embodiments, the pharmaceutical formulation

further comprises arginine succinate at a concentration of 50 mM to 200 mM. In certain



The term "monoclonal antibody" as used herein refers to an antibody from a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are identical and/or
bind the same epitope(s), except for possible variants that may arise during production of the
monoclonal antibody, such 5 variants generally being present in minor amounts. Such monoclonal
antibody typically includes an antibody comprising a polypeptide sequence that binds a target, wherein

the target-bisHIPRABBAbE Pirieh septfeRbelfas BRI eP P HSprOEES S At mEindd $ the selection of a

single targetQinding.pelypeptids sequence from a plurality of polypeptide sequences. For example,
the selection process can be the selection of a 10 unique_clone from a plurality of clones, such as a

pool of hybridoma ciBRES BAYY e oL MBRRdRITRHB8dRe FensiiP BE{d®rstood that the
selected targstibiting regseinbe-caniie fuibenajleratp fomexaimple21o tivyraveraliinity for the target,

to humanize the target binding sequence, to improye.its groduction in cell culture, to reduce its
immunoaenigﬁ(é?r%\%/%q’t%?% gal{lén 4 %@I‘f@%{g&ﬁicg ra%' | ocgy,oedt%).{:[ré{h%ﬁ) ﬁ?a%qélﬁofggﬂ%%ugéﬂf%ﬁnprising the
altered targefobimdigsequensiagdstalsotdaipn bclanaimatibodiynefithithénventieredticabntrast to
polyclonal antj r lQnswhich typi include different. antibadies difected against different
determinantggfg%éﬁ%rzg%%gﬁ er§ gﬁ)%%%ﬁ%ﬁﬁ#%%ﬁ? %gflgac%% ﬁrgcr:%ﬁ glog%?i Bf)od?/ﬂg?é S%Faetgf on'is directed
against a singjibelémenimeistoaraneamtigdiomualdtniorr ety BPdciiting thdadorioeieal antibody
preparationsaie 23 afdyaltagepusin, that they arsubmicaliy YRcomaminaied by.athakpmunoglobulins.

The modifier "monoclonal” indicates the character of the antibody as being obtained from a
substarifially REATH GRHBEERS BERIRAIBIFOFHRAbDARRS i IRt %Mé%ag@ra%\ﬁ-a@fé&amng
production ogthe @irtihedynsysmnpaiicisetmethads tonsxavBIEE thesmeresianal antibodies to be
used in accordance with tIg%%resgnt invention may be made 25 by a variety of techniques, including,
for example,ct?{écWBaﬁ]&&% dthod (e.g., Kohler et at, Nature, 256:495 (1975); Harlow et at,
Antibodies: A Laboréteiyvitaiondlr(iio s SpdinguHar bonldliosat eyt iRk gse 2ihedhd 988}y deimmerling
et al., in: Monoclonal ibodies and T-Cell Hybridanzas 563-681, (Elsevier, N.Y,, 1981)), recombinant
oA methodk e RS e e BB el e, 2 0.
30Clackson ehgtiologiorbo@E2I604-G28 (1001 JiMpring Etranldtivtol oBibt. r2eRiB8kady With91); Sidhu et
al. J. Mot Bigh 33HZ4209: 2100040 s R AMBIEIPIZANERATTR:10S3, (2004 Flguse, PIOC
Nat. Acad. Sci. USA 101(34):12467- 12472 (2004); and Lee et al.Immunol. Methods 284(1-2):119-132
(2004), and tECANBIEYE8YeriHEIEIERgHuPAE Bempddisdirecdatpbiies rnamssaisiaadhmave parts or
all of the hurags:immunaaioRulinlar) oF arRnesmsRrRsading HumanisIHeRagialwin seguences (see, e.g.,
WO 1998/24893; WO 1996/34096; WO, 1996/33735; WO 1991/10741; Jakobovits et al., Proc. Natl.
Acad. Sci. USK*J0RE3IM TE83 P ShREBHDENARS Righ 4o 2 362 I80DsE1E1%6%) MBfIBemann eta).,
Year indmmimnecav:3 3rttA9)indeirhRatent dNos:5:54mI806; R8RSR (Al afsgenPharm);
5,545,807; V\éC;1 ,9n917/],£Z8 eZS' U.S.l.lga}tgsntolynos. 5(1345_1%3071'ﬁ 5@451{806' 5615%911’821%;‘ 5(16(%l {r12 ; 5,633,425;
and 5,661,018; arks eta .,%Weéhnofogfiﬁ: 79-7853 ﬁ é%;lﬁgr%eipg e%aﬁ., Rfafurel, 388: 856-859
(1994); Morisonainiyied 86 8:58 2 $I (k0S4 cFistpnikhiatalof NatoreBivtéchioldgypa#i845-851
(1996); NeuhgigstNauie ipiachnalons 44,3304 1901 H0RRd.nberg anshHyaza(nter. Rev.
(1995). ing antibodies

Inimunol., 13: 65-93 "Functional fragments" of the CD20 bin of the invention

are those fragPfiéits thardtai Bidaingtd'Chow it dubdReasiyrmisassdiafmiodnens intact full
length molecyitenframvichdhsy,aretdeHyadsandshosm bigieaicaliagtivitvingluding depleting B cells as

measured by_in vitro or.in vivo assays such as those described herein. 15The term "variable" refers to
the fact that TR BEGHEHIO U IRE T ABTEHEI REOteT sk ey Luhiditida tintsag
antibodies. ThenMdlomaiamedipiesauiggrhiogisgyand fiefine spesifiaity:ob aipasieulas; antibody for its
particular ang% n. ov¥e er. the variability is not e\éefn¥ distribute .acrosqstE{}e 19-amin acid span of
the variable domams. Mstead, the VHEGions consist 8t retativel) Sivatiant strttheL dBies framework
20regions (FRsYofiisss 30 amilo meitsiseparatedchy dhorterd pgiopsabextrémdivhsabilinngalled
"hypervayiab ians,.tha - a %Eﬂ' I vari ins.@f native heavy
and Iigh%cha%%é%%@%%%%%%&f%ﬂéﬁ%%I%, a géggtggﬂé%sﬁé}%ﬂglﬁgg %@éﬁ?ﬁﬁ%@%ﬁ%@nﬁected by
three hypervHxiabidifegiohstanisietinieri fordscorrsethiigna dinmsemrenedseds (brining part of, the
13-sheet structure. The hypervariable regions in



25each chain are held together in close proximity by the FRs and, with the hypervariable regions from
the other chain, contribute to the forination of the antigen-binding site of antibodies (see Rabat et al.,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains are not involved directly in binding an antibody
to an antigen, but exhibit various 30effector functions, such as participation of the antibody in antibody
dependent cellular cytotoxicity AREEDERE RIPATGINSK AHBEIEHRES when used herein refers to

Eht REA TGNeR dAHB  ElleHRE!
the amino acid resiigs fan-ARURRc: WhishRTe e SRR SRS S5 AR OB RARIRFING: Fhe hypervariable

region generally comprises amino acid residues from a "complementarity determining region" or "CDR"

(e.g. aroundBEBvasdipkveedArtn RBYfos teseleys vaht89-97 (L3) in the VL, and around about 31-35B

(H1), 50-6?] (HdZ) amgl@mﬁ)&ml i B8 in mﬁo\dﬁlyg@?@@ﬂ abecﬁ@?u@m?%&w &hfé&@iaﬁe@uﬁ?&ntgnc;;ogiiﬁl
interest, 5th E ic Health Service, 5National Institutes of Health, Bethesda, MD. (1991)) and/or
(s 1o tduBL HE R RIS O R TERTITRS o8 250 o 1456 o LD S U3y m (e
VL, and 26-32! (H i) db2eb BB ) atich 966 TOM 83): inrthiel MhiM Chdihitk arfehnive Skakphiod, Bigll
196:00L- 917,490 O 4P seerred o herell, (e canssfisus sausnce, or.consensus dgmain
sequence 1&5 an artficia seguence derived from & co pSaI’ISOﬁ OF the BMino acit s’equ%nces of
known humawiiaperesgioiteiiin valridistet segiple.seqotsrces. Basedlomthibsebonmpdnigens, recombinant

nucleic acid gegencesfaaeding (e VislomalR agnc.peide Rl a8 @nenasngus of the sequences

derived from the human x and the human H chain subgroup Ill V domains weré f)repared. The

consenflis V sequéhEe udesypdtciahavariok Hssadribsutpa ot dysemersl oBPathaty

"Chimeric” agiibpdiesdinmuncairbuling)havendpartiafithe heavy andmightehain identical with or
homologous to corresponding sequences in antibodies derived from a particular species or belonging
to a particuldFEHEEa, ERLLE SR Ju M BN S BNt B NG s derftich with or
homologous:tai cériespandingraequences in 20antibodies derived from another species or belonging to
another antibody ¢ r subclass,.as.w f ents of such antibqdies, s they exhibit
the desired biologi(?a]lﬁagtiq\f%:%\/v (ﬁ%é %Ctte?ﬂt%%%’d,%frgf %E‘?(;{%axr? | 8rr$§5ﬁq% S%f??gr}(ll?nc.l %I%lﬁ."ﬁ\cad. Set
USA 81:6851#885®¢tD84)). Humanized antibody as used herein is a subset of chimeric antibodies.
25Humanized” foruje;of pRRLWRARE. grmNAbasRAdIs ALS S SHn,aniRad e pych contain
minimal sequence derived from non-human immunoglobulin.”For the most part, humanized antibodies
are human ifriigriagigsumgdrecipient or acceptor antibody) in which hypervariable region residues of
the recipient are replacedRuRYRERYRIBOIS rREipAPasSIdLeR {FAM RN ERLRASRESIAS (donor
antibody) such as mouse, 30rat, rabbit or nonhuman primate having the desired specificity, affinity,
and capacitﬁhﬁw”%&tﬁ@ ‘ﬁﬁ%‘iﬁhces, Fv framework region (FR) residues of the human immunoglobulin are
replaceghby correspandingisonthcieian WsmussnmthermRierhunianizes aatladies M@y comprise
residues which are r%c*{ ung?in.thet [ecigiderﬂt antibody or in the donor antibody. These modifications
are made to Turthr refine'an ﬁ)gid‘ﬂf fooeﬁ‘ fifflance such as binding affinity. Generally, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, in which all
or substantially all of the Mﬂ’ﬁfﬁﬁ%ﬂ%ﬁf@%@%ﬁ@ﬁﬁﬁﬁﬁ%ﬁﬁnaﬂ immunoglobulin and
all or substantially all of 5the FRTegions are tose of a turarm mnmunogropatm sequence although the
FR regions may indlle&sisasoiomorel diirtacie aagseziistioastiae pnprovevbinelingndffifiual The
numbenof these AR RS SURSHHIEIQRS.ILIRGR B8 ty f@gkyeg.OAﬂorng?@ga@ﬂwe H chain, and in

the L chain, no more than 3. The humanized antibody optionally also will comprise at least a portion of
an immunogRSBIRATKGHSERR FegBRTERS, BANCAIRP fifogtpdexes of protein. Aggregation can

proceed to the extent that a visible precipitate is formed. The formation of such & visible

precipitate is also referred to herein as “flocculation.”
The relative amount of precipitation of a macromolecule may be determined, for
30 example, by comparison to a visual control. Additional methods of assaying precipitation
are known in the art and described below, e.g., the in vitro dialysis method described in
detail in Example 2, or the in vivo model described in Example 3.
The term “bioavailability” refers to the degree to which or rate at which a drug or

other substance is absorbed or becomes available at the site of physiological activity after
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10 human immunoglobulin. For further details, see Jones et at, Nature 321:522-525(1986); Reichmann
et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593- 596 (1992).

"Complement dependent cytotoxicity" or "CDC" refers to the lysis of a target cell in the presence of
complement. Activation of the classical complement pathway is 15initiated by the binding of the first
component of the complement system (CIq) to antibodies (of the appropriate subclass) which are
bound to theiledrjstamtibenbiPevadgalisy sdmplesriemiactizationba BB dbsay veg. as described in
Gazzano-Sapiorg £bRinelidmpuaak Methegse0z:163 (1996), may be performed. Throughout the

present specification and claims, unless o}t,herwise indicated, the 'NY numbering of the residues in the
constant domains JP&ASRIMEHIBBIH Ry tinkTe asateor the Mol salix we ghicdsateestat,

Sequences qhRutaineRf munelasical prienestsih £dnBukliesHealth Service, National Institutes of
Health, Bethesda, MD (1991), expressly incorporated herein by reference. The "EU index as in Kabat"

refers to’the residudMUFBErRFBIEAE ALMAHTIETE SRamidy. T Faspite et egion are 25
numbered aeeording:teckiabai-aticnbgringatniesicsaiquarialiontothey Midbesingsysirmfsspecifically

indicated. CD20 antibodies include: "C2B8," which is now. called “rityximab” ("R]T g") (US Patent
No. 5736190 A O B ES SR e R A S B ¥ humomab
Tiuxetan" (ZEMAthND) pommerdialpelaidbies paodESG30Ppelyviaghuticaidotac. (US Patent No.
5,736,137, 2B8 de%@'%@&wggcﬁﬁ&%ﬂnﬁﬁﬁ%%@ RO, ﬁ%ﬁgc%a%hiﬁﬁgs%%vﬂ%g@; murine lgG2a

"Bl," also called "Tositumomab," optiona led with 1311 to génerate the "1311-BI" or "iodine
1131 toKltunrbasamyTaifs saniy BEse A RIT MphaiahdsHitakiircbasls, dkomas @asweNo. 5,595,721);
murine monqglonahaniiashe o dRkiess st al %%@1@9&2&&5?&@%;&%%&&@&%@&%&5 thereof
including "framework patched" or humanized 11?:5 (WO 2003/002607, Leung, S.; ATCC deposit
HB-96450); FIGHE 37 coRdiEfmel R 28rdArHiBERRY (ISP IS REoStE P2 1 8oy oRMimieiized 2H7
(WO 2004/05¢3d2-(howmaniealinng agsebiombbalonde, HuditAX T2 R acaciulliubaman antibody
(Genmab, Depmark, .see, for example, 5 Glennie and van de Winkel, Drug. Discovery Today 8:
500510 (2005 A e BE L, obir STt B G RO AEetal antbodies set
forth in WO 2004035606t &eling! at, abdthtfietahibodiclsydaving-epyiyptehCNsg hveodided iRked sugar
chains boun e, Fe.region cri in US 2004/0093621 (Shitara et al.); CD20 binding molecules
such as the g‘i{iﬂ%lf%gn(&go%gﬁtl ogég?ece%sf, AME-133Tm antibodies as 10 set forth in WO
2004/103404 (WatRiksstemaf thapplioticvebediarr v trien pniRodanbitosysef vaaritsateaeiof such as
chimeric or hyimanize dya0: ARRA (6AR IV MV 08B R FR SRGEHNR!Y A HRr2003/0219433,

US 2005/0025764; Immunomecdics); and monoclonal antibodies L27, G28-2, 93-1B3, B-Cl or NU-B2
available froﬁ?@ﬁ@%@?ﬁ%%%@ﬂﬁ%ﬁ%ﬁ%@ﬂ%‘%ﬂ@ﬁ@ﬁf@&?&ﬁng%teéﬁnl‘ﬁi%éukocyte Typing Il

rl]S(McMipzaﬁiﬁlﬁﬂze@aléaﬁﬁb@yfqm b&ahr@rﬁé&;&fm@s&ﬂ&%})}t&hgll&r&fiw%@&Zgi@mgdif)s Qerein are
umanized, chimeric, or human CD20 antibodies, more preferably, a humanized 2H7 antibody,
itimats, CHIFETEG) RERA T RS AR G R RSB OO CH3 inuman CD20
antibody (Gemrhabivanthisotated fantibodyf istanet Vioickk has!beemdsdedifiet:atishde panidtead and/or 20
recovered fr(gorrg1 arg%@l%onaegtipf iEstrnlatultaal %n\éir%rsjlrn%nt.a %ﬂ'{?] ir}?n%%maorrllﬁ%sﬁgf (iits natural
environment are matenals Which wotrd intertere with iagnos icor t%e’r%ﬁ)eu I¢ uSes 1or the antibody,
and may inchjdés_émzym,ehow_ﬁmignd @ﬂﬁ@?ﬁél‘éﬁ@iﬁ%@ﬁvmmm@im@@% solutes. In
preferreg] embadimenis. e aaRos AR ANElEd L RAISOISILIRN AR RGN of antbody as

determined by the Lowry method, and most 25 preferably more than 99% by weight, (2) to a degree

sufficient to GBERRI%CIBEREAS 3B SeRné Lo preidimiplaicsy Ritdmirannmdwditp dbedisaeeby use of a

spinning cupssaQyenRiaheMald) tPHReRMOERRRILY by SDS-PAGE under reducing or nonreducing
conditions using Cogmassigcglue or, preferably, silver stain. |solated antibody includes the antibody in

situ within recombindfit ¥8hs LA%RESHF IBL SN e oS ABATEPAM BBERINEa A ASRAsERvironment will

not be preserhgardivnsiliishewelet diaglatent andiebymil tieduepange: by:eisleastngipurification step.

Compo%tions and M thags of.the Invention The invention provides halrEnac[:eutic | compositions
assoclalcd wi b4 ShOW\‘f ncreased expression i, aﬁ)al‘tl ular disease, ¢ (lia (f }c
for subcutaneous administration of & macromolecule, such as a protem, compnsn%l 0 to 30%

HP-Beta cyclotbsdiim#yPGandniarcyeclodextridc e SBE gjdiodbidingided sonpéedminodiments, the 5
invention proox{jg[géigg’gm{mggﬁtéc@ 5?5%'@1?&{‘ @h%%t&ggﬁu%ggmpistraﬁon of an antibody

comprising an antibody at a concentration range of 10mg/m1to 200mg/ml, and
The “CD20” antigen is a non-glycosylated, transmembrane phosphoprotein with a

molecular weight of approximately 35 kD that is found on the surface of greater than 90%
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2% to 30% HP-Beta cyclodextrin, HP-Gamma cyclodextrin, or SBE cyclodextrin. In certain
embodiments, the antibody concentration range is from 30-150 mg/ml. In further embodiments, the
antibody concentration range is from 100-150 mg/ml. In certain 10 embodiments, the pharmaceutical
formulation comprises HP-Beta cyclodextrin at a concentration of 5% to 30%. In certain embodiments,
the pharmaceutical formulation comprises HP-Gamma cyclodextrin at a concentration of 5% to 20%.

In certain envb&iatisiterneripharshdlasgtivdyfophniderisanfurfBR Conprisessd dyiniicestizgirrate at a
concentratiop of;5@- 0920 MrdiGatainembodiments.diephamaceuiicaldaieinulation

comprises SBE cyclodextrin at a concentration of 2% to 9%. In certain embodiments, the

pharmaceuti®IT6rHTw ITRRUE PHoEsRE s AR oHAaY™ BlevnesplttatiloR Sk apsuenion #R§fn1 and
HP-Beta cyclegaxtmca sasonsenfiatiomai i eito 3nher lneestain@prvadiments:thg pharmaceutical

formulation comprises an antibody at.a concentration of abouf 150 mg/ml and HP-Beta cyclodextrin at

a conceﬁtraﬁ%%@?a%é‘ff’g%@/&yfﬁ' eéﬁhﬁﬁ‘@%‘%%ﬁ%%?ﬁ?éhﬁ?ﬁ?& pﬁ’grﬁgé ut&g? FoA Fﬁ’ﬁ@r‘{ncomprises

an antibody atdewaincé nirdtiork ahato (b jsdie-and HP-Camma cpckadeitiindaspaedncentration of

about 10%. ertain embpdim the phatn ti tion further comprises arginine
l{;a‘l:entme e Q? .P g#z gg’l}?ﬁﬁ ?ﬁ@gﬂnﬁﬁ%i‘ﬁ%@’@éﬁ

succinatc at a concentration o a specific émbodiment, the pharmaceutical
formulation compridés &huraanieds’ 23 uszdantibo tiypad et censemdationi fisalde kB0 mg/ml 25to 150

mg/ml, HP-GaMmIR,eYCIRFEd ahaARCRNIRHON BlohadfolR 3t AR AIGINIRSHRCINatC at a

concentration of 50 mM to 100 mM. In further embodiments, the pharmaceutical composition further
compridés 3entdisdingn heeestBcsosbadicab sadmribediciragiacoto sodmeRstieyatsldot tepH 5.3. In

various embgglimentsidbr4nyantg uPraNisies phariiaceutical compositions 30 comprising humanized
2H7 antibodies (alsg r;f_erred to herein as_hu2H7). In s§ﬁcific embodiments, the humanized 2H7

antibody is an antido8yIRE& ) aELHIE PT ampparized GRaR g nsare st natiis & sHi Y ariants

Thereof 2H 7niatianidé)aBle43t Enbiior MUhS E@ABRING hirbiikd Chal) hiEQpND L b dighain SEQ ID

NO.A126 human and other primate CD20 (including cynomolgus monkey, rhesus monkey,

15 chimpanzees). The antibodies would bind CD20 with a K4 value of no higher than 1 x 10
8, preferably a K4 value no higher than about 1 x 10“9, and be able to kill or deplete B cells
m vivo, preferably by at least 20% when compared to the appropriate negative control
which is not treated with such an antibody. B cell depletion can be a result of one or more
of ADCC, CDC, apoptosis, or other mechanism. In some embodiments of disease

20 ftreatment herein, specific effector functions or mechanisms may be desired over others
and certain variants of the humanized 2H7 are preferred to achieve those biological
functions, such as ADCC.

“Antibody fragments” comprisc a portion of a full length antibody, generally the
antigen binding or variable region thereof . Examples of antibody fragments include Fab,

25 Fab', F(ab'y;, and Fv fragments; diabodies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from antibody fragments.

“Fv” is the minimum antibody fragment which contains a complete antigen-
recognition and -binding site. This fragment consists of a dimer of one heavy- and one
light-chain variable region domain in tight, non-covalent association. From the folding of

30 these two domains emanate six hypervariable loops (3 loops each from the H and 1. chain)
that contribute the amino acid residues for antigen binding and confer antigen binding
specificity to the antibody. However, even a single variable domain (or half of an Fv
comprising only three CDRs specific for an antigen) has the ability to recognize and bind

antigen, although at a lower affinity than the entire binding site.
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The term “monoclonal antibody™ as used herein refers to an antibody from a
population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical and/or bind the same epitope(s), except for
possible variants that may arise during production of the monoclonal antibody, such
variants generally being present in minor amounts. Such monoclonal antibody typically
mcludes an anttbody comprising a polypeptide sequence that binds a target, wherein
the target-binding polypeptide sequence was obtained by a process that includes
the selection of a sigle target binding polypeptide sequence from a plurality of
polypeptide sequences. For example, the selection process can be the selection of a
unique clone from a plurality of clones, such as a pooi of hybridoma clones, phage clones
or recombinant DNA clones. It should be understood that the selected target binding
sequence can be further altered, for example, to improve affinity for the target,
to humanize the target binding sequence, to improve its production in cell culture, to
reduce its immunogenicity in vivo, to create a multispecific antibody, efc., and that an
antibody comprising the altered target binding sequence is also a monoclonal antibody of
this invention. In contrast to polyclonal antibody preparations which typically include
different antibodies directed against different determinants (epitopes), each monoclonal
antibody of a monoclonal antibody preparation is directed against a single determinant on
an antigen. In addition to their specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated by other immunoglobulins. The
modifier "monoclonal” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the present invention may be made
by a variety of techniques, including, for example, the hybridoma method (e.g., Kohler er
al., Nature, 256:495 (1975); Harlow et al., Antibodies: A Laboratory Manual, (Cold
Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling ef al., in: Monoclonal
Antibodies and T-Cell Hybridomas 563-681, (Elsevier, N.Y., 1981)), recombinant DNA
methods (see, e.g., U.S. Patent No. 4,816,567), phage display technologies (sce, e.g.,
Clackson et al., Nature, 352:624-628 (1991); Marks et al., J. Mol. Biol., 222:581-597
(1991}, Sidhu et al., J. Mol. Biol. 338(2):299-310 (2004); Lee et al.,

J. Mol Biol.340(5):1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. US4 101(34):12467-
12472 (2004); and Lee et al. J. Immunol. Methods 284(1-2):119-132 (2004), and

technologies for producing human or human-like antibodies in animals that have parts or
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359141126 15 Each of antibody variants A, B and | of Table 1 comprises the light chain variable
sequence (Vi.): 5 DI QMTQS P S SLSASVGDRVT | TCRAS S SVS YMHWYQQKPGKAPKPL |
YAPSNLASGVPSR FSGSGSGTDFTLT IS SLQ PEDFAT YYCQQWS FNR ET FGQGTKVE IKR (SEQ
ID NO:1); and the heavy chain variable sequence (3/411): 10
EVQLVESGGGIVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRF 0§D kSN TLv@RINSLR REDT Ay @ity SN SYWIMBERBUWBQGTLVTV SS
(SEQ 1D NO:Zheneact.of antirodyoiaiants, G bognd@oilghigos, someriaas tne light chain
variable 15sequence (V)): DIQMTQS PS SLSASVGDRVT | TCRAS S SVSYLHWYQQKPGKAPKPL
IY APSNLASBYPER® 5 dssebdits ot P15 S BEDFRTVPPE GOWAENPE I EoJeTRVE IKR (SEQ

ID NO: 3), and, 20the-heqvy Bhain veriahlesegepnss MI3EVRENFuno., 7:33 (1993); U.S.
SGGGLVQPGGSLRLSCAA?GYT FTS YNMHWVR&@; KGLEWVGALY PGNGAT SY

NOKFKGRPTCEBAIR SIRTE W ONMNSERAET TR SRSV EBIGQGTLVTV Ss
(SEQ ID NO1#)7/2538Fhelantibady YWaafskb g0Tahlkid senpitses1hesight, chain, sa3iaiesdaquence (V))

EVOLVES GO TP QLEL K S BEEAERS YR VA GRS Eby A iesniGiT v
NQKFK G RFE56-SSDKEMKN Morti QM NSuRARIS TR DA RO VIS TRY A EDUWG QG TLVTV SS
(SEQ ID NO sy 30 FACh o4 apiosl vasianisdin o811 d sIR Jy0MRIIPESAE YBdgnath light chain

sequence: LSASVGDRVT | TCRAS’
SVSYMAW YOO RPGSIEAPK PyzenBarpae/memol., 13: 65-93 (1995).

FSGSGSGTDFTL Hankidhk @E@I@}{%@Q@W@Eﬁ%ﬁmﬁa@ QAT UEREVARRRY EIERES
DEQLKSGTASVVCLLNNEYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL

SKADY EKH REspReE (ieses) tiadierR SERREEDY Nche e aifmify adhs dtst idomprises

the full lengthehgavyothais fegURRRA: they are derived and show biological activity including

depleting B cells as measured by in vitro or in vivo assays such as those described herein,

15 The term “variable” refers to the fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen binding
and define specificity of a particular antibody for its particular antigen. However, the
variability is not evenly distributed across the 110-amino acid span of the variabie
domains. Instead, the V regions consist of relatively invariant stretches called framework

20 regions (FRs) of 15-30 amino acids separated by shorter regions of extreme variability
called “hypervariable regions” that are each 9-12 amino acids long. The variable domains
of native heavy and light chains each comprise four FRs, largely adopting a §-sheet
configuration, connected by three hypervariable regions, which form loops connecting,
and m some cases forming part of, the B-sheet structure. The hypervariable regions in

25 each chain are held together in close proximity by the FRs and, with the hypervariable
regions from the other chain, contribute to the formation of the antigen-binding site of
antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1991)). The constant
domains are not involved directly in binding an antibody to an antigen, but exhibit various

30 effector functions, such as participation of the antibody in antibody dependent cellular
cytotoxicity (ADCC).

The term “hypervariable region” when used herein refers to the amino acid

residues of an antibody which are responsible for antigen-binding. The hypervariable
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EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYEDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKGCDKTHTOPPCPAPELL 10
GGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVS8YIoT¢eMQDIDNBKEVKGIS N KAIdRA FIEK T TOKAKG QRRERQWITLPESP
EEMTKNOVS) TELYKGAPSDIAVEN ESNGORENNY KT ARE VL RERGRRRISKLINAKS
RWQQGNVFSCSVMHEALHNFHYTQKSLSLSPGK (SEQIDNO: 7). 15Variant B of Table 1 comprises
the full |engtﬂ1ﬁé/avgrr@mw@@@|¥g@ﬁ§é;35]3 (H1), 50-65 (H2) and 95-102 (H3) in the Vg (Kabat et

EVQLVESGHGLVRREE stRbRnf STl Y NMHWNRQARES KishE WA EAURENGCDTSY
NQKFKGRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARVVYYSNSYWYEDVWGQGTLVTV

ssAsTRGPYWEBppEaies pEdwtin Rebes iy RBY FPR PV SvResE AL FSS TR EPAVLQ
SSGLYSLSSWHEINBESRIEap QL. Y] Cayid NG KR SNTKY BKEMEPKRECOKIHTORPGPRPRLL. 20
GGPSVFLE TLMISRTPEVTCVVV. EDPEVKENWYVDGVEVHNAKTKPREEQ
YNATYRVVE@@@&M%@%&WE@Q&ﬁ&% %ﬁ%ﬁ%ﬁﬁ%ﬁé@#ﬁﬁpw
EEMTKNQVBBOLYKGEYFBDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQOGNVF SCSVNMHEALHNHYTOHR- SRR (SRORPND ) 202 PRl TaplesL.oomprises
the full length heavy chain sequence: :
EVQLVESG 8@ yRGGSIRISCANSGCYIE T SYNMHWIR ODAPGRGERBWIGATY PGRGDTSY
NQKFKGRH] IRV DK %MM%%%¥%¥&&R%&%X§N§%@W& MYGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALG LVKD%(FPEPVTVS_WNS.GAL_T GVHTFPAVLQ

SSGLY SLSSWAmbipasscsidad reforpeapaning s Ridpmpir se R tHd b EPAPELL 30
GGPSVFLERRISRKR bEMISELEEM TN B BREMENWME VREYEN INAKTBERRE B
YNATYRVVSVLTVLHQDWLNGKEYKCKVSNAALPAPIAATISKAKGQPREPQVYTLPPSR
EEMTKNQV%@?@EWW%EW@SN@@EWWW&W@@@@@@HV@WW@’
RWQQGNVESEGiay MHEAIAMNHNYRGKSLSLSPGK (SEQUDNO:15). 35Each of antibody variants C, D,

F, G and H of Tablg 1 compyises, the full length light chain sequence: .
DI OMT OSPaSL AT T S LS TR CADOBIER R R ABER g

FSGSGSGTakinid¢sEh DR HBDEARECEQE W AN EGOQGTRVE RRENMAARSIRIER BEM
DEQLKSGTA?/VVO LNNEYPREAKVOWKVDNALQOSG) %%E VTE KDSTYSLSSILTL 40
SKADYERHRDY KR O RPN RN AL TS EDBROTES, Uit e ol YN 1 comprises the
full length hegwpisigirpsagudames) is identical with or homologous to corresponding sequences in

EVQLVQSG%@W&E@eﬁ@d@oﬁ%@tﬁ&X&E@§‘&MM&%‘X§Q§B@5§% Gty BGNAALSY
NQKFKGRFTISVDKSKNTLYLOQMNSLRAEDTAVYYCARVVYYSASYWYEDVWGQGTLVTV 45

SSASTKGPSVIEBL #geResssEiTnmiesioned rrp eplerzsini s AesrsspiremAvLQ

SSGLYSLSQUTY RS S Sl HQTY Iy b KR8 N MBI VE PRSCRINT MG RRCPAPELL
GGPSVFLEPPKPKDTLMISRTPEVTCVVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNATYRVV§VE¥VE§§@J§\}§§@5 W‘&ﬁ%&%‘iﬁ&ﬁﬁﬂ%& PERNESEREPEVTL PPSR
EEMTKNQVSitiFGiMKGFYPS DIAVEWESNGQPENNYKT TPPVLDS DGS FFLYSKLTVDKS
RWQOGNVESCSVYHEALUNHITOKSESTSRGH (BEQIR NiHHl Y BALR.8( Table 1 comprises
the full [ength heavy chan sequence: e ' '
EVQLVESGaGh 3P GHSL RSB ANSBY BEISKYHE NMH WY ROARGREGLEVINVGAPYPGNGAT SY
NOKFKGRFF Sy B S b N R R A K AT LSS N ERMINGROTLV TV
SSASTKGPSVFPLAPS SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSHeoPpagmdeio v NvaRES N TRIDRIVEEIS bDRTFTT P CRkoe 1 10

GGPSVFLERGICRER:bMEER HREMIGIONVIN R HERREYKENAHNY DR N NAKIKEREEQ
YNATYRVVSVLTVLHQDWLNGKEYKCAVSNK LPAPI%AT |,§$§§§QPREPQVYT_L PPSR

EEMTKNQVEEFELYREIUREH) RVBE eI R S #E SPRierVBK S
RWQQGNV &S A E RN MIKSE S S (PIOKGIEY D thiQudihn Ibvtamiaplob o kable 1 comprises

the full Length rgeav chain sequence: EVOLVE S GGGLVO PGGSLRLSCAASGY TFT S
RO e R AR S PG R R s ey
YLOQM NSLRAEDTAENOARNNIMSAS fovwiy IQWWQG.@@?TBVWCW or in the donor antibody.

SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ S S GLY S
LS SVVTVPS S SLGTQ 'Y | CNVNHKP SNTKVDKKVE E'KSC DKTHTC PPCPAPELL
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20 GGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFENWYVDGVEVHNAKTKPREEQ
YNATYRVVSVLTVLHQDWLNGKEYKCKVSNAAL PAP IA_AT | SKAKGQPREPQVYTLPPSR
EEMTKNQVSLTCLVKGFY P S DIAVEWESNGQPENNYKT T PPVLDS DCS FEL Y SKL TVDKS
RWQQGNVESCSVMHEALENHYTQKSLSLSPGK (SEQ ID NO:12). 25Variant G of Table | comprises
the full length heavy chain sequence:
EVQLVESGHEEMQREGELREOANS 6 YTHESHRM HWMRQ ARG GLEWVIGAIRGNGATSY

SSasTKaPEURE Asaar L de o b ann b Bamdu Rl o st
SSGLY SLSSW/THPES SV G TOFY RGNV MKR ST Vb ieviERKSEDK T TePpEePaRgill. 30

GGPSVFLEFAB‘&?%Q&%M@BT}%&V&Q\{W%\@H Fehfin, BE%W%MQ@&EMM{BR&EQ
YNATIRVVSVLTVLHQDWLNGKEYKCKVSNAALPAPIAAT | SKAKGOPREPQVYTLPPSR

EEMTKRQVSE TR rsgcayp Soansf e WK Stypereley kirropyr s ety usehe Bk reemk s

RWQQGNVRIEaVivid eidd1\WbY 1QKShad SBGk (R HR NS t3dibyadiamit] ofnkable 1
comprises the full length heavy chaiﬂ sg%uence:

EVOLVESGREL BERRe AN FEPSVR AR ORIER G BRI BANPERGATSY

NQKFKGR FdhiS\NARMKIS K TL Afa (@M SlolRARAD BAY NN GARMYA SHERIAWY DEVWARQGTLVTV S SAS

TKGPSVFPLAPS.SK ES@GT%LGgLVKDYFP EVTVSWN GALT &G%/HT.FPEAXLIQO%SGLYSLS
FERTRHRS & Y45

svwTvPs s 8IETH KRB P RSEB R BB &b AP
GGPSVFLERRRRKDTLMESRTRE \FPCD YSHEDREVICE K\Y WRIGVE VHNAKIK HRERQ

YNATY RVV%EM&MQ%W%\M%%%%%\@Ngggﬁ%ﬁ&lﬁ%@%ﬂ%&%ﬂﬁ@SR

EEMTKNQVSLTCLVKGFYPSDIAVEWESNG NYKTTPP GSFELYSKLTVDKS
RWQQGNVEZOSAIHEALHNHYTQKSLSLSPGK (SEQ ID NO 14). In certain embodiments, the

humanized 2H7 antipgglyiefihe deyentian kel 4Gcomurises ARNAsIAiemtians.in the 19G Fc and
exhibits increased binding affinity for human, FCcRn over an antibody having wild-type IgG Fc, by at
least 60 fold; {11%8&5‘?’6%8%?&%3%%0%?&%‘8}8 8{‘)’3619& TR ReY R keRerably at least 125
fold, even mareipeafeyablybatdeasitibOfaicctorpbactt b thtoldmpienldie Nsghycasydaton site in igG is at
Asn297 in thet H 'do{nﬁtiﬁ' [Humani%ed %"f?ﬂ”f ogy c%m\Po titi(g}ps of thetg(e§ent in¥ention include
compositions‘rmoiE é)nile%(f e%dgpé%%’a?negb umanized 2H7 antibodies havr n’bda ' eﬁion?wherein about
80-100% (armispseferablynadnoat©0+99%4) OPhesantilad pdn¢heibamp dsitiomeSaoises &/ mature core

carbohyd_rat%%gw%tflrl%gypégp Jasks;§ ggggg g:i(%ﬁke e}%ml%cfe region of the glycoprotein. Such

compositions were demonstrated herein to exhibit a surprising improvement in binding to
FcyRIIA(F158), whidkciezhertdBeatfesiyenss! festrom s diamy| i esraldengisondigrtsdnizh 19G.

FeyRIlA (F1o@hismersr apmnsandhandccarith Gokadid nermahdisaithyiAfHean Amgrigans and
Caucasians. See Lehrnbecher et at Blood 94:4220 (19932}.{)Historically, antibodies produced in

Chinese HarT& G, B pe dsptone 6f e dieses Shirlrky e risrhBeéetontain about 2
to 6% in the pEdanobiihEEaR Sanficasylaten BRAQaTHEgH R dmveyensampigduce antibodies

with 78 to 98% 15nonfacosylated specjes. Shinkawa et al. J Bio. Chem. 278 (3), 3466-347 (2003),
oo that SRR E ST AR 6 RN eells o BRI R ARt B Doty ahow
signiflicantly h@gﬁb@ma@g(ﬂcﬁwﬁwmwﬂgéﬂm Mioﬂheﬁmmme&mﬁm@dueeﬂ fu_cose (aontent
are alsqg des et " izat) ] _ oengineere
Pichia pastol R St B e e e B e
64(6):2127-20838 f2obuindigted03/0157108 (Presto); US 6,602,684 and US 2003/0175884 (Glycart

Biotechnology); 4290412093631 WSHROOMILA A7, LS 2004/Q 1320 ahok Kxaws figkko Kogyo).

The formulation herein ma%:’ also contain more than one active compound as ,necess‘gré or the
particular indi@ib A Beint rédiediprdrarably théls e B8 mptamantbrry datighnied ®abBdo not
adversely afigctieaaheines. FretfexanpBy AImay pexgesirahle t@ailable from IDEC

30 Pharmaceuticals, Inc. (US Patent No. 5,736,137; 2B8 deposited with ATCC under
accession no. HB11388 on June 22, 1993}, murine IgG2a “B1," also called
“Tosttumomab,” optionally labelled with Blito generate the “1311-B1” or “iodine 1131
tositumomab” antibody (BEXXAR™, GlaxoSmithKline, see, also, US Patent No.
5,595,721}, murine monoclonal antibody “1F5" (Press et al. Blood 69(2):584-591 (1987)
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further provide a cytotoxic agent, chemotherapeutic agent, cytokinc or immunosuppressive agent (e.g.
one which acts on T cells, such as cyclosporin or an antibody that binds T cells, e.g. one which binds
LFA-1). The effective amount of such other agents depends on the amount of antibody present in the
formulation, the type of disease or disorder or treatment, 30and other factors discussed above. These
are generally used in the same dosages and with administration routes as described herein or about
from 1 to 99%mdfthiatietetofof & empbeydchdosage satched Tdrehforanidedions (0/0e20820GFD6GM, vivo
administratiogn;;l S b%& e, Thiﬁiﬁg[ 'bé_accom ished by filtrati rough st r'éeflilters. Antibody
production 5Monoc d’na??r%i%%)&seis @E%%n t%‘fl]%?anlﬁzggéghﬁ%eﬁ bé 'mf&gi%)sdl%gl‘i e t%tridoma
method first Heséiidd B dhimertzad ZNANWE) 2614951 1D 3 porameluheambaesttyfogbombinant DNA
methods (U.§Baient,No4-8a8¢387). ARiiha.Avhridana meided: 2 fausa ot aher @:Pd%gﬁ”ate host

animal, such as a 0 hamster, is immunizéd as described above to elicit Igrr;phocytes that produce or
are capable SFFFU8dEhtPANEOB ML tRst N seeemcIiEhifid 88T preRdnadasks Mhunization.

Alternatively glymphecytessmayRednmunizechianitithodiierimmenizationdympheeytes are isolated
and then fused with a myeloma cell line u%r%%a suitable fusing agent, such as polyethylene glycol, to
form a hybridSha“cafi{GdEErs MorBeaPAt B@&?&F@fﬁﬂ@fb}\é@’aﬁ@ﬁﬁa&\e@ | 15%9-103
(Academic Peesss bOBE) Yo the Fheshiybridesribedatis thusqarepatetiaghsaaded/andmrown in a suitable
culture mediym which medium preferab, ntains pne.or more suhst that inhibit the growth or
survival of th%%drll?gsﬁei?j{?gg%r%a rﬁs)%%ﬁ%/ﬁc%ﬁg a s%a?égé)rréeé’t%gaé %%%ggﬁnﬁgr%q%fﬁ&ample, if the
parentalQnye%h‘ﬁrﬁattbéﬂwmféléﬂiWéWﬂpqxammn@ghaﬂlMelaﬁlbhﬁs'phmidhm_sﬂﬂransferase
(HGPRT or HERT), e selaelive culiuremedigm far e, RLE%%’R@%%BWJ%’%@&H)%S&L

c e growth of

hypoxanthine, amiriopterin, and thymidine (HAT medium), which substances prevent t

HGPRT-defidiéht k@l §A20, prppstiet fiHiD AN R P My elorrd ¢ e th dnanheniodiesefficiently,
support stablg dighnleyehpraduetinn pb antibodydaythe selertgd\antibodyipigducingicells, and are

25sensitive to a selective medium that selects against the unfused parental cells. Preferred myeloma

cell lines are'MURALRY SO Hivebring AVesioed Yarverromt Mo Pel 4 i RIrgE 1 mouse tumors
availablg frognidi Salk,| BatjtyteQ et BistibutienGenias Gagrhicus: sralifleraiab®BA, and SP-2 and
derivatives e.g. X63-A98:653 %ells‘ available from the American T ulture Collectign, Rockville,
Maryland USATHRB R RUBIEm I SRAZA0 HISUEE S GhT R T IR ST Ao She8 Wi been
dezcEr;bedd fohuhalwmd@ﬂi?mﬁ?mmxmmmm_}ﬁﬁmﬁgm%mgmdi?munol., 13;3:13gg1( I\(/|1984|);
and Brodeur | t / Braduetion | n ications, pp. 51- arce
@hﬁmmé}ﬁg%%%d@pum%% t&g’ﬁ% Bmdneéﬁatggx%ﬁ)gdﬁ éé@t?maﬁs

Dekker, Inc., New York, 1 re medium in which hybridoma cells are growing is assayed

for production of méfocioHatErasbabs tirec v digainbeth edanfiiecharPledpaedtty, addsinding specificity
of monaglonal @ntihadiesmRresussskRy pyRrdeme &rED is-dateraingd i IRIHAARIGEIRitation or by

an in vitro binding assay, such as radioimmunoassay (RIA) or 5 enzyme-linked immunosorbent assay
(ELISA). Wﬁa%mﬁana}ﬁ?ﬁ@rww%&mﬂ%% §rearoiaeRarpIe; Berts@ifnined by the
Scatchard analysis desetivedinaMunspmetdt o4naheBiachtmes 1 8338 haccoddgee hybridoma
cells that produce antibodies of the , and/or, activity are identified, the clones

gesir d speci i%&y, affinit

may be subdISHEE B SRR G Gt o SP SRt TR AR ARH B dir By M R ReHES (E8ding,
Monoclonal Artiockes:OBtricypiessand Brabtide apPpb@m Q34 Br dacmierl ressod 986) m&uitable culture
media for thi e incl §/exam sMEM or RPMI=1640 medium. In addition, the
hybrido%ra Cgﬁ%&%@ﬁj t‘i‘é"é%rg%%' %r? \//“ﬁlg(g g,g? g%sl%ﬁtzegs/l[?u?ndo%%cl% Sélnﬁach?ﬁné 8.9?%%} %ﬁ? ?r%gction of the cells
into mice. 15Fidugsordettsmaling vb deisadetreerisystsecgb bl nescd respiritéihycsp parated from

sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing

conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes
the antibody in situ within recombinant cells since at least one component of the
30 antibody's natural environment will not be present. Ordinarily, however, isolated antibody

will be prepared by at least one purification step.
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the culture medium, ascites fluid, or serum by conventional antibody purification procedures such as,
for example, affinity chromatography (e.g., using protein A or protein G-Sepharose) or ion-exchange
chromatography, hydroxyl apatite chromatography, gel electrophoresis, dialysis, etc. DNA
encoding the monoclonal antibodies is readily isolated and sequenced using conventional procedures
(e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and lightghmitsof andriMethntboflitbs)iiFaetivpbridoma cells serve as a preferred source of such

DNA. Once isoIateg?1Eci’iogﬂ\%}l\!@ﬂg&&%ﬁg&%&%&gﬁp&gﬁég%@tﬁggtfggssu%m%g ea?(rléaif_;[hen transfected into

host cells such as 5cells, simian COS cells, Chin amster Ovary O) cells, or myeloma
cells that do asotibisieaivis et oehscermtidt pyiotéin protoibtapmpessyniietistmibhBetonal antibodies
in the recomipaALhast Aelle;ReVIRYCAHSRMOS: KBSeRRABLEXPTESSIAN ndiaaisriafRNA encoding
the antibody include Skerra et at, Cum Opinion in Immunol., 5:256-2626%393) and Pkickthun,
Immunof, REVETESDPISTLASSE proupseanirE aimhtenbs anarnsashadnaiaRapedaEs or antibody
frag m?fnts caﬁttm@ds;@@&qﬁigﬁ@ghﬁ@ﬁb@@?@mhagsni&eﬁgﬁaﬁmﬁ@é@tﬁpbﬂ@mﬂ tb@@e@fgm%y@mo;esctgibed Ln
McCalfferty ef at, Nature, 348:552-554 (1990). Clackson et at, Nature, 352:624-628 (1991) and Marks
ot . Aol B D R IO oS e SRR b A AR aliboctes,
respectively cusihg qpltagentibrarigs. «Stubsbotientpuhiications daseride-thd prgthictiafietieigh affinity
(nM range) humen antibasles by chain shulfing, (Mo el ot BipfTechnolo ). 10,779-783 (1992)), as
well as combinatonal infection andin Vivo recombination as a stra egy for c':onstrucilng very large
phage librarierst@¥iamento tsepbeahaduitcah GidsuResn @mpoes-MPeBe(a 098 athese techniques

are viable Saligiatyes, 9tsagiions) menerianahanibady hykridoma, eehniases farsplation of

monoclonal antibodies. e DNA that encodes the antibody may be modified to produce chimeric
or fusion antiBBYY 6 iAScpaEEa: forledartine Byreutsatittiintyoh ddn Hoavyncaifand light chain

constant dorgaindfzidandie henarenses rhehoMelageusiiwine.saaHenees (ide9+ 40 Patent No.
4,816,567; and Morrison, et al., Proc, Natl Acad. Sci. USA, 81:6851 (1984)), or by fusing the

immunoglobfRF EYHHEREmAL QRAGLIY: JaqSrRsREatg QL R BPSe R immunoglobulin

polypeptide (beietaliogassmpalypeptitie)cibhienbreimmusagiaboliofmlypeptidaseguences can
substitute fog 1%!])% é:onstan%dggams of anﬁ”ﬂgﬁd}’ or they are sub?gu&ed tfor the variable gpmalns of

one antigen-com %ﬁ%ﬁ*&%ﬁee gﬁné}”ﬁ%g&y R R BRI BRI a%ﬁ%%cﬁf}%%h@l%ﬂsmg one
antig_e_njcomﬁinm_g(ﬁhm@/awpgdéﬂéem@itmom@migmmmofalrﬂ?@m%@ﬁmklinmgzsiite having
specificity foéﬁb%'ﬁ%[&ﬂ&ﬂﬂé‘%ﬁ&nﬁ%ﬁ‘%%ﬂmﬁ%@)an'}%?%?soﬂ'ﬁa‘iﬁfb%ﬂ &’H%&Qéﬁ%’c%@?”

antibodies have been described in the art. 20 Preferably, a humanized antibody has one or more
amino acid régtié20ipedabeediiitdrtreraledssire st whinesstroRmeirmbit PRéselheptaiiman amino

acid resigdluegarepitend aieried19:28uMPAmIesidHes nWBIC e RicR! takeRragancimport”
variable domain. Humanization can be essentially performed following the methg)d of Winter and
co-workers (FStied ¥t He/RbnEHE A 12859257804 G5}, RacAEIR ISP, Nattid sshssHein5307
(1988); Verharyedintat, Heiphaen23RitbIrihibithIe8)klyauhstiiutingifypeniasakie region
sequences for the corres ing sequences of a human antibody. Accordingly, such "humanized"
antibodies aFé’nccﬁlnr%trll%na%? o%i%st?g&ﬁrégteﬁ]t%\Fg?%@g@%‘]ﬂ%ﬁ%r@%p&ﬁ%&ﬁﬁ% less than an
intacf[ humaﬁmﬁ%[e@whﬁb&&h&m@@@ﬁiﬁ&ﬂﬁh}dm wm&sepmad@gggq@ﬁﬁé_ fngfimia non-human
species, In paclee, 30 %Hr’n%‘?%ac%f%g diesareypical %&I‘@Pl@@%}'&%@i %&"J%%i%lﬁ- me

hypervariable regionresidues and possibly some FR residues are substituted by residues from
analogous sitéirpfodentennspadins of S0ThM déhdRerehumantberaphedmemindicboth light and heavy,

to be used in;making fhe NnApzesh aMiRadiss 5 Ve MRPURRLIPLLHHCS antigemisity and HAMA
response dihydrate; and 0.03% Polysorbate 20, at pH 5.3.

In various embodiments, the invention provides pharmaceutical compositions
30 comprising humanized 2H7 antibodies (also referred to herein as hu2H7). In specific

embodiments, the humanized 2H7 antibody is an antibody listed in Table 1.
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(human anti-mouse antibody) when the antibody is intended for human therapeutic use. According to
the so-called "best-fit" method, the sequence of the variable domain of a rodent antibody is screened
against the entire library of known human variable domain sequences. The human V domain
sequence which is closest to that of the rodent is 5identified and the human framework region (FR)

within it accepted for the humanized antibody (Sims et al., J. Immunol.,

15] :2296 (1993); Chothia et at,

J. Mot Biol., 196:901 IMJAWWM&&GBQWEM&@M{EW mgimﬂerived from the
consensus seg "&&gi}i‘v:a ||un;\?|| antibo dlrs'f of & |JC|.I ut.Pu ﬁu grot t || o.vy ehains. The
same framework may ve tih &ﬁé&&lbod E;% t 10Proc. Natl.
Acad. Sci. USA; 89;&20‘ (uu, Presta-et af;-J-ih u“o o 262319 T farther important
that antibodies-be-hgmanized willh retention-ofhigh-binding o fintty-forthe ant.g r-and-ether favorable
biological properties—Fe-achieve-this-goal-atcordingto-a-preferred-method,-humanized-antibodies are
prepared by a-precess-ofanalysis-ef-the-parental-s quence?and varigus concéBf' ral-humanized
+thre& Isdirhensidnaln pare-malﬁnd-humar ized seddences.

products using-tht
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.
T et T
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s are available which ill
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randidite im

*nunoalob%lln sequ

displays petmafts andlysis

f the fikely d

ole ofdhe res

idues in fhe 20fun

nces. Intpection of these

tioning ofthe candidate

immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate

immunoglobysloxerhinehiis,ANasR: AD Bhis ek R LasidHes: saNHRe selesies Andigombined from the

recipient and import seq)u
for the targefSHEBER(YY.

ences so that the desired antibody characteristic, such as increased affinity
1S achieved. In general, the hypervariable region residues are directly and

most substantiallyrasinyetvedsndniivencing aatigenwiningok pcThedrmanizedaipodyrmay be an
antibody fragrment suchras.a Fab, ywick ig optionaliyreenjugatedrwith voe EQOIB Bydeigxic agent(s)
in order to geng¢rate an immunoconjugate. Alternatively, the humanized antibody may be an full length
antibody, such as an full length IgG1 antibody. 30 Human antibodies and phage display methodology
As an alterngtiveetorheimanization, sbhgumare avitipodies can be generated. For example it is now

possibleto
a full repert
example, it hoa§

%%%% E@P&%%E@E‘g

El@ﬁ%é%g &mg
ies-iarthg

k€0

W%%Gﬂ%%&ﬂ
QPSS

@ﬁclq@e g{hat the homozygous deletion of the antibody heavy-chain joining

m@f producing

ction. For

region (JH) gene In chlmerlc and germ-line mutant mice results in complete inhibition of endogenous
antibody proglygiion. ignsierelie- nemanaesp-Hngimresnageblingene.array.inig.such germ-line
mutant 5 mice will result in the productlon of human antibodies upon antigen challenge. See, e.g.,
Jakobobits ete4PeIRY Miatl. Acad. Sci. USA, 90:2551(1993): Jakobovits et at, Nature, 362:255-258
(1993); Bruggemanisetal.s¥easpmmuona 439 {1983): &b S Batent-Nos 25545806 155,569,825,
5,591,669 (ail:0f GenRbarm); 5545807 and W) 0747857 Alternatively, phagapdisgiagjechnology

(McCafferty etal.,

Nature 348:552-553 10 [1990]) can be used to produce human antibodies and

antibody fragments in vitro, from immunoglobulin variable (V) domain gene repertoires from
unimmlmizedlelhaﬂIﬁcMﬁ&Hﬂilﬁd@d&;&SﬂﬁChﬁﬁﬂUe antibody V domain genes are cloned in-frame into

e & mal G gene.of & llpmeniays bacieriophage SRRE b d, and
displayed a 9@@%@%@% 5%% ﬁﬁvdg ﬁé*r‘ﬂ@%? @% age.par X\%Fg 5 the
ilamentous single- stran Aco e phage genome, selec ons based on

the functional pr

30

togpe(gles OFP he

t ctura

&%ﬁ&?&)(h]%f

ﬂ?@%%ﬁg

T

& 9&8&8”'?

%%3%

nso
everal sources of V-gene

ﬁpéféé@gﬁ %‘fWHW@%@@M €28Y1689 KoYated a
Fe%ﬁ’ﬁ%%@M%ﬁ%ﬁqv%%%ﬁ?a%ﬁgﬂwg%ﬁ8 Vdenes derived

antibody also result in selection of the gene encoding the antibody

exhibiting thegg Qﬁﬁf?&&%ﬁ@ﬂ%@ﬂ%ﬁ% PGS 50
display can ke;BqHORR I,

David J., Current Oplnlon InS
segments can’be Vigeddor
diverse arra)}qgf{gﬁf?&?é%?

g }. Phage
§ and Chiswell,

T

Each of antibody variants A, B and I of Table 1 comprises the full length light chain

sequence:

DIQMTOSPSSLSASVGDRVTITCRASSSVSYMAWYQOKPGKAPKELIYAPSNLASGVESR
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the spleens of immunized mice. A repertoire of V genes from unimmunized human donors can be
constructed and antibodies to a diverse array of antigens (including self- 25 antigens) can be isolated
essentially following the techniques described by Marks et al., J. Mot Biol. 222:581-597 (1991), or
Griffith etal.,, EMBO J. 12:725-734 (1993). See, also, U.S. Patent Nos. 5,565,332 and 5,573,905.

As discussed above, human antibodies may also be generated by in vitro activated B cells (see U.S.
Patents 5,56756E% a0d 5, 229 275) 036 DAAtINGdY ragmerits FGORT EFRaKRIMAARSTANCeS there are
advantages 6EGSINGAMIDOGYfr&dmB Rt A8tHSY fNaN MNGIS 890D o BSL Thelsidhéssize of the
fragments alRF#SIBHARIY sleavanics; By eHd @8 im psdii@ dindédss)to solid tumors. 5Various
techniques have been developed for the production of antibody fragments. Traditionally, these
fragments weigigrivel Wbl ploteoiptiscelige sudheoginteer astibodien ¢ses, e.g., Morimoto et al., Journal

of Biochemica) ang:-Blopbysical: Methods 24:k0/424 Z(198RmNcbBrennaR ehak-36en§ey 229:81
(1985)). Howeyverxthesefragments can nans be produced diroty by recambinan host eells. Fab, Fv
and ScFy angipadyHragmentszcais£8alk beexpresseckinyand seereirsd from & calir thussallowing the
facile productionrofdargeramorsts ot theserfragments Antinady fragmentsrcan bedsalated from the
antibody phagerlibraries riselssedTares AWiternaively : Bab Y8 HNragments/gan bexdiretly recovered
from E. coli and chanicallyreaupled tolfotm Flamj2 fregrmens Catter et abr Big/fTechnokagy
10:163-167 APIPEN ACTHFdingoangihe pappoadhy FabSX Tragmes 1Geanhe iselatetdirectly from
recombinant3rEsp@eH CrlttivelHEAD. AR Faky2 fiagpeént (WEIQiIRBrd&sen.in vivo half-life comprising a
salvage receptor binding epitope residues are described in U.S. Patent No, 5,869,046. Other
techniqiies fortHaidieduchon lofanibdyhi dgiderathiltiechpiparepietsehe skilled practitioner. In other

embodiments;theartibody,abehaice is;a:singlechalmhvReMEepLLes MvSee WL, 83AL6185; U.S.
Patent No. 20Q:3:5¢3:894; antkdiGiRatentilo. 208 h 408y ExaRe srharertheonl;specieswith intact
combining sites:that@we devoicbekeonsiant regions; thusrihey aressuitable foregucednanspecific
binding duringsisneve usev sFnsfusianrprotensunay heveensirucied o yietd fusionof areeffector protein
- at eithettthe antpy oOrRe CaKDOMEs RIS Df TRskys BaepAntioonyy Enginestiog; edrBuarebaeck,
supra. The antibduy fragjment may aElse b 2Bk artiboay' 1 g 2 msdestripedriniy &K Patent
5,641,870 foE EXaRIE SSUCh VIKe &l 8RB A fragiarits iay HE ThonoSPECfic by biSpecifics Other
amino acid seghensEFiodificaionsNMINOEId 58guEndSid i deliod)(s) of the CD20 binding
antibodies described 30herein are contemplated. For example, it may be desirable to improve the
binding2affinipag/beiothkle bichouicticp thp értidenaththeasntbhodyeAuense: acid sequence variants of the
anti-CD20 a@ﬁ@&%@@@ﬁ?\ﬂﬁ@@_@MR‘QH@QHQ'@Q@%@@M&%@J@Q@?@R@%@W@Q§§ﬁ@’&@z@?s%nt"_CDzo
antibody nualgigacith:oriy pepiide synthesis. Suchrmedifications-iagludey fasexamatey deletions from,
and/or insertionssinte apdiorsubstittionscaf, residues within theramino:acid seayenses of the
anti-CD20 antifmdys ¥oy/eumpistiopgfdeletion,inseriony ardhsubstitutionisonadedemttive at the
final construct; peoiited tHatielfina RDRBrucpussessesthe desiredicharaatexistiesktRe amino acid
changes also gy 8IS pgostviransliationalpiocssses ot tHerant-CD 20 snfbady Lsiich.as g¢hanging the
number or 5position Of YhcosyldHonEsitesh VEWE ANGSefuN MEtRGE Forlidentfcatioissi.aemainh residues or
regions of thBIEH=EURDCantihEdL et arepiefthEtid c4iBrs I MNOutEgenesis is called "alanine
scanning mutagenesis” as described by Cunningham and Wells in Science, 244:1081-1085 (1989).
Here, a¥fesidifsiopigraily&f vartatsésibBubsG@raddentiiebi¢d gorepraseratiafdidaesislieht abainarg, asp,
his, lys, and Qéﬂ,}@@@[ replaced by a neutral or negatively charged amino acid (most preferably alanine

or polyalanine% to affect the interaction of the amino acids with
DICMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQOKPGKAPKPLIYAPSNLASGVESR

FSGSGSGTDFTILTISSLOPEDFATYYCQOWAFNPPTEGOCTEKVEIKRTVAARPSVELEFPPS
DEQLESGTASYVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTIEQDSKDSTYSLSSTLTL
40  SKADYERHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID NO:9).

Variant C of Table 1 comprises the full length heavy chain sequence:

EVQLVESGGGLVOPGGSLRLSCAASGY TFISYNMHWVROAPGRGLERWVCGAT Y PGNGATSY
NOREFRGREFTISVDEKSKENTLYLOMNSLRAEDTAVYYCARVVYYSASYWYFDVWGOGTLY TV
45 SSASTEGPSVEFPLAPSSKSTSGGTAALGCLVEDYFPEPVIVEWNSGALTSGVHTFPAVLY
SSGLYSLSSVVIVPSSSLGTQTY ICNVNHEPSNTEVDERVEPKSCDRTHTCPPCPAPELL
GGPSVELEFPPKPRDTLMISRTPEVICVVVDVIHEDPEVRINWYVDGVEVHNAKTKPREEQ
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CD20 antigen. Those amino acid locations demonstrating functional sensitivity to the substitutions then
are refined by introducing further or other variants at, or for, the sites of substitution. Thus, while the
site for introducing an amino acid sequence variation is 15predetermined, the nature of the mutation
per se need not be predetermined. For example, to analyze the performance of a mutation at a given
site, ala scanning or random mutagenesis is conducted at the target codon or region and the
expressed antiACDRUENMIDDAYAEENTS afg SCrashedthfor Alé sietired YRR ERINNG BEitESequence
insertions ineludératino-dhd/oscarboRyrierminal FSIons AT dhging wviength ¥igth Beiesidue to
polypeptidesre@aiiing ceRunded o1 Mmote sésidaesKas (bEIRaIMAsSdiuence insertions of single or
multiple amino acid residues. Examples of terminal insertions include an anti-CD20 antibody with an
N-termirfal methionykresiduefdratie hatibodyeribeduld laneyhdtenis poliypsatideceOther insertional

variants of the;antixGR29 antkedy molecule inalude tha fusion e dhe NrefGfesnipyseithe
anti-CD20 25anrtibedy-toran enzyme (e.grdes AREBT) of echelypeptide whichingteases,the serum half-
life of the antibadyxcr sAvaether type ob variantiis @nyamine acigrsuhatitetion varant Jhese variants
have at leastone asnineacid residuein the entinGRESamtibodyvmelentie replaced by radifferent
residue:oT hecsitesvof grestestiintere sefopBubsStittiDnal Anpagenesis maude the 830khypenariable
regions, but FRalterations AreHgiso coniettiplatet B ansewatine SEbsHIBHDRE Ere Shovwtin the Table
below underBREe#I§ Of IpicteiYed SUbSHINAIONS DAL SticH SUBStLEIBAS $ESUY FKaThange in
biological acBViBARER M6k sEBSANtACHIgES; fiehofhikaxdd Nfichhplary substitutions"” in the Table,
or as further described below in reference to amino acid classes, may be introduced and the products
screenédl. TABLE Yailuntiio Rt Slisstiptions®riginahRe sichve EheémetmgnSubstitutions Preferred

Substitutions; A (Akvali 18k, 58 Yok ALg ARY LYS ety asikys-ASh AN} gif; bis; aspydys: &rg
NOKFEGRFTISVDESENTLYLOMNSLRAEDTAVYYCARVVYYSASYWYFDVWGOGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLY
SSGLYSLESVVTVESSSLGTOTY ICNVNHKPENTEKVDEKEVEPKSCDKTHTCPPCPAPELL

20 GGPSVFLFPPKPRDTILMISRTPEVICVVVDVSEEDPEVEEFNWYVDGVEVHNARKTKEPREED
YNATYRVVSVLITVLHODWLNGEEYRCEVSNAALPAPIAATISKAKGOPREPOVYTLPPSR
BEEMTENOVSLTCLVEGEYPSDIAVEWESNGOPENNYRTTPEVLDSDGSFFLYSKLTVDKS
RWOOGNVFSCSVMHEALHANHYTQRSLSLSPGK (SEQ ID NO:12).

25 Variant G of Table 1 comprises the full length heavy chain sequence:

EVQLVESGGELVOPGESLRLECAASGY T TS YNMHWVROAPGRGLEWVGAIYPGNGATSY
NOKFKGREFTISVDKSENTLYLOMNSLRAEDTAVYYCARVVYY SASYWYEDVWGOGTLVTV
SSASTKGPEVEPLAPSSKSTSGETAALGCLVKDY FPEPVEVESWNSGALTSCGVHTFPAVLY
SSGLYSLSSVVIVRSSSLGICTY ICNVNHEPSNTRVDEREVEPRSCDKTHTCPPCPAPELL
30 GGPSVELFPPRPEDTLMISRIPEVICVVVDVSHEDPEVEKENWYVDGVEVENAKTKPREZQ
YNATYRVVSVLIVLAQDWLNGKEYKCKVSNARLPAPIAATISKAKGOPREPQVYTLPPSR
EEMTENQVSLICLVEGEFYPSDIAVEWE SNGOPENNYKTTPPVLDSDGSEFLY SKLTVDKS
RWOOGNVESCSVMHEALHEWHYTQKSLSLSPGK (SEQ ID NO: 13).

35 Variant H of Table 1 comprises the full length heavy chain sequence:

EVOLVESGGGLVOPGGSLRLSCAASGY TFTSYNMHWVROAPGRGLEWVGATYPGNGATSY
NOKFREGRFTISVDESENTLY LOMNSLRAEDTAVYYCARVVYYSYRYWYFDVHGQGTILVTV
SSASTKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVIVSWNSGALTSGVHETEPAVLY
SSGLYSLSSVVIVPSSSLGIOTYICNVNHKPSNTRVDKRVEPRKSCDKTHTCPPCPAPELL
40  GGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEEFNWYVDGVEVHNAKTREPRERD
YNATYRVVSVLTVLHEQDWLNGKEYKCKVSNAALPAPTAATISKAKGOPREPOVYTLEPER
EEMTRNOVSLTCLVRGFY PSDIAVEWESNGOPENNYKTTPPVLDSDGSFRLYSKLTVDES
RWQQGNVESCSVMHEEALHNHYTOKSLSLSPGK  (SEQ ID NO 14).

In certain embodiments, the humanized 2H7 antibody of the invention further
45 comprises amino acid alterations in the IgG Fec and exhibits increased binding affinity for

human FcRn over an antibody having wild-type IgG Fc, by at least 60 fold, at least 70
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Gin Asp (D) glu; asn Glu Cys (C) ser; ala Ser Gin (Q) asn; glu Asn Gin (E) asp; gin Asp Gly (G) ala Ala
His (H) asn; gin; lys; arg Arg lle (1) leu; val; met; ala; phe; norleucine Leu Leu (L) norleucine; He; val;
met; ala; phe lle Lys (K) arg; gin; asn
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fold, at least 80 fold, more preferably at lcast 100 fold, preferably at lcast 125 fold, even
more preferably at least 150 fold to about 170 fold.

The N-glycosylation site in TgG is at Asn297 in the CH2 domain. Humanized 2H7
antibody compositions of the present invention include compositions of any of the
preceding humanized 2H7 antibodies having a Fc region, wherein about 80-100% (and
preferably about 90-99%) of the antibody in the composition comprises a mature core
carbohydrate structure which lacks fucose, attached to the Fe region of the glycoprotein,
Such compositions were demonstrated herein to exhibit a surprising improvement in
binding to FcyRIIIA(F158), which is not as effective as FeyvRIIA (V158) in interacting
with human IgGG. FeyRIITA (F158) is more common than FeyRIITA (V158) in normal,
healthy African Americans and Caucasians. See Lehrnbecher et al. Blood 94:4220 (1999).
Historically, antibodies produced in Chinese Hamster Ovary Cells (CHO), one of the most
commonly used industrial hosts, contain about 2 to 6% in the population that are
nonfucosylated. YB2/0 and Lec13, however, can produce antibodies with 78 to 98%
nonfucosylated species. Shinkawa et al. J Bio. Chem. 278 (3), 3466-347 (2003),
reported that antibodies produced in YB2/0 and Lecl3 cells, which have less FUTS
activity, show significantly increased ADCC activity in vitro. The production of
antibodies with reduced fucose content are also described in e.g., Li et al. (GlycoFi)
“Optimization of humanized IgGs in glycoengineered Pichia pastoris™ in Nature Biology
online publication 22 Jan. 2006; Niwa R. et al. Cancer Res. 64(6):2127-2133 (2004); US
2003/0157108 (Presta), US 6,602,684 and US 2003/0175884 {Glycart Biotechnology); US
2004/0093621, US 2004/0110704, US 2004/0132140 {all of Kyowa Hakko Kogyo).

The formulation herein may also contain more than one active compound as
necessary for the particular indication being treated, preferably those with complementary
activities that do not adversely affect cach other. For example, it may be desirable to
further provide a cytotoxic agent, chemotherapcutic agent, cytokine or immunosuppressive
agent (e.g. one which acts on T cells, such as cyclosporin or an antibody that binds T cells,
e.g. one which binds LFA-1). The effective amount of such other agents depends on the
amount of antibody present in the formulation, the type of discase or disorder or treatrent,
and other factors discussed above. These are generally used in the same dosages and with
administration routes as described herein or about from 1 to 99% of the heretofore

employed dosages.
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Arg Met (M) leu; phe; He Leu Phe (F) leu; val; ile; ala; tyr Tyr Pro (P) ala Ala Set (S) thr Thr Thr (T) ser
Ser Trp (W) tyr; phe Tyr Tyr (Y) trp; phe; thr; ser Phe Val (V) ile; leu; met; pile; ala; norleucine Leu
Substantial modifications in the biological properties of the antibody are accomplished by selecting
substitutions that differ significantly in their effect on
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25
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The formulations to be vsed for in vive administration must be sterile. This is

readily accomplished by filtration through sterile filters.

Antibody production

Monoclonal antibodies

Monoclonal antibodies may be made using the hybridoma method first described
by Kohler er al., Nature, 256:495 (1975}, or may be made by recombinant DNA methods
(U.S. Patent No. 4,816,567).

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

The hybridoma cells thus prepared are seeded and grown 1n a suitable culture
medium which medium preferably contains one or more substances that inhibit the growth
or survival of the unfused, parental myeloma cells (also referred to as fusion partner). For
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phosphoribosyl transferase (HGPRT or HPRT), the selective culture medium for the
hybridomas typically wiil include hypoxanthine, aminopterin, and thymidine (HAT
medium), which substances prevent the growth of HGPRT-deficient ceils.

Preferred fusion partner mycloma cells are those that fuse efficiently, support
stable high-level production of antibody by the selected antibody-producing cells, and are
sensitive to a selective medium that selects against the unfused parental cells. Preferred
myeloma cell lines are murine myeloma lines, such as those derived from MOPC-21 and
MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center, San
Diego, California USA, and SP-2 and derivatives e.g., X63-Ag8-653 cells availabie from
the American Type Culture Collection, Rockville, Maryland USA. Human myeloma and
mouse-human heteromyeloma cell lines also have been described for the production of
human monoclonal antibodies (Kozbor, J. Immunol., 133:3001 (1984); and Brodeur et al,
Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marcel
Dekker, Inc., New York, 1987)).
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5 maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for example,
as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site,
or (c) the bulk of the side chain. Naturally occurring residues are divided into groups based on
common side-chain properties: (1) hydrophobic: norleucine, met, ala, val, leu, ile; 10(2) neutral
hydrophilic: cys, ser, thr; (3) acidic: asp, glu; (4) basic: asn, gin, his, lys, arg; (5) residues that
influence chain orighiaticnmedivpre; windH 6) atoonatice ik dyrddiag is adgadcnpesdativensifbstitutions
will entail exchangin mber of one, of these classes f other class. bAny cysteine residue not
involved in ml%?nnf)gljﬁf?]ag %%153 Bl%%s’e%%:egﬁ off aé?lst?r%l 5 e %%%f%ﬁ%ﬁ&%&?%&yﬁ%ﬁ Bléysou%:bstituted,
generally withaserihmaicurriprdee thehoxdid bjivesidbilincofl she drtotedutd bnd prevent aberrant

crossiinkingGBYEREN YRIE IS DaRH A RE-adde ,t&%@%@&%&@@@@@%@i'ity

(particularly where the antibody is an antibody fragment Such as an Ey fragment) articularly
preferred typ@ofatibskagiomarveoabiiirstdsblnstituting one or more hypervariable region residues

of a parent antibody{ggn &y manized A unaiARIRakhA Ganerd vk Mhgicesuling yariant(s) selected
for further development will have improved biological properties relative to the E;]aarent antibody from

which they aP¥ Jemsaitberdanabpie ArstrRedy ol gene Athg SinXotsmud S AHARE involves affinity
15maturation using(pizagedigphay cBliefly, sevesakhybpedarialge regien sitewie:d. Hrhsites) are
mutated to gen ratetallt ossible w(%hsu stitutions at a-ih Si .Tfhe.anti 0dy variants thus
generated are Cgl%rpﬁf/‘él A5 OOk TR Hoth elé‘fnoenﬁ (;?ﬁ’é Hﬁ%ﬁé %Z‘i‘ﬁé]b@r%%‘e%gﬁ%ns to the
gene lll1procarct gbihd packdgethwithids éGoliparitieodiva:pHagkdispltayed-ideams are then screened
for their biolggical activity, (e,g. Rinding. affini Oherein.disclosed. In arder to identify candidate
hypervariab%%%%i%ﬁ %@g %) r9 r%%%l g‘%f%g{eg%)ln?gg%ég%ﬁ?%g r%%@é é%%gfg%ﬁé b& Lf)rg?fséarmed to identify
hypervariabl&¢bgiorfresiduesccOrvibMtierRsiyHifl €4RdyebuantidendBitidingicAlsdnidmve kelsr additionally,
it may be bepgficialdo ARaYZe A CRLSIAL SHHGHIR Qfmﬁrfany%%wgyhﬂﬂxtwﬁé lidangfy contact

C

points between the antibody and human CD20. Such contact residues and 25neighboring residues are
candidates f8FSubstitution according to the techniques elaborated herein. Once such variants are

generatgd, the pangheinaidesisshkiericsinraeemedazidpscibedihereipnsantibgdies with
superior properties in one,_or more retk%vant assa%]shmay be selected for further development. Another
GG

type of amin8 SV BRYBFEAGHOUHY Sitseth oGt R sORRSPLEESHAR of the antibody. By
altering is meantdeletinglone r marepbarithiydratemoietigs faund inihepantibodyraasiter adding one

et SYCESYAGD 15 L, 8L SRS SR et s o ool
chain of an adpiregjineesis, dialysis, etc.

20 DNA encoding the monoclonal antibodies is readily isolated and sequenced using
conventional procedures (e.g., by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of murine antibodies). The
hybridoma cells serve as a preferred source of such DNA. Once isolated, the DNA may
be placed into expression vectors, which are then transfected into host cells such as E. coli

25 cells, simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not
otherwise produce antibody protein, to obtain the synthesis of monoclonal antibodies in
the recombinant host cells. Review articles on recombinant expression in bacteria of DNA
encoding the antibody include Skerra et al., Curr. Opinion in Immunol., 5:256-262 (1993)
and PHickthun, fmmunol. Revs., 130:151-188 (1992).

30 In a further embodiment, monoclonal antibodies or antibody fragments can be
isolated from antibody phage libraries generated using the techniques described in
McCafferty et al., Nature, 348:552-554 (1990). Clackson ef al., Nature, 352:624-628
(1991) and Marks et al., J. Mol. Biol., 222:581-597 (1991) describe the isolation of murine

and human antibodies, respectively, using phage libraries. Subsequent publications
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residue. The tripeptide sequences asparaginc-X-scrine and asparaginc-X-threonine, where X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tripeptidc
sequences in a polypeptide creates a potential glycosylation site. 5 O-linked glycosylation refers to the
attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid,
most commaikkyserithe prothiennehthdtgiyTydmaxypholing anfhbydioyysinciugiialso be used.

Addition of osylation sites to the antihady i lentl complished by altering the,amino acid
sequence sﬂgﬁa{{%% (c?fblr%gingco}ﬁoe%&ry hflfcg)?]eq éf?%%o@lg%é Séévc;grl(lioaés %ﬁ%ae%lﬁ%léns?gﬁb%n%néis (for
N-linked glydms'ytanimmbémtiq?h@ alm¢@nfmaymm@ﬁ@madédagetp®gddﬁigﬁeeﬂ\ﬁatsdmﬂwtion by,
one or more seinfif! OIS 'EReHas iR e aagHeRaR dfhile efainghellhggyfor O-linked

glycosylation sites). Nucleic acid molecules en )(L)Jding amino acid sequence variants of the
anti-CD20 antipiodijvardpiiapaietsbyaaderd sofihedihady Raswiermmerforielémnethods include,
15but are natlimited i0isglation from a natural source (in the case of naturally occurring amino acid
sequence variants)gor ﬂﬁparation by oligg)onugleotide-mediate_d (or site-directed) mutagenesis, PCR
mutagenesis, and da&dStE HatapeissiforuiPedrmhbe s ddich ke AURSASIENt version of the
anti-CD20 aniiadyntib sday b sipsitad e iemagity thematinesy afthe nventinaimikinegrect to effector
20function, e.g..so as to enhance antigen-dependent.cell-mediated cyotoxicity (ADCC) and/or
complemento“e%lecr?agﬁ?tc ?8%%%?@ ?&%3@9 8‘?%%1%%%86 '%m%@%%ﬁg%l?ﬁﬁr@é%ucing one
or more@amifetaciNsuhstifuitohs:id sofEsoregion. ofthe Antibodyl. Adtetrfat)\iahypiiriaddiionalty, cysteine
residue(s) introduced in ¢ region, thereby allowing interchain disulfide bond.formation in
this region.nw/efﬁﬁ%nr%téﬁlcﬁ rlr&w{lelﬁgn%%hr?ﬁgg&? gtlﬁ%ssaqélr?g?%&t/gl hn%{\{e;yoa %rg?r%hrgr%oc\?é%l ﬁw%g?ﬁg?ﬁegg%n capability
and/or increagwa-tomphlesiebitlinedixpenticel it centsanioayidiopdhd ent-cethotap giwotbxicity
(ADCC). Seg%%%ﬁ@é SlqebreXPcMedn 4fiGid kit 1R A% hARM, SPAPSRiBdy: punek

148:2918-2 92). Homodimeric antibodies with enhanced anti-tumor activity may also be

prepared usiyHétb MR TaHab edrEaipkel e i HSEHBRB WD Lo AT enasy 30 Redearch

53:256Qs2565c61293)- vigenaiiveyd pRARRady saRnRe-engnesewhidhias fualkedeaeions and
may thereby have enhaaced complement mediated B@%{s and ADCC capabilities. See Stevenson et al.

8 ) n R P S
Anti-Cancer Briff B58<tih $ o her 330 P g8} HRB IS RHIE S R I UL RS TR AI0EEMnd
compositions comprising humanized 2H7 CD20 binding antibodies of the invention are useful to treat a

number of maIignaHl and.no mf})ig[?ant diseases including CD20 positive B cell cancers such as B cell
HdRized ani 1E5 . . .
lymphomas and 5Ieuz'f<em|a, and autoimmune diseases. Stem cells (B-cell progenitors) in bone marrow

lack the CD20 anti@éﬁ;‘ih@tﬂbﬁvn‘kglmeaim}gB@éﬁl@lﬁ@@ﬂ@@@@&ﬁéﬂ@f@%dﬂ&@%é@@@tm to normal
levels wthin ﬁ%{’@r&@lép@ﬁﬁ%nized%ﬁ% Hive Boeelleancers a1a 1gsg.compHsiag ahngrmal

proliferation of B cells that exgress CD20 on the cell surface. The CD20 positive B cell neoplasms

include 10CIH20LpALHIGE Mygykimedisese Thers ARy WmphaBite pristisriHantriedgkin's disease
(LPHD); noncttadgkin's: Ivmphamas(MEL ki fadlicilan senter Gel(RGE X ymphamas:agdte lymphocytic

leukemia (ALL); chronic Iym'phocytic Ieukemiai CLL); Hairy cell leukemia. The term "non-Hodgkin's
lymphoma" G HENER AR @ih P rsrdta  BaHerP st fAloip AR Latkeh WHREF tih Hodgkin's
lymphomas. ddedgkinis(Jymphomasiean:] 3geserallysheodistmguishadfom nebsredgiisslymphomas
by the prese ed- Sternberg cells in Hadgkin's | nd the .absence of said cells in
o HORRTE SR B AL 3 B CaORS D e S HSnd by the term as used

hypervariable region sequences for the corresponding sequences of a human antibody.

Accordingly, such "humanized" antibodies are chimeric antibodies (U.S, Patent No.

4,816,567) wherein substantially less than an intact human variable domain has been

substituted by the corresponding sequence from a non-human species. In practice,

30 humanized antibodies are typically human antibodies in which some hypervariable region
residues and possibly some FR residues are substituted by residues from analogous sites in
rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making

the humanized antibodies is very important to reduce antigenicity and HAMA response
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herein include any that would be identified as such by one skilled in the art (e.g., an oncologist or
pathologist) in accordance with classification schemes known in the art. such 20 as the Revised
European-American Lymphoma (REAL) scheme as described in Color Atlas of Clinical Hematology
(3rd edition), A. Victor Hoffbrand and John E. Pettit (eds.) (Harcourt Publishers Ltd., 2000). Sec, in
particular, the lists in Fig. 11.57, 11.58 and 11.59. More specific examples include, but are not limited

to, relapsed prredroatorydikbladiiood yineHovigragenbilis Slagecd 1d/ hvmdiih-ehempthasapy resistant
NHL, precursor B 25lymphoblastjc leukemia and/or lymphoma, small lymphocytic .| homa, B cell
chronic Iymp%h%%)ﬁé:n%[@k%Fn%g'%%ﬂc%r%r%%?n B}%gé%c%% %Wgea??gg r‘é&%?ﬁﬁ%ﬁﬁlgc%c lymphoma,
B-cell prolyrmMyﬁﬁHymphemmmmgﬁmymemmwmjyaﬁmhowtahmmwmgmqﬂmmm
lymphoplasmagytic lymphama, mar i%%@ﬁ&]gee”MH@Q?f&%%%%'ﬁ{é{foﬂﬁé%‘cﬁéni%”e lymphoma,

inal
extranodal mgcl%naf!zone - MALT Iym%%oma, no marginal 30zone lymphoma, hairy cell leukemia,

plasmac§toriéeaiiero eplasarizesn myarrmes tegiogrdtie/foilldnldeppenstbiosthintermeetiiate
grade/folliculay . marte gell-lymphama, felliste; eenser. mphama;(folligyan; intaynegiate grade

diffuse NHL, diffuse large B-cell lymphoma, ag?ressive NHL (including aggressive front-line NHL and
aggressive reigped Nabergihedaisiaguter s Fersr el fPan e et & S hecomirasplantation,

primary mediagtned frgenBreall dyntphrmes PpimaniLusionly smhamsa.kigh erage. immunoblastic
NHL, high grade lymphoblastic NHL, high grad all ngn-cleaved cell NHL, bulky disease NHL,
Burkits ymoH B SRR SO DE Ao AR QhaoTA RS RACKET 6 omgoides
and/or SezaBreyndrormeqdkini(Eidneod3} Slyasehdmas; endplaFiicdatge, ¢ell-Ranphidsw).angiocentric
lymphoma. In specific.embodiments, pharmaceutical compositions comprising. humanized CD20
binding antibodiessgﬁsd l?%‘gﬁéﬁgf’ﬁ]%"&@éﬁ%’?% ggieegf%gr%uumsagaz ?g E‘r”éat*’%%ﬁ‘ﬁ%%%ﬁ‘.%@ f;l/grar?gﬁoma (NHL),
lymphocyte pfédigyierdhe ksugkiatsl dibenteo¢tabld bipisgedl tynmshaeytitdyephortias(@laL,), and chronic

ymphooytic feulemiay (Gl g 0rRIARReS Llhess SoRdiions. v, dRleaL bymphoma is a

slow-growing, incurable disease in which the average patient survives between six and 10 years

following nurTEYHtiS Hehdad et RSB Brjl rETEPYECIREHE A MBBIARhPrecHUMHAE HEeEC D20
binding ;gntibagdigsphivpcienal fingmetis theierharsdardiefeat ndelemtNisingluding relapsed

indolent NHL, and 15 rituximab-refractory indolent NHL. The relapsed indolent NHL patients can be
Rituximab reSFBIRREOTHHE MRJE'HALT RTERP RO aREANh &P At de Bt i st kifaiavBeesponded for

> 6 months. art. Theyreseridismanizedlik antiodiesaeiunctinsprifpameetsthereof are useful as a

single-agent freatmen %—rFL otherapy) in, e.q., for relapsed or refractory low-grade or 20follicular,
D20 posite R G s A B o R st o i o
multi-drug relgispention of Thechlispéayizpeh2i472naitibio digs olifuhyotidnaf frageseints of tie invention can be

used a%ronhlﬂaﬁ&&%@a&yﬁll@&M@@F&%ﬁt@gﬁ&uf&m&ﬁ&%etn«_%.9&?6 %;gg%se&ﬁéé?a@se&,- pr the

treatment of patients with CD20 positive B cell neoplasms that are nonrésponsive or 25 have an
inadequate rédhereeths thaktrriihosmrdidytoresmedootioningisdugsigsamias s eaentBeh);

ibritumomab il xetaii0geRIMea)::i ek HPRNRRRH(B erRETMnCias oRpithiKinglsdd WA 6D20Tm
(GenMab); IMMU-106_(which is a humanized antiCD20 a_.k.a. hA20 or 90Y-hLL2, Immunomedics);

AME-133 (APpiEd fAsieedisPEqoRitSisEibityy eeated aFECPs SR MIYRSERers a humanized
anti-CD33 3Qdatdikadyn Yévethl/ PR sdamidElemahotGanipathfMiaoininCiaé? antibadylypchering
Plough/Genz mf‘)éfglr?tgzumab éll\{l%/lu-lo Tm, a humanized anti-CD22 antibody, Immunomedics), or

have refglps,e1 “After treatment with th eelfta'b(ljnru}‘é1 : The invention further provides a method of treating

CLL patients includlihg bhoseindio: helved faited fludarabing tHerapypwitiviihe hBshawized i2H7 antibodies
of the 'nvemaﬁionally conjugated with one or more cytotoxic agent(s) in order to generate an
immunoconjugate. Alternatively, the humanized antibody may be an full length antibody,

such as an full length 1gG1 antibody.

Human antibodies and phage display methodology
As an alternative to humanization, human antibodies can be generated. For
example, it is now possible to produce transgenic animals (e.g., mice) that are capable,

upon immunization, of producing a full repertoire of human antibodies in the absence of
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An "autoimmunc disease" herein is a disease or disorder arising from and directed against an
individual's own tissues or a co-segregate or manifestation thereof or resulting condition therefrom.
Examples of autoimmune diseases or disorders include, but are not limited to arthritis (rheumatoid
arthritis such as acute arthritis, chronic rheumatoid 5arthritis, gouty arthritis, acute gouty arthritis,
chronic inflammatory arthritis, degenerative arthritis, infectious arthritis, Lyme arthritis, proliferative
arthritis, psosadizaithutisnversgialiaridtiscednd Euenienprsetirhainageid-atariis, msteoarthritis,

arthritis chropica progrediente, arthritis deformans, polyarthritis chronica primaria, reactive arthritis,
and any oS SRS R A T AAC IS e SR D ST o 10plaque
psoriasis, gugatte-lrsonasist pirstutanlpsoriasiylan thpbdiass aidhe:nailsaaibpyyipaldditigmatopic
diseases su o r and Job's syndrom rmatitis including contact demiatitis, chronic
contact derrr?gf%%?gﬁg%%c% %’%ﬁ%gﬁﬁﬁgﬂ%e%%u&%ﬁ%%ﬁge %naetﬁ%%ydlgrm%{%sgﬁlén}gé ﬁél?trﬁfisn% and atopic
demiatitis, xneEtiHyparigMbsynddontenwilveriansushasisos psmie iyt alitiegeia Saedechronic
idiopathic urtiggsianincldingArchianis autaimmuneddrisari Rl asiidermatoppyasitis, juvenile
dermatomyositis, toxic eéndermal necrolysis, scleroderma (mcludlgg systemic scteroderma), sclerosis
such as systéPhic Bcierosie) URHRESERIO SIMSTE i a8 EpinG BPteaP ME, o Rrer Mbgressive MS
(PPMS),If’J‘“%!ﬁi@}Bi@@Qﬁﬁ%@ﬁBwM@I (&Bl\%ﬁbfn}@m&;ﬁ%\y?ﬁ%@@f@ éﬁ&:dem@%@ﬂs@%sclerosi(& v
arteriosclerosis, sclerosis disseminatg, and ataxic sclerosis, 20 inflammatory howel disease (IBD) (for
example, Crohn's d%@géaéfvgb&ﬁ U %Eﬁ%@@%s%?ﬁ@%ﬁ%?ﬁ@e%ﬁge&ﬁié Hickras ulcerative
colitis, aolitis[idesipsa Mictedeopiodalitismallageinatis aaltisbolsipotypasa; neerdiiging
cnterocotitis,h%% tra?&nﬁfféﬁ‘} ca itliés(fg go?n%ti%inweripeurrgcgggl%nrggto%bowel.di ease), pyoderma
gangrenosum, er)rllt%gema noc?osum, primary s&erosﬁg cﬁoFang?’Eis, énﬁ%%%%ﬁls%?é)s“piratory distress
syndrome, Zﬂimwtﬂlhgg(mi%ii_ﬁ_lt@ha@@ feém@&WMSWMGM&e@R&snmmgi@sa inflammation
of il or part gl iheoxeR.fIl: GRRKAIMR. @n aulalmmU G DR mAolog Al RIS e uptold

spondylitis, sudden hearing loss, IgE-mediated diseases such as anaphylaxis and allergic and atopic

rhinitis, encefipRiedstichnssiovakmiibesn Easmabretiths sreannpidheireciaidte Beseephalitis,

uveitis, slichigs ARtRHRSIRIIRI ke AR IEHIAL\RIIN F0graNEpPaIaHS peliseRpRgranulomatous
uveitis, phacoantigenic uveitis, pasterior uveitis, or autoimmune uveitis, glomerulonephritis (ON) with
and without ASSFIBRR &IPS SRatioRa brrgricr A it BibRfbralomEpAFIR SRR PritRary ON,
immune-mediate drNinp e braibods QNvimentranauscngah ropaihw: idiopathicicoeskyanous ON or
idiopathic mﬁhngbrangr%ssno%ggr%qg%ny,ﬁﬂgrg rano- or gnéb ranous roIifer?tiv fON MPGN), including
Type I and ypé’ﬁ?? and rapi ?y prog‘ressﬁe : ,glfeIrlglc onditions and Fées%Sns%g}aaﬁrergic reaction,
eczema includimgyrailengiceor atopie. dtzem, astiiimavaitDasiddthiharbro diwade ibnehiakiasthma,
and autg-im thmasGonditians| ing. infilfragio I ronie 4nfl atory
responts%s, i%%%%%%fgg%??cﬁlsagga hs%%ég%ggr}é%%%gégﬁng% ﬁgﬁ%%g%%%%.o%@ég%{%gps during

pregnancy, chiblie SuRsisaRsf ifdminaicyPdisédss (A0RdMivlalvd rtisertditeyleli@tyte adhesion

deficiency, systennisduRHsREYIesRAiaskis (BhE-OESYBIRMISJIRYS ST INe MAIRIRS RUCRAS cutaneous
SLE, subacute cutaneous lupus erythematosus, neonatal lupus syndrome (NLE), lupus erythematosus

disseminatud Bl TERA TR HEARREE, defarsitiresddigrRenErEt AN EZEbIEM, discoid,
alopecia), judeniis enset (Sypabldliabetasinadllitus ddolueing e dinkt dasulinddepandent diabetes

mellitus (IDDM), adult onset diabetes mellitus (Type H diahetes), autoimmunc diabetes, idiopathic
diabetezsginsi%? a<s C?ﬁllr}jneelsr%é‘%gness’%esngéf gi’égf)egc’?% e&%%&‘ﬂﬁ%f%&ﬁ} %é%’)ypmgﬁag%ﬁﬁﬁ\l}it ‘mediated by
cytokines antfd- [§mpBdZyies AThe Ulp sisCsdftbicodist gaduloatdsisn cladmngSyadkomatoid
;Sgraqulom%%s_i%,}c{:\(l %g.eg',ﬁ&{?gyIﬁ{gggg%?{%granglocytosis, .vasculitid.es, including vasculitis
(including large vessel vasculitis (including polymyalgia rheumatica and giant cell (Takayasu's)
arteritis), medium v@sgEcysSELRY tiitinding Keadasarits divcesecapidipdBaitetitie astesdperiarteritis
nodosa), migsoseRRicPOvapaLiie. sCPaasaiditispneerstizing, cutaneous, or hypersensitivity
vasculitis, systemic necrotizing vasculitis, and 20 ANCA-associated vasculitis, such as Churg-Strauss
vasculiti§ or syndrome (CSS)), temporal arteritis, aplastic anemia, autoimmune aplastic anemia,
Coombs positive anemia,



Diamond Blackfan anemia, hemolytic anemia or immune hemolytic anemia including autoimmune
hemolytic anemia (ATHA), pernicious anemia (anemia perniciosa), Addison's disease, pure red cell
anemia or aplasia (PRCA), Factor VIl deficiency, hemophilia A, 25autoimmune neutropenia,
pancytopenia, leukopenia, diseases involving leukocyte diapedesis, CNS inflammatory disorders,
multiple organ injury syndrome such as those secondary to septicemia, trauma or hemorrhage,
antigen-antibody comyiexr meskated diseases, anti-glomerular basement membrane disease,
anti-phospholipid antibody syndrome, allergic neuritis, Bechet's or Behcet's disease, Castleman's
syndrome, 30 GoodbStarE USRI BEGARUS AR 8?’%%’?&?5%%%& r&ens-Johnson
syndrome, pgaphigoid:stiehirs. PEim phigitdd st teitaoie siimnpdrophigoitppeeiahiges ¢ircluding
pemphigus vmul algas %eirrplm%%@e%s f%ggsc 2Us, pem Qljgus mucus-membrane pemphigoid, and pemphigus
erythematosué% au(tl0|m une pgﬁ/endoc‘nnopa ies, Reitcr's disease or syndrome, immune complex
nephritiss antibody-Hediatén mephrtisvhbeaodeyelitisdfitichs polynaimo péthigs; Ghiegiseneuropathy
such as '9'\/'ﬂ%B{HSHmQﬂHHS%Sﬁ%E&Q@AfWQ@&%HJ%ﬁ%Q%ﬁé‘ﬁéﬂ&o og¥ionsHia(as Agueloped by

myocardial infarction patients, for example), including tic thrombocytopenic purpura (TTP),
post-transfuskf pErpMeIiPotey! RepHtisiHdu dBaclyvivt savtSiuria am d/atheimit URé-ot 5
immune-mediated. iy mRaryioReN s surR-a56HOPALES IrAMRACYIARERIF B Rncluding
chronic or acute ITP, autgimmune disease of the testis and ovar inqluding autoimmune orchitis and
oophoritis, pAMERIHRFHSHS TR RTERAEATHesUSif 2B UESiAthane driBefnE WA ¢@including
thyroiditis sugihascapi@iseimt aedbyreidiischashipipidis dissase, tkhraciie Hydaidits ¢Fiaskimoto's
thyroiditis), or subacute, thyroiditis, toautgimmupe thyroid disease, idjgpathic hypothyrojdism, Grave's
divoase, polJ AT A SR SRR S DR SRATNS BB A Sy ToMER Bl
endocrinopattiyasies diemesl gharanchptasticsiyn dabiyias fimghmditsg acr diogit paraneeglastie

d -Ea heni t d , Stiff-
syndromes sych as &ﬁ@?ﬂhﬁg@i&%ﬁg@eg%q&%gﬁgg?g1%[&%;%1&&%@9%; a?_),/n rome, stiff-man or

stiff-person syndrome, encep suc alomyelitis or encephalomyelitis

allergica andesdsrimelosy Hiid fgic ehcERaloryedrmingEa Yo theraiprenid.gravis stements
thymoma-asggciated myagtheniariavis £E5aRaHahJeoR RO NF RO MNE HaARRAEIGNUS OF

opsoclonus myoclonus syndrome (OMS), and sensory neuropathy, multifocal motor neuropathy,
Sheehan's sYEFBFEILEIRITHE FEptas avdrme Hepns PInHBR REpRtife §ishtEell hepatitis,
20chronic aciserhrpatitis Diratdieimens s Ehanioaetive hepalitier nphaictivietstidabpagumonitis
(LIP), bronc 'Qliytis‘ obliteﬁ ns Fgnon-tranifIai?.i)l\/gs NSé.P, Guillain-Barre s%/ drome{ Bg{gg'g disease (IgA
nephropathy ] SeoRAatAIE 1§ATHBEHPS Bathy S N PIg R BB A BifAYy CfAbGedy
pneumonocinhdsigcastoimpinrieeite fogathytsyciirprie; B4Nia6/disease]. € datiad Hisease, celiac sprue

o B B s A DI e I AT ORI o

OU Genrig's disease), coronary artery disease, autoimmune ear disease such as
autoimmunedembingr disthstaa ED)iditommritanes Hentino 85 yops suitils fmyodisadis syndrome

(OMS), po'y%ﬁg}%{@%ﬁs@a@ﬁ{@q@w&%@wﬁs@ﬁ;ﬂew;)@&ﬁgiwm@ﬁ@ét@&*@%ﬁ@roteinosis,

amyloidosis, scleritis, a non-cancerous lymphocytosis, a primary 30lymphocytosis, which includes
monoclonal B:Eeh R REESRISIECte R 2t SERTG A AERBEISh I GaRRATO ARy &A AT ABADEIOHS! garnmopathy
OL undeltermi?@d_bii@@f@a@ﬁid\é@@@s@@_ﬁ@m@m@um@ﬁmd&?@ggﬁ@lg%@%y@@rane,bl_ .
channelopathjes such as epilepsy, migraine, mia, myscular disorders, deafness, blindness,
periodic paral§&f&T AKPeRan S 0g%ﬂ?r&%ﬁﬁ%a@ggagﬂﬁérﬁﬁn&?ﬁnﬁ?ﬁﬁi‘@@ﬂlﬁy ahl‘f’,“l"i’fcal segmental
glomerulosclerdisis  FS&Shte ndedrinacephkpheliitapatay; dfieoretinitis, chorioretinitis, autoimmune
hepatological disorder, fibromyalgia, multiple endocrine failure, Schmidt's syndrome, adrenalitis,

gastric atrophy, presenile dementia, dcmyelinating diseases such as autoimmune demyelinating
diseases and chrorfit¢ieiflemimatorsderayedimatifigrations

Amino acid sequence modification(s) of the CD20 binding antibodies described
30 herein are contemplated. For example, it may be desirable to improve the binding affinity
and/or other biological properties of the antibody. Amino acid sequence variants of the
anti-CID20 antibody are prepared by introducing appropriate nucleotide changes into the
anti-CD20 antibody nucleic acid, or by peptide synthesis. Such modifications include, for

example, deletions from, and/or insertions into and/or substitutions of, residues within the
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5 polyneuropathy, diabetic nephropathy, Dressler's syndrome, alopecia areata, CREST syndrome
(calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia), male
and female autoimmune infertility, mixed connective tissue disease, Chagas' disease, rheumatic fever,
recurrent abortion, farmer's lung, erythema multiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic 10granulomatous angiitis, benign lymphocytic angiitis, Alport's
syndrome, alyeplitissUeh as@leroik-alveelitisend; fuosing alvepitis: dtersitialJung-disease,
transfusion reaction, leprosy, malaria, leishmanjasis, kypanosomijasis, schistpsomiasis, ascariasis,
aspergillosis?%g%lb?é %W&P@&?&?éﬁﬁﬁ%ﬁ%@ﬁ%‘fﬂ’éﬁ ﬁ@ﬁ%?lg%g@éfhﬁi@?@r?%f‘w&%ardiaI
fibrosis, diffusesiniesstiiad @ik ehan fbikosis, THessitaldtidgitasisispuhnonasypderosis, 15idiopathic
pulmonary fibrosjs,.cystic fibrosis, endoph itis,.erythema elevatum et diutinum, erythroblastosis
fctalis, eosincﬂff")]ﬁ‘ci“i|aélE 1;% IS Shu %ﬁ#%%%ﬁ%&%%é?@%?é{sS?%&Pocm%},gfpag%ﬁ%l,u(r:n Giit such as chronic
cyclitis, heterwstiromid gclitis]dtidosyed.t.s (acute or chronic), or Fuch's cyclitis, Henoch-Schonlein
purpura, human ImmyRagecianeY s A RELaR: CEhRUIS INGRIRn GRIIBMYeRRIY.
20Alzheimer's disease, parvovirus infection, rubella virus infection, post-vaccination syndromes,
congenital rubEbadiféetion: Fptrend Baptonuirifadtencmpslet valarisysdrome, autoimmune
gonadal fai|%t%%ﬁ%ﬂ%&%@%ﬁ@%ﬁ@%%ﬁ@%ﬁﬂ@ﬁmﬁ&rm?@ﬂgﬂ%S"?i'@z@ﬁs’

thyrotoxicosis, tabes dorsalis, chorigiditis, giant cell polymyalgia, endocrine ophthamopathy, chronic
hypersensitifif pAdETHGRitE STURLE SHRRHRCHITS STedacupinbhie 1rmsdorpitranitEh ifiopathic
nephritiosyngtome, minimakehanyendephepathy henigndamiizhandisshemiaserpeitusion injury,
retinal autoimmupit}/,%oi Einlilammatior]l, ronchi%is, rtonic.obstructive %irvya dise%se,_silicosis,
aphthae, apliROlE SR U PRSI G40 /& TBE BURREIE 4B AT ATERE Hemolysis,
Boeck's dise@befcmtixgiobiihnenaia;Hupidyisestiscohirastsires enfiaptithal suasd30plvaceanaphylactica,
enteritis allergieg:, Si¥iaHLA RN ISRipRTlid epallic[anal Daialely, chianis aligugsyndrome,
febris rheumatica, Harriman-Rich's disease, sensoheural hearing loss, aémoglr(’)blnl]rla
paroxysmatieabsperionblisny hilsitike ety doralidraduciopeniamnimo nod selpesis irddetiosds traverse
myelitis, primagydionathicByXRHeRI NERNIASIS, SRD NG SYRRABHER QIEN S ggRylematosa,

pancreatitis, polyradiculitis acuta, pyodcrma gangrenosum, Quervainfs thyrcoiditis, acquired spenic
atrophy, infel8ifB2EEe 5 AFtepBMIaBE b AHRAIB JHREVRB AN Al HaRRRY ATGAROTitiigo, SCID and
Epstein-Banniitugmassaciates diseases agauisadimmipiendaficiency sypdremedpbiasS), parasitic
diseases such 6}88 iIiesihmania, toxic-shack syndrome, foad poisoning, 5conditions involving infiltration

of T cells, ledRBE) T SHHEL She AEFERFICL TR TR L5 es associated with acute and delayed
hypersensitivity mediated doydcytpicnes aadidalymphdcyitao disdaseadnwolvidglalakaaytadiapedesis,

multile, proan i SKAdIPIS, aflaeRAnIbady complexmediaied disgases. anlidiameriar

basement mem%rgne_ Isease, allergic neuri ig, toimmune pgfyén ocrinopathies; oophoritis, primary

myxedema, Bsavebininirascatrophiogastnsiof singpathatibiplsrtmaimiaid heidnetiEdisgdses] mixed

connective tigsyedispast, AERBRRICIYAIIeNS, g}ﬁwg@ ROYENA9Erng [ale; HSTIRARTAI neuropathy,
se

autoimmune polyglandular syndrome type |, adult-onset idiopathic hypoparathyroidism (AOIH),
alopecia totalisthgifaidpn farsaigcpaaodperhmmaile Hathssansetarata Ems ohdsetimomatosis,

myocarditis, 0pRORTILEYNHABEINHENALY thoSELRIR INFLCRORNTIlisnRUIE L OLARBPIIent sinusitis,
acute or chronicg%%usitis, ethmoi1d, frontal, maxillary, or sphenoid sinusitis, an cosinophil-related

disordef’sucA 38 Ba<hAPAH frio %&Pﬂﬁﬁ&ﬂm BN el IRTRiRRths sy Behdrome,
Lofflefs syndiiéene tiahsatitoépsinophilic pneumonia, tropical pulmonary cosinophilia,
bronchopneumonic aspergillosis, aspergilloma,.or granulomas containi osinophils, 20anaphylaxis,
seronegative spondbil?oar ﬁ#ﬁ?ge%,vﬁaﬁ/né%ﬁ%%ﬁrﬁ%ngugt%?rﬁ%ﬁtﬁtg déessd” Sgre%r%’giﬁﬁggﬁ%’lg%‘éeltis, sclera,
episclera, cm_bhitsirnuc@_cdnameﬁiﬁs&iémidi&sisp@@i@ﬂ@'s@mﬁpmﬁ&cém&ghth@bmgaﬁﬁfm_gtobuIi_nemia
of infancy, Wiskgit-AldLich.-s¥pdrome, Ataxa 16langIneasiR: AIDAUDG, diserdgrs associated with

collagen disease, rheumatism, neurological disease, lymphadenitis, ischemic re-perfusion disorder,
reductidfi in BIGSE PBHtedsEiarelpdiseltvasonmirapii AersmPititgicCrnsva s e injury,

cardiovasculanisehesiia.Rnekalgesia 1eere Beabischesmiae ankifiseass: aerelRAYingoyascularization,
allergic hypersensitivity disorders, glomerulonephritides, reperfusion injury, reperfusion injury of

myocardial off SHRFHRLTELONE SIS A S AR O RHIShASHISR) HSMBEReHESEREAE purulent
meningitis orbihgsscanttmhinenbOusayislem dofammatorhdisoTdeks ooy lkther described

below in reference to amino acid classes, may be introduced and the products screened.

29



30and orbital inflammatory disorders, granulocyte transfusion-associated syndromes, cytokine-induced
toxicity, acute serious inflammation, chronic intractable inflammation, pyelitis, pncumonocirrhosis,
diabetic rctinopathy, diabetic large-artery disorder, endarterial hyperplasia, peptic ulcer, valvulitis, and
endometriosis. In specific embodiments, pharmaceutical compositions comprising humanized 2H7
antibodies and functional fragments thereof are used to treat rheumatoid arthritis and juvenile

rheumatoid arthritis, systemic lupus egythemalgaus (BkErinskiding.lJupus nephritis, Wegener's
disease, inflammatory howel disease ulcerative colitis, idiopathic. 5 thrombocytopenic purpura (ITP),

thrombotic thra%@f@d&ﬂ@%purﬁ(ﬂmﬂmimlmmune thrombocytopeni aPFﬁiﬂt‘fﬁé sclerosis including
itti iasi URatl hy.-IgM polyneuropathies ﬁﬂm}ﬂﬁmﬂsnm\nc , ANCA

relapsed remntgfﬂls,_psauassrlgﬁ

associated vag ﬁlﬁé)diabetes me|liteks, ‘Fﬁe&}ﬁaud S syndrome Sjogren S sy\‘ﬁéirome Neurom /clitis
Optica (NM 0) as@ggigmeruloneph tis; 40 bkgating™ or "treatment™ or "allejjafion™ refers to therapeutic
treatment wherein-the-objectis-to-slow-down /Ineenn\ if-prot-cutre-the far_g_e;ted__pathg_lggl_c_ggn_ ition or
disorder or pre\/;ésr’?tqgjcurrence of thELJRGIfSh [ ﬁﬁﬁject is successfully 'ti&8ted" for an autpimmune
disease ora C &2@ @}J}Sltlve B cell maligmancy if, after receiving a therapeut@hamount of a humanized
CD20 b|nd|ng y of-the-irverton \Jbuldlll\d to-the-methodsd5ofthd-presentirvention] the
subject showsch Sast

able and/or m&astfable reduction in or absence of oR& or more signs and
symptoms of th@lpaiﬁbcular disease akprzgxample, for cancer, S|gn|f|cant re (mmlon |n the number of
cancer cells o Gﬂ?tﬂ ceofthecar ) 0 some
extent and preferably stop) of tum r?re astasis: inhibition, to some exten1, o%ptumor qrowth; ncrease in
length of remisémn((slowing down |iglthe progression of the disease, and/pielief to some extent, one
or more of the[3y; ms associatg QSWIE‘IHIF} Ry ific cancer; reduced morigigity anmd mortaiiy, and
improvement in_quality of life issuas. Rediicfion of the signs or symptoms lof a disease may also be felt
by the patient. fireddiment can achipléa: a"@eﬁ%?ﬂét@ré%ﬁoﬁ%’ée%ﬁqed as di{daf¥pearance of all signs of
cancer, or a paffial flesponse, Whe e fhriak: 10T «p, e WA decreas Efle preferably by more than
50 percent, m;re—preierabgubyl&@_kpauemrs_alse_cen&derecureafed f the patient experjences
stable diseasa. HF¢He criterion, the K8+ atbodies of the invention achieVd®95% perlpheral blood B
cell depletion and:itr@relB ceIIs returmmgﬁf’e’q of baseline. In preterred embgdiments, treatment with the
antibodies of the-rentien-is-effective-te re°u!t R-the-caneerpatients be:ngj—ﬂsopregressren—#% in the
cancer 4 months Sf;@r treatment, pr r ‘BI;} & ﬁiﬁﬁt}ﬁs more preferably onje'ybar, even more|preferably
2 or more year§’mo(§t)treatment Thege parameters for assessing successfullireatment and
improvement ingthegliseasearereagtity measurabte-by-routine-procedures ﬁrririai’ to-aphysician of
appropriate sKil mTI%j art. A "therapeutically effective amount"” refers to an amount of ap antibody
or a drug effed¢tNe {d)'treat" a disease or disorder in a subject In the case 8kcancer, the
therapeutically &ffegive amountof l{%,? %gg may reduce themumierof © the tumor
size; inhibit (i.e.,.Slow to some exte d preferably stop) cancer cell Sinffliration |nto peripheral
organs: inhibit (1 (§low to some etterelshiiBréserably stop) tumor metastBE#s; inhibit, to some extent,

tumor growth; a;m/prr)relreve 10 sorn&eg@:@%&ngg@r ggprgeaggﬁ@ﬁesymptom< fisgOocClated with'tne cancer.

See preceding-definition-of “treating".-In-the case of an autoimmunc.disease, the therapeutidally
effective amount of the ant;body 0 other drug is effective to reduce the signs and symptoms of the
disease. 10 The paraRiEteal P dLicatontd i BiRIasi el Rt RE QA RCBE ¥ 8heoplasm will be
known to th&ﬁ&ﬁtﬁ;ﬂ[@ﬁb@b?@dﬂ&tﬂi@ﬁbﬂf@l&ﬂﬁi&lﬁﬁﬁ&ﬁﬁm@ﬁﬁ@iﬁﬂlyaﬁhﬁaﬁﬂ’lﬁﬁ&t&ﬁOf skill will look for
reduction in the.signs to ecrfr e. Parameters n include median time to
disease progresstr%ln 1%23 n re%r%ﬁ}f:s%gr? stga fH GRb 0 the arca of Cbsmumn

for example, as a sheet or helical conformauon, (b) the charge or hydrophobicity of the

molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues
are divided into groups based on common side-chain properties:
(1) hydrophobic: norieucine, met, ala, val, ley, ile;
10 {2) neutral hydrophilic: cys, ser, thr;
(3) acidic: asp, ghu;
(4) basic: asn, gln, his, lys, arg;
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The following references describe lymphomas and CLL, their diagnoses, treatment 15and standard
medical procedures for measuring treatment efficacy. Canellos GP, Lister, TA, Sklar JL: The
Lyntphomas. W.B.Saunders Company, Philadelphia, 1998; van Besien K and Cabanillas, F: Clinical
Manifestations, Staging and Treatment of Non-Hodgkin's Lymphoma, Chap. 70, pp 1293-1338, in:
Hematology, Basic Principles and Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone,
Philadelphia, ZOOO(QQGSR%SPﬁ@mﬁQB@JQh@@hégﬁi@ohy@lp,@gyggd_eukemia, Chap. 72, pp
1350-1362, in: Hematology, Basic Principles and Practice, 3rd ed. Hoffman et al. (editors). Churchill
Livingstone, Philad@p?'ﬁ , ﬁ%‘fj(ﬁg}r%’é’g%meters for assessing efficacy or success of treatment of an
autoimmunc or autdienroine reldte dutisgasenwill Hedmidwitarifie Physicien of skilbiftibe: appropriate
25disease. C(;:Ieag%raf{g{, them%pgg%an of skill will look for reduction in the signs and symptoms of the
specific disease. The i%‘l?owmg are by way of examples. In one embodiment, pharmaceutical
compositions comptigimytteehursidnized RiMihadtibocies ane g septotee adwReunatatoicf drthritis. RA is a
debilitating aJHé?-'Eﬁﬂ}E%%tﬁ!ﬁﬁeﬁﬁé%ﬂf@ﬁiﬁsﬁlﬁ{&}@%@@%{%%‘t‘h%r?&eﬁ&%ﬂé@@étﬁ@d hinders the daily

activities of sufferers. RA occurs when the body's own immune system inappropriately attacks joint

tissue and catsEE ehishibnfbhpiaticARand estres derrplcieslislany damagelnitiriane joints.
Symptoms ingligle) infiammation eftiedaisy aveling.Siffaessi-padrrinAdditigaally, since RA s a

systemic disease, it can have effects in other tissues such as the lungs, eyes and bone marrow. There
is no known 2BHPRIY AR ABRA N (ARSI HIGR S 3P S8 51§21 non-steroidal anti-inflammatory drugs,
immunasuppressiva pgentsadispasersiadity iTgdntithiodmatic srugsofAYABHIs)ianeRistogics.
However, many patients continue to ha%e anfinagieﬂ%late reéféﬁ nse E? treatment. The antibodies can be
used as firstTRE tHEFARY T Patiehts WHAESAL RA (e ERSEh LA IRERS RS %ind as
monotherapyntkadydofibmastion thitte ol iolowitgt(e) golddEX for SyrdioploshitamideviDhathe antibodies
can be used;] -line.th ients.who were DMARD and/or MTX refractory,
and as moné%%%%&%%%%ﬁ%@%%eﬁﬁﬁ%%gIﬁl\)/lgf)g?&? %ﬁﬁucﬁ?g\rq:%légdw B@é’ﬁ nagﬁ}g antibodies are
useful to preSERTHRY bR JoipntdeT dofe aeranstrueburd diawtiand, kOdetsreasly paiffiagsociated with
'”ﬂamm&,’rt'or}ﬂﬁ‘tﬁﬁiﬁﬂgi%%% uxafﬁﬁg@egﬁ@@,%%@%ﬁmgm R MEAeIAtE. 1o geveleRA. The RA
e d CD20 antibody p

patient can be treated with t umanize rior to, aftér or together with treatment with

other drugs BEHH 78 AARERAL U BHRRES HEHBN tRAUBYBE TR T Bhe B BEihRMRERieNts who
had previoushy{aileergiseasenneibing antideumatissiigsand/nnrkagdainadegHaiRdesponse to 15
methotrexat alonetar treatelqlwit ah r}ize CD20 bjnding an{tibﬁfy rﬁ_éth Invention. In one
embodiment 0T i trEkt AT tREPAtE PR 4% ) PR R IEin] 8h Fa¥Sving humanized
CD20 bindindjsphtiaddyuadotsea({d ghiw sinfasidisrohetdysidgant abEYi€2 R20 Bindingaéitibody plus
cyclophpsp ide,(750mg i.v. iRfusion days 3 and 17); or CD20 binding antibod s methotrexate.
ZOBec%seﬁﬁg%%g%Cg?Sﬁggg ﬁ%%’rlrg%%%ysfsd %}c%)tﬁ apha’ %feéﬁ??r%d ﬁig) Llff\yﬁ—%h:%%{%ﬁ’ors have
been used fatamiseasyrofthardiasasss Howe verfoTNEbtnidiitdyshsnevas Braseiveps(EENBRELG),

Infliximab (R&M&%@é@%@ggﬁq?umm@& Ol MIRAT O GARRIOdUER ARARYVE sideweffects such as

infection, heart failure an myelination. Therefore, in one embodiment, the humahized CD20 binding

antibodies oP#ieiisiatggrebime sornalrapshenef the rebeareiderdy somaleatmideatifiirst-line therapy, to

treat RA patignisdopiestderibefigk ahiieae neoativessidseffecis expararsrdwithaTNFa inhibitor
drugs or to treat,gjati_ents cqonsidered tg@}[%? 8grone to experience a toxicity, e.g. cardiac toxicity. The

humanized GBS BIMEAG SHAb 8 & SIBIGIGIHR HINERSH AP IR FE HriPaB e Al bRE e eful in a
method of tréatihg @subjechsuffeningfrgmmdrAcdiibehasdeérilrirentadistibdad Hfcaningibitor but is

nonrespons%ggc%g n |nade(aua%£ﬁxr)%ls£%1§ge to the TNFa%nhlbltor (TNF-IR rﬁﬁtlﬂ&tg& or has a relapse

. cin & 11 SPPETior pLopeities in One or more cva VS
of disease aftér Some fime o response, or StEMIned 1 be ohe Who 18Uk elyl%o resﬁond to therapy

with a TNFasinlvibiteelsicdnferdmbudineriopheM™NF-IR are treated with a low dose such as below
100mg, prior to tre%%%% BrANER ARt of the antibody alters the original glycosylation

30 pattern of the antibody. By altering is meant deleting one or more carbohydrate moieties
found in the antibody, and/or adding one or more glycosylation sites that are not present in
the antibody.

Glycosylation of antibodies is typically cither N-linked or O-linked. N-linked

refers to the attachment of the carbohydrate moiety to the side chain of an asparagine
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One method of evaluating treatment efficacy in RA is based on American College of Rheumatology
(ACR) criteria, which measures the percentage of improvement in tender and swollen joints, among
other things. The RA patient can be scored at for example, ACR 20 (20 percent improvement)
compared with no antibody treatment (e.g., Sbaseline before treatment) or treatment with placebo.
Other ways of evaluating the efficacy of antibody treatment include X-ray scoring such as the Sharp
X-ray score ugedid0 seekgRipHet e damnaeg sushashenecresinpandiaint Brasmpakuing. Patients
can also be evaluated for the prevention of or improvement in disability based on Health Assessment
Questionnaifs AV BB B RIS RSP NS IS8 A THAE B G RNy O THARERfreatment, The ACR
20 criteria matyathatatien? i dirprioxemenicisth adhiie nderdpamdid) phirih cAuik ahd guetendoint count
plus a 20% ie. roven gq%ttin at :[I%%sét_ 3 Qg‘l K gal%da{“% alerq%a asures: |, gttéeqt:f aén %a§§%sgqg§nt by visual
analog scale %§$ .Lpaﬂ'gnlfs glb%qaulcass‘es*srﬁer??oo ISease activity Kf %’ e pcﬁyélcran's global
assessnient Ofltisahgy@stilitipWAS) ©. thattrtisrsslfdsse sdaticdisgbility-medgelksthbyrtine, Health
AssessmentOUaslonpale, a0 s AEHIS AT S RARAR SRR OERR P EDG ACK RN, ANd 70 are
defined analogously. Preferably, the patient is administered an amount of a CD20 binding antibody of
the inventior? eIl Ievd wieadanscors HPnlErs2d, preferably at least ACR 30, more
preferably at least AGdath svaRQieRIEiRiaR Al IRAS AGRMAvBIRskRrefesablysptdegst ACR 75 and

higher. Psoriatic, arthritis has unjque and distinct radiographic features. For psoriatic 25arthritis, joint
erosion and ?&Hﬁ%@éé‘%ﬁ&%@eﬁaﬁlﬁ%%%m%&&%‘g% ARG ey erffsHihthnized CD20
binding:antikeidips&f shgusnventionrcdinibel dbedsnpievantihaigiakdamageasmelassaéduce disease
signs and sy]gn%om d(%f thefdisorq}etr,t " \%et another aspect of tte invention js am thod of treating
SLE or lupus hephritis B dminiStetng’ o stisject SUFeTing ffom the disorder; a’oharmaceutical
composition 8Qrcomprishegpaghetapebitalpeffdotivd givmuptatba fitemianized CD20 binding antibody
of the invention. S S ide er] itati iseas tivi SLEDAIl is a
weighted index of lﬁ%ﬁ’]&%ﬁéﬁ?ﬂé o%a%‘f%? %{g@%ﬁﬂ_ﬁ%&é@%@%&%ﬁ%ﬁ% aa{g_e%-fs;?)activity, with a

numerical ratif@ehorrEaBesEeBryary Gestokigs hoAn pawis in Mg\t tHdesp atribodg érlde.systemic
lupus erythemaiasust Gt BN QRIIORAM RIGHMAAIRDAA0L 44 3l marf 1 Ah&HSEOrINg methods

include BILAG scoring. Antibodies to double-stranded DNA are believed to cause renal flares and
other manife¥tiRpAS OFIARERSPATIARE Ohersrgiendntmlisnrerdentiderrediatet(pisHiored for time to
renal flare, whiskdg)deliagehassamigniicantnteRlads ciklrtiocraase b ResEiR CAaalINRGaRdrine protein
or blood in the urine. Alternatively or in a ’E‘Eion’ﬁ?ﬁﬂf’- ts can pe monitored for levels of antinuclear

antibodies aﬁﬁnﬁﬂ%ro%%’g%ag%Ib%i%r-%%\ﬂ d B SIS for SLE include high-dose
corticosteroids andfomeytioptasphaimidedDCGhiHete il thcsinccassiik itk atmperttiobfiats would

reduce gkare he..reduce th%s ver}ilt a d/p tir]heto H]e next flare.tl Spondyloar thies are a group
of disortors s s e U IR s clscace.

Treatment satéesswaplecdbieneidet By aiativatetChSieriithpanphydiciarglobaltessbismént
measuring taglg, o4 iR JRIarchiRevasail fiSe IPRIXIMALSLY 113% Rk e RRLICHENID, Systemic

vasculitides have anti-neutrophil cytoplasmic antibody and cluster into one of three 5conditions
affecting smARFRHINHY 9% aditiusdly, RgenEsliran s dairdpaed yn AR FE9E817: polyangiitis
(MPA) and Gheegbinausssineome («58d. olectivelyiknanmias-ANC A Rsaesiatadsyasculitis (AAV).
Treatment efficacy for psoriasis is assessed by maqnitoring changes in. clinical signs and symptoms of
the discase MEICRHM hSSIEAITS EroU ALBELS LR PR EPae R0 Mereased
compiement-mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC).
See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol.

148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may

also be prepared using heterobifunctional cross-linkers as described in Wolft ef al. Cancer
30 Research 53:2560-2365 (1993). Alternatively, an antibody can be engineered which has
dual Fec regions and may thereby have enhanced complement mediated lysis and ADCC

capabilities. See Stevenson et al, Anti-Cancer Drug Design 3:219-230 (1989).
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20 Psoriasis Area and Severity Index (PAST) scores, Psoriasis Symptom Assessment (PSA),
compared with the baseline condition. The psoriasis patient treated with a humanized CD20 binding
antibody of the invention such as hu2H7.v511 can be measured periodically throughout treatment on
the Visual analog scale used to indicate the degree of itching experienced at specific time points.
25Patients may experience an infusion reaction or infusion-related symptoms with their first infusion of
a therapeuticrapfifRelyic Thgse symptoms vary in severity and generally are reversible with medical
intervention. These symptoms include but are not limited to, flu-like fever, chills/rigors, nausea,
urticaria, headache! BrONCHRSEHAEHIOLR GIIEAS ROV AT PRsHEHLPIEFSH e e treatment
methods of thiadirgseetbadinveritiointaniinniz e sl sioncie actions. bo miayiale atdaimize such
adverse events, the patient may, recei initial canditjoning or tolerizi se(s) of the antibody
followe by 2 ISEBEGAIL ERUATE HEoh PPN R DHIA S L PG B e i
therapetticalypeffeetiveddosartonoonditienstheSatientisd Batetbpeohigltersi oshgesmddosirigek
Depending an the ndicatic % ] ) t g%§ ] ysician of skill in
the field Womek?g)%%fﬁ%g%vﬂi@ t éﬁgﬁéﬁgﬁg g)%%%;?r{%%{%% \%\%ﬁq;%a r%grgﬁs@g%’%% dosage that is
efficacious fawtheltteatmetbargarshaieathon while 5 minimizing toxicity and side effects. The desired

dosage may dependrsm %19@@%1%@%%@%%@@%%rﬁﬁ%%ﬁ%ﬁﬁ@ﬁ&?ﬁ%@f@ B cell

modulation desired, and other factors familiar to thj{gehtésician of skill in the art. For treatment of an

autoimmuneSISRaESHPImS-H 4 eBithb st HHatRI Pdknostors call Bemnbaes tepeiding on the
diseasei@ndioptoepseivietiticabine candilie mithilieLQinghdealpationt Hy ejgsting dhe-dosage of

humanized 2 tibody. B cell depletjon ¢ does not have to omplete. Or, total B cell
deptetion med) oL DGR At DBORARGH IR LG GF P LA Gl R BISRs Hs b
ggj;;ste(ii to dg;h(i:pg@:mﬂyqn_amaéh(ﬂﬂﬁﬂénmhrc_inionmhmmhmm;rﬂﬁﬁ(mdgjj Hlebt,etik?hl_dﬁlameast 200/(:, le.,
6 or less o sitive B cells remain as compar the baseline level before treatment. In
other 15embodme st B A e e SO Tose Lo0Re GOt S0k o S Bibtorably, he
B cell depletighitis sutfieisnisisthalograghesdinn gifithe! miselmses smbed graferbivhplionediesante the signs
and symptorgs,of feparichiarliseass aeﬂs&&r@@mmnﬁﬁ&weﬁwggé}%@%@ the disease.

The antibodies of the invention can be administered at various dosing fequencies, 20e.g., weekly,
biweekly, motigiRcrtecls Brilodakipia imehaam giidhe abrepss ohwidsstssvarrdiofssiris, or two

doses spacefasrosmiwewepks eyam SisdaeRti s valmesiineanibady-salutioqto be injected
can range from about 01. to %)out 3 ml per injection, mgre preferaﬁly from about 0.5 ml to about 1.5 ml

per injection FiTE GEANSABY MMAFRINGRT R 2HE? AhSERy QARSI B0 & iRjefion can be up to
about 150 mgnpelo2hinjesithalolisdipladojediine syidaylbeifisatbinscliceeituashievala gesiet dose.
Patients having,an,autoimmune disease or a B cell ma@gﬂn cy for whom one ar.mare current
therapie‘é1 Wearseqﬁ?;%evé R/‘@%S D?ynfo}%lrﬁaqgﬁl, OW'B% Fain |‘C§Qj¥8{é%nbeea r%]east%mc? %Ods}ﬁg g?r(l)f} of the dosing
regimens of thidaprd$aiiéal/HativtolPer Sxamienthé. iflietotiblo Gbritehapkhlebtie Rres énistieatment

methods for RA, patiepts uiaRYe hagan d0adagHAlR. BOraRPRRSE: e M osNesrasis factor (TNF)
inhibitor therapies or to disease-modifying anti-
11.59. More specific examples include, but are not limited to, relapsed or refractory NHL,

front line low grade NHL, Stage HI/TV NHL, chemotherapy resistant NHL, precursor B

25 lymphoblastic leukemia and/or lymphoma, small lymphocytic lymphoma, B cell chronic
lymphecytic leukemia and/or prolymphocytic leukemia and/or small lymphocytic
lymphoma, B-cell prolymphocytic lymphoma, immunocytoma and/or lymphoplasmacytic
Iymphoma, lymphoplasmacytic lymphoma, marginal zone B cell lymphoma, splenic
marginai zone lymphoma, extranodal marginal zone - MALT lymphoma, nodal marginal

30 zone lymphoma, hairy cell leukemia, plasmacytoma and/or plasma cell myeloma, low
grade/foilicular lymphoma, intermediate grade/follicular NHL, mantle cell lymphoma,
follicle center lymphoma (follicular), intermediate grade diffuse NHL, diffuse large B-cell
lymphoma, aggressive NHL (including aggressive front-line NHL and aggressive relapsed

NHL), NHL relapsing after or refractory to autologous stem cell transplantation, primary
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rheumatic drugs (DMARD) therapy. "Chronic" administration refers to administration of the
agent(s) in a continuous mode as opposed to an acute mode, so as to maintain the initial therapeutic
effect (activity) for an extended period of time. "Intermittent” administration is treatment that is not
consecutively done without interruption, but rather is cyclic in nature. Combination Therapy 5In treating
the B cell neoplasms described above, the patient can be treated with the humanized 2H7 antibodies

of the presenidniefitifnaipcBRLNCHapHYiHa, grenermgitharapsitagRhtssgch as a

chemotherapeutic agent i Itidrug regimen, The anized 2H7 antjpody can be administered
concurrentlyfnrslren 'ﬁ@ﬁﬁ%ﬁ/&(ﬁl{;ﬁé ﬁﬁ%dg;e\%%p%% lgﬁté?i\ou%#e?%{%%gffg%ggﬁf%%ﬁg?v 8eﬁ-e sponsiveness
with other thiiidbybSkantkeed I8 IEhethotiteicipynidotym phaanrsotr gatipbetain &y do ghadel ar

cyclophosp ide,.cytarabi nd, mi ne plus melphalan. CHOP is one of the most
common chzl%rrgﬂo{%ch%%%@%%%n%eaﬁs ogrgﬁéag{%ﬁ% %%Qn%%c?gﬁgﬁ@s |§?%S%9’5“n§a5ﬁ‘ﬁl"%% o?/(v)f}r‘?g are the drugs
used in the CHORoregimen! eis dplospharniteofbraintnasnas dytexamaeosar); adriamycin
(doxorubicin / hydrexy, M%@in‘{m'&tiﬁﬂ%@%@éﬁ@éﬁg&ﬁ{&%@éﬁlﬁﬁﬁn‘%ﬁm@%ﬁg@95 called

Deltasone or Orasone). In particular embodiments, the CD20 binding antibody is administered to a

patient in neE&#dradma wbivtslivated rtore SrarraohmeofaTewirg Erssapktapsiit agents of
doxorubicin, ioyaphesRiRMidepHbetstiredapthpre dRisalanedia aspeeic)emhodiment, a patient
suffering from a lymphoma (such non-Hodgkin's lymphoma) is treated with a humanized 2H7
ntibod, of (REBLESSHT BB TRt < B EHGH HRAERE S A LA Borotbicin
vincristine amel gpresnishae)dietiajpyisIn another embodiment, the cancer patient can be treated with a
humanized 2H7 CO20 hincing antioady of the Jnysrtionn gambntion it Y (cxglophosphamide.
vincristine, and prednisonc) chemotherapy. | aspgtl IcCem odimen%, the patient su ?Ering from
CD20-positiveti¢rilsisvadmbeistere dihandali zedr 2 H RTINS Tdnsradsipbiie doofuemiisoniti CVP, for
example, eveny, 2wegks far.8 cvcles: Inasagcific comorimaniofdisseetnantab &L, the

hu2H7.v511 antibody is administered in conjunction with chem6therapy with one or both of fludarabine

and cytoxanfragmanteHisisefiserapeditcsgemdal s MitnindréompbusadusdalsrhMiEwadtment of

cancer.|Exampigs.eb shemetieraprutisiagentsdnsiyde akyiating agenissuchaAs dHateRa.80 and
CYTOXAN(r) cyclosphosphamide; alkyl sulfonates such as husulfan, improsulfan and piposulfan;

aziridines sUGHPREYENSBAGRLS RETHOLRIB AR et Rt pas ot R B AR 2B A RA TSRS ST
methylamelaringsstheluding altretamine, triethylenemelamine, trietylencphosphoramide,
triethiylenethiophosphoramide and tri lolomelamine; TLK 286 (TELCY,TATm); acetogenins
(eaptnially Ut SR B LR SR A o R bt s AR
beta-lapachene; d@g&eh@dpm%hitﬁma@mﬁnhmﬁp}édtd cacdon mb@wedinﬂ#a&hndir;giﬂwegyd@hmtic anglog ue
topoteca (YGAMTING. SET-H drioplegn CAVETOSMND Ao pRmpIpsein. seppolectin, and

9-aminocamptothecin); bryostatin; callystatin; CC-1065 (including its adozelesin, 5carzelesin and
bizelesin syrithétRisr divgt sy PedopgisesRin- podophyllinic acid; teniposide; cryptophycins
(particularly cryptopiyqin-haneteniptopiein d)sClasiatin: Hupcamwyein(ralding:the synthetic

analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin;
nitrogen mustsitiasSTRH-HRCCRSFRMbLRGI TRIRIRE ShAAPRECRRIGH s pitphibes cestiandistioe,
ifosfamide, riechierethantpes denaahopeth aninecaxise! Aydsochiotide araalphalpsmsnavembichin,
phenesferine, prednim stin%e”, trofosfamide, uracil mustard, nitro u%c%s such as canuustine,
chiorozttocif YStEMTATIIT0 FRUSHIE SR HEAE A TSR O LT AR SRS e h as
clodronate; dftibioticsh 5 ubhtaisdheienextiiane antibictt Blegar Idalicheamicimabspecialiicalicheamicin
gammal | an)GalheApIFID MRAAL (8970 cABIGH. KGRI, £0dl 33183486 (1994)
32, alcaru unor

and anthracyclines such as ‘annamycin, A ubicin, da icin, dexrazoxane, DX-52-1,
epirubicin, P24 ad: idARS e RRINSE0 domenegeticsdyihbhidad, (Aoridiadidlasataicin A, an
esperamicin ;ReAGRIZINESIALS chramarivreRahGIAteH PHRMORRigincRRdyR. Batbiotic

chromo%hores,,aclacinomgé%ins, actinomycin, authram%:iln, azaserine, bleomycins, 20cactinomycin,
carabicift, catiihesfy & CA ARG ATRHUEHRSH AT, d 4B tGrycne, antibody, Schering

Plough/Genzyme); epratuzumab (IMMU-103™, a humanized anti-CD22 antibody,

Immunomedics), or have relapsed after treatment with these drugs.
The invention further provides a method of treating CLL patients including those

who have failed fludarabine therapy, with the humanized 2H7 antibodies of the invention.
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detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMY CIN(r) doxorubicin (including
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin, liposomal doxorubicin,
and deoxydoxorubicin), esorubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic
acid, nogalamycin, olivomycins, peplomycin, 25 potfiromycin, puromycin, quelamycin, rodorubicin,
streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, and zorubicin; folic acid analogues such
as denopterin, pteropteiinoanehifagisetpsRiH R aRaeYs RS fudasarine.frmergaptopurine,
thiamiprine, and thioguanine; pyrimidine analogs such as ancitabine, azacitiding, 6-azauridine,
carmofur, cy?%é’b%%?lﬁl SERIUTARTR COaH Ol e SRR B TRe RS s et SsBGBI%s such as
30calusteronenditivnastasinlon & puapike aten apitiosian dsanepisiosianerand iekidactonesanti- adrenals
such as aminoglutethimid jtotane,.and.trilostane; folic acid replenisher such as folinic acid
owcovoriny L e e a A S TR A5 B m14 pemertrencal
dihydrofélatexrddtistasetintibiioss suthgasimathotiexdronariifdnetaboliios buok, dsgwuorouracil (5-FU)
and Its prodrijorsaHCIAS T i RANE SRNSHIARINS ARSINBIAYALE sypilise iliRiors and

glycinamide ribonucleotide formyltransferase mhib’ir;o&r_s such as raltitréxed (TOMUDEXRm, TDX);
inhibitors of JHiRAFhYifHdinEdanyarsgarssesyBRield aril Fachs aRIsBHoSphdIi itecligeisside;
aminolevulinigacidianasasking pastrablucioRisantians: edatrprisideiofaminaindemerolcine;
diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea;
lentinan: loniIXHIRYHTRORSN LIS immﬁmﬁH@%Heﬁ%mﬁﬁﬁsﬁﬂ%ﬁﬁm;
mitoxantronejlaoepjdariael; qutiaernaipniestalin pphenameld piatuicinilosenanikane;
2-ethylhydrazide; procarbazine; PSK lysaccharide complex OHS Natural Products, Eugene, OR);
rasorane: G S TS e T O e BT AR, neloeie
2,2',2"-trichlorathiethigtamins,; thehotheotredetespasiallie:i2 doxinvierrlougin Antacidin A and
anguidine); uyt i Vi It (N, Fi -S| , dacarbazing: mannpmustne: mitobronitol;
mitolactol; pli{go_ r%%g’n&;%ﬁa%@%s% ), ﬁg%ﬁ%éfg%%ﬁg% ;a(t:y%l’(?p %%gf?%%g?%&%%gﬂ%xoids and
taxanes, TA%@E@@:a&hagéh{mjgﬂil%yé@sm@hmwmewﬁgémi.@,.)’pq&haiingAN ETm
15Cremephaifteg: AlRHMINHRNIGRERIIHIRRRASHIOIR fAtRUIatonOf RRRHIPXGHAMSHLAR

Pharmaceutical Partners, Schaumbeﬁa, lllinois), and TAXOTEREO doxetaxel (Rhone-Po’uIenc Rorer,
Antony, Frard€&}° ERtsamt defrstiseidpindera N Rne By i og iR sheReptShtithe; platinum:
platinum analogs:efplaiiinimm asadRp alegsssion B CERIAInexaliRatnAR earpoplatin; vinblastine
(VELBANY); etoposide -16):; ifosfamide; 20 mitoxantrone; vincristine (ONCOVINC); vinca alkaloid;
vinorelbine (Wﬂgﬁ%gﬁ\&[gﬁgﬁ& hfShEs KRR Lh%%?ﬁé&ﬂ%a%ﬂ% FihSXEiB8%; ibandronate;
topoisomerasadrihibitohdds8 2666 difiiard onetihyddemithiing sieiviRa);, patineids Sulekosis, retinoic acid,;
phaimagcuti table sajts, aci rivatiy any, of.the aboye; as well as.combinations of
hwo o1 Tore L R e e
cyclophosphawﬂ@é}%wlﬂﬁfieﬁﬁ%iﬁéﬁﬁiﬁ@haﬁGlllp?é@im%e_%i’qié; et FOWFGX nairadsioréviation for a
treatment regimgq wWihRxalpPliRi {ELXALIDNLI) sombingd withdrdsant fUeay@Hn. Also included

in this definition are anti-holmon' agents that act to regulate or inhibit hormone action on tumors such
as anti-estrofHE oY SeiREREEHEYEREEE ST S0 EsotR ACISE RAMSICIASKTIFY HeMexample,
tamoxifen (ingyeitg NeWAREXG: taroexdemis alpxiiraas drelaxiiane ohydrgxaamexifen, trioxifene,
keoxifene, LY117018, f%{rgagristone, and FA@ESTONO toremifene; aromatase inhibitors that inhibit the
enzyme arorTatHSE A IR FagHiatePEEIREY SR FTSRICHENTR (hE iR GRS SER AL or example,

4(5)-imidazotgs| lamiroightiththimid ériMEGASHO ynegestialracstdienaARQVAG e xemestanc,
formestanic. jagliggoie: VSRR (yprogole, EENARRGLIRIRZ00R. and ARIMIDER(Y) ahastiozole; and
anti-androgens such as flutamide¢, nilutamide, bicalutamide, Teupro ide. and Goserain: as well as
troxacitabinea(d Rt aveinubivdsidewpluditie woatod) ssmtisensecligbriucieatideshiparticularly

those that Sinfubit expressian ahaanes i sianalingpatwaysimplicalad inakheragtcell proliferation,
such as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-
30 granulomatous uveltis, nongranulomatous uveitis, phacoantigenic uveitis, posterior uveitis,

or autormmune uveitis, glomerulonephritis (GN) with and without nephrotic syndrome
such as chronic or acute glomerulonephritis such as primary GN, immune-mediated GN,
membranous GN (membranous nephropathy), idiopathic membranous GN or idiopathic

membranous nephropathy, membrano- or membranous proliferative GN (MPGN),
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R); vaccines such as gene therapy vaccines, for example, ALLOVECTINO vaccine, LEUVECTIN(r)
vaccine, and VAXIDO vaccine; PROLEUKINO riL-2; LURTOTECANO topoisomerase 1 inhibitor;
ABARELIX(r) rmRH; and pharmaceutically toacceptable salts, acids or derivatives of any of the above.
Additionally, the hu2H7 antibodies and functional fragments thereof can be used to treat a CD20
expressing B cell neoplasm (e.g, NHL) in conjunction with an anti-tumor angiogenesis agent such as a
Vascular Engothelial Grevithndastss (I EQ@ramagenietsAR (aati:angiedsnesisnagsnt’ or "angiogenesis
inhibitor” refers to a small molecular weight 155ubstance, a polynucleotide, a polypeptide, an isolated
protein, a reCORBINENE TSI SHOAnBBER: BF SSHIGGHIES OPHISBIF Bt SHhAR inhibits
angiogenesisstaschiogdnegs)srarctndesitatlexvasawddrparmeeastitity, witdaiodiracthengndirectly. For
example, an.apfj-angiogenesis agent is.an antibody or other antagonist to an angiogenic agent as
defined abo&%,l&%l%rﬁﬁggc %Ss 0 E&li'—m 5%?}%%]3%sryor‘i?ﬁ%llg—e?é%rg%l%’é}%f‘esar%ﬂli%ﬁﬁ%ﬁtecuIes that block
VEGF recepforesigyraliggnierech PTKES AAKQ 2840 G666 8iurin 8 EGFRartagomist préfers4y a molecule
capable of neigliFing RIREHAOLIANIRNAR. AYKRARAAQ LEENIGNT ALANIR TRARAMIN i activities

including its binding to 6ne or more VEGF receptors. In one émbodiment, a patiént’s ng from such

a B cell neoplas¥neis freagsesuith 2R prspesi oMy srdhiemadpoe ferl witkrpastnd2s (bevacizumab;
Genentech).qThgathEeTAnHRosy 1RevAGNMabhiBY lupMSRoW0 &g HNWMAD VEGF" or

"Avastie”, is a recombinant humanized anti-VEGF monoclonal antibody generated according to Presta
et al. CanceRRESTRHOMYAS RGOl us (npHding MEPPTHEFGHTBY B BciRE o AST Feitinents thereof
are useful ineaxwaathat] okteatingyacih) 20 expressingiBred) Hebglasminegmuretion with a member of

the TNF 30 family of .cytokines sych gs Apo-2 ligand L ).also referred to as TRAJL. The full
length native’ %r%qujecnlgg 1] ‘?ﬂjne‘ﬁ 3@%%%%%@%‘%@% %\%?if fIng dlr“%eéeﬁ ng}fg?ﬁéjg%@?ane protein
of the tumor ﬂd@b@rs;)‘ant@mamw dfabytcﬂcidmaﬁ;mwmmﬁemmdhg hpoudigamehsssich as .th ose
comprising ap.gxiiageliat domaln by raeitarnelegl, s B U g have various

2 B( S
activities, in ing apoptotic activity in- ma _masrﬁan caricer ce s%\{?&’p AL (described in WO
97/01633 aniWptrovisaRelcidasisosatskidnginamiaprdeaiatosicnclsdngdgnmeofeie ECD, comprising

amino ggid 14548k b{Re Wb iBBOtL ARGrGhREAIE LI HEAHRG NG RHERIBMHIEG digeases or

autoimmune related conditions described 5abagve, the patient can be treated with oné or more hu2H7
antibodies, ifE6HtdiRsdRE SrescsswiMerapiisdisyding sabraalais thrmmpeLpiesaive agent,
such as in a seulT akugEeBaRer ) enid2iny wRithady-cansha.adomipiRerrd.conasaRtindsequentially
or alternatin vyitr}tthe.imn%un surggpressive g?g%n oy upon non-llres onsiveness with other therapy. The
immunosup&%gglv H3 SR AP B H R RETE AP IH S S AR PO IRy sl\é%&si Han as set forth in
the art. The prefetredeadjtmecbimuitgsuppressiyevagehtivillydiepend-orotizanyviactoinss, imeluding the
type of gdisor ing treated as well as the patient:s history, ..."Immunosu ve agent" as used
herein for aﬁﬁggﬁg’rg%é% er:gif‘é%ssc \g{%ﬁt%% gnaéggh %ﬁ‘gitszr&u% g%%ﬁ%%s%?%%@%%%une system of a
patient. Suchcayentsanotlis.iaplide IBstibstatvestirg ippiesteoyrokinenpgropeitionaatnm regulate or

suppress selfARigRNeXRIGRSINNN A7 MIARKReNIHS aPHigens. RampiRs.olaHch GAgALS include

steroids such as_glucocorticosteroids, e.g., prednisone, methylprednisolone, and dexamethasone;
2-amino6-ar§ESBUReHttERPYHHIRARES , SCTPRIONGINLIBIB A0 P e ASERKTIOHINA ddison's
cyclophosphaiguide, futberd isiammaverse RaRPR Aazathignine iBemeg yatingniZaglutaraldehyde
(which masks the MHC antigens, as described in U.S. Pat. No. 4,120,649); anti-idiotypic antibodies for
MHC aﬁﬁgeﬁ%ﬂﬂ%ﬁ@?ﬁ%’ﬁ%ﬁﬁﬁfé%@%%iﬂﬁwmg%‘?ﬁ?ﬁb@(‘fﬂl&“@%@ﬁ%ﬁp&?tagonists including
anti-interferofiapedi oG Sanfbadiesygrliturdas nectosis dagioirguantipaiies: srli-ldmhosnecrosis
factor43 antibodies; ap{'}tigrét rleukin-2 amngt())ogiees %_n(;l %n}iir-kj(lL-zn receptor arr1rt1i odjesdj: dantti- 3T4
antibodies; oBReter ogou% an??-ﬁ?mp\hocy e g]ilcl) u |rf% pan-%ean [ oale\,\]s‘foprg e?ag}y 4hti-CD3 or anti
CD4/CD4a ahtissdiesnisglablerpeptishsroonitaisineran ¢ HicSbintinghdoindini@M@ 8608187 published
7/26/90); streptakinaseiifGE dd s enledonasayRNA QLRNA LA he hash/5ia06: RS-61443

deoxyspergualin; rapamycin; T-cell receptor (U.S. Pat. No. 5,114,721); T-cell receptor fragments
(Offner ¥t al C8deavEros FYsnens? Regupy sfigydrome, Sjogren's syndrome, Stevens-Johnson

syndrome, pemphigoid such as pemphigoid bullous and skin pemphigoid, pemphigus
{(inciuding pemphigus vulgaris, pemphigus foliaceus, pemphigus mucus-membrane
pemphigoid, and pemphigus erythematosus), autoimmune polyendocrinopathies, Reiter's

disease or syndrome, immune complex nephritis, antibody-mediated nephritis,
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3090/11294; and WO 91/01133); and T cell receptor antibodies (EP 340,109) such as T10B9. For
the treatment of rheumatoid arthritis, the patient can be treated with a CD20 binding antibody of the
invention in conjunction with any one or more of the following drugs: DMARDS (disease-modifying
anti-rheumatic drugs (e.g., methotrexate), NSAI or NSA1D (non-steroidal anti-inflammatory drugs),
immunosuppressants (e.g., azathioprine; mycophenolate mofetil (CellCept(r); Roche)), analgesics,

glucocorticosignidsc i QRhasphamIdep A BAdI (RAAFRUNaRhAbROY bakaratopassARAVAO 5
(leflunomide), REMICADE(r) (infliximab; Centocor In¢., of Malvern, Pa), ENBRELO, (etanercept;
Immunex, W) SREPERAE &ﬂf%?f%ﬁkﬁﬂ?&%&gﬁ%wmyﬁﬁm?%ﬁ‘g&tﬁyﬁfﬁﬁfﬁﬁ@fﬁmﬁos
commonly ugetkiisRraseuinyt o xydlaliaguinensutfasalanineymethotpexaie; (effitmamide, etanercept,
infliximab, azathigprine, D-penigi ine, Gold (oral), Gold (intramuscular), minocycline, cyclosporine,
Staphyocort A B KL Lt S B A o e T Sbional antibocly
that binds toiiNFacmfiikinedbhiwazhinaricimogsedidmpathiighoctboa) @ntibodpthasiidd@s to TNFa. It

' an immungsupniessing dryadieseibetbinleal BAaad Cxehaaisaase afliimab has been linked

to a fatal reactions Such as heart failure and infections including tuberculosis’as well as 1
demyelinaticH@8UTHE MAVES AsternizotiveiRFimaab) yscaNtHiBHzdu nanarlimaidisterleukin-6 (IL-6)

receptor.  JEARSFEAPLIRIGHNMMUNLAReI fUsIRRHQIGIm GRASISIAG A d tpgellular ligand
binding portion of the human 75 kD (p75) tumar necrasis factor receptor (TNFR) linked to the Fe

portion of a AHITARIERS Eeme e NBRAS fFesdirmiec b iy 03BV eSS for

therapyiof aclivsiRAutktanescepkbingdsdoptiikehapstise ety temovdinest, Phkaframsoints and
blood, thereby preventing TNFa from romfg;irﬂa%i fllamm tion and otslwfé?/ ptoms of rheumatoid
arthritis. The dPay S BEe T L EHERE RN REYARTE Lis SR RN RIS Yaious infections and
sepsis, nerveudosysignrigisyrdessissichaasmeopltiple sclérosis (MS)dBeecerglogavw.remicade-

e R 38 Foe S o

for the manageme rheumatoid ritis” Arthritis & Rheumatism’ 46( :328-326_ ruary, 2002).
In a specific sidrodiementi-temRAsHEtRMEIs SiadregtvithcanialRRr A bPoentibgyoe the invention in

conjunction with methalaxate MK eRmRIAY%: 105392 QbN A8 HeARout 7.5-25 mg/kg/wk.

MTX can be administered orally and subcutaneously. In one example, patients also receive
concomitant MEERIEBIDSHEATSER: Ferasiiip 3t Parertdranomyatsidithraysdhiedsteroid regimen
consisting ofgnethypradnisalens dOGon G éoRQdrinulesRIMNa WusioosaftheRaksantibody and
prednisone 60 mg p.o, aon Days, 2-7, 30 mg p.o. Days 8-14, returning to baseline dose by Day 16.

P ationts may RS TECL DR ToRH (e OEUR DB T ERLr o T DO AEided atty doses.
Patients optignallyrcantinvientouredeipaiany: hackghopadiediticod tenoidt{d, Qmg/c:piegaizgone or
equivalent) thyoughout the treatment period. SFor the treatment of ankylasing spondylitis, psoriatic
arthrits it B L R R R e vention
in conjunctiopngithetiaisekdM preoRbiviicadbliffiziMmab tiroiml ©enw eih & rdlMdieh, Pa.), ENBREL
(etanercept; immunRx pYAk-J ieatmenis e ftdp el somkinationaftstsPafanihody with
high-dose 10 5(}:}(l)rtico.s’tero_%)é and/or cycloph%ﬁsp 'a{r}hﬁl)ge (%@C).%aﬂentﬁl’su e’ringefrom SLE, AAV and
NMO can bedgBagisivipiRyy biantiBeagsss IS TRAREEI T S MISTRETBRCRTHSRRSISY the following:
corticosteroidga ddsrd ss1 aRAIBEMESC6Hat-didbhib Imcaiicecoriicasintrpsisonveatenal DMARDS

(e.g. methotexate, .sulphasalazine, hydroxychloroquing, leflunomide), biologic DMARDSs such as
. BIyE (e G S IRTRAR Gy i T IO LR DB LRGP LB ey L, D22 .3,

epratuzumaldshimgiuiiesuppressantsafe:o dazath)aptoiajrmycephinalatennhofe i (CelitieptO; Roche)),
and CytOtOXi%n% I3 Q&? &%e%s’e%ﬁ@]%‘,%% or%rannr;'lilgn%)heaﬁng loss, opsocionus myoclonus syndrome

(OMS), polychondritis such as refractory or relapsed polychondritis, pulmonary alveolar

proteinosis, amyloidosis, scleritis, a non-cancerous lymphocytosis, a primary

30 tymphocytosis, which includes monocional B cell lymphocytosis (e.g., benign monoclonal

gammopathy and monoclonal garnmopathy of undetermined significance, MGUS),

peripheral neuropathy, parancoplastic syndrome, channelopathies such as epilepsy,

migraine, arrhythmia, muscular disorders, deafness, blindness, periodic paralysis, and

channelopathies of the CNS, autism, inflammatory myopathy, focal segmental
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For the treatment of psoriasis, patients can be administered a humanized 2H7 antibody in conjunction
with topical treatments, such as topical steroids, anthralin, 20 calcipotriene, clobetasol, and tazarotene,
or with methotrexate, retinoids, cyclosporine, PUVA and UVB therapies. In one embodiment, the
psoriasis patient is treated with a humanized 2H7 antibody sequentially or concurrently with
cyclosporine.  To minimize toxicity, the traditional systemic therapies can be administered in
rotational, segueatialscerniinatogsl, efdntarnisientdrasinent 1egirenss HovweEdesage 25
combination regimens with the hu2H7 CD20 binding antibody compositions at the present dosages.
Artcles of MEHUFRERURS T RISA AHEH Eh EOAEHE bIHL PRI A ke BPChufacture
comprising ax@aifemauldtianl oisthesmniventipnypedsiis thentreaiment efauioiniuns diskases and
related condifions and CD20 positive cancers auc%h as no -Hodg{(infetlxmphoma. The article of

F YCit

e 8 nanng dis asc—is Bn Tonic inflamma nati%ﬁ . .
manufacture comprises a container-ana a label or package inse n or-associated with the container.

SuitabIeScc_)nmiaeesrmthdedifémémnmmepmw@cMé$ syniiges;, elepeThercpraliitiS Tnay be formed
from  variety gf gratedals, e 5 AIASS B ARG ALIEAS, O0EACHYRIRYENIA e fAunytion of

composition IS a hu2H7 antibody of the invention, the antibody being present in the tontainer such as
a syringe, ati@ingireiatietlossnved fikede saperyasesibder abovarusd spalosit tiseccrresptration of the

hu21-17 will bgaifrdhstang arelAAMmaii, 12 20RMa/kieAN 8 30s ML AL MRESma/ml. The

label or 5package insert indicates that the composition is used for treatingl the particular condition. The

label or packeSE I Tptiercohishag nSrammBhiE Farmsith §1R¢antibody composition to

the patient. RBackageansedugiassinipsiistions eustemaiiy pstideddr senmestial frakages of
therapeutic pﬁ)ductsl, th?tt,con?yémform?tlprg. about the.!nqlcatléms, usage dosa&gFe, 10administration,
contraindicafiong SAL/BT R ATh gL S RE ROy T YR GH e A THR AT AT %ne
embodiment|ctivespaciige.ikssrmindicatds that dheiecmpdsitionisiuse dfar tréatingengtddodgkins'
vmphoma. s, Addlienale DG aELS ohRNIASINE AU JITASL COMBSE.A S e, cantainer
comprising a pharmaceutica y-acceptable ot ‘e’r, suc ‘as water o ’injectlgfn (Q} ), 15bacteriostatic
water for injebtfore (BWRIiaphokpime-Bbresie dnéeinbalimgditsasoiupdmosetidiresiforide (0.9%) and

dextrosgs solyfign,dfimay-urlieHRduyde pher matRriala desiabie framR.capmensialand user

standpoint, including other buffers, diluents, filters, needles, and syringes. 20 Experimental Examples

fers Nts, f needle; , |
Example 1 [HEISHSEHERBEES ol ON 16P PHINVE B8 Phuiman hgpdenediftfatfon subcutaneous

formulation (BRr0géTaWAS ERyRIORR RrHIUNAY ALY, Thistarsnidationicomuprises:kb0 mg/nil 2H7,
30 mM sodium agetaﬁ 7% ZStFehglpse dtihygrate' 0.03% Po%%cgbat 20, at pH 5.3. This formulation
s stable lond SO AREHHAPU LTS AGR i HEPTEls YR REAERE L JHEBns. Administration of this

material by SuboutadstusninjedticiEIN cnfamatugtisonkefgsties ieddmggvete, inflammation at the

neciongte Aol o MIC st nsintos ol 1 e
syndromes, congenital rubella infection, Epstein-Barr virus infection, mumps, Evan's
syndrome, autoimmune gonadal failure, Sydenham's chorea, post-streptococcal nephritis,
thromboangitis ubiterans, thyrotoxicosis, tabes dorsalis, chorioiditis, giant cell
polymyalgia, endocrine ophthamopathy, chronic hypersensitivity pneumonitis,

25 keratoconjunctivitis sicca, epidemic keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and ischemia-reperfusion injury, retinal
autoimmunity, joint inflammation, bronchitis, chronic obstructive airway disease, silicosis,

aphthae, aphthous stomatitis, arteriosclerotic disorders, aspermiogenese, autoimmune
hemolysis, Boeck's disease, cryoglobulinemia, Dupuytren's contracture, endophthalmia
30  phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris theumatica, Hamman-Rich’s disease,
sensoncural hearing loss, haemoglobinuria paroxysmatica, hypogonadism, ileitis
regionalis, leucopenia, mononucleosis infectiosa, traverse myelitis, primary idiopathic

myxedema, nephrosis, ophthalmia symphatica, orchitis granulomatosa, pancreatitis,
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300f the irritation was attributed to foreign body material (i.e., 21-17 test material). Testing of this
formulation under conditions that simulated what the product was exposed to at the injection site
confirmed that the protein was significantly aggregated under physiological conditions (Figure 1)
corroborating the inflammation results observed in cynomologus monkeys. The observed precipitation
may be consistent with a salting out effect subsequent to a pH shift. Example 2 5In vitro dialysis

method for testirgimaaionotecoeragragatiamende ihe-piysivlogd dandiépnsofsaheutaneous
injection. An in }/itfg%ﬂgal)ésis method was develoE d.to test the abilit {})Jf dig‘)ferenttqi(coipients to
: | ,

reduce 2H7 %%%’reﬁa iGh URde? ktl%agﬁ%?o oaé?g XN %dsleé;h%%%'r’ﬁ%lrlgaa uring su Scutaneous injection.

A modified FE3 satdtiysttineBrelease mediiumnt)divasscevelpped Htomthisfinede) tysinoulate the

interstitial flui IS in. Vit _ - I tl f f sugar I rs, surfactants,
g N B Wabdsed e gvaale e alfesl L soRs: PO

and amino acids in' retarding 214/ aggregation. Candidate formutations that st n%’proved product
release i videdispasthaiehaste e (Pal sueulakieoris-ribdenséeliBgastiplens) s determine if this

improvement.corfespaRdadiia dasraasedhinHamynatan 0yiyeyilohie sed-vp QiR Milfo dialysis

model is shown in Figure 2. 250 ml glass jars were filled with 220 ml release medium (167tn1'vt
Sodium, 14GriNrEKtorithe JS7RTR ‘Iﬁﬁﬁéﬁ%@'}‘%ﬁ?ﬂ PRSIy H B CIB L H TR §TREI8 M alysis tubing
(Spectra PogpidianMelesiudampletont GabOFf MM GEN RiRrRislysis Bab nendzniaidiagaeter) were
soaked in purified water. One end of the dialysis tubing was clamped, .and the tubing 20 was filled with
pproximately T SPIAL: SHIRBTE P2E RO AP SORR IS P I8 AT RAD TATHGURG, and the
oppositeyenduabitentubimgopias glamipeditothégeaddfithbar. Mdedfiliedibagaasiactled to the 250 mL
glass jar containing the release mediu nd the jar was placed at 37C.with.constant stirring. 500 id
camples of (e e e B S ey o
the samplesmnthpath25atmounmuot provelangrésentindtineg tatedsednieciseh idiepethieasured by UV

photometri g AR 1AC PR IMACIA &0 18 SolUERRIASIS el wbing were

visually inspected for precipitation. A test excipient was considered to be acceptable in the in vitro

aggregation§'&{oth2g0rTHa ERduldiieererersoss 2ROt et eiciyehPad greater than the

negatives conypldariginaliattfifonnurtion: 1R marsnl ahi%i@0 ik Spdivsniaceiaies 7% trehalose
Dihydrate; 0.03% Polysorhate 20, at pH 5.3) indicating improved 2H7 charagcteristics. The positive

control (rhuNiRB - P AR BN PR RS TRETTHS £ EA U SR BIHS#5Bd administered

subcutaneoushixaiioiie guin@ies piEitanand gheahelidcledsepiiidn-thenegatidecaantrol. The

precipitation of gH7 was reduced.or eliminaiefl. 8.The subidi.oltha felease megiym yas reduced.
Candidates tlﬁa mét'the acceptance criteri Werd then testedin ?}1% inVivo rat moder t6 determine if

retarding aggreg:mpneimtr@ emt&@ted&qﬁs;gém mfmmmm@gdmtéﬁdnmmgplﬁ%ults: The typical
release,profi gf (e Nudsealinle e irpigialysienesbark s A88RMR inEigure 3. The controls

for this model were chosen to bracket release of a protein o
sclerosing cholangitis, sclera, episclera, chronic mucocutaneous candidiasis, Bruton's

syndromie, transient hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome,
ataxia telangiectasia, avtoimmunc disorders associated with collagen disease, rheumatism,
neurological disease, lymphadenitis, ischemic re-perfusion disorder, reduction in blood

25 pressure response, vascular dysfunction, antgiectasis, tissue injury, cardiovascular
ischemia, hyperalgesia, cerebral ischemia, and disease accompanying vascularization,
allergic hypersensitivity disorders, glomerulonephritides, reperfusion injury, reperfusion
mjury of myocardial or other tissues, dermatoses with acute inflammatory components,
acute purulent meningitis or other central nervous system inflammatory disorders, ocular

30 and orbital inflammatory disorders, granulocyte transfusion-associated syndromes,
cytokine-induced toxicity, acute serious inflammation, chronic intractable inflammation,
pyelitis, pneumonocirrhosis, diabetic retinopathy, diabetic large-artery disorder,

endarterial hyperplasia, peptic ulcer, valvulitis, and endometriosis.
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that did not readily aggregate (rhuMAb CDI la) and a release of protein that typically aggregated
(original 2H7) under physiologic conditions. The area between the two release curves measures the
relative ability of test excipients to retard aggregation relative to the controls. 15The cumulative release
of the original 2H7 formulation is low (< 30%). Increased turbidity of the release medium was observed
as 2H7 was released from the dialysis bag into the release medium, indicating that the material was

aggregating in thatigryt@neentoExiensihdlacwdlatiandnsida e diRlysishaghwasehaermed within 24
hours and corres&gnded %tgra gtic decrease in 21-17 concentration from 150 mg/mL at the start of

20 the study¥8'445% Mg RO AR AGUSSELIGY S8t St d AEBiUkdids indicate that
2H7 readily aggregatesmader piiysic]egiecanadiions:ylttis fiehavisr B fetsieniwhen the 2H7 original

formulation is stored in a glass vial at 37C. In contrast, rhuMAb CD11 a is qujckly released from
the diaiysio BSOS taaracs Shadrn e A e BT o study and

no 25floéculétiombvastobgecvediirsidd hetidiatysis ddgtindicating thaprnuMAB)CDidendoes not
aggregate ug iologi ﬁﬁﬂ.‘ﬂ! i [ AS - (yeal] : le 3 summarizes
the percenta%%gg]g)qg%@g%gsedl, rgiggfgn%c%ﬁﬂ%ﬁ%%%%ﬁ%ﬁgg%ﬁj? gﬁ?cgcgugl’a]- on. Table 3

Control Timé¢REEPsfios EMmakiverpratens Reeakadrmirsisi o RefsagiéMeadinni0e 350 nm
Flocculation ingisiesdirlysis hag shiviAR{aRLtaH -0 83, QM e, Neuromyelitis Optica
(NMO) and glomerulonephritis.

10 "Treating” or “treatment” or “alleviation” refers to therapeutic treatment wherein
the object is to slow down (lessen) if not cure the targeted pathologic condition or disorder
or prevent recurrence of the condition. A subject is suecessfully “treated” for an
autoimmune disease or a CD20 positive B cell malignancy if, after receiving & therapeutic
amount of a humanized CD20 binding antibody of the invention according to the methods

15 of the present invention, the subject shows observable and/or measurable reduction in or
absence of one or more signs and symptoms of the particular disease. For example, for
cancer, significant reduction in the number of cancer cells or absence of the cancer cells;
reduction in the tumor size; inhibition (i.e., slow to some extent and preferably stop) of
tumor metastasis; inhibition, to some extent, of tumor growth; increase in length of

20 remission, slowing down in the progression of the discase, and/or relief to some extent,
one or more of the symptoms associated with the specific cancer; reduced morbidity and
mortality, and improvement in quality of life issues. Reduction of the signs or symptoms
of a discase may also be felt by the patient. Treatment can achieve a complete response,
defined as disappearance of all signs of cancer, or a partial response, wherein the size of

25 the tumor 1s decreased, preferably by more than 50 percent, more preferably by 75%. A
patient is also considered treated if the patient experiences stable disease. In one
criterion, the h2H7 antibodies of the invention achieve > 95% peripheral blood B cell
depletion and the B cells return to 25% of baseline. In preferred embodiments, treatment
with the antibodies of the invention is effective to result in the cancer patients being

30  progression-free in the cancer 4 months after treatment, preferably 6 months, more
preferably one year, even more preferably 2 or more years post treatment. These
parameters for assessing successful treatment and improvement in the disease are readily

measurable by routine procedures familiar to a physician of appropriate skill in the art.
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0.03 No No 2H7 Original 0 48 0 28 0.02 0.37 No Yes Example 3 5In viva rat subcutaneous model for
testing macromolecule aggregation The rat subcutaneous model is a relevant model based on the
similarity in character of the subcutaneous inflammation. The inflammatory response of rats receiving
the original 2H7 formulation was consistent with the inflammatory response observed in the
cynomologus monkeys (see Example I). Immuno-histochemistry staining for human 10immunoglobulin
was positive in sechioisabeatiskly tectRd wibua feintieating:ibenprgsanedieiipersisiance of the

antibody in the areas of inflammation which supports the theory that precipitation of the test article
caused iniaF A A T ERTEH SH8 PHE O e S R BOb ey o

it tSCreenlng & say was carried out as follows:
Each test orthenraltforhyulfftictiv (G20l ofihs ddiministeréastizcutanbeoushrntdredSanimals were

necropsied at 72 hours post.dose in. section he injecti i ted and fixed in
formalin, and't ugee'?fgé o?rtﬁle_z%’elsnthé%&l%%i%hggoﬁ 8%%%?}%28’%@5%?%%@%?1%% g@e%%%ﬁ%%y histology. An
inflammationrsdbrsanastassigiesiomtranistolog | sectivhsoasslioviet-and fmigfirabiisight inflammation

201: mild inflapmation «2:sMhafRiAe o some extent, tumor growth; and/or relieve to some extent one
or more of the symptoms associated with the cancer. Sece preceding definition of
“treating”. In the case of an autoimmune discase, the therapeutically effective amount of
the antibody or other drug is effective to reduce the signs and symptoms of the disease.

10 The parameters for assessing efficacy or success of treatment of the neoplasm will
be known to the physician of skill in the appropriate disease. Generally, the physician of
skill will look for reduction in the signs and symptoms of the specific discase. Parameters
can include median time to disease progression, time in remission, stable disease.

The following references describe lymphomas and CLL, their diagnoses, treatment
15  and standard medical procedures for measuring treatment efficacy. Canellos GP, Lister,
TA, Sklar JL: The Lymphomas. W .B.Saunders Company, Philadelphia, 1998; van Besien
K and Cabanillas, F: Clinical Manifestations, Staging and Treatment of Non-Hodgkin's
Lymphoma, Chap. 70, pp 1293-1338, in: Hematology , Basic Principles and Practice, 3rd
ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000; and Rai, K and
20 Patel, D:Chronic Lymphocytic Leukemia, Chap. 72, pp 1350-1362, in: Hematology , Basic
Principles and Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone,
Philadelphia, 2000,
The parameters for assessing efficacy or success of treatment of an autoimmune or
autoimmmume related disease will be known to the physician of skill in the appropriate
25  disease. Generally, the physician of skill will look for reduction in the signs and
symptoms of the specific disease. The following are by way of examples.
In one embodiment, pharmaceutical compositions comprising the humamized 2H7
antibodies are used to treat theumatoid arthritis.
RA is a debilitating autoimmune discase that affects more than two million
30  Americans and hinders the daily activities of sufferers. RA occurs when the body's own
immune system inappropriately attacks joint tissue and causes chronic inflammation that
destroys healthy tissuc and damage within the joints. Symptoms include inflammation of
the joints, swelling, stiffness, and pain. Additionally, since RA is a systemic discase, it can

have effects in other tissues such as the lungs, eyes and bone marrow. There is no known

41



3: severe The presence of granuloma was determined by pathology. Tissue from the injection
site was sectioned, stained and viewed under a light microscope for the presence 25or absence of
granuloma. The acceptance criteria for the in vivo rat model were: (I) comparable inflammation to
rhuMAb CDL1 la (negative control), and (2) absence of granuloma at injection site. Example 4 Ability
of surfactants and other additives to decrease aggregation of 2147 Surfactants are commonly

used to retaghrgyregaiian aicmastorankesulaserbhniahiinoalsytielantsirdesiease aggregation and
flocculation of 2H7 was evaluated using 5 the in.yvitro madel descriQed in, le 2. The surfactants
tontod oo TG BP RN T S GT BE PR e ST OO TRt 0.
poloxamer abid!Sgias Hovarvedr8f surfaciants didinet sigavicantlydegprove poivstele@asemnetative to the

original 2H7 formulfxflion. A modest impravement in 2H7 release in vitro was observed with polysorbate
80, but no significan ?rﬁ%tﬁg{\%reﬁecr? ilpleé)ﬁ e é%ss%ew\gfv%@eo%%}\l}é’& %/?/ﬁiﬁg %%nef}%%% @[%ér surfactants
tested (See TabhougxFeadEliRation inside thendimipsivmagr rowevdnatieswibservedowiag. cases (Table

4). Thus surfagtapisxalfhoughiisasiionallysisest Bekes PrPlein.agareaalian,were shown not be

effective in retarding aggregation of 2H7 in the in vitro model. Table 4 Surfactant + 2H7 % Protein

Released (1848KryH Rrmsetnatishtinsiae iz Ey o1 rORgmar icsimoiEian/A Yes 10%
Poloxamer Icadtherapy or in combination with, e.g., MTX. The humanized CD20 binding

antibodies are useful to prevent and control joint damage, delay structural damage,

10 decrease pain agsociated with inflammation in RA, and generally reduce the signs and
symptoms in moderate to severe RA. The RA patient can be treated with the humanized
CD20 antibody prior to, after or together with treatment with other drugs used in treating
RA (see combination therapy below). In one embodiment, patients who had previously
failed disease-modifying antitheumatic drugs and/or had an inadequate response to

15 methotrexate alone are treated with a humanized CD20 binding antibody of the invention,
In one embodiment of this treatment, the patients are in a 17-day treatment regimen
receiving humanized CD20 binding antibody alone (1g 1.v. infusions on days 1 and 15);
CD20 binding antibody plus cyclophosphamide (750mg i.v. infusion days 3 and 17); or
CD20 binding antibody plus methotrexate. |

20 Because the body produces tumor necrosis factor alpha (TNFa) during RA, TNFa
inhibitors have been used for therapy of that disease. However, TNFa inhibitors such as
Etancrcept (ENBREL®), Infliximab (REMICADE®) and Adalimumab (HUMIRA™) can
produce negative side effects such as infection, heart failure and demyelination.
Therefore, in one embodiment, the humanized CD20 binding antibodies or biologically

25 functional fragments thereof are useful, for example as first-line therapy, to treat RA
patients to reduce the risk of these negative side effects experienced with TNFa inhibitor
drugs or to treat patients considered to be prone to experience a toxicity, e.g. cardiac
toxicity. The humanized CD20 binding antibodies or biclogically functional fragments
thereof are also useful in a method of treating a subject suffering from RA who has been

30 treated with a TNFo~inhibitor but is nonresponsive, has an inadequate response to the
TNFo-inhibitor (TNF-IR patients), or has a relapse of discase after some time of response,
or determined to be one who is unlikely to respond to therapy with a TNFo-inhibitor. In
onc embediment the TNF-IR are treated with a low dose such as below 100mg, prior to

treatment with a TNFa inhibitor.
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Yes 0.2% Polysorbate 80 59 15 Yes 0.05% Span 20 24 8.6 Yes 0.02% Span 20 24 8.6 Yes 0.05%
Span 80 33 4.3 Yes 0.02% Span 80 33 4.3 Yes rhuMAb CD11a (control) 100 N/A No

One method of evaluating treatment efficacy in RA is based on American College
of Rheumatology (ACR) criteria, which measures the percentage of improvement in
tender and swollen joints, among other things. The RA patient can be scored at for
example, ACR 20 (20 percent improverment) compared with no antibody treatment (e.g.,

5 baseline before treatment) or treatment with placebo. Other ways of evaluating the
efficacy of antibody treatment include X-ray scoring such as the Sharp X-ray score used to
score structural damage such as bone erosion and joint space narrowing. Patients can also
be evaluated for the prevention of or improvement in disability based on Health
Assessment Questionnaire [HAQ] score, ATMS score, SE-36 at time periods during or

10 after treatment. The ACR 20 criteria may include 20% tmprovement in both tender
(painful) joint count and swollen joint count plus a 20% improvement in at least 3 of 5
additional measures:

1. patient’s pain assessment by visual analog scale (VAS),
2. patient’s global assessment of disease activity (VAS),

15 3. physician’s global assessment of disease activity (VAS),

4, patient’s self-assessed disability measured by the Health Assessment
Questionnaire, and

5. acute phase reactants, CRP or ESR.

20 The ACR 50 and 70 are defined analogously. Preferably, the patient is administered an
amount of a CD20 binding antibody of the invention effective to achieve at least a score of
ACR 20, preferably at least ACR 30, more preferably at least ACR50, even more
preferably at least ACR70, most preferably at least ACR 75 and higher.
Psoriatic arthritis has unique and distinct radiographic features. For psoriatic
25 arthritis, joint erosion and joint space narrowing can be evaluated by the Sharp score as
well, The humanized CD20 binding antibodies of the invention can be used to prevent the
joint damage as well as reduce disease signs and symptoms of the disorder.
Yet another aspect of the invention 1s a method of treating SLE or lupus nephritis
by administering to a subject suffering from the disorder, a pharmaceutical composition
30 comprising a therapeutically effective amount of a humanized CD20 binding antibody of
the invention. SLEDALI scores provide a numerical quantitation of disease activity. The
SLEDAI is a weighted index of 24 clinical and laboratory parameters known to correlate
with disease activity, with a numerical range of 0-103. see Bryan Gescuk & John Davis,

“Novel therapeutic agent for systemic lupus erythematosus™ in Current Opinion in
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15 The impact of adding dextran (polysaccharide), PEG 4000 (polymer), arginine (amino acid) and
Gamma cyclodextrin on retarding aggregation and flocculation was also assessed and results are
summarized in Tables 5 through 7. No significant improvement was observed with any of these
additives. Table 5 Test Material+ 2H7 % Protein Released (T=48 hrs) Flocculation inside dialysis bag
2H7 Original (Control) 58 No PBS turbid 10% 70 KD Dextran 47 No PBS turbid 10% 2,000KD Dextran
38 Yes (L/2)iBisutnigybbAGEL181(ConteoRcBn ManJiable AcTiest Matetabbkl /ci Protein

Released (1=48_hrs) Flocculation inside

10

15

20

25

30

Antibodies to double-stranded DNA are believed to cause renal flares and other
manifestations of lupus. Patients undergoing antibody treatment can be monitored for time
to renal flare, which is defined as a significant, reproducible increase in serum creatinine,
urine protein or blood in the urine. Alternatively or in addition, patients can be monitored
for levels of antinuclear antibodies and antibodies to double-stranded DNA. Treatments
for SLE include high-dose corticosteroids and/or cyclophosphamide (HDCC). Herein, a
successful treatment of lupus would reduce flare i.e., reduce the severity and/or time to the
next flare.

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

With regard to vasculitis, approximately 75% of the patients with systemic
vasculitides have anti-neutrophil cytoplasmic antibody and cluster into one of three
conditions affecting small/medium sized vessels: Wegener’s granulomatosus (WGQ),
microscopic polyangiitis (MPA) and Churg Strauss syndrome (CSS), collectively known
as ANCA associated vasculitis (AAV).

Treatment cfficacy for psoriasis is assessed by monitoring changes in clinical signs
and symptoms of the disease including Physician’s Globai Assessment (PGA) changes and
Psoriasis Area and Severity Index (PASI) scores, Psoriasis Symptom Assessment (PSA),
compared with the baseline condition. The psoriasis patient treated with a humanized
CD20 binding antibody of the invention such as huZH7.v511 can be measured periodically
throughout treatment on the Visual analog scale used to indicate the degree of itching
experienced at specific time points.

Patients may experience an infusion reaction or infusion-related symptoms with
their first infusion of a therapeutic antibody. These symptoms vary in severity and
generally are reversible with medical intervention. These symptoms include but are not
limited to, flu-like fever, chills/rigors, nausea, urticaria, headache, bronchospasm,
angioedema. It would be desirable for the disease treatment methods of the present
mvention to minimize infusion reactions. To alleviate or munimize such adverse events,
the patient may receive an initial conditioning or tolerizing dose(s) of the antibody
followed by a therapeutically effective dose. The conditioning dose(s) will be lower than

the therapeutically effective dose to condition the patient to tolerate higher dosages.
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dialysis bag 2H7 Original (Control) 22 Yes 200 mM Arginine Glutamate 35 Yes (1/2) 100 mM Arginine
Succinate 36 Yes 100 mM Arginine Succinate and 10% HP Gamma 25 Yes 10% PEG 4000 28 Yes
rhuMAb CD11a (control) 61 No 5Table 7 Test Material+ 2H7 % Protein Released

Dosing

Depending on the indication to be treated and factors relevant to the dosing that a
physician of skill in the field would be familiar with, the antibodies of the invention will
be administered at a dosage that is efficacious for the treatment of that indication while

5 minimizing toxicity and side effects. The desired dosage may depend on the disease and
discase severity, stage of the disease, level of B cell modulation desired, and other factors
familiar to the physician of skill in the art.

For treatment of an autormmune disease, it may be desirable to modulate the extent
of B cell depletion depending on the disease and/or the severity of the condition in the

10 individual patient, by adjusting the dosage of humanized 2H7 antibody. B cell depletion
can but does not have to be complete. Or, total B cell depletion may be desired in initial
treatment but in subsequent treatments, the dosage may be adjusted to achieve only partial
depletion. In one embodiment, the B cell depletion is at least 20%, i.¢., 80% or less of
CD20 positive B cells remain as compared to the baseline level before treatment, In other

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

The antibodies of the mvention can be administered at various dosing fequencies,

20 e.g., weekly, biweekly, monthly, etc. In an example, the dosing frequency is one dose
every six months, or two doses spaced across two weeks every six months. The volume of
the antibody solution to be injected can range from about 01. to about 3 ml per injection,
more preferably from about (.5 mi to about 1.5 ml per injection. The total amount of
humanized 2H7 antibody administered in one injection can be up to about 150 mg per

25 injection. Multiple injections may be used in order to achieve a desired dose.

Patients having an autoirnmuﬁe disease or a B cell malignancy for whom one or
more current therapies were ineffective, poorly tolerated, or contraindicated can be treated
using any of the dosing regimens of the present invention. For example, the invention
contemplates the present treatment methods for RA patients who have had an inadequate

30 response to tumor necrosis factor (TNF) inhibitor therapies or to disease-modifying anti-
rheumatic drugs (DMARD) therapy.

“Chronic” administration refers to administration of the agent(s) in a continuous

mode as opposed to an acute mode, 8o as to maintain the initial therapeutic effect (activity)
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(1=48 hrs) Flocculation inside dialysis bag 2H7 Original (Control) 13 Yes 5% Gamma Cyclodextrin 20
Yes 10% Gamma Cyclodextrin 2 Yes rhuMAb CD11a (control) 76 No Example Effect of cyclodextrins
on aggregation of 2117 The effect of cyclodextrins on aggregation of 2H7 in the in vitro model
was tested. 10The materials used were: Sulfo-butyl Ether Beta Cyclodextrin, Sodium salt, Cydex, Inc.,
Captisol Research Grade Hydroxypropyl-gamma Cyclodextrin, Cyclodextrin Technologies
Developmentrlf¢oxidaRaseridhatiaceutisai-Gliase’ Rysxypiopy-hetacyalodexidn, Cyclodextrin
Technologies Devel.(‘))}é{ﬂant, Inc,, Tra %57% tPihar aceklljtical Grade 5SlInitial studies were conducted with
0 tO

204 to 9% SLﬁ?g-SBﬂ%}I ?I@E@Ogﬁl ather 18 cP/chc M nature

ouﬁ§/ roxy propyl gamma (HP-Gamma) cyclodextrins.
Both the addition of SBE (Figure 4) and HP-Gamma (Figure 5) cyclodextrins significantly improved the

in vitro release of ]&Qm lgl/ar%nz 73;elative to the original 2H7 formulation control (Figure 3, Table 3).

Less flocculation was observed Iin tﬁ%”dialysis bag with the SBE formulations 10but the solution
outside the bag bebatsatingitbadirmghy spalesee Aeswsithé oo thypg ksl treated with the

humanized 2H7 antibodies of the present invention in conjunction with one or more
therapeutic agents such as a chemotherapeutic agent in a multidrug regimen. The
humanized 2H7 antibody can be administered concurrently, sequentially, or alternating
with the chemotherapeutic agent, or after non-responsiveness with other therapy. Standard
10 chemotherapy for lymphoma treatment may include cyclophosphamide, cytarabine,
melphalan and mitoxantrone plus melphalan. CHOP is one of the most common
chemotherapy regimens for treating Non-Hodgkin's lymphoma. The following are the
drugs used in the CHOP regimen: eyclophosphamide (brand names cytoxan, neosar);
adriamycin (doxorubicin / hydroxydoxorubicin); vincristine (Oncoviny; and prednisolone
15 (sometimes called Deltasone or Orasone). In particular embodiments, the CD20 binding
antibody is administered to a patient in need thereof in combination with one or more of
the following chemotherapeutic agents of doxorubicin, cyclophosphamide, vincristine and
prednisolone. In a specific embodiment, a patient suffering from a lymphoma (such as a
non-Hodgkin’s lymphoma) is treated with a humanized 2H7 antibody of the present
20 invention in conjunction with CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone) therapy. In another embodiment, the cancer patient can be treated with a
humanized 2H7 CD20 binding antibody of the invention in combination with CVP
(cyclophosphamide, vincristine, and prednisone) chemotherapy. In a specific
embodiment, the patient suffering from CD20-positive NHL is administered humanized
25  2H7.v5311 or v114 in conjunction with CVP, for example, every 3 weeks for 8 cycles. Ina
specific embodiment of the treatment of CLL, the hu2H7.v511 antibody is administered in
conjunction with chemotherapy with one or both of fludarabine and cytoxan.
A "chemotherapeutic agent” is a chemical compound useful in the treatment of
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa
30 and CYTOXAN® cyclosphosphamide; atkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, tricthiylencthiophosphoramide and trimethylolomelamine; TLK

286 (TELCYTA™); acetogenins (especially bullatacin and bullatacinone); delta-9-
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into the media. The HP-Gamma formulations were more effective in reducing aggregation. There was
only a small amount of flocculation inside the dialysis bag and the solution outside of the bag remained
clear throughout the study. Overall, the addition of cyclodextrins helped inhibit aggregation of 2H7
under physiologic conditions. 15Based upon these promising results, hydroxy propyl. beta (HP-Beta)
cyclodextrin was evaluated in the in vitro dialysis model to determine the impact of different
substitution gyeas:eB:ihRIRsArersianRenawrned 2Rl /HaLrpeanralinRJandeokr¥de;20%
HP-Beta cyclodextrin was evaluated (Figure 6). The percentage of protein released was improved
relative to thléeg'ﬁ]ﬁi'ﬁff’ 4% FETROIARER BB?Y\W%@%E%‘Ftﬂﬁ}ﬁefﬁaﬁnﬁf%'éeé@’ﬂji?ﬁﬁhb CD! la control. The

release media beeardopalesdent asithepratcinMEBOBIERS8 IR Tandotinetsatigniappgared inside

the dialysis bag after 24 hours incupation at.37C.. The.addjti f HP-Beta cyclpdextrin was effective in
reducing theaggg}?é%%%ﬁ%?% %?éﬁ%ﬁg%ﬁ%%&%%%ﬁé T%@g%egéoé ﬁ%l ﬁgna(lg? “EaMma cyclodextrin
(Figure 5). TtrezelmbinsltiorcoliiRyahntinanelgdodextridophg latginmesiepbiviiiteconasevaluated 25to

determine if {616 yias 0 AR SIEELINLRILCINO AYOIE9ANAN SRR ou ity atios of

arginine succinate to HP-Gamima cyclodextrin were tested with 100 mg/mL 2H7 (Figure 7). An
improvemend4acar eBldBSEIdIAE B SRt fnanl ey iotips etandeCtB ifdvbrighhaitzarobmformulation
control. The J00:mM.arginiAc SHeeNAE/AQNe HR: wudadexiiin and mblarainine

suceinate/15% HP-Gamma cglodextrin_formulations_ Ohad the lowest turbidity after release into the

media and |E&TSEOAEI T IR GBROIREARI oS IR ERs VRt B M AP BT dPulation control.,

Example 6 kitetladibmeiadexidasardeilammationtn thensvviveidahspheiganeays model The
antibody foimulg\tions £on aiEin Hg-Gamrlna a?d : P.);Beta_l cg/clocgextrins thtat showed significant
improvement it the 1h Vitro Slidied Were the R te&ted i e T vVe' At BEUBEWREneous model. The goal
of this work widsrtadetaynfirenideiimimatingithenagysegatiod ehantuidebisphitnehpmtsiologic conditions
would translate.tq.r iQn.in i \I] iniection. site... suc iteria for the animal
model Were:g(t‘(lg)hgcs)r%%%%g{)é%’ %@?ﬁ%?ﬁgggg?ﬁﬁngﬁg%?ﬁ# fg}%ﬁgggﬁeiglég%i%ggﬁémﬁiu MAb CD1la
study controfsagfde{R) sabdgranutohiammnd péeabehaimiciopmagalmaey. of theh Bisto- pddivlogy results

for the (4P-Brja exclorlaxtsn fermulaions o e sanisc indable BT e aggalva paptrol, iuMAD

CD11a, induced minimal subcutaneous inflammation. The original 150 m%/mL 2H7 formulation was

used as the P&V BoMIBPEAECIRsURERRT HBdefatetb sevehiim SERmMAE MRSt the injection
site. The addittors b RdBetarayaladextin significantinseciised inflapymation.at 15the injection site.
The optimal concentragiron %5 or.30% HP-_I?%taT%%/clodextrin with 100 m%/BmL_.Zl-N significantly
reduced the MRS RSB i B SR A hea I IR SRS B Entration of cyclodextrin
resulted in adeducibors, théatnosegsed.inflammatiopabsenveth withshighebi2bhtypiiotein concentrations.

The addfionof 3004 45 belp ayeladextrinioater sonenalons Al G AsRmalmL) 27
significantly re Liced 20the observed inflammation frorn moderate 1o severe -%ﬂ%o mild

inflammatiord¢iorpbicowérdeencémrationstbiuiPeh ARRIYADUEC KM {B90erabigit Sowldithaot have the same
effect. Table§,EAMHAHARABIER! cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin,

liposomal doxorubicin, and deoxydoxorubicin), esorubicin, marcellomycin, mitomycins

such as mitomycin C, mycophenolic acid, nogalamycin, olivomyeins, peplomycin,

25 potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, and zorubicin; folic acid analogues such as denopterin, pteropterin,
and trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, and
thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, and floxuridine; androgens such as

30 calusterone, dromostanolone propionate, epitiostanol, mepitiostane, and testolactone; anti-
adrenals such as aminoglutethimide, mitotane, and trilostane; folic acid replenisher such as
folinic acid (leucovorin); aceglatone; anti-folate anti-neoplastic agents such as ALIMTA®,
LY231514 pemetrexed, dihydrofolate reductase inhibitors such as methotrexate, anti-
metabolites such as 5-fluorouracil {5-FU) and its prodrugs such as UFT, S-1 and
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Histology Score Comments 150 mg/mL rhuMAb CD11a 1 +1- 2 +/- Follicular follitis 3 +/-
2H7 + 15% HP-r- cv M 1+ Beta 1+ No comments +1-
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capecitabine, and thymidylate synthase inhibitors and glycinamide ribonucleotide
formyltransferase inhibitors such as raltitrexed (TOMUDEX™, TDX); inhibitors of
dihydropyrimidine dehydrogenase such as eniluracil, aldophosphamide glycoside;
aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid,
gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; 2-cthylhydrazide; procarbazine; PSK® polysaccharide complex
(JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotricthylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine); urethan; vindesine (ELDISINE®,
FILDESIN®?Y, dacarbazine, mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside ("Ara~-C"); cyclophosphamide; thiotepa; taxoids and taxanes, e.g.,
TAXOL® paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE™
Cremophor-free, albumin-engineered nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, 1llinois), and TAXOTERE® doxetaxel (Rhone-
Poulenc Rorer, Antony, France); chloranbucil; gemcitabine (GEMZAR®); 6-thioguaning;
mercaptopurine; platinum, platinum analogs or platinum-based analogs such as cisplatin,
oxaliplatin and carboplatin; vinblastine (VELBAN®Y); etoposide (VP-16); ifosfamide;
mitoxantrone; vineristine (ONCOVIN®); vinca alkaloid; vinorelbine INAVELBINE®);
novantrone; edatrexate; daunomycin; aminopterin; xeloda; ibandronate; topoisomerase
inhibitor RFS 2000; difluorometlhylornithine (DMFQO); retinoids such as retinoic acid;
pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as
combinations of two or more of the above such as CHOP, an abbreviation for a combined
therapy of cyclophosphamide, doxorubicin, vincristine, and prednisolone, and FOLFOX,
an abbreviation for a treatment regimen with oxaliplatin (ELOXATIN™) combined with
5-FU and leucovorin.

Also included in this definition are anti-hormonal agents that act to regulate or
inhibit hormone action on tumors such as anti-estrogens and selective estrogen receptor
modulators (SERMs), including, for example, tamoxifen (including NOLVADEX®
tamoxifen), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene,

LY 117018, onapristone, and FARESTON® toremifene; aromatase inhibitors that inhibit
the enzyme aromatase, which regulates estrogen production in the adrenal glands, such as,

for example, 4(5)-imidazoles, aminoglutethimide, MEGASE® megestrol acetate,
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100 mg/mL 2H7 + 30% HP- 1 1+ Focally extensive Beta 2 1+ inflammation 3 1+ 150 mg/mL 2H7 +
5% HP- 1 3+ Focally extensive Beta 2 2-3+ inflammation with 2-3+
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AROMASIN® exemestane, formestanie, fadrozole, RIVISOR® vorozole, FEMARA®
letrozole, and ARIMIDEX® anastrozole; and anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those that
inhibit expression of genes in signaling pathways implicated in abherant cell proliferation,
such as, for example, PK.C-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-
R); vaccines such as gene therapy vaccines, for example, ALLOVECTIN® vaccine,
LEUVECTIN® vaccine, and VAXID® vaccine, PROLEUKIN® rf1L-2,
LURTOTECAN® topoisomerase 1 mhibitor; ABARELIX® rmRH; and pharmaceutically
acceptable salts, acids or dertvatives of any of the above,

Additionally, the hu2H7 antibodies and functional fragments thereof can be used to treat a
CD20 expressing B cell neoplasm {(¢.g, NHIL) in conjunction with an anti-tumor
angiogenesis agent such as a Vascular Endothelial Growth Factor (VEGF) antagonist. An
"anti-angiogenesis agent” or “anglogenesis inhibitor” refers to a small molecular weight
substance, a polynucleotide, a polypeptide, an isolated protein, a recombinant protein, an
antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis,
vasculogenesis, or undesirable vascular permeability, either directly or indirectly. For
example, an anti-angiogenesis agent is an antibody or other antagonist to an angiogenic
agent as defined above, e.g., antibodies to VEGF, antibodies to VEGF receptors, smail
molecules that block VEGF receptor signaling {e.g., PTK787/ZK2284, SU6668). A
“VEGF antagonist” refers to a molecule capable of neutralizing, blocking, mhibiting,
abrogating, reducing or interfering with VEGF activities including its binding to one or
more VEGF receptors, In one embodiment, a patient suffering from such a B cell
neoplasm is treated with 2H7.v511 or 2H7.v114 in conjuction with Avastin®
(bevacizumab, Genentech). The anti-VEGF antibody “bevacizumab (BV)”, also known as
“rhuMADb VEGF” or “Avasﬁn®”, 18 a recombinant hurnanized anti-VEGF monoclonal
antibody generated according to Presta et al. Cancer Res. 57:4593-4599 (1997).

The hu2H7 antibodies and functional fragments thereof are wseful in a method of
treating a CD20 expressing B cell neoplasm in conjunction with a member of the TINF
family of cytokines such as Apo-2 ligand (Apo2L ) also referred to as TRAIL. The full
length native sequence human Apo-2 ligand is a 281 amino acid long, Type I1
transmembrane protein of the tumor necrosis factor family of cytokines. Soluble forms of
the Apo-2 ligand, such as those comprising an extracellular domain (ECD) or portions

thereof, have been found to have various activities, including apoptotic activity in
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3 necrosis 150 mg/mL 2H7 + 15% HP- c- CJ CO 2+ Focally extensive Beta 2-3+ inflammation with
2+ neutrophilic degeneration 150 mg/mL 2H7 + 30% HP- 1 1+ Focally extensive Beta 2 1+
inflammation 3 1+

mammalian cancer cells. Apo2L/TRAIL (described in WG 97/01633 and WO 97/25428)
is a soluble human protein which is a fragment of the ECD, comprising amino acid 114-
281 of the full length Apo-2L protein.
In treating the autoimmune diseases or autoimmune related conditions described

5  above, the patient can be treated with one or more hu2H7 antibodies, in conjunction with a
second therapeutic agent, such as an immunosuppressive agent, such as in a multi drug
regimen. The hu2H7 antibody can be administered concurrently, sequentially or
alternating with the immunosuppressive agent or upon non-responsiveness with other
therapy. The immunosuppressive agent can be administered at the same or lesser dosages

10 than as set forth.in the art. The preferred adjunct immunosuppressive agent will depend
on many factors, including the type of disorder being treated as well as the patient's
history.

“Immunosuppressive agent” as used herein for adjunct therapy refers to substances
that act to suppress or mask the immune system of a patient. Such agents would include

15 substances that suppress cytokine production, down regulate or suppress self-antigen
expression, or mask the MHC antigens. Examples of such agents include steroids such as
glucocorticosteroids, e.g., prednisone, methylprednisolone, and dexamethasone; 2-amino-
6-aryl-5-substituted pyrimidines (see U.S. Pat. No. 4,665,077), azathioprine {(or
cyclophosphamide, if there is an adverse reaction to azathioprine), bromocrypting;

20 glutaraldehyde (which masks the MHC antigens, as described in U.S. Pat. No. 4,120,649);
anti-idiotypic antibodies for MHC antigens and MHC fragments; cyclosporin A; cyfokine
or cytokine receptor antagonists including anti-interferon-~y, -, or ~& antibodies; anti-
tumor necrosis factor-e antibodies; anti-tumor necrosis factor-f antibodies; anti-
interleukin-2 antibodies and anti-IL-2 receptor antibodies; anti-L.3T4 antibodies;

25 heterologous anti-lymphocyte globulin; pan-T antibodics, preferably anti-CD3 or anti-
CD4/CD4a antibodies; soluble peptide containing a LFA-3 binding domain (WO
90/08187 published 7/26/90), streptokinase, TGF-; streptodornase; RNA or DNA from
the host; FK506; RS-61443; deoxyspergualin; rapamycin; T-cell receptor (U.S. Pat. No.
5,114,721); T-cell receptor fragments (Offner et al., Science 251:430-432 (1991}; WO

30 90/11294; and WO 91/01133); and T cell receptor antibodies (EP 340,109) such as
T10B9.

For the treatment of theumatoid arthritis, the patient can be treated with a CD20

binding antibody of the invention in conjunction with any onc or more of the following
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30% HP-Beta Vehicle 1 +/- Focally extensive 2 1-2+ inflammation 3 1+ (animals 2 and 3) 150 mg/mL
2H7 original 1 2-3+ Focally extensive formulation 2 2-3+ inflammation with 3 2-3+ necrosis
Inflammation grading scores: WNL = within normal limits +/- = minimal/slight 51+ = mild

drugs: DMARDS (disease-modifying anti-rheumatic drugs (c.g., methotrexate), NSAT or
NSAID (non-steroidal anti-inflammatory drugs), immunosuppressants {(e.g., azathioprine;
mycophenolate mofetil (CellCept®; Roche)), analgesics, glucocorticosteroids,
cyclophosphamide, HUMIRA™ (adalimumsab; Abbott Laboratories), ARAVA®

5  (leflunomide), REMICADE® (infliximab; Centocor Inc., of Malvern, Pa), ENBREL®
{etanercept; Immunex, WA), ACTEMRA® (tocilizumab; Roche, Switzerland), COX-2
inhibitors. DMARDs commonly used in RA are hydroxycloroquine, sulfasalazine,
methotrexate, leflunomide, etanercept, infliximab, azathioprine, D-penicillamine, Gold
(oral), Gold (intramuscular), minocycline, cyclosporine, Staphylococcal protein A

16 immunoadsorption,

Adalimumab 1is a human monoclonal antibody that binds to TNFe. Infliximab is a
chimeric mouse-human monoclonal antibody that binds to TNFa. It is an immune-
suppressing drug prescribed to treat RA and Crohn's disease. Infliximab has been linked
to a fatal reactions such as heart failure and infections including tuberculosis as well as

15 demyelination resulting in MS. Actemra (tocilizumab) is a humanized anti-human
mnterleukin-6 (IL-6) receptor.

Etanercept is an “immunoadhesin” fusion protein consisting of the extracellular
ligand binding portion of the human 75 kD (p75) tumor necrosis factor receptor (TNFR)
linked to the Fc portion of a human IgG1. Etancrcept (ENBREL®) is an injectable drug

20 approved in the US for therapy of active RA. Etanercept binds to TNFo and serves to
remove most TNFa from joints and blood, thereby preventing TNFea from promoting
inflammation and other symptoms of rheumatoid arthritis. The drug has been associated
with negative side effects including serious infections and sepsis, nervous system
disorders such as multiple sclerosis (MS). See, e.g., www.remicade-

25 infliximab.com/pages/enbrel_embrel html

For conventional treatment of RA, see, e.g., “Guidelines for the management of
theumatoid arthritis” Arthritis & Rheumatism 46(2): 328-346 (February, 2002). In a
specific embodiment, the RA patient is treated with a hu2H7 CD20 antibody of the
invention in conjunction with methotrexate (MTX). An exemplary dosage of MTX is

30 about 7.5-25 mg/kg/wk. MTX can be administered orally and subcutancously.

In one example, patients also receive concomitant MTX (10-25 mg/week per oral

{(p.0.) or parenteral), together with a corticosteroid regimen consisting of

methylprednisoione 100 mg i.v. 30 minutes prior to infusions of the CD20 antibody and
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2+ = moderate 3+ = severe The histo-pathology results for the HP-Gamma cyclodextrin
formulations are summarized in Table 9. A reduction in inflammation from moderate to severe (2-3+) to
10 mild to moderate (< 2+) was observed when 10% HP-Gamma cyclodextrin was added to 2E17. No
significant inflammation response was observed with the HP-Gamma vehicle. Table 9 Formulation
Animal Histology Score Comments 150 mg/mL rhuMAb CD11a 1 +1- 2 +/- Follicular follitis 3 +1-

100 mg/mL 284t %R 1.d.-8F NQLOMMERLS (GAMMR 8-14, returning to baseline dose by
Day 16. Patients may also receive folate (5 mg/week) given ag either a2 gingle dose or as
divided daily doses. Patients optionally continue to receive any background corticosteroid
(10mg/d prednisone or equivalent) throughout the treatment period.

5 For the treatment of ankylosing spondylitis, psoriatic arthritis and Crohn's disease,
the patient can be treated with a CD20 binding antibody of the invention in conjunction
with, for example, Remicade® (infliximab; from Centocor Inc., of Malvern, Pa.),
ENBREL (etanercept; Immunex, WA).

Treatments for SLE include combination of the CD20 antibody with high-dose

10 corticosteroids and/or cyclophosphamide (HDCC). Patients suffering from SLE, AAV
and NMO can be treated with a 2H7 antibody of the invention in combination with any of
the following: corticosteroids, NSAIDs, analgesics, COX-2 inhibitors,
glucocorticosteriods, conventional DMARDS (e.g. methotexate, sulphasalazine,
hydroxychloroquine, leflunomide), biologic DMARDS such as anti-Blys (e.g.,

15 belimumab), anti-ILOR e.g., tocilizumab; CTLA4-Ig (abatacept), (anti-CD22
e.g., epratuzumab), immunosuppressants (e.g., azathioprine; mycophenolate mofetil
(CellCept®; Roche)), and cytotoxic agents (e.g., cyclophosphamide),

For the treatment of psoriasis, patients can be administered a humanized 2H7
antibody in conjunction with topical treatments, such as topical steroids, anthralin,

20 calcipotriene, clobetasol, and tazarotene, or with methotrexate, retinoids, cyclosporine,
PUVA and UVB therapies. In one embodiment, the psoriasis patient is treated with a
humanized 2H7 antibody sequentially or concurrently with cyciosporine.

To minimize toxicity, the traditional systemic therapies can be administered in
rotational, sequential, combinatorial, or intermittent treatment regimens, or lower dosage

25 combination regimens with the hu2H7 CD20 binding antibody compositions at the present

dosages.

Articles of Manufacture and Kits
Another embodiment of the invention is an article of manufacture comprising a
30 formulation of the invention useful for the treatment of autoimmune diseases and related
conditions and CD20 positive cancers such as non-Hodgkin’s lymphoma. The article of
manufacture comprises a container and a label or package insert on or associated with the
container. Suitable containers include, for example, bottles, vials, syringes, ete. The

containers may be formed from a variety of materials such as glass or plastic. At least
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2+1- 32+ 100 mg/mL2H7 + 10% HP- 4 1-2+ Focally extensive Gamma 5 1+ inflammation 6 1+
125 mg/mL 2H7 + 10% HP- 1 2+ No comments Gamma 2 1-2+

one active agent in the formulation or composition is a hu2H7 antibody of the invention,
the antibody being present in the container such as a syringe, at an amount to deliver the
dosage described above under dosing. The concentration of the huZH7 will be in the
range of 10mg/mi to 200mg/ml, can be 30-150mg/ml or 100-150 mg/ml. The label or

5  package insert indicates that the composition 18 used for treating the particular condition.
The label or package insert will further comprise instructions for administering the
antibody composition to the patient,

Package insert refers to instructions customarily included in commercial packages

of therapeutic products, that contain information about the indications, usage, dosage,

10 administration, contraindications and/or warnings concerning the use of such therapeutic
products. In one embodiment, the package msert indicates that the composition 1s used for
treating non-Hodgking’ lymphoma.

Additionally, the article of manufacture may further comprise a second container
comprising a pharmaceutically-acceptable buffer, such as water of injection (WFI),

15 - bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution,
sodium chloride (0.9%) and dextrose solution. It may further include other materials
destrable from a commercial and user standpoint, including other buffers, diluents, filters,

needles, and syringes.

20  Experimental Examples

Example |
Initial Subcutaneous Formuiation for rhuMab 2H7

A high concentration subcutaneous formulation (150 mg/mL.) was developed for
thuMAb 2H7. This formulation comprises 150 mg/ml 2H7, 30 mM sodium acetate; 7%

25 trehalose dihydrate; 0.03% Polysorbate 20, at pH 5.3. This formulation is stable long term
in the final vial storage under the recommended conditions. Administration of this
material by subcutaneous injections in cynomolugus monkeys resulted in severe
inflammation at the injection site and low bioavailability (=30%). Mild to moderate
macrophage mfiltrate in the subcutaneous layer was observed in these animals. The cause

30 of the irritation was attributed to foreign body material (i.e., 2H7 test material). Testing of
this formulation under conditions that simulated what the product was exposed to at the
injection site confirmed that the protein was significantly aggregated under physiological

conditions (Figure 1) corroborating the inflammation results observed in cynomologus
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3 2+ 150 mg/mL 2H7 + 10% HP- 1 2+ Focally extensive Gamma 2 3 1-2+ 2+ inflammation 10%
HP-Gamma Vehicle v- C\ |1 CO 1+ Focally extensive +1- inflammation; +1-

monkeys. The observed precipitation may be consistent with a salting out cffect

subsequent to a pH shift.

Example 2
5 In vitro dialvsis method for testing macromelecule aggregatien under the physiologic

conditions of subcutaneous injection.

An invitro dialysis method was developed to test the ability of different excipients
to reduce 2H7 aggregation under the physiologic conditions encountered during
subcutaneous injection. A modified PBS solution (the “release medium”) was developed

10 for this model to simulate the interstitial fluid, This in vitro system was used to evaluate
the effect of sugars, polymers, surfactants, and amino acids in retarding 2H7 aggregation.
Candidate formulations that showed improved product release in vitro were then tested in
vivo (rat subcutaneous model; see Example 3) to determine if this improvement
corresponded to decreased inflammation in vive.

15 The set-up of the in virro dialysis model is shown in Figure 2. 250 ml glass jars
were filled with 220 ml release medium (167mM Sodium, 140mM Chloride, 17mM
Phosphate, 4AmM Potassium) at 37°C. 6 cm lengths of dialysis tubing (Spectra Por 1
Million Molecular Weight Cut Off (MWCO) PVDF Dialysis tubing 12 mimn diameter)
were soaked in purified water. One end of the dialysis tubing was clamped, and the tubing

20 was filled with approximately 1 mi of test sample (2H7 with test excipient), Excess air
was removed, and the opposite end of the tubing was clamped to the seal of the jar. The
filled bag was added to the 250 mL. glass jar containing the release medium, and the jar
was placed at 37°C with constant stirring. 500 ul samples of the release medium were
removed after 2.5, 6, 12, 24, 33 and 48 hours. The turbidity of the samples and the

25 amount of protein present in the release medium were measured by UV photometric scan.
In addition, the release medium and the solution inside the dialysis tubing were visually
inspected for precipitation.

A test excipient was considered to be acceptable in the in vifro aggregations study
if:

30 ¢ The cumulative release of 2H7 with the test excipient was greater than the

negative control (original 2H7 formulation-150 meg/mt 2H7, 30 mM
Sodium acetate; 7% trehalose Dihydrate; 0.03% Polysorbate 20, at pH 5.3)

indicating improved 2H7 characteristics.
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Perivascular inflammation 10% HP-Gamma Vehicle 4 WNL No comments 5 +1- 6 WNL 150 mg/mL
2H7 original 1 2-3+ Focally extensive formulation 2 2-3+ inflammation with 3 2-3+ necrosis

¢ The positive control (rhuMAb anti-CD11a, also known as Raptiva™", a
humanized anti-CD11a antibody administered subcutaneousty) showed no
precipitation and greater release than the negative control.

e The precipitation of 2H7 was reduced or eliminated.

5 e The turbidity of the release medium was reduced.
Candidates that met the acceptance criteria were then tested in the in vive rat model
to determine if retarding aggregation in vifro correlated to decreased inflammation in vivo.

Irn Vitro Results:

The typical release profile of the study controls in the in vitro dialysis method is

10 shown in Figure 3. The controls for this model were chosen to bracket release of a protein
that did not readily aggregate (rhuMAb CD11a) and a release of protein that typically
aggregated (original 2H7) under physiologic conditions. The area between the two release
curves measures the relative ability of test excipients to retard aggregation relative to the
controls.

15 The cumulative release of the original ZH7 formulation is low (< 30%). Increased
turbidity of the relcase medium was observed as 2H7 was released from the dialysis bag
into the release medium, indicating that the material was aggregating in that environment.
Extensive flocculation inside the dialysis bag was observed within 24 hours and
corresponded to a dramatic decrease in 2H7 concentration from 150 mg/ml at the start of

20 the study to 4 to 5 mg/mL by the end of the 48-hour study. All of these observations
indicate that 2H7 readily aggregates under physiologic conditions. This behavior is not
seen when the 2H7 oniginal formulation is stored in a glass vial at 37°C,

In contrast, thuMADb CD11a is quickly released from the dialysis bag into the
relase medium. The release medium remained clear throughout the study and no

25 flocculation was observed inside the dialysis bag, indicating that rhuMAb CD11a does not
aggregate under physiologic conditions and 1s relevant as a control for this modei. Table 3
summarizes the percentage protein released, release medium turbidity and presence of

flocculation.



Inflammation grading scores: WNL = Within normal limits +/- = minimal/slight 51+ =mild 2+ = moderate
3+ = severe Conclusions: 10In summary, the addition of sulfo-butyl ether (SBE), hydroxy propy! beta
(HP- Beta) and hydroxy propyl gamma (HP-Gamma) cyclodextrins was effective in significantly
reducing aggregation of 2H7 and reducing flocculation of 2H7 under physiologic conditions. The
results with cyclodextrin and 2H7 were unexpected based on the historical use of cyclodextrin and
hence illustrate the novelty and innovative step gfsldighg approach. Surfactants, traditionally used to
reduce protein aggregation, were also evaluated in our in vitro model but none were effective in

retarding aggregatemnrel 2H7. Paiymmers (e.94 dextiaia)ivnd antioereigsfe g.,mw&umbwer%also

tested but also failed to significgintiyrsdducerptoleiReiggseddtiorREBedsring thesigrgtigatinn of 2H7 in
this enviroriment ultimately resulted in 2Qdecreasing inflameatibleditithe injectiontsdig of animals
injected with 2H7. The inflammation was|reduced from severedDritfiiatr2H7) to mild to moderate for
2H7 formulatiomst&taCinéialed HPBBeta pr HP-Ganma cyclodex@ist Reducing théoability of the
protein to aggregate under these 48nditions coul@Potentially trankdde to increasetidbioavailability.
Last, we have&duédesshody develofed and demon@trated the utilif @ the in vitro dNdysis madel to
measure thie ability of an excipient® reduce protéh aggregation0.Réferences Y&References cited
within this application, including patents, published applications and other publications, are hereby
incorporated by reference. The practice of the grgsgatinvention will employ, unless otherwise
indicated, 5conventional technigues of molecul'é"r"b'oiogy and the like, which are within the skill of the
art. Such teChniqU SHEONAR| SAREHUANBO NS TAGCINS B ERSUTOSH AL EO IHREEG | AL OV EREIEeN A Laboratory
Manual, (J. Sambraok e 3l Seoleb-SRragdElathorklaberaiony saald SPiegikaney, N ard889); Current
Protocols in I\%o ecular Biology. (F. Ausubel et al,, eds., 1987 updated); Essential Molecular Biology (T.
Brown ed., IRL B84 19839 CRIFE I sl ﬁw%%wmaaﬁa%&%aa&mc Press 1991);

Methods for &ighinig HndoAmalysis ofds ukayigatic Giengs (AlBothwell etpdnedsbsBasteitRabl. 1990);

(R W ot o R e R T e B ith 0 WO o at, IR Pross
at Oxforl Unimersitydriads ¥88 Pobligonuctsotis e fSynthesiyqitdGait 8H.[,16di084) g @ell Culture for
Biochemists (R, Afamms 6 Fiseyih SriE8cs, Anblishers 4PAR:fent. lansiysaiorgdor Mammalian
Cells (J. Millér & M. Cabs eds., 1987); Mammialian Cell Biotechnology (M. Butler ed., 1991); Animal
Cell Clcjiltu re I(h@%ﬂ%&bpéﬁggé@@f},qﬁ &m:{ﬁﬁham@l@scag@}p@azm@élgf @tﬁhjauerlémé gtgy E?I. (R. Freshney
et at eds., Alan R. Ligs 4980 vl ey -2ad-Sading{M Melaged et al. eds., Wiley-Liss
201990); the seriesﬁl%/:ls’ lthec%%sg ng %gégﬁ%ig%z%ﬁ%%ﬁ P;g{ggéﬁigg ;\rlgéjrth M. gﬂzn%é—éausagﬁg. (1993);
Immunochemistry i : iton, A AR o |G hce,"Cambridge,
MA, 1996; Teshimtues éhbaropydeytPrhemisioy: (GseBolock-&iBaRetiiisinjetisonAtadeaic Press 1982,

1963, 1965, 19631, andhant o Experimental mEunoiy, P, el & G- Blpeoge, eos); Cure
inflammation was determined by histology. An inflammation score was assigned to the

A RORS EROCIS - £

histology sections as follows:
+/-; mnimum/shght inflammation
20 1 mild inflammation
2: moderate
3: severe
The presence of granuloma was determined by pathology. Tissue from the
injection site was sectioned, stained and viewed under a light microscope for the presence
25 or absence of granuloma.
The acceptance criteria for the in vivo rat model were; (1) comparable
mflammation to rhuMAb CD11a (negative control), and (2) absence of granuloma at

injection site.
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25Coligan et al. eds. 1991); Immunoassay (E. P. Diamandis & T.K. Christopoulos, eds., Academic
Press, Inc., 1996); Goding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) Academic
Press, New York; Ed Harlow and David Lane, Antibodies A laboratory Manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, 1988; Antibody Engineering, 2nd edition (C. Bormbaeck,
ed., Oxford University Press, 301995); and the series Annual Review of Immunology; the series
Advances in Immunology. WHAT IS CLAIMED IBxampleld A method to minimize inflammation at the
injection site during s bcutaneous admlnlstratlon of a, macromolecule comrlsmg adding to a
formulatio ScontainiAHE-H Al fndoiheradditvesda degrease aggregalion 82/ of Claim 1
wherein the cyclodéxﬁﬁmmmﬁc@eﬂnﬁﬂemmhﬁ:@toma&rdmgg&ggﬂaﬁld%atm@etm@axtmhe HP-Gamma
cyclodextrin, clo extrin. 103.The method rein, the formulation.contains 5%
0 300 HP- B e s O R e e A SR i on
containss5%tts 8094+l m%tép&ydmdgxﬁmme 2. TheFhdaviatirodsofdClaim 8rartgerein the fonnulation
contains %o g0, ﬁﬁ;ﬁ%@mm%&g%mg The ad@itfgn%msm&gbﬁ%{eg@“Bbl%ﬂﬁx%?eéﬂdthe

formulation further comprises 50 mM 0 mM arginine succinate. he method of Claim 2

wherein the forRFREBA CortERsRBdE 906 SHE ¢ty daremTe éﬁé.rp&@&%éthaaedp@aum 1 wherein the

macromolecyle,js.a ot Yadhe m%q@spfr@ﬁm@emﬁrﬁiw%@e&r@iﬁw@ angspipady. 10. The
method of Claim 9 wherein the antibody is a therapeutic ant bod}/ 30 11. The method of Claim 9

wherein the SRGRMSRLG AR SIFIHEEY! ParrpRe bbb el wanABIEv theihtibody is an
anti-CDRO antibedyhe other iﬁrfa'dﬂﬁxm%maﬂ(@efe@aﬂlﬂ 1y M&ec&lmﬁtﬂmﬂbﬂﬂwmy@ﬁnﬁgs antibody

variant A, B,.C, D, F, G, Hor |l a wn in §'1[Ia hod of wherein the
antibody comp{ry‘lfg‘ésr avﬁagr%l?ﬁ%wéeé ééa% kE’se% ct‘é*a%“f%% %‘ng?b%% QI |ngmc51 Q ID NO:
1-15. used to reduce protein aggregation, were shown not be effective in retarding aggregation
of 2H7 in the irn vitro model.
Table 4
Surfactant + 2H7 | % Protein Released (T=48 HLB Flocculation
hrs) inside dialysis
bag
2H7 Original 31 N/A Yes
{control)
10% Poloxamer 15 >28 Yes
0.2% Polysorbate 80 59 15 Yes
0.05% Span 20 24 8.6 Yes
0.02% Span 20 24 B.6 Yes
0.05% Span 80 33 4.3 Yes
0.02% Span 80 33 4.3 Yes
rhuMAb CD11a 100 N/A No
(control)

15
The impact of éd.ding dextran (polysaccharide), PEG 4000 (polymer), arginine
(amino acid) and Gamma cyclodextrin on retarding aggregation and flocculation was also
assessed and results are summarized in Tables 5 through 7. No significant improvement

was observed with any of these additives.
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15. The method of Claim 12 wherein the antibody comprises the light chain variable domain of SEQ ID
NO:1 and the heavy chain variable domain of SEQ ID NO:2. 1016.The method of Claim 12 wherein
the antibody comprises the light chain variable domain of SEQ ID NO:3 and the heavy chain variable
domain of SEQ ID NO:4. 17.The method of Claim 12 wherein the antibody comprises the light chain

variable domain of SEQ ID NO:3 and the heavy chain variable domain of SEQ ID NO:5. 15

18.

The method of Claim 12 wherein the antibody cqmprésgs comprises the fuII-Iength light chain of SEQ
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ical form r subcutaneous administration of an 5

26. The formulatior

of Claim 25W8herein the cy

cYnCesteiniBaleasgd 6F148ng/mRtpeodaiigminside 2
clodextfildligsisehasted from he group

to 30%

100 mt Arginine
Succinate

f W% RIQB8XHE HiP-Gamma Cygipdextrin, and
rmulation contains 5% to 3¢
cyclodextrin. 15?@9h@\fd?ﬁ9tf‘éﬁﬁn of

cyclodextrin-
cyclodextrin. 20

Claim 27 Whéi%in the formu

SBETOCYCIo@gXtin.

1% HP-Beta-or-HR-Gamm
ation corf&fd B9 to 30%
en—eentam%%e—zo%HP -Gamma

27. The
a
HP-Beta

Effect of cvelodextrins on agoregation of 2ZH7

100 mM Arginine 25 Yes
Succinate and 10% HP
Gamma
10% PEG 4000 28 Yes
rhuMAb CD11a {confrol) 61 No
Table 7
Test Material+ 2H7 % Protein Released Flocculation inside
{T=48 hrs) dialysis bag
2H7 Original (Control) 13 Yes
5% Gamma Cyclodextrin 20 Yes
10% Gamma 2 Yes
Cyclodextrin
rhuMAb CD11a (control) 76 No
Example 5

The effect of cyclodextrins on aggregation of 2H7 in the in vifro model was tested.

The materials used were:

e Sulfo-butyl Ether Beta Cyclodextrin, Sodium salt, Cydex, Inc., Captisol Research

Grade
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30. The formulation of Claim 29 wherein the formulation further comprises 50 o 200 mM arginine
succinate. 31. The formulation of Claim 26 wherein the formulation contains 2% to 9%
25SBE-cyclodextrin. 32. The formulation of Claim 25 wherein the antibody is present at a
concentration range of 30 mg/m1 to 150 mg/mt. 3033.The formulation of Claim 25 wherein the
antibody is present at a concentration range of 100 mg/ml to 150 mg/ml. 34.The formulation of Claim

27 comprising ashumRARIZop-SIT-gikiRadyabafa Mo Bk 1R 3A%EE: Brlaeysiegextrin.
35. The formulation of Claim 27 comprising a humanized 21-17 antibody at 150 mg/ml and 30%
HP-Beta cyclodexttif T TaPPSSE PRDASARMIEH S Claim 27 comprising a humanized 2H7 antibody at

150 5 mg/ml and 18%#dR-feapmitaeyCletrsiifn, CydddekhenfosriiationobelaispBéuwherein the
formulation furtherfom ri f; 50 mM to 2%0%

0 : cﬁnM arginine succinate. 1038.The formulation of Claim 37
wherein the humaniZét LREEBY ¥oiptises antibody variant A, B, C, D, F, G, H or | as shown in

Table 1.539.The fordmtildtioniiel @tainedidfoehenibatiprsity Slfevivit godham SBEate] 5% ttrehalose

dihydrate; angd0.03% Polysorbate 20, at,ob 5.3. 15 . .40 The formulation of Claim 39 wherein the
numanized 2017 SN neaat (it at Qo b R R B R Tt 1
41. The fornfiligtisroreidimhCawieidizgrthé foymedatismeomplises nimmanizddiz02M7rantibody variant

A as shown P&é@@@t@r}o@ttﬂgmcmmm@egﬁe%ﬂg%mwwomﬁ%ﬁs&/dﬂ&o}{;@%m@% HP-Gamma

cyclodextrin, and 50 mM to 100 mM arginine succinate. ~ 42. A method of treating a CD20 positive B
cell cancer, déRipAsingSdtARTIEIRG R ahsstahinRadiptrdsdarcsitahrerBFdutaaiiemective amount
of a 25hymanized Eldoaniedy R Tablechdn aphaimacaicallrURlioN CAMPLiSKg.2% to 30%
cyclodextrin, wherein the ¢ cloggégrin IS %elect d from the group consisting of HP-Beta cyclodextrin.
HP-Gamma BRIBEEKAN: A SER GRS IOn oI} SRE HAEMG AT IERR 42 wherein, the

CD20 positivegogeli@ariesiswvaaBo30 aalblinphamao o flleukkiiia.inside the dialysis bag and the
solution outside of the bag remained clear throughout the study. Overall, the addition of
cyclodextrins helped inhibit aggregation of 2H7 under physiologic conditions.

15 Based upon these promising results, hydroxy propyl beta (HP-Beta) cyclodexirin
was evaluated in the in vitro dialysis model to determine the impact of different
substitution groups on the aggregation behavior of 2H7. A concentration range of 5% to
20% HP-Beta cyclodextrin was evaluated (Figure 6). The percentage of protein released
was improved relative to the original 2H7 formulation but was less than that of the

20 thuMADb CD11a control. The release media became opalescent as the protein was released
into it and flocculation appeared inside the dialysis bag after 24 hours incubation at 37°C.
The addition of HP-Beta cyclodextrin was effective in reducing the aggregation of 2H7
but appeared qualitatively less effective than HP-Gamma cyclodextrin (Figure 5).

The combination of HP-Gamma cyclodextrin and arginine succinate was evaluated

25 to determine if there was an additive effect in reducing aggregation of 2H7. Four different
ratios of arginine succinate to HP-Gamma cyclodextrin were tested with 100 mg/mL 2H7
{Figure 7). Animprovement in 2H7 release was observed in all test groups relative to the
original 2H7 formuiation control. The 100 mM argimine succinate/10% HP-Gamma
cyclodextrin and 50 mM arginine succinate/15% HP-Gamma cyclodextrin formulations

30 had the lowest turbidity after release into the media and less flocculation inside the

dialysis bag relative to the original 2H7 formulation control.
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44. The method of Claim 43 wherein the CD20 positive B cell cancer is selected from the group
consisting of non-Hodgkin's lymphoma (NHL), relapsed indolent NHL and ritux mab-rcfractory indolent
NHL, lymphocyte predominant Hodgkin's disease (LPHD), small lymphocytic lymphoma (SLL), and
chronic lymphocytic leukemia (CLL). 45. The method of Claim 42 wherein the humanized 2H7
antibody is variant A, 5 B, C, D or H from Table 46. A method of treating an autoimmune disease,
comprising administering to a patient having thg giigighune disease a therapeutically effective
amount of a humapiz 7/ antibody of Table 1 in a pharmaceutical formulation comprising 2% to
30% 10cyclodeXiShierér it inEod R aloL R e Le e Sl SURUIINEOUS A08dElD Beta
cyclodextrin, HP-Gélnragibydiofdextninti et SBimmecliRl€idrima an AR P BrearapthdexaiGldim 46 wherein
the autoimmune, disgase s selecial iTom e roup.conaisting. of fneymaleld gy (RA) and Juvenile
rheumatoid arthritis, £5 inc udln% methotrexate ?Mtx)o-‘lnadﬁéquate résponders and TRFE: antagonist
inadequate redgoiderss systdmidiuges efitfseratosusi¢SeRTmetufirigiimptisgtbphritis, multiple
sclerosis (Mg incliding: selansing i miring pidiple seiarasis (RBMRInWeoeheisAisease.

inflammatory bowel disease, ulcerative colitis, idiopathic thrombocytopenic purpura (ITP), thrombotic
thrombocytoEia P A TP TRFCHORGIT bR SPotRTOFRbEE e bsianmaimpdaoteredib) psoriasis, IgA
nephropathy.dgivhRelyievrapaiiesidnyastbeniaramyisi MGA ssapgiatadvasculifis «didhgtes mellitus,
Reynaud's syndrome, ?éggren's %ndromﬁ,ﬁNeuromyelitis Optica (NMO) and glomerulonephritis.

48. The methSH8F E1kif) 28 FHBPHE RSATHZEYE7 antibody is variant A, 25 B, C, D or H from
Table lic  49. A rhethod0f ki roYisg-puidigiainingsSbiubbi zEtiont et ot sdinitritzing precipitation of an
antibody in an aqueous subcutaneous. formulation upon injection at the injection sjte of a patient,
comprising :fgé‘?ﬁg%% 6 @6%%0%3(70 6%2?’(@%, w eerélﬁgg%ﬁgeéé%%?br&gx f?‘ﬁf is@]%((faﬁé&%élﬁ%im the group
consisting oftiFeBé tateytiodextnin] 4R @G ammicyoigdextin nayichls BE?dpotedetttrny 1o thel aqueous
suboutaneous IR oo st LRASINANALLA SR NGeNREARIAIEN e Numanized

anti-CD20 antiboay variant A, B, C, D, F, G, H or | as shown In' Ta . . A‘method of increasing

the bioavailaBiRgjiot st attiesdgitionel3iRdistaisreledt subcigaificonsly radsangrisfiatidion % to 30%
cyclodextrin suhgieinothg ey atadextiimicsaiestad i the Feureonsising Rt HRBAIA Qyglodextrin,

HP-Gamma cyclodextrin, and SBE-cyclodextrin, to an aqueous_ subcutaneous foimulation comprising
the antibody™8E5- PAY HEHUHHRCRIHTS 1 RA BRALCR i BARiRC R il 28t 4Ht.CD20 antibody
variant A, B,IGerBsing Greldodbdragsboviciribableh R3ubedim direidiabisis methadafer evaluating the
ability of an excipient to . reduce aggregation of an antibody or other macromolecule under
Physiological LA S Ran g B e o tad e G Blalsibecule with
and without Mtejsﬂai@ipiano agmsdzqmmmwm E.d)'_Vu{tldﬂ ﬁi@mmmgﬁgmtﬁmiﬁmw&@htbride, 17mM
Phosphate, 4 Eé%%&?h‘ﬂéﬂ%%ﬁ&? ! i gonsiani stiring 'gz-.3+) t0 Jx%ﬁél E%HA%’L%%%?T%S- mples of the

modified PBS solution; an measuring the turbidity and the amount of protéin present in
the test samplesciyhBreity sHiers st drereedodrednr Gtforiuth b decksaxd datieidispie tiéesamples in
thc assay containing the test cxcipient as compared to the control lacking excipient are indicative of
the ability of the test excipient to reduce aggregation of the macromolecule. 2554.The method of Claim

53 wherein the formulation is dialyzed in dialysislgb—lg—s-
Formulation Animal Histology Comments
Score
150 mg/mL rhuMAb CD11a 1 +f-
2 +f- Follicular follitis
3 +f-
100 mg/mL 2H7 + 15% HP- 1 1+
Beta 2 1+ No comments
3 +/-
100 mg/mL 2H7 + 30% HP- 1 1+ Focally extensive
Beta 2 1+ inflammation
3 1+
150 mg/mL 2H7 + 5% HP- 1 3+ Focally extensive
Beta 2 2-3+ inflammation with
2-3+
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tubing having a 1 million Dalton molecular weight cut-off 55. The method of Claim 53 wherein the
protein concentration and turbidity in the test samples are measured using UV spectrometry. 30

56. The method of Claim 53 further comprising visually inspecting the modified PBS solution and the
solution inside the dialysis tubing for precipitation, wherein decreased precipitation in the dialysis
tubing containing the test excipient as compared to the control lacking excipient is indicative of the

ability of the test excipient to reduce aggfegatgpin of the macromoleCligscrosis
P2391R1IWO--RCTSeguencelisting-txt Sequence-Listing-<110>GENENTECH. INC. et-al.-<120>

METHOD A T*BOP—‘EQ;’{NHRWHOW EORREDUGING AGGl;i%ATlON SPRIMAXESNSLECULE
Y

UNDER PHYVEIBLOGICAL CONDITIONS <120> P2391R4 WO <141 058598184008 50> Us
61/115,441 <151> 2008-11-17 <160> 15 <210> 1 <211> 107 <212> PRYIPIEC Artificial sequence

<220> <223> sequence is synthesized <400> 1 Asp lle Gin Met Thr C?Eﬁg§eF Br5Ser Ser Léu Ser Ala
Ser Val 151059 Gig/mbp2Aiig VA %hrie Thr CYs Arg Ala SértSer Ser ValSédy 282580v@yr Mét His Trp

Tyr Gin Gir] B@ePro Gly Lys Ala Pro Lys|Pro 354045 Leu I[&*Tyr Ala PrdisemagenLeu Ala Ser Gly val
Pro Ser Arg 3 1+

30% HP-Beta Vehicle 1 +/~ Focally extensive
2 1-2+ inflammation
3 1+ {animais 2 and 3)
150 mg/mL 2H7 original 1 2-3+ Focally extensive
formulation 2 2-3+ inflammation with
3 2-3+ necrosis

Inflammation grading scores:
WNL = within normal limits
+/- = minimal/slight

5 1+ =mild
2+ = moderaie
3+ = severe

The histo-pathology results for the HP-Gamma cyclodexirin formulations are
summarized in Table 9. A reduction in inflammation from moderate to severe {(2-3+) to
10 mild to moderate (< 2+) was observed when 10% HP-Gamma cyclodextrin was added to

2ZH7. No significant inflammation response was observed with the HP-Gamma vehicle.

Teble 8
Formulation Animal Histology Comments
Score
150 mg/mL rhuMAb CD11a 1 +/-
2 +/- Follicular follitis
3 +/-
100 mg/mL. 2H7 + 10% HP- 1 1-24 No comments
Gamma 2 +H-
3 2+
100 mg/mL 2H7 + 10% HP- 4 1-2+ Focally extensive
Gamma 5 T+ inflammation
B 1+
125 mg/mL 2H7 + 10% HP- 1 2t No comments
Gamma 2 1-2+
3 2+
150 mg/mL 2H7 + 10% HP- 1 2+ Focally extensive
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505560 Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser 657075 Ser Leu Gin Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Trp 808590 Ser Phe Asn Pro Pro Thr Phe Gly Gin Gly Thr Lys
Val Glu lle 95100105 Lys Arg <210> 2 <211> 122 <212> PRT <213> Atrtificial sequence <220> <223>
sequence is synthesized <400> 2 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly
151015 P2391R1WO0_PCTSequencelListing.txt Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr

Phe Thr 20P630naey Tyr Asn Met His Trp Val Arg GinjAla P1oGly LSty hedwnf045 GIU
Ala lle Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 505560 Asn Girplys Phe Lys Gly Arg Phe Thr
Asp Lys Ser657045 - -
T0% HP-Gamma Vehicle 1 1+ Focally extensive
2 +/- inflammation;
3 +f- Perivascular
inflammation
10% HP-Gamma Vehicle 4 WNL No comments
5 +/-
6 WNL
150 mg/mL 2H7 original 1 2-3+ Focally extensive
formulation 2 2-3+ inflammation with
3 2-3+ necrosis

10

15

20

Inflammation grading scores:
WNL = Within normal limits
+/- = minimal/slight

1+ = mild

2+ = moderate
3+ = severe
Conclusions:

In summary, the addition of sulfo-butyl ether (SBE), hydroxy propyl beta (HP-
Beta) and hydroxy propyl gamma (HP-Gamma) cyclodextring was effective in
significantly reducing aggregation of 2H7 and reducing flocculation of 2ZH7 under
physiclogic conditions. The results with cyclodextrin and 2H7 were unexpected based on
the historical use of cyclodextrin and hence illustrate the novelty and innovative step of
the approach. Surfactants, traditionally used to reduce protein aggregation, were also
cvaluated in our in vitre model but none were effective in retarding aggregation of 2H7.
Polymers (e.g., dextran) and amino acids (e.g., arginine) were also tested but also failed to
significantly reduce protein aggregation.

Reducing the aggregation of 2H7 in this environment ultimately resulted in
decreasing inflammation at the injection site of animals injected with 2H7. The
inflammation was reduced from severe {original 2H7) to mild to moderate for 2ZH7
formulations that included HP-Beta or HP-Gamma cyclodextrins. Reducing the ability of
the protein fo aggregate under these conditions could potentially translate to increased

bioavailability. Last, we have successfully developed and demonstrated the utility of the

in vitro dialysis model to measure the ability of an excipient to reduce protein aggregation.

rp Val Gly
le Ser Val



Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala Val Tyr Tyr Cys Ala
Arg Val Val Tyr Tyr Ser Asn Ser 95100105 Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr
Val 110115120 ser Ser <210> 3 <211> 107 <212> PRT <213> Atrtificial sequence <220> <223>
sequence is synthesized <400> 3 Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
151015 Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Ser Ser Val Ser 202530 Tyr Leu His Trp Tyr Gin
Gin Lys Pro Gly Lys Ala Pro Lys Pro 354045 LewydleshyssAla Pro Ser Asn Leu Ala Ser Gly Val Pro Ser
Arg 505560 Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser 657075 Ser.Leu Gin Pro
Glu Asp Phe Ala TRERTF €78 BIH@NTRBIS88D RS AU BHETH BREEIYGin Gly Thr
Lys Val Glu BedA8GUBS dayisArgre hereby incorporated by reference.

The practice of the present invention will employ, unless otherwise indicated,
5 conventional techniques of molecular biology and the like, which are within the skill of
the art. Such techniques are explained fully in the literature. See e.g., Molecular Cloning:
A Laboratory Manual, (J. Sambrook ef al., Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 1989); Current Protocols in Molecular Biology (F. Ausubel et al., eds., 1987

updated); Essential Molecular Biology (T. Brown ed., IRL Press 1991); Gene Expression

10 Technology (Goeddel ed., Academic Press 1991); Methods for Cloning and Analvsis of

Eukarvotic Genes (A. Bothwell ef al. eds., Bartiett Publ. 1990); Gene Transfer and

Expression (M. Kriegler, Stockton Press 1990); Recombinant DNA Methodology 1T (R.
Wu er al. eds., Academic Press 1995); PCR: A Practical Approach (M. McPherson et al.,
IRL Press at Oxford University Press 1991); Qligonucleotide Synthesis (M. Gait ed.,

15 1984); Cell Culture for Biochemists (R. Adams ed., Elsevier Science Publishers 1990).
Gene Transfer Vectors for Mammalian Cells (J. Miller & M. Calos eds., 1987);
Mammalian Cell Biotechnology (M. Butler ed., 1991); Amimal Cell Culture (J. Pollard et
al. eds., Humana Press 1990); Culture of Animal Cells, 27 Bd. (R. Freshney ef al. eds.,
Alan R. Liss 1987); Flow Cytometry and Sorting (M. Melamed ef al. eds., Wiley-Liss

20 1990); the series Methods 1n Enzymology (Academic Press, Inc.);Wirth M. and Hauser H.

(1993); Immunochemistry in Practice, 3rd edition, A. Johnstone & R. Thorpe, Biackwell
Science, Cambridge, MA, 1996; Techniques in Immunocvtochemistry, (G. Bullock & P.
Petrusz eds., Academic Press 1982, 1983, 19835, 1989); Handbook of Experimental

Immunology, (D. Weir & C. Blackwell, eds.); Current Protocols in Immunology (J.

25 Coligan et al. eds. 1991); Immunoassay (E. P. Diamandis & T.K. Christopoulos, eds.,
Academic Press, Inc., 1996); Goding (1986) Monoclonal Antibodies: Principles and
Practice (2d ed) Academic Press, New York; Ed Harlow and David Lane, Antibodies A

laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York,

1988; Antibody Engineering, 2™ edition (C. Borrebaeck, ed., Oxford University Press,
30 1995}, and the series Annual Review of Immunology, the series Advances in

Immunology.



<210> 4 <211> 122 <212> PRT <213> Artificial sequence P2391R1WO_PCTSequencelListing.txt
<220> <223> sequence is synthesized <400> 4 Glu val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin
Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 202530 Ser Tyr Asn
Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu Trp Val Gly Ala lle Tyr Pro Gly Asn Gly
Ala Thr Ser Tyr 505560 Asn GIn Lys Phe Lys Gly Arg Phe Thr lle Ser val Asp Lys Ser 657075 Lys Asn
Thr Leu Tyr ey Gingat Asneperskeu Arg Ala Glu Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Arg Val Val
Tyr Tyr Ser Ala Ser 95100105 Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu val Thr Val

110115120 Ser Ser <210> 5
1. A method to minimize inflammation at the injection site during

subcutancous administration of a macromolecule, comprising adding to a formulation

5 containing the macromolecule 2% to 30% cyclodextrin,

2. The method of Claim 1 wherein the cyclodextrin is selected from the group

consisting of HP-Beta cyclodextrin, HP-Gamma cyclodextrin, and SBE-cyclodextrin.

Hi) 3. The method of Claim 2 wherein the formulation contains 5% to 30% HP-

Beta or HP-Gamma cyclodextrin.

4. The method of Claim 3 wherein the formulation contains 5% to 30% HP-
Beta cyclodextrin,
15
5. The method of Claim 3 wherein the formulation contains 5% to 20% HP-

Gamma cyclodextrin,

6. The method of Claim 5 wherein the formulation further comprises 50 mM

20 to 200 mM arginine succinate.

7. The method of Claim 2 wherein the formulation contains 2% to 9% SBE
cyclodextrin.
25 8. The method of Claim 1 wherein the macromolecule is a protein.,
9. The method of Claim 8 wherein the protein is an antibody.

10.  The method of Claim 9 wherein the antibody is a therapeutic antibody.
30
11.  The method of Claim 9 wherein the antibody is a diagnostic antibody.

12. The method of Claim 9 wherein the antibody is an anti-CD20 antibody.
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<211> 122 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 5 Glu

Val Gin Leu Val Glu Ser Gly Gly Gly Leu val Gin Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala
Ser Gly Tyr Thr Phe Thr 202530 ser Tyr Asn met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045
Glu Trp Val Gly Ala lle Tyr Pro Gly Asn Gly Ala Thr ser Tyr 505560 Asn Gin Lys Phe Lys Gly Arg Phe

Thr lle ser val Asp Lys Ser 657075 Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp

808590 Thr Ala Val Jyr TYheyseAl ArT yahVial T 88 bl 0823 Q9L tibody variant
P2391R1WO0_PCTSequencelisting.txt Tyr T%?yr Phe Asp Val Trp Gly Gin Gly Tﬁr Leu Val Thr Val

110115120 SePskr 22142 61251 1559991 PIBRT <2135 Artificial sequence

14, The method of Claim 12 wherein the antibody comprises an amino acid

5 sequence selected from the group consisting of SEQ 1D NO:1-15.

15, Themethod of Claim 12 wherein the antibody comprises the light chain
variable domain of SEQ 1D NO:1 and the heavy chain variable domain of SEQ ID NO:2.

10 16,  The method of Claim 12 wherein the antibody comprises the light chain
variable domain of SEQ ID NO:3 and the heavy chain variable domain of SEQ ID NO:4.

17.  The method of Claim 12 wherein the antibody comprises the light chain
variable domain of SEQ 1D NO:3 and the heavy chain variable domain of SEQ ID NO:5.
15
18, The method of Claim 12 wherein the antibody comprises comprises the
full-length light chain of SEQ ID NO:6 and the full-length heavy chain of SEQ ID NO:7.

19.  The method of Claim 12 wherein the antibody comprises comprises the
20 full-length light chain of SEQ ID NO:6 and the full-length heavy chain of SEQ ID NO:15.

20.  The method of Claimn 12 wherein the antibody comprises the fuli-length

light chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:10.

25 21.  The method of Claim 12 wherein the antibody comprises the full-length
light chain of SEQ 1D NO:9 and the full-length heavy chain of SEQ ID NO:11.

22.  The method of Claim 12 wherein the antibody comprises the full-length
light chain of SEQ 1D NO:9 and the full-length heavy chain of SEQ ID NO:12.
30
23.  The method of Claim 12 wherein the antibody comprises the full-length
light chain of SEQ ID NO:9 and the full-iength heavy chain of SEG ID NO:13.
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<220> <223> sequence is synthesized <400> 6 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala
Ser Val 151015 Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Ser Ser Val Ser 202530 Tyr Met His Trp
Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Pro 354045 Leu lle Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val
Pro Ser Arg 505560 Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser 657075 Ser Leu
Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Trp 808590 Ser Phe Asn Pro Pro Thr Phe Gly Gin

Gly Thr Lys Val Gludle 95800408 da/srAnaihr ialMan Ala BreSer MakRhes le-Rhe Rigdoro Ser
110115120 Asp Glu.Gin Leuéﬁﬁgr% Thr Ala Ser val val Cys Leu Leu 125130135 Asn Asn Phe
L

Tyr Pro Arg BHILARAE SR P AL a5 PE TE SPASARERP IR $Er Gly Asn Ser Gin Glu

Ser Val Thr Glu Gin 155160165 Asp Ser Lys Asp Ser 170
25. A pharmaceutical formulation for subcutaneous administration of an
5 antibody, comprising an antibody at a concentration range of 10mg/ml to 200mg/ml, and

2% to 30% cyclodextrin.,

26, The formulation of Claim 25 wherein the cyclodextrin is selected from the
group consisting of HP-Beta cyclodextrin, HP-Gamma cyclodextrin, and SBE-

10 cyclodextrin,

27. The formulation of Claim 26 wherein the formulation contains 5% to 30%

HP-Beta or HP-Gamma cyclodextrin.

15 28, The formulation of Claim 27 wherein the formulation contains 5% to 30%

HP-Beta cyclodextrin.

29.  The formulation of Claim 27 wherein the formulation contains 5% to 20%
HP-Gamma cyclodextrin,
20
30.  The formulation of Claim 29 wherein the formulation further comprises 50

mM to 200 mM arginine succinate.

31. The formulation of Claim 26 wherein the formulation contains 2% to 9%

25  SBE-cyclodextrin.

32, The formulation of Claim 25 wherein the antibody is present at a

concentration range of 30 mg/ml to 150 mg/ml.

30 33.  The formulation of Claim 25 wherein the antibody is present at a

concentration range of 100 mg/ml to 150 mg/ml.

34.  The formulation of Claim 27 comprising a humanized 2H7 antibody at 100
mg/ml and 15% to 30% HP-Beta cyclodextrin.
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Ser Lys Ala Asp Tyr 185 Thr His Gin Gly Leu 200 Gly Glu Cys Thr Tyr Ser Leu Ser Ser Thr Leu Thr
Leu 175180 Glu Lys His Lys Val Tyr Ala Cys Glu Val 190195 Ser Ser Pro val Thr Lys Ser Phe Asn Arg
205210 P2391R1WO0_PCTSequencelListing.txt <210> 7 <211> 452 <212> PRT <213> Atrtificial
sequence <220> <223> sequence is synthesized <400> 7 Glu Val Gin Leu Val Glu Ser Gly Gly Gly
Leu Val Gin Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 202530 ser

Tyr Asn Met His TrpsVal Avg @ifnfMaiBro SdYalis Gl ks 3RAOhmah-dap N akiiyoblaallesbyr Pro Gly

Asn Gly Asp Thr Ser Tyr 505560 Asn Gin Lys Phe Lys Gly Arg Phe Thr lle Ser Val Asp Lys Ser
Y pmgt)m and 30% HP-Beta gyclodextr¥n. ys By A9 S Sp Ly

36.  The formulation of Claim 27 comprising a humanized 2H7 antibody at 150

s mg/ml and 10% HP-Gamma cyclodextrin.

37.  The formulation of Claim 36 wherein the formulation further comprises 50

mM to 200 mM arginine succinate,

10 38.  The formulation of Claim 37 wherein the humanized 2H7 antibody

comprises antibody variant A, B, C, D, F, G, H or I as shown in Table 1.

39.  The formulation of Claim 37 further comprising 30 mM sodium acetate;
5% trehalose dihydrate; and 0.03% Polysorbate 20, at pH 5.3.
i5
40.  The formulation of Claim 39 wherein the humanized 2H7 antibody
comprises anttbody variant A, B, C, D, F, G, H or I as shown 1n Table 1.

41, The formulation of Claim 27 wherein the formulation comprises humanized
20 2H7 antibody variant A as shown in Table 1 at a concentration range of 100 mg/mi to 150

mg/ml, 15% to 30% HP-Gamma cyclodextrin, and 50 mM to 100 mM arginine succinate.

42, A method of treating a CD20 positive B cell cancer, comprising
administering to a patient having the cancer a therapeutically effective amount of a
25 humanized 2H7 antibody of Table 1 in a pharmaceutical formulation comprising 2% to
30% cyclodextrin, wherein the cyclodextrin is selected from the group consisting of HP-

Beta cyclodextrin, HP-Gamma cyclodextrin, and SBE-cyclodextrin,

43.  The method of Claim 42 wherein the CD2( positive B cell canceris a B

30 cell lymphoma or leukemia.

44, The method of Claim 43 wherein the CD20 positive B cell cancer is
selected from the group consisting of non-Hodgkin’s lymphoma (NHL), relapsed indolent
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657075 Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala val Tyr Tyr
Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser 95100105 Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu
Val Thr Val 110115120 Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 125130135 Ser
Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 140145150 Val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser 155160165 Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu GIn

170175180 Sef1SeidGilytielnlwiaehkein SemSai alvainbat ¥ alddindend B854 204 Aaisesser Leu Gly
Thr GIn Thr Ty, Cys Asn Val Asn His Lys 20 210 Pro Ser Asn Thr Lys Val As Lys Val Glu
Pro Lys Ser EySDN ST DSBS Ly TR Ly R S B GH ik B o
230235240 Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 245250255
P2391R1w0_PCTSgquengelistiNg Xt claim 42 whercin the humanized 2H7 antibody is variant A,

5 B,C DorH from Table 1.

46. A method of treating an autoirmune disease, comprising administering to a
patient having the autoimmune disease a therapeutically effective amount of a humanized
2H7 antibody of Table 1 in a pharmaceutical formulation comprising 2% to 30%
10 cyclodextrin, wherein the cyclodextrin is selected from the group consisting of HP-Beta

cyclodextrin, HP-Gamma cyclodextrin, and SBE-cyclodextrin.

47.  The method of Claim 46 wherein the autoimmune disease is selected from
the group consisting of rheumatoid arthritis (RA) and juvenile rheumatoid arthritis,

15 inchuding methotrexate (Mtx )~ inadequate responders and TNFo— antagonist inadequate
responders, systemic lupus erythematosus (SLE) including lupus nephritis, multiple
sclerosis (MS), including relapsing remitting multiple sclerosis (RRMS), Wegener's
discase, inflammatory bowel disease, ulcerative colitis, idiopathic thrombocytopenic
purpura (ITP), thrombotic thrombocytopenic purpura (TTP), autoimmune

20  thrombocytopenia, multiple sclerosis, psoriasis, IgA nephropathy, IgM polyneuropathies,
myasthenia gravis, ANCA associated vasculitis, diabetes mellitus, Reynaud’s syndrome,

Sjogren’s syndrome, Neuromyelitis Optica (NMO) and glomeruionephritis.

48, The method of Claim 46 wherein the humanized 2H7 antibody is variant A,
25 B,C,DorH from Table 1.

49, A method of improving or maintaining selubilization of or minimizing
precipitation of an antibody in an aqueous subcutaneous formulation upon injection at the
injection site of a patient, comprising adding 2% to 30% cyclodextrin, wherein the

30 cyclodextrin is selected from the group consisting of HP-Beta cyclodextrin, HP-Gamma

cyclodextrin, and SBE-cyclodextrin, to the aqueous subcutaneous formulation,
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260265270 Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 275280285 Gly Val Glu Val
His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 290295300 Tyr Asn Ser Thr Tyr Arg val val Ser val Leu
Thr Val Leu His 305310315 Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 320325330
Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys 335340345 Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro ser Arg 350355360 Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu val

Lys 365370375 Gly#he TisRiaiarofsiie Maakalthd spdbidSeaAambalyS80386820 Gin Pro Glu
Asn Asn Tyr L¥

Lot Thr Val AT S i i PRy AGRAT Phe Ser Cys Ser val Met Hi Gl
425430435 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 440445450 Gly Lys <210> 8
51. A method of increasing the bioavailability of an antibody to be
5 administered subcutaneously, comprising adding 2% to 30% cyclodextrin, wherein the
cyclodextrin is selected from the group consisting of HP-Beta cyclodextrin, HP-Gamma
cyclodextrin, and SBE-cyclodextrin, to an aqueous subcutancous formulation comprising

the antibody.

10 52.  The method of Claim 51 wherein the antibody is a humanized anti-CD20
antibody variant A, B, C, D, F, G, H or I as shown in Table 1.

53.  An in vitro dialysis method for evaluating the ability of an excipient to
reduce aggregation of an antibody or other macromolecule under physiological conditions,
15 comprising:

(a) dialyzing formulations of the macromolecule with and without the test
excipient against modified PBS solution (167mM Sodium, 140mM Chlonde, 17mM
Phosphate, 4mM Potassium) at 37°C with constant stirring;

(b) removing test samples of the modified PBS solution; and

20 (c) measuring the turbidity and the amount of protein present in the test
samples, wherein increased protein concentration and decreased turbidity in the samples in
the assay containing the test excipient as compared to the control lacking excipient are

indicative of the ability of the test excipient to reduce aggregation of the macromolecule.

25 54.  The method of Claim 53 wherein the formulation 1s dialyzed 1n dialysis

tubing having a 1 miliion Dalton molecular weight cut-off.

55.  The method of Claim 53 wherein the protein concentration and turbidity in
the test samples are measured using UV spectrometry.
30
56.  The method of Claim 53 further comprising visually inspecting the
modified PBS solution and the solution inside the dialysis tubing for precipitation, wherein

decreased precipitation in the dialysis tubing containing the test excipient as compared to
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<211> 452 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 8 Glu
val Gin Leu val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 Gly ser Leu Arg Leu Ser Cys Ala Ala
Ser Gly Tyr Thr Phe Thr 202530 ser Tyr Asn met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045
Glu Trp val Gly Ala lle Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 505560
P2391R1w0_PcTSequencelListing.txt Asn Gin Lys Phe Lys Gly Arg Phe Thr lle Ser Val Asp Lys ser
657075 Lys tsoriol bgkiyg CeipGin iMedksnvSer e migyalbtis teAsp808890 THrgla val Tyr Tyr cys
Ala Arg val v%%}%{l{gﬁ SELASN 28LIR1BQ105 Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu val
Thr val 110115120 Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro 125130135 ser Ser
Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu

70



140145150 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 155160165 Gly Ala Leu Thr
Ser Gly val His Thr Phe Pro Ala Val Leu Gin 170175180 Ser Ser Gly Leu Tyr Ser Leu Ser Ser val Val
Thr val Pro Ser 185190195 ser Ser Leu Gly Thr Gin Thr Tyr lle cys Asn val Asn His Lys 200205210
Pro Ser Asn Thr Lys Val Asp Lys Lys val Glu Pro Lys Ser Cys 215220225 Asp Lys Thr His Thr cys Pro
Pro Cys Pro Ala Pro Glu Leu Le23230286240Glyd@bnPea Serivad RhecLeu Phe Pro Pro Lys Pro Lys
Asp Thr 245250255 Leu Met lle Ser Arg THREU'GR YAFTRPSYs val val val Asp 260265270 val Ser
His G Q @#éﬁl Lﬁghee@\sgﬂrp Tyr Val Asp 275280285 Gly val Glu val His Asn Ala Lys Thr
Lys Pio 290295300 Tyr Asn Ala Thr Tyr Arg Val Val Ser val Leu Thr Val Leu His
3053&1)21&5 @IT HCED AND LeQRAEN GOy $ Glu RBIFUGKNG ysAGREGAT S&k Ash 820325330 Lys Ala Leu
Pro Ala Pro MaCRRMRIEFHE HelSBERY S 813} 0835840849 DITIONS

<130> P2391R1 WO
<141> 2009-11-16

<150> Us 61/115,441
<151> 2008-11-17

<160> 15

<210> 1

«211> 1067

<212> PRT

<213> Artificial sequence

<220> ]
<223> sequence 1is synthesized

<400> 1
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Met His Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Lys Pro

35 40 45
Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60
pPhe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile ser
65 70 75
Ser Leu GlIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn Trp
80 85 90
Ser Phe Asn Pro Pro Thr Phe Gly GIn Gly Thr Lys val Glu Ile
95 100 105
Lys Arg
<210> 2
<211> 122
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 2
Glu val ¢in Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15
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Gly Gin Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg 350355360
P2391R1WO0_PCTSequencelListing.txt Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
365370375 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 380385390 Gin Pro Glu Asn
Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser 395400405 Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
Thr Val Asp Lys Ser 41041542€2A 00 R @ ipc@ae Galy iisn Vet Phe. $et Cys Ser Val Met His Glu
425430UBSAM Lew WIOABBHISETYICYEr Gl LA5SERr eaServeuer Phs 480845450 Gly Lys <210> 9
<211> 213 <212> PRT <2#8 Artificial sequence <20> <223> sequence is §9nthesized <400> 9 Asp

lle GirsMetrUi Gim SREPIP Ser Senlau Beg AlaSan Yab 151615 GlsAgmAigyal Thr lle Thr Cys Arg
Ala Ser Ser Ser Val Ser 202530 Tyr Leti His Trp Tyrd@Bin Gin Lys Pro Gly Lys4Ala Pro Lys Pro

Glu Trp val Gly A]S Ile Tyr Pro Gly Agg Gly Asp Thr Ser Tyr
5 60

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser

65 70 75
Lys Asn Thr Leu Tyr Leu GIin Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 100 105
Tyr Trp Tyr Phe Asp val Trp Gly Gin Gly Thr Leu val Thr val
110 115 120
Ser Ser
<210> 3
<211> 107
<212> PRT
<213> Artificial sequence
<220>
<223> sequence 1s synthesized
<400> 3
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30
Tyr Leu His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45
Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60
Phe Sser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile ser
65 70 75
Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gln Trp
80 85 90
Ala Phe Asn Pro Pro Thr Phe Gly Gin Gly Thr Lys val Glu Ile
95 100 105
Lys Arg
<210> 4
<211> 122
<212> PRT

<213> Artificial sequence
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354045 Leu lle Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg 505560 Phe Ser Gly Ser Gly Ser
Gly Thr Asp Phe Thr Leu Thr lle Ser 657075 ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin
Trp 808590 Ala Phe Asn Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu lle 95100105 Lys Arg Thr Val
Ala Ala Pro Ser Val Phe lle Phe Pro Pro Ser 110115120 Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val
Val Cys Leu Leu 125130135 Ash3ASR Biwe Agr Rrquarg- @ld sda dg/stwal Gin Trp Lys Val Asp
1401§4515ﬁ0 P2391R1w0_PCTSequencelListing.txt 155160165 Asp Ser Lys Asp Ser Thr Tyr Ser Leu
Ser r rleul? Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val
1851§§0§1 5 #ﬁ%g‘éﬁélf%@%ﬁgﬁpm Val Thr Lys ser Phe Asn Arg 200205210 Gly Glu Cys
<2102400<211> 452

Glu val G1n Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly

1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30
Ser Tyr Asn Met His Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60
Asn GIn Lys Phe Lys Gly Arg phe Thr Ile Ser val Asp Lys Ser
65 70 75
Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ala Ser
95 100 105
Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120
ser Ser
<210> 5
<211> 122
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 5
Glu val G1n Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr

20 25 30
Ser Tyr Asn Met His Trp val Arg GIn Ala Pro Gly Lys Gly Leu
5 40 45

i
3
Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn GIn Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser

]
5 70 75

Y
6
Lys Ash Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 20
Y
9

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Tyr Arg

r
5 100 105
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<212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 10 Glu Val GIn
Leu Val Glu Ser Gly Gly Gly Leu val Gin Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
Tyr Thr Phe Thr 202530 ser Tyr Asn met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu Trp
Val Gly Ala lle Tyr Pro Gly Asn Gly Ala Thr ser Tyr 505560 Asn Gin Lys Phe Lys Gly Arg Phe Thr lle
Ser val Asp Lys Ser 657075 Ly=2AsnrOwoL e Tyedueth&dn Meti Agndar Leu Arg Ala Glu Asp 808590
Thr Ala val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala Ser 95100105 Tyr Trp Tyr Phe Asp val Trp Gly
Gin G/ Thf BUT\)&Q ¥E?\/ﬁ %53115_5% & B/ %\@%rﬁhﬁ Ib%‘GY?er&e}%%l Phe Pro Leu Ala Pro
125130135 Ser Ser Lys Ser Thr ser Gly Gly Thr Ala’Ala Leu Gly Cys Leu 140145150 Val Lys Asp Tyr
Phe Pse Glsig?ro val Thr val Ser Trp Asn Ser 155160165

<210> 6

<211> 213

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 6
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Met His Trp Tyr GIn GlIn Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60

Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser

65 70 75

Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn Trp
80 85 90

Ser Phe Asn Pro Pro Thr Phe Gly GIn Gly Thr Lys val Glu Ile
95 100 105

Lys Arg Thr vai Ala Ala Pro Ser val pPhe Ile Phe Pro Pro Ser
110 115 120

Asp Glu GlIn Leu Lys Ser Gly Thr Ala ser val val Cys Leu Leu
125 130 135

Asn Asn Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys val Asp
140 145 150

Asn Ala Leu Gin Ser Gly Asn Ser Gln Glu Ser val Thr Glu Gln
155 160 165

ASp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu
170 175 180

Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val
185 190 195

Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg
200 205 210

Gly Glu Cys
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Gly Ala Leu Thr ser Gly Val His Thr Phe Pro Ala Val Leu Gin 170175180 Ser Ser Gly Leu Tyr Ser Leu
Ser Ser val Val Thr val Pro ser 185190195 P2391R1W0_PCTSequencelListing.txt Ser Ser Leu Gly
Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 200205210 Pro ser Asn Thr Lys Val Asp Lys Lys val Glu
Pro Lys Ser Cys 215220225 Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230235240 Gly Gly Pro Ser vabPieikeuwd v Psedirenkys Psedns. Asp Thr 245250255 Leta met lle ser
Arg HadPro Glu Val Thr Cys val Val Val Asp 260265270 val ser His Glu Asp Pro Glu Val Lys Phe Asn
Trp 2) §I ﬁ1275280285 Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 290295300
Tyr Asiy PETr Argrvakyledek Val Leu Thr val Leu His 305310315 Gin Asp Trp Leu Asn Gly Lys
Glu Tyr Lys Cys Lys Val Ser Asn 320325330 Lys Ala Leu Pro Ala Pro lle Ala Ala Thr lle ser Lys Ala
Lys 3:%%%0%%5(]%}4 Gin,Pro Arg Glu, Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg

ce is synthesized
<400> 7
Glu val Gln Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 55 60

Asn GlIn Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 50

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
Page 5



350355360 Glu Glu met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 365370375 Gly Phe Tyr
Pro ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 380385390 Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
Pro val Leu Asp Ser 395400405 Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
410415420 Arg Trp Gin Gin Gly Asn val Phe ser cys ser val met His Glu 425430435 Ala Leu His Asn
His Tyr Thr Gin Lys ser Leu Sepd331 réwBre v tatote Gly t ysgc2d@> 11 <211> 452 <212> PRT

<213> Artificial sequence 500>

0> i Sy \4?4
P

Ser Cys Ala Ala

Val Arg Gin Ala Pro Gly Lys GIy Leu

Ist0tt ey S

P’ ”!EH%S

er Leu

Tyr Asn Ser

Gln
Lys
Gly
Glu
Gly
Gln
Asp
Arg
Ala
Gly

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

<220>
<223>

ASp

Ala

G1n

Glu

Phe

Pro

Gly

Trp

Leu

LYS

8

452

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Gln

His

PRT

Artificial sequence

sequence is synthesized

<400> 8
Glu val GIn Leu val Glu Ser Gly
1 5

Thr

Leu

Pro

Arg

Thr

-Pro

Asn

Phe

Gln

Asn

290

Tyr
305

AsSn
320

Ala
335

Glu
350

LysS
365

Ser
380

Asn
395

Phe
410

Gly
425
His
440

Arg

Gly

Pro

Pro

Ash

Asp

Tyr

Leu

Asnh

Tyr

val

Lys

ITe

Gin

GIn

Ile

Lys

Tyr

val

Thr

val

Glu

Glu

val

val

Ala

Thr

sSer

Phe

Gin

Gly Ser Leu Arg ng Ser Cys Ala

Ser Tyr Asn Met His Trp val Arg
35

Glu Trp val Gly Agg Ile Tyr Pro

Ser

Tyr

Lys

Tyr

Ser

val

Thr

Lys

Ser

Lys

Gly

Ala

Gln

Gly

PP391R1IWO_PCTSequehé@Listing.txt <223>

{éésre%g%l #S%%Gjﬁ%ﬁ 2@5 2Rser Tyr. Asn Met His Trp

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln

295

val
310

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

Page 6

Leu

Cys

Ile

Ley

Thr

Trp

Pro

Thr

Ser

Leu

Leu

Gly

Pro

Gly

Thr

Lys

Ser

Pro

Cys

Glu

val

val

val

Ser

val

Tyr

Gly

ASP

val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

L.eu

Gin

Thr

Lys

Thr

Ley

Ser

Ala

ser

val

Asn

ASD

Lys

His

Ser

Pro

Phe

Ser

val Gin Pro Gly

300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

Ser
405

Ser
420

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tyr
60



354045 Glu Trp Val Gly Ala lle Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 505560 Asn Gin Lys Phe Lys Gly
Arg Phe Thr lle Ser val Asp Lys Ser 657075 Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala
Glu Asp 808590 Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ala Ser 95100105 Tyr Trp Tyr Phe
Asp Val Trp Gly Gin Gly Thr Leu Val Thr val 110115120 Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
Pro Leu Ala Pro 125130135 smmwwcmaeﬁeeﬁlylﬁlyfﬁmg,%lmma Leu Gly cys Leu 140145150
val Lys Asp Jyr Phe P o GIu Pr val Thr Val S r Asn ser 155160165 Gly Ala Leu Thr Ser Gly Val
His THPhE {K LXF& i’?@f‘%f@@ sE'S Ifﬁgu SEPLEYS re er Val Val Thr val Pro
ser 185190195 Ser Ser Leu GIy Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 200205210 Pro Ser Asn
Thr Lysy¥ahAspllhys Lgs ViahiGlueRrG LysMedr Bys Xl522622% Agpallys The Hisprhr Cys Pro Pro Cys
Pro Ala Pro Glu Leu Leu 23235240 85 90

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

ser ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
290 295 300

Tyr Asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

Gin 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
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Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leu met lle Ser Arg Thr
Pro Glu Val Thr Cys Val Val Val Asp 260265270 Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
Val Asp 275280285 P2391R1WO0_PCTSequencelisting.txt 290295300 Tyr Asn Ala Thr Tyr Arg Val
Val Ser Val Leu Thr Val Leu His 305310315 Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Ala val Ser
Asn 320325330 Lys Ala Leu Pr2 294 iPned | Gia edjachueild Serrlg/stAta Lys 335340345 Gly Gin Pro
Arg GRI Pr& GIngasl TYFr Thy $ edsPré ProVadr Agg
75 Gly Phe Tyr Pro
380385300RiN /P GhoASErARRT VI Ly/saThI TAT RIouPHerYaktgUshsp Sar 395400405 Asp Gly Ser
Phe Phe Leu Tyr Ser Lys 380 Thr val Asp Lys Ser 389415420 Arg Trp Gin G#)Gly Asn Val Phe Ser

Cys Seﬁ Val Me
Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser

Thr Cys Leu Val Lys 365

t

395

IS Glu 425430435

Asp Gly Ser Phe Phe Leu Tyr Ser Lys

410

Arg Trp Gln Gin Gly Asn val Phe Ser

425

Ala Leu His Asn His Tyr Thr GIn Lys

Gly

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

<220>
<223>

<400>

Asp Ile Gin Met Th
1

Gly

Tyr

Leu

Phe

Ser

Ala

Lys

Asp

Asn

Asn

Lys

9
213
PRT

Artificial sequence

sequence is synthesized

9

Asp

Leu

Ile

Ser

Leu

Phe

Arg

Glu

Ash

Ala

Arg

His

Tyr

Gly

Gln

Asn

Thr

Gn

Phe

Leu

val

Trp

Ala

Ser

Pro

Pro

val

Leu

Tyr

Gln

440

5

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
80

Pro
85

Ala
110

Lys
125

Pro
140

Ser

Ile

Gln

Ser

sar

Asp

Thr

Ala

ser

Arg

Gly

r Gln Ser

Thr

Gin

Ash

Gly

phe

Phe

Pro

Gly

Glu

Asn

Pro

Cys

Lys

leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

ser

Arg

Pro

Ala

ASD

Thr

Gin

val

Ala

LYyS

Gn

A

400

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

Page 8

SEB60°®R Gl M2
sp lle Ala val Glu

Thr val Asp Lys

Ser val Met His

teu Ser Leu Ser

Leu

Ser

Lys

Gly

Thr

Tyr

Thr

val

Gln

Ser

Ser

Ser

Ala

val

Leu

Cys

Lys

Phe

val

Trp

val

Ala

Ser

Pro

Pro

Thr

Gn

val

Pro

Cys

Lys

Thr

Ser

val

Lys

Ser

Ile

G1n

Glu

Pro

Leu

va'l

Glu

T

405

ser
420

Glu
435

Pro
450

val
15

Ser
30

Pro
45

Arg
60

sSer
75

Trp
30

Ile
105

Ser
120

Leu
135

Asp
150

GIn

ys Asn Gin Val Ser Leu
u Ser Asn Gly



Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 440445450 Gly Lys <210> 12 <211>
452 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 12 Glu Val
Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser
Gly Tyr Thr Phe Thr 202530 ser Tyr Asn Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu
Trp Val Gly Ala lle Tyr Pro Glyrass Hiwdartimsgqudye H0EE6h4smxEin Lys Phe Lys Gly Arg Phe Thr
lle Ser Val Asp Lys Ser 637075 Lys Asn Thr Leu T¥#%eu Gin met Asn Ser &% Arg Ala Glu Asp

Ser OB 00108 9T Foi e M UAI T Gl Gl by T L0 el drn vl oA

Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val

185 190 195
Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg
200 205 210
Gly Glu Cys
<210> 10
<211> 452
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 10
Glu val 61n Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

Gly ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg GIln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly Ala 1le Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn GIn Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ala Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195
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110115120 Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro 125130135 Ser Ser Lys ser
Thr ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 140145150 Val Lys Asp Tyr Phe Pro Glu Pro val Thr val
Ser Trp Asn Ser 155160165 Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala val Leu GIn 170175180
Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro ser 185190195 ser ser Leu Gly Thr GIn Thr
Tyr lle Cys Asn Val Asn His Lys2Z3020021 (¢ Eroafreher 11y dtsguabAsp Lys Lys Val Glu Pro Lys Ser
cys 215220225 Asp Lys Thr His_Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 230235240 Gly Gly Pro
Ser vVarfBhe'ed-BHePio g@g GPIG [ygyﬂsﬁqr?\rz% #5358 efiShet iie %é{tsArg Thr Pro Glu Val Thr
Cys Val Val Val Asp 260265270 Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr val Asp ,
2752802856ty xahGha valydisvadn Ada LygsThykysaracAly Eito GisGHe 290295300 Tyr Asn Ala Thr
Tyr Arg val Val ser val Led ¥hr val Leu His 305310348 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 Gin
290 295 300

Tyr Asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

GIn 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 GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

GIn 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 GIn GIn 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> 11

<211> 452

<212> PRT

<213> Artificial sequence

<220>
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GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 320325330 Ala Ala Leu Pro Ala Pro lle
Ala Ala Thr lle ser Lys Ala Lys 335340345 Gly GIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser
Arg 350355360 Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu Val Lys 365370375 Gly Phe Tyr
Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 380385390 P2391R1W0_PCTSequencelListing.txt
Gin Pro Glu Asn Asn Tyr Lys T SRR Pra Maldueih AspiSer 954R0405 Asp Gly Ser Phe Phe Leu
Tyr S@rd3ps BeGURMCYal Aspyinyd Set 28415420 Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser val
met I—J@ >[u f5430435 Ala Leu His Mn His Tyr Thr Gin Lys Ser Leu Ser Leu ser Pro 440445450 Gly

Lys <&h0F dS1<eib> 142 7212218RIe 243y Ariificialpacdienee <d30> 223 peauence is synthesized
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr pPhe Thr
20 25 30

Ser Tyr Asn Met Hg? Trp val Arg Gln Ala Pro Gly Lys Gly Leu
40 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ala Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly Gln Gly Thr teu val Thr val
110 115 120

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu G1In
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<400> 13 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 Gly Ser Leu Arg Leu
Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 202530 Ser Tyr Asn Met His Trp Val Arg Gin Ala Pro Gly Lys
Gly Leu 354045 Glu Trp Val Gly Ala lle Tyr Pro Gly Asn Gly Ala Thr Ser Tyr 505560 Asn Gin Lys Phe
Lys Gly Arg Phe Thr lle Ser Val Asp Lys ser 657075 Lys Asn Thr Leu Tyr Leu Gin met Asn Ser Leu
Arg Ala Glu Asp 808590 Thr Alpazl TRty PCys AjadgeVak Yahd yeTyr Ser Ala Ser 95100105 Tyr Trp
Tyr Phe Asp Val Trp Gly Gif(Gly Thr Leu Val Thr Va#110115120 Ser Ser Ald®er Thr Lys Gly Pro Ser
Val P r u 5130135 Ser ys SerThr Sec Gly Gly Thr Ala.Ala Leu Gly Cys Leu
14014?&@0 iﬁ fﬁs%aAig%Tlﬁ%éhAgrl rg/%ﬁu\%?g %75[’" Tgﬁgya Ser r|c‘3y A‘%‘rﬁf Seri55160165 Gly Ala Leu Thr

Ser Gly Val His Thr Phe Pro Ala Val Leu Gin 170175180 P2391R1w0_PcTsequencelListing.txt
Gln Asp Trp Leu 258 Gly Lys Glu Tyr Lys Cys Ala val Ser %gn
325 0

Lys Ala Leu Pro Ala Pro Ile Glu Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn Gln val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp GTu 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 GIn GIn 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> 12
<211> 452
<212> PRT
<213> Artificial sequence
<220> )
<223> sequence is synthesized
<400> 12
Glu val GIn teu val Glu ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30

ser Tyr Asn Met His Trp val Arg Gin Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly A?S Ile Tyr Pro Gly Asn Gly Ala Thr ser Tyr
5 55 60

Asn Gin Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
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185190195 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 200205210 Pro Ser Asn Thr
Lys Val Asp Lys Lys val Glu Pro Lys Ser Cys 215220225 Asp Lys Thr His Thr Cys Pro Pro cys Pro Ala
Pro Glu Leu Leu 230235240 Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245250255 Leu met lle Ser Arg Thr Pro Glu Val Thr cys Val Val Val Asp 260265270 Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn FD3BIRViad ARDTAA5R@0285 Glyvad GikrtVal His Asn Ala Lys Thr Lys Pro
Arg Gly Glu .EII’I 2 0295300 Tyr Asn Ia Thr 9 Yal val Ser Val Leu Thr VaI Leu His 305310315
Gin AQ%‘ ""rrB V& Téry L Cﬁﬁsﬂﬁ' Eyﬁﬁ%/s ﬂf YASWﬁZéﬁﬁSég Ia Leu Pro Ala Pro lle
Ala Ala Thr lle Ser Lys Ala Lys 33;340345 Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
Arg 350353360 Bia Ghenes T hidlys Asndbin Wah Sery eith Thi. @y svhdu Vel %53365370375 Gly Phe
Tyr Pro Ser Asp lle Ala Vat¥lu Trp Glu ser Asn Gly-380385390 20

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro

125 130 135
Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Vval Asn His Lys
200 205 210

Pro Ser Ash 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 iLeu 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 Gin
290 295 300

Tyr asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Ala Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390
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GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 395400405 Asp Gly Ser Phe Phe Leu
Tyr Ser Lys Leu Thr Val Asp Lys Ser 410415420 Arg Trp Gin GIn Gly Asn Val Phe Ser Cys Ser Val
Met His Glu 425430435 Ala Leu His Trp His Tyr Thr GIn Lys ser Leu Ser Leu Ser Pro 440445450 Gly
Lys <210> 14 <211> 452 <212> PRT <213> Atrtificial sequence P2391R1w0_PCTSequencelListing.txt
<220> <223> se uence is synfiexi28d waotsT $aquRNVal Gt 189 #tGlu Ser Gly Gly Gly Leu Val Gin
Pro Gf/ 'i‘sﬁﬁ% W 48P L. % AFQ’ [ebySel B5sTRE &%SEF%lyai%n LRy ﬁﬁB 202530 Ser Tyr Asn
Met His Trp Val Arg Gin Ala ro@yWs@yums 45GMvamGWNa&TmeGWAmGW
Ala TWsSeGTyrwSEFGOeAzggmeysﬁhesbys 1Gly %%Phb T valle sep \La,IsA% I(;_ys Ser

Arg Trp Gin 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> 13
<211> 452
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 13
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr pPhe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Ash Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr aAla val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ala Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gin
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
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657075 Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala val Tyr Tyr
Cys Ala Arg val Val Tyr Tyr Ser Tyr Arg 95100105 Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu
Val Thr Val 110115120 Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 125130135 Ser
Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 140145150 val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser 1551BDIFREBVGLIY A& dgpiehe SextGlygVakiis Thr Phe Pro Ala val Leu Gin
170175180 Ser Ser Gly La&Tyr Ser Leu Ser Ser VE!¥al Thr Val Pro Ser 188190195 Ser Ser Leu Gly
Thr GigeFhe Ty flg Cys (\spyVakAsniis L%% 20020521 0,810 §g1 ASDL TR LypMal Asp Lys Lys val Glu
Pro Lys Ser Cys 215220228¢Asp Lys Thr His Thr G Pro Pro Cys Pro Ala BagGlu Leu Leu
230235240 Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leu met lle ser

Arg THIBrS BIUARR T CXS/ ARaIAR AS(5 2b26Y2T05 U Pro Lys sercys

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 Giu Glu Gln
290 295 300

Tyr Asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Ala Ala Leu Pro Ala Pro Ile Ala ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro GlIn val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn Gin val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly pPhe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

GIn 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 Gin GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Trp His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys
<210> 14
<211> 452

<212> PRT
<213> Artificial sequence
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val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 275280285
P2391R1WO0_PCTSequenceListing.txt Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin
290295300 Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr val Leu His 305310315 Gin Asp Trp Leu
Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 320325330 Ala Ala Leu Pro Ala Pro lle Ala Ala Thr lle
Ser Lys Ala Lys 335340345 G|y GidlRdadr§ Gleelrs GiaMal thyrglhxiteu Pro Pro Ser Arg 350355360
Glu (§ t Thr Lys Asn _Gin Val S Lea Thr Cys Leu Val Lys 365370375 Gly Phe Tyr Pro Ser Asp lle
Ala VA Gl “F‘r Ei¥w§’\er ,&snyé’l 90 Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lea
Asp Se03952180405 Asp Gly Ser Phe Phe Lea Tyr Ser Lys Lea Thr Val Asp Lys Ser 410415420 Arg
Trp GRIGIY&ly Wsh Vel Prel Sef €y Sef ralMEt Eﬂy Glaw 2543041356 Al® L@byHls Asn His Tyr Thr Gin
Lys Ser teu Ser Lea Ser Pro 440445450 Gly Lys

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg Glin Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn GlIn Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Tyr Arg
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

ser Sser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys lLeu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
- 155 160 165

Gly Ala teu Thr Ser Gly val His Thr pPhe Pro Ala val Leu GIn
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro ser
185 190 195

Ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285
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<210> 15 <211> 452 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<400> 15 Glu Val Gin Lea Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 Gly Ser Leu Arg Leu
Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 202530 Ser Tyr Asn met His Trp Val Arg Gin Ala Pro Gly Lys
Gly Leta 354045 Glu Trp val Gly Ala lle Tyr Pro Gly Asn Gly Asp Thr Ser Tyr 505560 Asn Gin Lys Phe
Lys Gly, Arg Phe Thr lle Ser Vaﬂaﬁﬁa‘t‘\i}}y@m POESNR2BY$ RIMD tETSequenceListing.txt 808590
Thr A "E‘ya?/?yr Typ éﬂ@A%}éré‘%l & WrTy! §e‘z' PE8r D84 0B16 )‘frqg'é@ Tyr Phe Asp Val Trp
Gly GIn Gly Thr Leu Val Thr val 110115120 Ser ser Ala Ser Thr Lys Gly Pro'Ser Val Phe Pro Leu Ala
Pro 12%30%35 Ser Sbr I%aﬁ@rrﬁhﬁ/&br\@ﬂ GhrThrAla &la Uew @&y Qysu_eti 440145150 Val Lys Asp
Tyr Phe Pro Glu Pro Val B#5Val Ser Trp Asn Ser 138160165 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Ala Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

Glin 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 GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys

<210> 15

<211> 452

«<212> PRT

<213> Artificial sequence

<220>
<223> seqguence is synthesized

<400> 15
GT% val GlIn Leu Va"é Glu ser Gly Gly GT%)/ Leu val GIn Pro Gly
1 15

Gly Ser lLeu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 490 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 55 60

Asn GIn Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
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Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu GIn 170175180 Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 185190195 ser ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His
Lys 200205210 Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys 215220225 Asp Lys
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 230235240 Gly Gly Pro Ser Val Phe Leu Phe
Pro Pro Lys Pro Lys Asp Thy 2%%%53’;@%@&%1‘%%@%@&% Pk GIu Vval Fhr Cys Val Val Val Asp
260265270 Val Ser His Glu Rsp Pro Glu Val Lys Phe’Asn Trp Tyr Val Asp 27% 80285 Gly Val Glu Val
His AsthAla LysvEir bys ProArgye|wGlu sk 230292300viyriAsn fda Thunlgehrg Val Val Ser Val Leu
Thr Val Leu His 305310315&In Asp Trp Leu Asn G§0ys Glu Tyr Lys Cys L3&5Val Ser Asn 320325330

Tyt THOCen Blo Mo B8 ArgioS 5960 B QI MELT Ly Ain G VAT SK3) eu Th Gy Lou Vel

Lys
Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu pPro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala teu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser ser Leu Gly Thr GIn Thr Tyr ITe Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
290 295 300

Tyr Asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Ala Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly Gin Pro Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GlIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly pPhe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390
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365370375 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 380385390
P2391R1WO0_PCTSequencelListing.txt Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
395400405 Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 410415420 Arg Trp Gin
Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 425430435 Ala Leu His Asn His Tyr Thr Gin Lys Ser
Leu Ser Leu Ser Pro 4404454853 BJRYO_PCTSequencelisting. txt

GIn Pro Glu Asn Asnh 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 GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Ash His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys
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