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'l'¡tlc of thc lnvcnl¡on

LAG-3-lìinding Molecules and Methods of l-.lse Thereof

Reference lo Seqùence Lisling:

10001 | This upplioation includes one or rnore Sequenoe l..istings prrlsuant to 37

(l.F.R. l.tl2l et seq., which ale discloserl in both paper arrd corrprrtcr-r'cadablc mc<iia,

and u'hich pnper itnd corrrprrter-reirdable disclosu::es are hereiu incor¡or ated by

refelence in their entirety.

tsackgrorrnd of lhe Invenlion:

Field of the I¡rventior¡:

t00021 'l'he present invention is directed to LAG-3 binding molecules tlìât colnprise

the LAG-3-binding donrain of the anti-[.A(i-lì antibodies: LA(i-lì mAb I, t,A(Ì--ì mAl>

2, LACì-3 mAb 3, LAG--3 mAtr 4, LACi-3 rnAb 5, or LACi--l mAb 6. l'he invention

particularly oonoenrs LACi-3 bindiug molecules that are humanized ol ohillelic

versiorrs of such antibodies, or that corlprise t,A(Ì-lÌ 1:inding-fi'a¡¡rnerrts of such anti-

LA(i-ll antibodies (especially inrmunooon¡5ugates, diabodies, tli l'hls, [rispeoifio

antibodies, efc.). l he invention puliculau'ly colìceÌÌrs such LA(i-ll-binding, molecules

that are additionally capable of bindin¡1 an epitope of it rnolecule involved in regulatirr¡5

an inrmune check point that is present on the srrrtàce of ¿ur imrnrure cell. The present

irrventiorr also pertains to nlcthocls of dctccting t,AC-3, ns well as rncthocls of using

such LA(i-3-trindin¡¡ nrolecrrles to stinrulate an irnl¡une respolrse. 'l'he plesent

inventiorr also pertains to methods of combinatjon therapy in which a LAC-3-birrding

nroleor¡le is adrninistered itr cornl¡inalion wilì ouc or nìore adclitional rnolcculcs lhâl

atc clïèctivc in stimulalirrg aû irurìtrûc rcspo sc lo lbcru-by fì¡rlhcr qrìhturcc, stimuliìlc

or upregulate such im:nune resporìss in a subj'-ct.

Dcscription ol llclltcd Ârt:

L Cell Mcdi¡lcd lmmunc Rcsponscs

100031 lhe irnmune systern of humaus ¿urd other r¡arnmals is responsible for'

provitliug prolcr:tiou agitinst iufectiou iurcl discusc. SLrclt pnrtccliou is pr-ovitlecl both by

(:opy frovidÈd hy l.tsPTO li onì rhc Il'W in¡r¡tc Dutubasc on 0I-12-201tl
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a hurnomf imrnune rèspoììse lnd by a cell mediated immune response. lhe htrmor-¿rl

r-esponse r-esults ir: the production of aúilrodies and other bior::ol¿oules that are oapable

ofleoognizin¡¡ and neutralizing foreign targets (antigens). ìn contrarst. the cellr¡ediated

ilnmune response involves the ¿ctivation of rnacxrphages, Natural Killer oells (NK),

and antigen speoific oytotoxic 'l -lyrnphocfes [:y l'-cells, arrd the lelease of valiorrs

oy.tokines in response to the recognitiou ofan autigen (Dong. C. et al- (2Q03) " lnmtune

Rcgulation h.y Novel ('.\tstitnulatoty ll4olecules," lmrnunolog. l{es. 28(l ):iì9-48).

[00041 Thc ability of T-cclls to optinÞlly nìodiatc an inLmunc rcsporrsc agai .s( a .

itntigen rec¡rrircs two distinct sig alirrg i tLTâctiorìs (Vigliùtta, Y. et al. (2OO7 )

"Modulaling Co-Slimulutiotz," Ncurothcrapcutics 4:666-675; KorrûÍru, AJ. et al.

(2007) "Check¡toint Blockutle in ('uncer Imnttnorhoupt," Adv. Ln¡nu¡rol. 90:297-

339). Firs1, artigcn that has bccrr arraycd orì thc surlàcc ol Aûtigc -Prcscntiug Ccils

(rLlt(J) rnust bc prtlscrrtcd lo an arrtigcrr spccilic aivc CD4+ T-ccll. Such prcscutation

delivers a sig¡ral via thc T-CoIl Rccc?tor (TCR) thùt dirÒct.r tlic T-cell to iuitiate ar:

imrnuue rÒsponsc th¡t will bc spccilic to thc prcsc lcd arrligcrr. Sccorrd, a scrics of

ooslimulatory ard iûhibitory sigrmis, Ùrcdialcd lhrough inlcrsctiorÌs bc(wccrr thc 
^PC

¿urd distiuct'f-ucll surl'¿cc rrrolùculcs, lriggcrs lirst tlìc sctivatiorì áûd prolifbration of
the'I-cell.s aud ultimatcly their inhibition. Thus, thc lir.s1 signal confbrs .spccificily 10

thc ir'rurru¡rr¡ rcslrorrsc whcLca-l Lhc sccorÌd sigr)al scrvcs to dctr.-rrnirrc tlìc r).aturc,

rnag¡ritudc aurd duratiorì of tltc rcsportsc.

100051 The inrnrrne systern is tightly controllecl by oostinrulatory ancl oo-inhibitory

Iigands arrd rcocptors. Thcse- molc-culcs providc thc scoond signaì l'ol T-ccìì aotivation

aûd pruvidc a bela ccd ctwork olposi(ivc arrd ncgativc signals 1o maximizc inrnrunc

icsponscs against intèction whilc limiling inrrlunity to self (Wang, 1,. <zt nl. (Maroh 7,

20II)"VISTA, A Nttvd .Muust Ig Supt flùni[v Ligund That N<zgtttiv<,l.v Rcgular<,s T-C<,ll

R<tsponses"" J.Iixp. Mccl. 10.I084/jcm.20100611): l-16; Lultcnics. R. tur a/. (200tt) "Z&e

Role O/ Negative Costùnztlatt¡rs During Pat'asilit'Inltrlitnzs," Errdocrinc, Mctal¡olic &

Il¡r.nrurrc l)isordcrs - Drug Targcls 8:279-2t18). ()f parficulal inrpoúatroe is bin<ling

bctwceu thc B7.I (CD80) an<l 87.2 (CDt36) ligands ol'thc Antigcn-Prcsc ti g CjcII aûd

tlrc CD28 Bnd CTLA-4 rcccptors of thc CD4 T lyrnphocyte (Sharpc, 
^.lL 

('t ul. (2002)

"'l he B7-CD28 SupcrJàtnily," NirtLrre lìev. Iu:rmrnol. 2:116-126; l)oug, (.1. et al. (200ll

2

Copy prolidcd by IJSP I o trorn Lhc I¡W I¡rrËe friìl¡ìlìnse ox 0l.ll-2018
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"lnnt¡,1t¡l' Regululion hlt |16¡t¿l (lostinulutttD, Moletttles," hnrnunolo¡¡. ltes. 28(ì):31f

48; l.indl'.-y, P.S. et ul. (2OO9) "I'hc (;linit:¿l Util¡ty O/'Inhibiting C'I)28-Ã4 etliated

(.\t.stinu.r ht liotz," Immunol. Rev. 229:307-32I). Binding of 87.I or of 87.2 to (lf)28

stimulates T-ccll aclivation; binrling of t37. I or Il7.2 lo CTT.A-4 irr.hibits such ¿rctivation

(Dong, Cl. el ul. (20Oì) "lnnnune R<zgululitttz l.4, ¡¡ur", Costinmlatorv l,lol<'<:ules,"

lmnrunolog. Rcs. 28(l):39-48; Lindley, P.5. ct ul. (2OO9) "The Clinical tttility Of
lnhibiting CD2ï-Metliated (lo.stinulation," lmmì,rnol. Rcv. 229:307--12l; (ir'eenwald.

l\..1. et al. (20(15) "Tht: ß7 Funtih, Revisitcd," Ann. Rev. lnrmurrtrl.2-ì:5I5-548). (1D28

is oonstihrtivcly cxprcssed on the sulfaoe of T-ccIIs (Gross, J., et a!. (l .992)

"ldentiJì<:ation Arul l)istril¡ution Of"lhe (;ttstintulntor.y R<'t.eptor CD28 In 'l he illttuse""

.1. Irlr¡urrol. la9:380 3llti), where¿rs (.'l't,A4 cxprcssion is rapiclly upre¡¡ulatccl

followirr¡¡ T-oell aclivation (Liusley, P. et al. (1996) "Intruttllulur Trq/ficking Of
(ITI.A4 Attd Ft¡t'ul Localizafion 'll'¡wards Sit<zs Of TC.R Engagezrez¿" lmmunity 4:-535-

543). Sinoc CITLA4 is thr: higher affinity leoeptor' (ShtuÞc, A.H. et al. (2002) "The 87-

CD28 Su¡ttzrfan yi.¡,," ¡u1ur= Rev. h¡r¡unol. 2:l l6-126\, birrding first initiates T-ocll

proliferation (via (ìD28) arrd tltcr irhibits it (via nascerrt cxprcssion of C.:'l LA4), thereby

darnpcrring thc cl'fbct wheu prolifelrLtion is no longu-r rrccr.lcd.

[0006j l.'urther itwcstigatiorl.s ùúÒ the ligauds of the CD28 tcccptor ]lavc led to the

itlcntific¿rtion arrd characlcrizatiort of & srt of rclatecf ß7 nìolcculcs (thc "87
Superfarnily") ((loyle, A.J. t:t ul. (2O01\ "The Lxpanding B7 ,\Lr¡>t'r/ùnt ilv: fncrerz.sing

Complexillt fn Co-îtit ulatot'.y Signdls Regululing T-(.iell þfun<:tittn," NatuÌc Inmunol.

2(3):201-209t Sharpc, .,{,.H. et al. (20021 "'l'h<:. ß7-CD2,l Suptfùmiþ,," Nature ttev.

Irnr¡rLr:<¡ l. 2: I I (i-l 26; Crccr:.wald, R.J. et ul. (2OO5) "'l'he B7 t?antil;, Revi.siled," Irntt.

Itev. lmmurrol. 23:-5 15-548; Ciollius, M. et al. (20rJ5) "The 87 Famiþt Ol lnzmune-

Regulatory Ligand,s 
"" Ccnon:.c Blol. 6:223.1-223.7; Loke, P. et al. (2OO4) "Energing

,l4e¿:haniltn;' ().1'Iutntttne Regulation: T'he Extènd(.d B7 Fantill,, And llegulanr¡t T"

Cellç." Arthritis R.cs. Thcr. 6:208-214; Kennan, A.J. d ¿t. (2OO7) "Checþoint

Bbckadc in ()un<.er Intnttnotherapy," Adv. Inrrnrrnoì. 90:297-339; F'Iies, D.ts. e/ a/.

(2O07) "T'he N<zyv ß7s: Plq,i¡g u Piv¡lal Rt¡le in 'l'untor Imnunit¡,," J. Inurrur:other.

3l)(3):2.5 1 -260; Agar-vvai, A. et al. (2O08) "Thcz Rde OJ' Positive L)ostintulat<tr.y

Molccule,s ln T rans¡iuntution And Trllerant:€." C\¡n'. Opin. Orgon Trarrspìant. 13;366-

372; Lenschtrw, D.J. t't al. (1996) *CD28/87 S-vstctn r.2l T-Cell Costinulation,', Anr.t.

.,1
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Rev. Irnrnutrtrl. 14:2:ì-ì-25tì; Wung' S ¿t ul' (2OO4l "('o-signulin¡" Mttlert es Of 'l'he

R7-CD28 f amily tn P.,si¡it,e tlntl NeSat¡ve Regululion ()J T I'.vntphttL:.yte Res¡tttns e's,"

Microbcs lnfbct. 6:759-76(i). There arc ourrer)'tly several knowlì membcrs of thc

family:I}7.1(C]D80),ß7.2(CD8(¡).thcinduciblcco-stirttulatorligand(ICOS-I,)'thc

prograrruned rlcalh-l ligarr<l (l'D-LI; ll7-HI)' the progt'rmmcd death-2 ìigand (PD-L2;

B7-DC), B7-H3, B7-H4 and BTJI(i (Collins, M' <'t al' (2OO5) "Tho 87 Funi$ Ol'

Inntune- Regtrlutor.v Ligun<\s," Ccnorne Biol' 6:223 'l'223 '1 ; Flnjnih' M F et al' (2O12)

"Ew.tlution O/'T'he ß7 Famih': Co-Ètu¡lution O/'ß7H6 tlnd Nþt30' Idczntifitution ()f A

Nelv 87 Fanlily Meml.let., 87H7. And oJ.87,s Hi.storioal Relaliutship With,l,he MH(j,,,

lmurunogenctics epub doi-otg/10.I 007/s0025 I-012-0616-2)'

¡ l. Lymplìocyte Activàtion Ccne-3 (" LAG-3")

t0007|TlreLytnplrocylcActivationCjorrc3elrcodcsacellsurface¡cccptorprotcin
that is rcfcrre<] to as ..Lu\C.3..' or CD223 (Tr.iebcl, l ' ct aI. (191.)0) ,'LACì".ì, 1 Now,l

l.yntphot1,re Activ.ttion Gcnc (loscl.y Relul<'d'lo CD4"'J Exp Mcd lTl(5):1393-

1405). I,A(ì-3 is expressc<l try activated CD4 r- aud Cf)8+ T-cclls audbyNKr:clls' atrrl

is oonstitutively Òxpresscd by plasrnacltoid dcnclritio cc1ls. LÂc-il is rrol cxpresscd by

R oells, Ùonor:ytcs or irny other ccll types tcsted (Wol'kman' C'J' et al' (2009) "Ll O--r'

R cgukúes plasntut-.ytoitl I)endritic ce ll Ho tgtt,s'lasis," J. lmr:runol. 182(a): I 88 5- t 81) I )-

1000s|LAC-3lrasbeenftrurr<ltobccloselyrcìatedlothe'I.-ccllco-rccL'ptorCD4
(Tricbel.F.era1.(1990)"L/1G-3,ANot'ell'.ynzphot:'ytetlcîivatitnG<zneClos<zl'yRelulcd

T<.¡CD4',,.l.Exp.Med.l7l(5):I3l)3-1405:(Ìrtrsso,.l.ts.etaI.(2009)''F.unt'titlnalþl

Distint'| LAG-3 antl PI)- I Subseli on '4('l¡t)atctl uncl (ihrcni<:all1' StÎntulatel CDB T-

ce s,- l. trrununol. 182( I I ):6659-6r.i(i9; Huang, c.'1 . et al. (2004') "Role oJ LAc-') In

Rcgulttrory T-Cc:tIs," Intmunily 2l :503-5 ì li; Worktnan, C"'l' et al' (2009'|, *LAG-3

Regttlttlr7s l'lastttttt:.¡ttoitÌ I)e:nolritit' C( ll Hunettstasrs," J ltr:munol' 182(a):1885-ltll)l )'

l.ike CD4, LÂG-3 also bitxls to MII(l ol¿ss ll rnolccules bul <loes so with sigrritìoautly

h iglror atïnity (Worlcrnau. C -l - et al. (21\02) "P henrt¡'yti<: Analvs is OJ'Thcz ll"l urine CD4-

Ilelatetl Clyutprott:in, CD223 (L,IO'3)," Er'¡r" 'f' h¡ununol 32:2255-2263'' Huard' B' ez

aI. (1995\ "cI)4t'lvtclior Hislrtc<tnryalibilid' Llonr¡>!ex ckts"t lI Inl?r.\ction A nall',ze¿ with

CD4- And f¡tnz¡:thocltte Áüit'ation Gane-3 (t''AG-3)-lg Fus'ion Protczins"' F¡u' I'

Imururroì. 25:27 18-2721; I.Iuard, L3. èt at. \1994) ''ce!!ula" Expressi<trt An¿l Ti';s'ue

4
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I)islrilrulit¡tz Of The Hunzatz LtlG-3- Ent'ode¿ Pft¡lein, ln MFIC Cluss II Ligtnd,"
lmnrunogcnctics 39:2 I 3-2 I7).

t00091 Studies have shou'rr that LA(ì-3 plays an inrport:rnt role in negatively

regulitting f:cell pxllifelirtion, function ¿urd homer¡stasis (Workman, C--l- et al. (2O09)

"LAÇ-3 Reguhtt<zs Pkt.snuu:.ytoid Dendritic ()ell I It¡meos'tt¡,r,J'." J. Immi¡nol.

1 82(4): I 8 85- l 891 ; Wolkm an, ().1. <zt al. (2002) " (;utting Edgc: lllol<zcular A nal.ys'i,s Of
I he Negative llcgulator-y þ'unctittn Of L-ynqthocltte A.:tir)a,tiott (ìcne--1," .l- I¡lnrtrrrol.

i69:5392-5395; Wortrnan, CJ. et al. (2003) "Tfte CD4-Related il4olecule, L.4C--l

(CD22.l), Regulate.s The Expansion Qf .4<:tivated 1'-(')ell.s," Eur. J. Inrnunol. 33:970-

979; Workrnarr, C..1. (2005) " Negative Regulatittn Ò.f 1'-(rell I lonttztts¡ttsi.s B.y

Llntphocyte Actiyation (]ene-i ((-.'D22-l),".1. lmmunol. 174:688-1i95; Hannier', S. clal.
(19981 -ú)-l/I'(R Contplex-As.so¿:iated Lymphocyte A¿:tivati<tn Ccnc--l Moltt:ul<zs,

lnhihit OD.ì/'|'(|R Signaling," .1. h¡nrurrol. I (il :4058-40(i5; f luar<i, Il. d dl. (1.994)

" Lyntpho<:vte-At)1h)ation (ìcne 3/ll4aj<tr tli.sttt<ttn¡tatibilit.y ()onttr>k:.r Clus: II
Intet'actiÒn Modulates 'l'he Antigenic Respon.se Of (':D4+ T' Lynt¡tho<:ytcs,," Iìrr. J.

lrnr¡unol. 24:f2l 6-3221 l.

[00f 0] Studies h¿tvc sr.rggcsted thtrt ir:hibiting LÂG-3 fuuctiou through iurtibocly

l¡Iockade o¿in reversc LÂG-l-mcdiated iulmruc -system inhibitiou and parlially rcstorc

cllbctor I'urrctiorr (Grosso, J.F. et ul. (2009) "Funt'tiorutlly I)istint't LAG-3 urul PD-l
Subsels otz Atti't ule¿l atz¿l Clzrtnzicully Stinrulated CDB T-Cells," J. Inunurrol.

ttt2(I l):6659-6669; Grosso, J.F. et ul. (2007) *LAG-î Regulute.s CD9+ T-Cell

Itcnntttlatit¡n tlnd E//ltlor .þ't,nzction During Stl/ .4nd li.nu¡r l't¡lerance," J - CIin.

Invest. 117:1383-3392). LACi-3 has been f()rnd to negatively regulate 'l'-cell expansion

via ithibition of TCR-iucluced c¿lciurrr fluxcs, rurd contrÒls the size of the memory T-

r:cll pool (Matsuzaki, .1. et al. (201O\¡'"1\nnor-In/iltruling NY-ESO-I-Specilìc CD9+ 1'-

Cells.4re Negatively Regulated 81, L4G-3 and PD-I fn Hunzan Ov¿¿tian Catzcet"," I'roa.

Nntl. Acad. Sci. (Ll.S.A.) 107 (17):787 5-7880; Wolkr¡an (1..1." et al. (2004)

"L),nphoq¡te Atlivation Gene-3 (CD223) Regttluls The Size O/ T'he Expanditzg'1-Cell

Itopulation Þ'ollowing Antigen Activatit'¡n in vivo," .f . h¡r¡unol. 172:.545O-5455)-

5

('oly Drovrdcd by l.lSPTO frÒll rhc IIW lll¡gc l)srslì¡qc on f)l-ì2-20ì N



Iî01.0ì2lP

t00l I I HÒwcvet', despitc all slroh prior aclv¿nccs. zr neetì rcnrains lìrr irnprovcd

compositiorrs capable of rnorc vi¡¡orously dilecting thc body's imnru[e syslcln to ¿rttÍlck

cancer. cells or pathogen-irrl'cotecl cell.s, cspcoially at lower thcrapeutic coÛ.centratiolÌs.

Fol although the ada¡:tivc inrlnune syslcnì cau bc â poteú clcf'cnse mechanism agair:st

orutcr.r and discase, it is ollcrr htrìpercd by immuD.c suppressivc nrecharrisms in thc

lumol microo-rlitnnrneut, srìch asthe cxpressiou oILAG-3 ' Furthermorc, co-inhibitory

ûÌolcoul¿s cxprcssed by turnot oells, irnrnrrne cells, atld sttornal cclls in thc tLlmol'miliou

can <fomirrantly atteuualc T-cell rcsponses agaiost canccr cclls' I'hus, a need l€rrmills

fof poterìt L^C-3-binding noleculc.s. Irr particular, a need cxists for LAC-3-binding

rnolecules that a <lesirablc binding kirrctic profrlc, bincl diffcrcnt l.ACÍ-3 o-pilopes and/or

cxhitlit siuglc ageut acliviry that coUlcl providc irnpÏoved thcrapeutic vùluc to pstienls

su tïel'ing l'rotlr c¿rncer ot other discases and conditions' The prescrrt invention is

dfuccted 1Ò thcsc and othcr goals.

Summary of thc Invention:

t00121 Thc prcsent iDvcntion is dircclcd to LÀG-3 bindi[g rnoleoules that cornpr ise

the LÂc-3-trinciirrg domaiu ()1'lhc anti-LAC-3 antiboclics: LA(i-l mAb l, LÂG-3 nrAl:

2, LAC-3 mÂb 3, l.ACÍ-3 rrLAb 4' L^C-3 rnA[:5, or l'ACì-3 mAb 6' 'Ihc invention

parlicular.ly oÒrÌccnìs LÀG-3 bincliug rnolecules that ate hurnanized or chi¡neri¡:

vcfsions of such antibodics. or that conrpÏise LÂc-3 bindiug-liagnrents ol sl¡oh ¿n1i-

LAC-3 antiboclies (espccially irrunu nooongugalcs, diabodics. Bil'Es, bispeoific

antibodics, ett:-). The irrverrtion particularly conr:ems suoh LÀG-3-binding rnolcorrles

thal iìfc additiorRlìy g pablÒ ol'ì:rinding arr cpitope of a l¡olecnlo irrvolved in rcgrrlating

¿rn irlmulre check point thÍrt is pÏe$e orl the surfhcc of an im¡ttunc oell- Thc present

invc¡rtion also pu-rtains to mcthods of dctecting LAG-3, ¿ls \l'cII as methods ol'tNing

such LÂc-ll-t:indirrg nroleculcs to sti l.ulâte an imntu ¡re r¿sponsc. 'l he pfcscnt

invcrrfion also pcrtains to mcllto<ls of cor¡bin¿tio[ thcrapy iu which a LAG-3-binding

moleculc is adminis(cre<l in ooml¡ination with olìe or more arldilional moleculcs t$at

arr¡ Cf'l-Cctive irr SLitìUlating at! iltì.lrtnc rosponsc lO thglèby furlltCr Cnhancc, Slinlrlirte

or upr egulatc such immulre respÒûsc in a subjcct.

6
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l00l3l hr dr:tail. Lhc invention ¡lovick:s ar) anti-hum¿rn LÀG-3-binding nrolecule

th at compr-iscs thc thlce H earry ('hain CDR f)ornains, CDI{nI, CDRx2 and (lDlÙr3 aucl

the three Light Chain CDR Domain-s, CDRI.I, CDRI2. and CDRr.3, wherein:

(A) (I ) tltc (lDlÙr'l l)omairt, C|-JRs2 Domain, aud CDRH3 f)omain are llto

Hcavy (ìhain (lDlts of LÂG-3 mAb ì, and respcctivcly hâve the atr:ino

acid scquences: SEQ ID NOra. SEQ lD NO:5, and SttQ lD NO:6; aud

(2) thc ClDRr.l l)otnain, CDRr,2 f)onrain, and CDRI 3 Do¡rlajn are the Light

(lhain CDI{s Òf' LAC-3 rnAb I , and respcctivcly have the amino i¿cid

scqucnces: SEQ rD NO:9, SEQ lD NO:10, ancl SEQ ID NO:l l;
ot

(B) (1) lltc CDIÙr'l l)omaiu, CI)Rx2 Dorn¿in, aud CDRx3 l.)onraitr a::¿ thc

Ileary (lhain CDRs oI LAC-3 nrAb 2, and rcspcclívcly have the amino

ùcid scquencas: S$Q ID NO:14, SICQ lD NO:IS, and SAQ ID N0:16;

ad
(2) thc (lDRr'l Dom.aiu, CDR:.2 f)onrain, and Cl.DRr I Dornain arc the Light

Clhain ('Dl(s of LÀC-3 mAl¡ 2. and, resper:tivcly iravc thc arniuo aoid

scqur'nces: SEQ fD NO:19, SIfQ lD NO:20, aud Sf,Q ID NO:21;

of

(() (1) lhc CDRuI l)omairl CI)Rx2 Donrain, untl Cf)Rx3 f)or¡¿rin a¡c lhc

I'Icavy ()hair: CIDRs oI I.AC-3 rnAb -ì, ancl rcspcotivcly h¿tvo thc amino

aoi<1 sequenccs: SEQ ID N():54, SEQ ID NOr55, and Sf,'Q ID NO:56;

aûd

(2) thc CDRr'l l)ornaiu, CDRr.2 Dor¡ain, and CDRr.3 Donr¿Lin iur¿ thc Light

Chain CDRs of LAG-3 mAb 3, and. r€spcctivcly have the aüIùlo acid

scquenoes: S¡;Q ID NO:59, SEQ rD NO:60, an<1 SUQ tD NO:61;

0r

(D) (1) thc CDRxI l)ornairt, CDRx2 Dor¡ain, arrd Clf)Rull Dorrair: arc the

Heavy Chairr CDRs of LÂ'G-3 mAb 4' and respectivcly have the trmirro

acid scquences: SEQ ID NO:64, SDQ ID NO:65, and SD'Q ID NO:66;

¿urd

7
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(Ê)

(2) the CDRr.l Domain, CDRI2 Domain, and (lDRr.lì Dornain are the Light

Chain (lDRs of LAC-3 r:tÂb 4, and, r'espectively have the amimr acid

sequences: SnQ ID NO:69, Str)Q lD NO:70. ancl SEQ ID NO:71;

or

(l ) the CDRxI l)ornairr, C.'I)I{¡2 Dornain, and (llJlt¡ll Dor¡¿rin are the

Heary Chrin CDRs ol'L.,\G-3 mÂlr 5, and respectively have the ¿unino

acicl sequenccs: SEQ ID NO:74, S.UQ ID NO:?S, and SDQ lD NO:7(¡;

a¡d

(2) the (lDRrl Dotnain, CDRI2 Dom¡rin, and CDRI3 Domaiu aue the Li¡1ht

Chain (lDRs of l.AC-3 rnÀb 5, arìd, rcspcclivcly havt: the ¿unino aoid

seqr-rences: SllQ lD NOr79, Sf,Q ID NO:80, aûd SEQ ID NO:81;

or

( t ) the (lf)Ru l l)onrain, CDR¡2 Domain, aud Cl)lùr-l l)omain ¿u'e thc

Heary ()hain (lDRs of I.AG-3 rnÀb 6 VHI, ar¡d rospectively have the

amino acid seqtrenoes: SrcQ ID NO:84, SEQ ID NO:85. and SEQ lI)
NO:86; and

(2) the (lDR¡.1 Domain, CDRr2 Dorrraiu, ¿nd CIDIù-3 Domain ale thc l.ight

Chain (lDRs of t,AC-3 nrAb 6, a¡rd, rcspcctively h¿rve the amino acid

sequences: SnQ lD NOl89. SEQ ID NO:90, and SDQ lD NO:91.

(f)

J00141 Thc invcrfiou further conceurs the emlroclirlents of sr¡oh anli-hurna¡r LÂ,G-

3-trin<1ing Ìnolcculcs whcrcirr thc Heavy Chain V¿riable Domain has thc amino acid

scqucur:o of SIJQ lD NO:2. S¡lQ lD NO:12. SIIQ ID NO:52, SEQ ID NO:62, or SliQ

ID NO:72.

l00l5l The invcnf iorr lì¡rtltc¡ conccrrrs the embodin:e ts of such antí-hr¡nlan LAC-

lì-trin<ting molcculcs wllcrcirr tho Light C.'hain V¿triable l)onrairr has thc arni¡ro acid

sequence of SnQ II, NO:7, SEQ ID NO:I7. SEQ lD NO:57, SRQ lD NO167, or SEQ

ID NO:77.

t00l6l lhe inventiou furthcr cor:.ccms thc cntboclirnsnls <>f .such anti-lrr¡rran l.AC-

3-binding molecules whercin thc Hcavy Cjhajrr Varial¡lc Dornain has the amino acid

sùquencù of S.EQ lD NO:92 or SEQ ID NO:94.

l
I
I

I

I
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l00l7l 'l'he inventiou flulher oonccr¡N lhc o-¡¡rbod itrrctlls trf sr¡oh anti-hum¿n LÂG-

ll-l:inding molecrLles whoroirt thc Lighl C-'haiu Variabìe f)otnain h¿s the arrriuo aoitl

sequence of SEQ ID NO:96, SEQ ID NOr98, SIIQ lD NO:100, or Sf'Q ID NO:102.

[0018] Thc invcntion tìrrthel conoenrs the er¡l:rtdirnLît.i of aII such tulli-Iìûrì)an

LA(i-3-binding mol.cculcs w'hu-rcin thc moleoule is an antilrody, and especially r.vhcrcirt

the rnoleculc i-i a chiûrcric antibocly or a htrnatrized antibody.

t00l9l 'l'he invention furlho¡ cortccnts thc cmbodimctrt whereirr the anti-hurnatr

I.AC-3$indin¡¡ r¡olecule is a bispccific binditrg molccule, oapable of sinrultaneously

binding to hr¡nran l,A(ì-3 ¿nd to ¿r sr:cond cpitopc, aûd parlicrrlÐrly conocrns thc

cûìbodinìcnt wùelein the secoud epitopo is aû cpitoltc of a ¡ntrlcculc involvcd in

rc¡¡ulating arr irnmun¿ check poirf presùÌt o . tllc surk¡cc of ân imtnonc ocll (cspeoially

wherein the secor:d epitopc is tur cpilopc ol R7-II3. B7-114, BTLA, C)D40, ClD40l,,

CD47. ClD70, ()D80, ClD86. (;D94, ClDt37, CDI37L, CD226, CTLA-4, Galcclit¡9.

GITR, ClTRl., tlHLA2. ICOS, ICOSL, KIR, L G-3, LIGHT, MHC class I or ll,

NKC2a, NK(ì2d, Ox40. OX40L, PDIH, PD-1, PD-l,t, PD-L2, PVR, SlRPa, T(lR,

TICIT, TIM-3 or VIS I't\, and rnos( perlicularly whcrci¡r thc scooncl epitope is an

cpitopc of CDì 37, OX40, PD-l, l IGIT, or TIM-3).

100201 l he invonliou fìrrtltcr corrccrns thc cnrtro<lirnent of such a¡rti-hurrrau LÀG-

3-binding molecules \vhcrcin thc Ìolcculc is a <liabody, the diabody beiug it covalontly

bonded cornplex llmt compriscs two, or tJrree, or four poly¡eptide ch¿tius. Thc irrvcn(ion

additiouitlly conocnrs tIIÒ cmbodimcnt of sirch anti-hul¡an LA(ì--l-l:indiug rnolcculcs

whelein the molecule cornprises al Fc Rcgirln.. Thc invention adclitionally ooncems the

cnrbodirnent of sur:h auti-hurrrau LÂG-3-bincling rnoleoules wherein the r¡olecule

oomprises an Albumin-Binding Dornairr. and cspecially a deimlrrunized Albur¡iu-

Binding l)ornain.

l002ll 'lhe invention further cortccnts thc cnlbo<linrents of all such ¿urti-human

LÂG-3-birrclilrg rrlolcculc-ij whcrcin lhc rnolecule oomprises a:r Þ'r: Rcgiorr, erìd wllcrcitt

the .h'c l{egiou is a variaut Þ-o Rcgion that conrprises one or more arrrino acid

Inodilicatiorls tllat rcdûccs thc aftir)ity ofthe va¡ian1 Fc Rcgiorr lor arr FcyR or statrilize

saici Fc Region, and lnore parficularly, whorcin thc nlocliflcations oompt'ise at least oue

9
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amino aoid substitution selected fi-om the group consisting of L2-ì44; L235r\; or L234Â

and L235À, whereiu the urunbcring i.s that ol'tho EU iudo-r as iu K-abat.

100221 Thc irrvcrrtiorr lìrrl¡.u'r conccrns thc cmbodirucnls iu which any of llìc abovc-

dcscribcd LAC-3-binding nroìcoulcs is r¡sccl to stirlr¡latc a T-oell r:rcdiatc inrnunc

rc.rpÒrrsc. Thc inv crrliorr additioûelly co ccûÌs thc ornboclirncrrts irr r¡'hich a y of thc

abovc-dcscribcd LAG-3-bindirrg molcculcs is Lrscd in lhc lrcatrnLlr.l ol-r¡ discasc or

co ditiorr assooir¡lcd wilh r supprcssccl irÌr¡nunc syslcrn, r'sFcciâlly carrccr trr' arr

infcction.

10023J -fhe invention particularly concellìs such rse irr tlre tleatnrerrt or cliagnosis

or prognosis of cancer, r¡vÍel-ein th¿ cancel- is chrr¿rcter-ized by the presence of a oanccr'

oell selected from the ¡5rcup oonsisting of a r.:ell of: an ¿rd::enal gland turnor', an AIDS-

¿rssociated cancer, an alveol¿u- sÒft p¿ú sirroorrrit, arr ¿rsh ocytio turnor, bladder caucer-,

bonc oancer, a brain ancl spinal cor-d cancer, ¿ ìnet¿statio lrlairr flunor', a blcast ounocr, a

oarotid body tur¡ors, a oen'ical cancer, a chondrosarcelra, a chor-donra, a ohrornophobe

renal cell carcinor¡¿r, a cle¿r- cell carcinoma, a colon cancer, ¿r colorect¿rl canoer, ¿r

out¿uìeous l:enign fi lrror-rs histiocytorna, a desm.oplastic srn¿rll rouud ccll tuurol, au

cperr<lyrr:orna, a liwing's tumor, an extraskeletal rnyxoid chondlos¿roo ra, a

tìtrrogenesis imperfeota ossiur¡, a fibrous dysplasia ofthe boue, a gallbladder or bilc

<fuot oancer-, gastr-ic cernoer, a gestationitl h-opboblastic d.iseirse, n gortr ocll tuütor, a

head and neck ceurcer. hepatooellular carciuorrra, ¿ur islet cell turrror, a Kaposi's

Sarçoma, a kidney c¿uìcer, ¿r leukernia, n liporrra,4renign lipomatous [umor, a

liposaroorna/rn al ignant lipornatoì$ turnor, u liver canc;er-, a l¡rmphornir, er lung caucer, a

mcdr¡ lloblastoma, a rrelanonra, a rnerrirrgiorna, a multiple elrdt¡cfine neoplasia, a

rrrrltiple myeloma, ir nryelodysplastic s1.ndr-orne, a neuroblirstorrra, u ueuroendocriue

hrmors, än ovalian carrocr', a pancr-e:ltic c¿rnoer, ¿r p.rpillary thyroid cax:inoma, ir

parathyrclid tumor, a pediatlic cancef, ¿r peripheral nerve she¿rth tumor. a

phùcochfiJmocytonm, a pi(uilary tuû).or, Ð prostats canoer. a posterious uvell nrelanonra,

a r'¿u'e hellatologic disorcfer, ¿ì rèlr¿rl lìetastiìtio oitrroer, a lhabdoid tuüror, ir

rhabdomysarcomo, 0 sarcomâ. a skin oancer', a soft-tissue sirrcoma, a squamous cell

oancer, a stornaoh cancer. a synovial s¿ìrcom , ¿r testicul¿rr cancer, it th¡mic cnrl;imrmir,

a thyrnorrrit, a thyroicl rrretastatic o{noLï, a$.d a ulcrirlc canccr.

- r0 -
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l0024l Thc irrvcrrtiorr partioularly conoenrs suoh use in thc treatrncrìt or'<liagrrosis

or prognosis of cartco'r, wltcrciu the cancer is colorcot¿rl ciurcer, hepatocellular

oaroirroma, glioma, kidrrcy ca cù, bre st cancer. multiple myeloma, bladclel oanoer,

neurotrlastotna; sarcoma. rtorr-HÒdgkin's lymphoma, uon-sm¿rll oell lun¡¡ cirncer,

ovatiatt caoccr, Þa.oroatio oauoer, ¿r l'ectal cancer', acute nryeloid lcukcnria (AMI-.),

chronic myclogcr).ous lcukcmia (CML). acute t3 lyraphoblastic loukemia (ß-Af ,I ),

chrouic lytnphocytic lcukcrnia (CLL), hairy cell lenker¡ia (H(lL), [:lastio plasnraoytoicl

dendlitic cell ncoplasrn GPDCN), r).or-Hodgldu'.5 lymphonu-s (NHL), includirrg

mantel ccll lcukcmia (MCL), ancl srnirll lyrnphoc),tic lyrnphonra (Sl,l.). f loclgkin's

lyrnphoma. syslcrnic maslocylosis, or Burldtt's lyrnphoura.

[0025J 'ì.'he invention fuithel oonoelrrs thc cnrbodimcrrls in w]rich auy of the atrove-

desoribed LAG-3-l:inding nrolecrrles is deteotdrly labclcd a¡rd is uscd in the detection

of LAG-3

Brief Descrlpllon of the l)rawings:

1002ól Figure I providcs a schcnÌatic of a ropre.sentative oovalerrtly tronde<l

diabo<ìy hsving two LÌpitoÞc bùrdùrg sitcs corn¡rosed of nvo polypeptide ohains, cach

having an ll-coil or K-coil HctcrodiûÌeÍ-PrÒmoting Domain. A cysteine lesi<lue nray

be present in a linkcr ancl/or ilì lhc Hctcrodùrcr-Promotiug l)or¡¿rin irs shown in fiigurc

3Iì. Vt, and VII Domgirrs that rccognizc thÒ -s(iürù epito¡re are shown usin¡¡ the sanre

shading.

lOO2l l l,'igurc 2 providcs a schcmalic of a to'lrrcso lativo covalently lronded

diat:ody moleoirle having two cpilopc birrdirrg sitùs composcd of tr.vo polS4reptide

chaius, each having. a (ll12 and CTI3 ì-)ornâiù, such that thc associ¡¡tcd chains forrn an

Fc l(eg.ior: that cornprises all or parl of a rra{rtrally occurriûg Fc Rcgion. VL and Vt'l

I)ornailrs that leoognizc thc samc cpilopc rtc sllow . usiû.g thc sarne shndiug.

t0028j .lr'igur('s 3z\-3(ì prnvi<ìc schcrna(ios slìowir).g fcpfoscrt¿rtive tctr¿rvalent

cliaboclics ltavirtg firur epitope lrincling sites oonrposecl of two pairs of poiypcptidc

ohains (i.e., four polypeptide chlins in all). ()ne polypeptidc of'cach pair posscsscs a

CH2 ¿nd (iH3 ì)ornain, such that thc associatcd chains form ert Fc Regio th¿rt

cornpriscs all ol palt of'a nal.uraììy occurring Fo Rcgirxr. Vl, aud VH ì)our¡ins that

- lt-
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rccognize the same epitopc arc showlr using llìc sâffc shacling. l he two pairs ol

polypeptide chains nray bc samc. In sr¡ch cml¡odinrcrrts whereiu thc VL and VII

[)or¡¿rins recoguize dill'crcnt q]itopcs (as shou'u in Figurc 3(l), the rcsultirrg rnolcculc

is bispecific ¿tnr.l bivalcrtt wilh rcspcot to cach l¡ouncl epitope. Iu such crnbodimcnts

wherein the VL aud VH Domairrs rccognizc (hc satne epitope (e.g., the sarnc VL

f)om¿in (lDl{s aud the saûrc VH Domdn Cf)Rs are rrsed on both chitius) thc rcsultirrg

moleqlle is n:onospeciflrc and tckavalL-nl witlì ¡cspeot to a single epitope. Âltcnrativcly,

the two pairs o[ polypu-plidcs nraybe diftèr'ent. ln such errlbodiûrcrrts whcrcirl thc Vl,

and VH Domains ofeach pair of polypùpti<les reoognize differ ent epitopes (as showr:.

in l'igurc 3(J), the rcsulting molcculc is tetlaspecific ¿rnd l¡out¡valcrf with rcspccl to

each lround epitopc. Figure 3A slrow-s un l"c diabody which conlairrs a pùplidc

Hetexrdirrre¡-P¡omotfi).g Domain conrplising a cysteir:e residue. Flgure 3B sb.olvs al:.

Fo diabody, which ¡:outairrs E-coil ancl K-ooil lleteroditner-l'nrmotiug f)or¡.ain-s

cornpr-ising l cysteino rosiduc al.d a linlicr (with an optional cysteine residuc). Figure

3(1. shows au Ig diubody, which contsins antitrody CH I and CL dornrins.

[0029] Figures 4Â anrl 48 provide schcmatics of' a rcprc"ccnlativc covalently

bouded cli¿body molccrìlc having two epitope biuding sitcs cornlloscd ol thlee

polypeptidc cllails. T!!"o of the polypeptide ch¿ins posscss a CH2 and ClH3 Domain,

such that thc associatcd chains form an f'c l{egion tlnt coûlpriscs all or paú ofan I-'o

I{r:giorr. Thc polypcptide ohains oomprising the VL ¿¡nd VH Domain ñrlther comprise

a HctL'rodimcr'-Prornoting l)ot¡ain. VL ¿urrl VH Dornsins tlìat recognize the sitme

epitope arc showrt usirrg 1l).c sanìc shacling.

[00301 Figures 5A-5(' show that LA(l--] rrlÀb I and LAC-3 rnÁb 6 bind an epitope

thaf is distinot fi'om the one bound lry the rclbrcrrcc antibocly LA(Ì 3 mAb A. Ihe

birrdirrg protìlcs of latreled l,A(i-3 mAb l. L^G-3 ûlÀb 6 and LAC-3 nrAb A in thc

abscrlcc of a oompetitor antibody (l'lncl A), iu thc prcscrrcc of sxcess t,AG-3 nrAb I

(l'anel B), cxccss L.AG-3 mAb ó (Panel C), or- LACÍ-3 urÂb Â (Panel D).

[003] | li'igurc 6 shews that Lr\G-3 rnAb t, LAC-3 mAb 2, l-A(i-.) mAb 3, LÂG-

3 mAb 4, ¿nd LÂG-3 rru\b 5, inhibil 0rc binding of soluble huuuru LÂG--ì (st¡IAG-3)

tÒ MHCI class lI as clctcrmiucd in au li.l,lSA itssay.

l2
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[00321 ]'igrrrcs 7Â-7C show that thc isola(cd anlibodics inhil¡it lhc bindirrg of.'

shI^G-3 to thc surface of MHCI class ll exprcssing Daudi cells. Pånel A shows lhc

fiùribitiou curves of LAG--3 mAtr '1, l,AC-3 mAb 2, l,AG-3 mAb 3, l.AC-3 nlAb 4,

LAG-3 n¡Âb 5, aud the refe¡ence antibo<ly LA(Ì-3 nrAb A. Prncl ß shows thc

inhibitit¡n curwes of LAG-IJ r¡Afr l,l.AC-3 mAl¡6ancl f .AC-3 uì.Ab A. PanelC shows

the ir:hil¡ition crrrves of LACì-3 r¡Ab I an<l hrrmanized hl,AC-3 ì ( I .4), hf .AC-3 t (1.2),

hI^G-3 .L (2.2), hLACì-3 I (l.l). Bach panel represerrts a sepâratc cxpcrilucnl.

100331 Figures 8A-8C show lhal cxprcssior ofLAG-3 is uprcgulated in stimulated

ClD4 1 T-cclls. FIow cytomclric analysis of L^G-J expression on rurstimulated CD4 l

T-cclls (Panel A) arrd CìD3/CD2[ì bcacl-sti¡nulatod CD4+ 'I'-cells fror¡ two clifferent

donors (Panels B and C)onday II and I4, rcspcclivÒly. ÂII ¡:clls wer-e cr:-st¿rinecl with

anti-CD4 antibocly.

t00341 l¡igurc 9Â-9[' show that lhc isolatcd artli-L^G-3 antibodies bind to

stinrulated trut not rrnstir¡uìatecl T-oclls. Florlr, cytotnctfic aûùIysis of (.rD-l/CD28

stimulated (lll4+'l'-cells (Pnncls, ,,t-C) and urrslimr¡lalcd CI)4+ T-coIIs (Panels, D-l')
Iabeled with LA(ì-lì r¡Ab I (l'nncls, Â ancl D), LAC-3 nrAb 2 (Panels, B a¡rrl f)), or

LA(ì-3 mAb 3 (Pancls, (' and f'). All cclls wcrc co-staincd r.vith alti-CD4 iurtibody.

[00351 Figures l0A-l0D show th¿t the isolated anti-l,A(ì-3 antil¡oclics bind 1o

slimulatod but uot uustimulated ì -cells. h'low oyonretlio analysis of CD3/CD28

s(inuletcd CD4+ T-cclls (Panels, A-B) and urstimulated CD4+'f-oells (Panels, ()-f))

Iabclcd witlt LÀG-3 r¡-r\b 4 (l'¡¡nels,.,t and C), or LAG--ì rnAb,5 (Pancls, ß and D).

Àll cells were co-stairìed with anti-(.1D4 antibody.

t00361 trigures 114-llF show thüt cxprossior of L.ACj--l and l'D-l is upregulatecf

on Slûphylococcus &urous outcr-oto-xill type B ¿urtigen (SBts )-stirnulated peliphcral

bfoocl mononrrolear oclls (PBMC:s) liorn a rcprcsurtalivc douor D:14765. Flow

oytÒrnstric aualysis of SEB-stirnulated PßM('s t'ronr a reprcscntalivc do¡ror 48 hours

at'tcr ptirnary slimulatiorl (Panels, A-B) l.rbclcd r¡'ith anti-LÂ(i--llanti-(lD3 antiboclies

(Panel A), o¡ auti-l'D-1/anti-CD3 antibodies (l'lncl B) ar'ìd on <lay fivc posl-SER-

stimrrlation (Panels, D-E) cclls tfcatcd \ìith SEB alorrc (Panel C) or with isotype

- l-ì -
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corìtrol antibody (l'rncl D) during thc sccot)dâry stimr¡lation, lal:eled wilh arlli-I.AC-

3/anti-PD-l antibodies.

10037j I'igure l2A-12F show that exprcssiou of LAG-3 a d PD-l is upregulnted

on S ÊB-sti¡rrulatcd PRMCs t'rotn another reprcsorltativc donor D:53724. .F'low

cytonret[ic analysis of SEB-slimulate<l PßM(]s fiour a repLcscrtlativc donor 48 hours

after primary stirmrlatiorr (Parrels, A-ß) labeled with anli-LAG-3/anti-(lD3 antibodies

(l,lnr'l .r\), or aûti-Pf)- l//ânti-(lD3 nntibodies (lt:rnel B) arrd on <lay tìve post-SL'ts-

stimulatiorr (Panels, D-lt) cells treated *'ith SEB alorrc (Pancl (ì) or t-ith isolypc

oontrol antilrody (Panel D) Iabclcd with anti-LA(i-3/atui-PD-I antil¡odies.

[00381 Figure l3 shows that LÂG-3 urAb I is ablc to stirnulate c¡''tokinc productior:.

to levcls comparable to h-e¿tment r¡'ith anti-PD- I antibo<lies. I l"Ny ( l'rrncl A) aud TNFa

(Panel B). seoletion profile-s frurn SEB-slilm¡late<1 PBM(.'s treated with anti-LAG-3 or

¿nti-PD-I ¡¡rrtibodics.

[00391 Figrrrc 14 sholv.ì tlÞt LAC-3 mAb I is able to stiurulirte oytokinc prod uction

to lcvcls cornpar able to lro(rtrnc l wilh anti-PD- l antil:odies arrd Lhat trcßtûlcrìt with

LA(Ì-3 mAb 1 in combirration q'ith an anti-l'D-1 providcd thc largcst cnhancerìent of

cybkirrc rclease. ll"Ny secretiou prolìIcs fionì SllB-stimulated PBMCs lrcatcd w-ith

arrli-LAC-3 irnd anti-l'D-1 ¿ulibodics alorrc arrd itr combinatiou.

Dcttilctl I)escriptiorr of the l¡rvcrt¡()n:

t00401 Thc present invention is tlircclcd 1o LAC-3 binding rnolecules that cornprisc

the LÂG-3-binding <lornain of the ¿nti-LÀG-3 antibo<ìies: l,AG-ll mAb l, LÂG-3 rnÂb

2, LAG-3 rn^b 3. I.AC-3 rnAl: 4, LAG-3 ûì^b 5, or L,AC-3 nrAtr 6. l he iuventiol

partioularly ooncenìs l,A(i-3 bir:diug molcculcs that are lrum¿rnized or ch.im!-ric

versiots ol such antitrodies, or that ooûrprisc I.AG-3 t: i n di n g-frirgtnents of suoh a:rli-

LAG-3 aúiboclics (cspcoially immunocorrgrrgatcs, diaboclies, tli l Bs, bispccifìc

antibodies, er¿.). Thc i¡rvcnlion particularly conucnls such I.A Cì-3-bincfing nrolecules

th¿rt arc additionally capable of l:inding arr cpitopc of a nìoleoule irrvolverl in x:gulatirrg

au imrrrunc clìcoh point tììat is l)reseut orr thc sutJäcc of all ilnnrutre cell- lhe prcscrrt

invention ¿rlso pcrtaiûs to mcthods of detectirlg LAC-3, as wcll as methocls of usirtg

such LÂG-3-biurjirtg rrrolcouìcs to stimul¿rtc ¿u irrlrllL¡r).c rcsporìse. The present

- 14-
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invention irlso pcrterins to mcthods of oourbiuatiou therapy in which ¿r LÂG-3-birtcling

mÒlcoulc i.s adrrúrristcrccl irr cornl¡irrati<¡rt with orro or rrrorc aclditioual ûl.olcculcs tlral

arc cllbctivc in stimulaling aD. iûrmulÌc rc.ipoÐ.sc 1o lhcreby Í'ufhcr c mrcc, stirnrrlatc

or r.rprcgulatc such irrunu .c rcspor)sc fi) a subjccl..

I. Antibodies and Tl¡eir Rindiug Dornail¡s

10041I l'he antibodies of the present inventior: ar-e immunoglobulin r¡olecules

capable of spccific biuriing to a t¿rrgot, suoh as { r:arbohydrato, polynuclooticlo, lipid,

polypeptide. elc.. thxrugh ¿rt least one antigen reoognition site, loc¿ted in the Vari¿rble

Dor¡ain of the immunogklbulin molecule- As used hereiu, the tenns "anlilrody" and

"ànt¡bodics" refer to mÒnoolon¿tl antibodies, raultispecific antibodies, human

autibodies, hunurnized autibodie-s, syuthetic autibodies, chirneric antibodies, polyclonal

antil:odies, canrelized antibodies, single-chain h'vs (sch'v), single-chain antitrodies, Fñ
fra¡¡rnents, F(ab') fragments. disulfide-linked bispecific l.'vs (sdFv), intlal:odies, ud
epitope binding fi-itgrnents of any of the ¿rbove. ln particular, antibodies include

ir::munoglobuliu rrroleoules and irnrrruuologically active frugrneuts of irnrnur:ogklbr,rlin

r:rolecules, ¿.c-, lnolecules that contain an anti¡¡err-bindin¡¡ site- lnrrluno¡¡lo[:ulin

r¡olecules can lre of aury t¡4re (e.g.. lgG, lgÉ,, IgM, IgD. IgÂ ar:d IgY), cltss (e.9., IgGr,

Ig(i:, l¡¡Cì:. lgGr, lgAr and lgAz) or subclass. ln addition to their knoun uses in

diagnostics, antibodics hirve [:esn shown Lo be usofrrl as lhor¿poutic ¡¡gcrlts. Thc Iast

few decades have seen a reviv¿rl of interest in thc thr:rirpcutic potcntial of aùlibodics,

ancl antibodies h¿rve l:ecome one ofthe leading classes of biotechr:ology-rlerived drugs

(()han, ().8. et al. (2O0()\ "'l hc ( tse Of Antihodies ln 'l lze 'I t'eattnent (l lnlþúiotts

l)iscase.s," Sin¿rrLpore Med..l. 50(7 ):6(ilì-666 ). Nearly 200 antibody-based drug.s havc

been arpproved for use or ¿rre under development-

100421 l he term "r'nonockrnll ¿¡na¡ltody" refers to il honrogcntÒu.s tntibocly

populatiorr r.vhcrcin tl¡e rnonoclonal antibody is compriscd oI aûlirlo acids (naturally

occurring aud uou-naturally occur-rin¡¡) that are involvecl in the selective biudiug of an

nutigcrr. Mor:.oclorral arrtibt¡dics arc highly spccific, bcing dircctcd againsl a singlc

cpitope (or antigenic site). Thc ternr "nronoclonal rurtibody" encomp¿ßses uot ouly

int¿rot mÒnoclon¡rl antibodies and full-length üÌorloclor)ai ¡ultibodic-s, but also liagmcnts

thclcof (such us Fab, Fal:', F(al;')z Fv), single-chain (sc.hv), mutarfs thereof, fusion

I _ t5 _

CoÌìy plurid(d b] US¡TO Gu tLe IFr lììip,c Dãrall9sc on 0ì-ì2-201R



r 30 t 0I2tP

proteiÌls oomprising arì antibody portion, hulnlnized monoclo al anlitrodies' chinleric

rnonoclornl antibodics, an<I arty other urodified corúigul'atior <ll 11:e irnrnurroglobulin

molecnlc that compriscs an irttigcn reoog ition site ol the recluircd speciflrcity and the

abitity to bin<l to arr anti¡1¿u. Il is not iutcnclccl to bc limited as rcgal'<ls to ltrc source of

1hc antibody or.the manrrer in whioh it is rnacle (e.g., by hybridorna. phage sclcction.

rcoombinarrt expression, trarrsgcnic ¿nimals. et¿ ') The tgrm includos whole

imlnunoglobulins ¿ls wcll as thc lì'agmeDls e'lc. d¿scribccl atrovc ttndct the dcflurilion of
..antibocly.,, M¿thocls of rnal<ing monoclonal auliboclies ¿üe klown in lhc art. onc

mcthod wlrich rnay bc cnrploycd is the method of Kohlcr. Q. et al. (197 5',) "(.ionlinttozt.ç

()rthut'es OJ'h'usett C<zlls Setr<'ting tlnlibody O/ Prcd<z.fined Sp<:r:fciô"" Nature

256:495-497 or a nrodifioation thercolì 'l ypically. rno[oolonal antibodics are

clevelopccì in mioc, rats or rabbits. Thc antibodies ate produccd [:y irnmurrizing an

anirnal wilh atr itrurruttogenic A ount ofcclls. cell cxtracts, or prÒtÒi prepaËrtiorrs that

contailt thc desired cpilope. 'Ihc irìrnumrgcn oatr [:e, bu( is not lilltitcd to, priDvrry cclls.

cultured ccll lines, cânoerous cclls, prolcins' pepticìcs. nucleic acids, or tissuc Cells

used for imnìlrnization mary bc crrltur ed l'or a periocì oltinre (e.¡.¡., al least 24 hours) prior

tO their uSC aS an irrtrì.ûnogen- CCIIS rruty bC trsed äS ilntnunogous by tlremsr:lvCS or ir:

combin¿rtio . with a ûon-deuaturing arliuvant, such as Ribi (scc, <u.g.. Jcrrrrings, V-M.

(11)1)5)..Rcl,¿.<:vl,of.S<zlectetlAtljuvalztsLl'sedinAntihodyPlodzx:tion,,,lL^RJ.

37(3):1I9-125). Irr gcner-al, cclls shoulcl bc kept irrtaot and prclèrably viablc whorr usc<l

as irrurru .ogeDs. Intaot cells may allow antigens tO be better dctected tharr nrpturcd cells

by lhe imrnunized arr.irnal. (Jse oldenaturirrg or har.sh adjuvants, <'.g., h'rcud's adjuvaût,

rnay lupturc oells a¡rd thetefo¡r¡ is cliscouraged 'IItc Itltnuuogctr may bc a<lnrinistcrcd

rnultiple timcs at pcrioclic irf cn-als such as, bi weekly, or weeicly' or uray bc

a<llninis(crcd il.t st.tch a way &s to mai'laill viability in tlrc anirn¿rl (e.g.. in a tissue

rocombinanl). Alterlativcly' cxistirrg lnouoclolr¿rl ¿lrfibo<lies arld rrny othor cqrrivitlorrt

a[tjbodiùs that are ir¡ullurrospùcilìc for a desited pathogerìiO cpitopè oaû bc sequcrrccd

aucì prod.uced rccombiuarrlly try ¿r y tlìeans known iu thc art In Ò c embodimcnt' such

an :lntibody is sec¡ucnce<l and thc polynucleotidc scqrretrcc is l.lìen clonccl into ¿t vcolol

for cxpression or propagalion.'l he scquence cnooding thc antibody of interesl tnay be

rnailltaincd in a vcotor in a hosl ccll an<i the host ccll can thùl be expåúdcd atrd frozcn

tìlr fìlture use. Thc poly[uclcotidc sctlrrence ol'such a[tibo<]ies may bc trsed lbr gcnetir:

- 16 -
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üiaripul¿rtion tô gcucr¿tte the rnultispecific (c.g., bispecifio, trispccilìc snd lclrqspccilic)

mol¡r¡ulc.s of 1hc iuvcrfiou a-s well as ern affinity optimized, a chinrcric antibody, a

huma¡rizcd antibody, arrd./or Ír cauiuized antibody. to improve the affinity. or olllcr

chafactcristics of thc antibotly. The genetrl prìnciple in htunirnizing an antibocly

iuvol.ve-s retaiuing the b¿¿sir.: seqlrelìce of the antigen-bincling portion ol ûtc aûtibody,

while -swapping th.e nou-humirn rem¿riuder of the antibo<ly with hr¡man tuttibody

scquùncÒs-

100431 Natulal rntibodies (srrch as IgG anlibodics) &fc courpÒsed of two Light
(ìheins cornplcxcd wilh two Heary Chains. Each light chain contains a Valiatrlc

Donraitr (VL) and a (lonslarrl f)ornain (C:L). E¿oh hcavy ohain corrtairrs a Variablc

Dornrin (\'ll), three Constant l)omains (CHf , CII2 aud CH3), and a hiuge <lorlain

loo:rted between the (llll an<l CIl2 l)omains. Thc basic struct¡-ral unit of naturally

oocrrlring immunoglobulirrs (<i.g., IgC) is thus a lotrarrsr- having two Iight ohains ârìd

two hcavy chains. ùsüally cxprcsscd as a glycopmtcirr ofabout 150,0()0 Da. Theo¡ino-

termirral ("N") portion of caoh ohaiu inch¡dcs a Variablc Donr¿in of al:out 100 to I l0

ol nìore ar:rino aoicls plimarily rcsponsiblc lìor anligcrr rccÒgni1ion. 'l'hc carboxy-

tcrnrirral ("C") portion of cach chai¡r dclr¡rcs a corrslarìt rogiÒn, with light r:hains hiwing

a singlc constant domairr aûd llcevy chaürs rrsually having ttu-ce oonstaut dorrr¿rius aud

a hinge region. Thus. thc struclurc ollhc lighl chai s ol an IgG molcculc is n-VL-CL-

o and the struchrrc of lbc IgC hcavy chains is n-VH-CHI-H-CH2-CH3-o (whcrc H is

the hinge re¡¡ion, and n an<l o represerìt. r'espeotivcly, thc N-tcnlúrlus aûd thc C-(cfini us

o[ thc polypL-plidc). Thc Vuriabl: Dorr¿ins of au lgCi moleoule consist of the

cornp)cmcntarity dclcmrirrirrg rcgioûs (CIDR), wÌ:.ich cortairr 1hc rosidrLcs in contact

with cpilopc, arrd rroû-CjDR seÊirrtrfs, rcl'oûcd to as fi-arrrer¡"'orh segnents (l'Il), u'hich

in genelal maintain thc slrùcturc aûd dctcrnìinc thc positio iûg of thc CDR loo¡r.s srl ir.s

to pcrmif suolt cortlactiug (although cerlaiu fraurework residues m¿y ¿rlso contact

aÀtigcn). Thus, thc Vr. a¡rd VH DÒmairls lravc thc structure u-FRl-CjDRI -FR2-CIDI{2-

FR3-CDR3-FR4-c. Poiypepticles th¿rt ar-e (or rnay ser-v e its) the first, second ¿nd thild
(ìf)R of an arrtibocly Light Clhairr arc lÌcrci¡. rcspcctivcly dc.rigrratcd CDRII Dom¡¡in,

CI)R.I2 Domaln, aud Cflll¡.3 .Dorn¡¡in. Sirnilarly, polypeptides that are (or rnay serwe

as) thc flrst, sccolld a1ld thid CDR of irrr irntibody heavy r:hain ¿rre herein respeotively

tlcsi¡Srralotl CD[\¡I Dom¡in, ('Dll¡r2 f)oma¡n, and CDIì¡r3 l)orn¿¡in. ']'hus, thè tenns

-t7_
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CDRr.l l)orn¡in, CDRI2 l)omain. CDll l Domain. (ll-JRxI Dorrraiu, CjDl{u2 lJor¡ain,

ancl CDRx3 Domairr a¡c diroctcd to polypeptides that whcn incorporatcd iuto ir pxrtein

causc thât pfi)(cin to bc able to bind to an specifio epitopc rcg¿udlcss of whether such

protcin is rrr anlibocly having light and heary chains or a <tiabody of a single-chai

birrdirrg rnolcculo (e..ç, au scFv, a Bi l'e, e¿c. ). or is anotllcr typc of pxrtein.

100441 The invr-rìlion pr¡rticularly sncornpasses single-chain Var'iablc Dornain

fürgments ("scl¡v") of thc alrli-Lz\G--ì ùrtibodies of this invcntion and rnultispccific

binding raolecules conrplising thc sârnc. Singlc-chain Variable Dorrain f'ragmcrrls arc

rnade lry linking Light atìd/or Hcavy ch¿in Variable Dornain lry trsing I short linÌing
peptide. Bird <zt al. ( l 9ti8 ) ("S)zr-ralc- Chuin lntigen-8indin,g Pror<,ius," Scicttcc 242:423-

426) descri[res exzunple of lirrkirrg pcptidos whioh blidge approximatcly -ì.5 nm

betwÈen the car-lroxy tenni¡rus ol'onc VeriablÒ Dor¡ain and the anlùro tcrrnir:.us of the

other- V¿r'ialrle Domain. I.inkcrs ol othcr .lcq ucnces hirve beelr <lcsigncd arrd usod (tsird

et al. (.1988) "Single-Chuîn Antigen-Binding Pt"oteins," Scie¡ae 242:423-426). Linkers

can in tunr l:e modifie<1 for addilional lirnctious, suoh ¿rs attaohmcnt o[ drugs or

¿rttachrnerìt to solid suppolts. Thc singlc-chain vir¡:i¿ruts calr be pro<luccd cilhcr

::ecornbirr antly or syntlìclically. For syrrthctic ¡lo<.luction of soFv, an o.utotnzrtcd

synthesizel oan l¡e uscd. For rccombinant production of scFv, a srrital¡le plasmid

oontaining polyruoleotide that cncodcs thc scFv carì. bs iutroduced into a suitable host

¡:ell, eithel' eukaryotio, suoh as ycasl, plartl, ùrscot or mamrrrali¿rn cells, or prokuyotic,

-such ¿rs.b. ooli. l,olyrucleoticles enoocling thc scFv ol'i tcrc-sl cau bc rrrrrde by routine

rnaniprrlations such as ligaliorr ol' polyuuclcotides. I'he resultant scFv gatì bc isolatccl

using stanclarcl protein purilicatioo. tcclm.i(lucs krtowu in the art.

[00451 The iuvention also partiorrlarly errcompasscs ]rr1nleuizcd variaû1s Òfthe arti-

LÂG-3 antibodies of the irrvention ancl nrrrllispccifhc bindirrg molcculo-s cornprising the

sarrre. 'I'he term "humflnized" antibody rcf'crs lo a chimLïic rrrolecule, ger:erally

pr-epared using rccombinarìt tccllûiqucs, haviug an antiger:-bindin¡¡ site of an

irnrnurtoglobulin fr-or¡ a non-hurlarr spccics ancl a runainirrg itrrnurroglobulirr -slructure

of the l¡olecule that is bascd u¡rorr tlÌc stfuctufc aud /or sequence of a hulnalr

imrnuuoglobulir:. l'he anti-hr¡man LAC-3 antibodics of (hc pfcscnt invention include

hrrnrsnizccl, chimcric or caninized va::iants of ¿util:odies t,A(ì-3 rnAb ì, I.AG-3 rnAb

^ l8 -
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2. LAG-3 rnÂb 3, LÂC-3 rnÂb 4, L^G-3 rv\b 5, or LAG-ll mAb 6. 'l he

polynuclcoticlc scqucncc of thc variablc domairrs of su¡:h añil:odies uury bc u-sccl for

gcnctic rnanipulation to gcD.cralc such. dLïivetivcs rurd to irnprove the afTinity, or other

charactcristios of sr¡oh srrtibodics. Thc gcrìcrr¡l priûuiple iu }trrrrrarriziug an autiborìy

irrvolvcs rctaiûi g lhc basic sÒ(lr.rù .cc of tho iurtigen-l:indir:g portion of the aurtil:ody,

wl lc swapping thc nor:.-huma¡r rønai.dü of the autibody with humau antibody

scqucnccs. Tltcrc arc f'our gcncral stcps to hulnÂnizc a rrronoclonal arltibody. -I'hese are:

( I ) detelmining thc nuclcoticlc ancl prcclictcd amirro acid scqucrtcc of tltc stÍrrtirtg

aÀlibody light and hcavy variabic dornairrs (2) dcsigring the hurrauized antibody or

cauinizccl antibocly. i.c., dcciciirrg which arrlibody liarrrcwork rcgion to rrse during the

hrrmanizing or canonizing proccss (3) thc actual humarrizirrg or cauiuizing

nrethodologies/teohn iqr¡es ancl (4) thc transfcction arld cxprcssiorr of 1hc hLrrranized

snlibody. Scc, l-or cxamplc, U.S. Palcrus Nos.4"816,567;5,807.715; 5,866,692; and

6,33I,4I5.

1004ól I he antigen-binding site may cornprise eithel complcl.c Variablc Dorrrain

ñlsed onto constarìt domains or only tlre cornplernentality detclnriniltg rcgions (CDRs)

graftecf onto appropriate tì'arnew-ork legions in the varial¡lc <lornains. Arrtigcrr-biudiug

sites rnay be wild-type ol rnoditìecl try one or r¡o¡c amino acid subsliluliÒn-s. This

¿liminates the const¿rnt re¡¡ion as an irnrnuuo¡¡elr irr human individuals. but thc

possibility of ¿ur ir¡l¡rure resporlse to the foreign variablc donrain rcmairls (I.,oRuglio,

A-E- et al- (1989) "À4ouse,/Huntan ('.'hinteric À4rtno¿:ktnal Antihod.y In Mdn: Kin<zîi<:s

And Intnun<' R<zs¡nnscz"" Proc. Nall. Acad. Sci. Gf.S.A.) 86:4220'4224\. Â¡rothcr

approach focuses not only on providing hunran-derived oonslarìt tcgions. brrt modi$ing

thc variable dornains as wcll so ss to rcshâpc thu'r'rr as closcly as possiblc to hurnan fbrm.

It is knou'n that the valiable <lonlains of troth heary ancl light chains contairì tlrcc

cornpìcnìcntarity <lcto-rrnirrirrg rcgiorrs (C'f)R.s) which vary irt rosponsc to the antiguus

iu question ancl cleteuninc bindirrg calrability, tlanted by for.rr liamcwork rcgions (FRs)

which arc rcìativcly corurcrvccl irr a g'ivon spccic"r eûd which putativoly provide a

soaffolcling for the (ll)Rs. Whcn non-hr¡man antiboclics arc prcparcd lr'ith rcspcct to a

parlicuìBr ântigcrì. llìc varial¡lc dornair:.s oüû bc ''rcsllapcd" or "hurniurized" by gr':tfting

CDRs dcrivcd fron non-hr¡man antibody on thc FRs prcscnt irì thc hur:ran antiirr>dy to

bc rno<Iificcl. AI)pìicâtiorl of this approrrolt lo various arrlibodir:s has beou rcported by
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Sato, K. et al. (1993) C¿r:cer l{es 53:851-856. I(iechmann, L. et al. (1988) ''Re.shaping

Human .4ntiho¿lies ./br 'I'heraplL," Nnture 332:323-J27; Verhooyon, M. e/ ø/. (l98ti)

"Reslzaping Hunan./lntibodies: Gra/iing ln tlntiþt.vt4nne At'fivifi,'," Scicncc 239:1534-

15-16; Kettlel:oruugh, C. z\. et ul. (1991) ''Hunza¡zizalion O/ tl Mtnte Monotluzul

Antibod.y 8y CDR-Grafting: 'l he Intportance ()J' f'ranrcu,ork Residue.s On Loop

()o4þtznation," l'rotein Eugiueeriug 4:773--ì783; M¿edu, H. et al. (1991)

"(.'on.çtruction Of Reshaped Huntan tTnfihr¡die.s l\litlz HlV-N¿utralizing .4ttivittt,"

Hrnnarr z\rrtibndics Hybridorrra 2'.124-134; Gorntart, S. D. et ul. (1991) "Reslzaping Á

'l'herapeutit: CD$ Antihody,," I'roc. NatI. Ac¿td. Sci. U.S..4,.) 88:4181-4185; Tempest,

lt.ll. et al. (7991) "Reshapitzg tl Hutnan ìúonocluzal .4ntiho$, Tt¡ hzlzibit Hunrun

Respiratory Syntlttial lint.s In/tlctiotz in yiyo," tsio/'I o<;lurology 9:266-271; C-lo, M. S.

et al. (1997) ''Hunzanized tlnlibodie.s For lntiviral Tlzerap¡,," Proc. Nntl. Âcad. Sci.

((J.S.A.) 88:2869-2813:' Cruler, l'. et al. (19921 "Hutnanization Of An Anti-pl8.\her2

.4ntihod1'þ\'¡r Human (iatzcer Therapy," Proc. Natl. Âcad. S¡:i. (IJ.S.A.) 89:4285-4289;

¿nd Co, M.S. et al. (1992) "Chimertu lrul Humanized tlntihodie.s l,í/iih Speciliciõ, Ìin"
'lhe CD33 lntigen," J. Immunol. l4tt:II49-II54. In sonrc cmbodimùrts, huma¡rizccl

antibodies preserve all C.'DI( sequcucss (for r:-ramplo, a hrururuizccl üûuso a[tibody

which contains ¿rll six CDRs froûr tllù mousc a tibodics). I othcr L-mbodimcnts,

hru¡¿rnized autibodies hirve oue or rnÒro CDRS (onc, two, tlrcc, l-our, f rvc, or six) whioh

differ in secìuencc fclativc tÒ thc ofigi ol a tibody.

[0047'| A nr¡tnbel of "hrrnanized" antit:ody r¡olecules courprisiug au aûtigc.-

bindiug site rlerivocl lir¡rn a nort-I¡urna¡t immunoglobolin havc bccn desoribed, includir:g

chir:rcric aûtibodics havirrg rodcnt or modified locfent Vrliable l)or¡¿rin ¿nd their

¿rssoci¿rted uómplcmcrìtarity dctcrmirring rcgJons (CDRs) firsed to hum lì const¿mt

<lornains (scc, 1'or cxarnplc, wintcr (,/ rz¿ (11)1)l ) " il|an-made Antihodie.s," Nzúwc

349:29'l-299; Lobuglio el a/. (1989) ''À[¿tuse/Ht.t nu n ChiDzcrÌc ll,[ttttochtnal Antihttd¡t

In Man: Kitzetics tln¿l Innzune Response," Proc. Netl. Aoacl. Sci. (U.S.A.) 86:4220-

4224 (1989), Shaw e'f al. (1987 ) "Ch¿tr¿tcterizut ion O.l'A ll,ítLu,se/Iluu¿an (;hinteri¿:

llúoru¡t'lonul Ant itxxl-y (17-ltl) Tt A ()o/on (]ant:<zr 'l'untor-A,s.sooiatcd Antigetz," J.

Immnnol. i38:4534-4538, aud Bror.vu eî al. (1987) "Tunrur-S¡t<:tifì<: Gczttcti<:all-p

h)n,gincered il[urine/Hunan Chintet'it: Morutclonal An¡lb¿x]-v," O¡nccr Res. 41:J577 -

3583). Other refcrcnces tlescrilre rodorrt CjDRs grallccl into a httlnarl sr.rpporting

l0
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fì'arncwork region (FR) prior to frrsion with an approprialc llurlÞlì antibocly constant

<lornain (see, for exarnple, lìiechrnarru, L. <z af ( ll)liti) "Rc,sha¡ting I I untan Antibt¡dies

Jìtr 'l'hera¡t.y," Nahrle llll2:1123-:127; Verhoeyen, M. c¡ ¿/. (l9tttl) " Re.shaping Hunmn

Antihctdic.ç: Grafting An AntilTtsoz.¡ttttc Aotivil)," Soicncc 239:'| 534- 1 53Íi; and .lones ¿t

a/. ( l9ti6) "R<,plat:ing Th<, ('ttntplt:¡tuthktril.v-I)(tffn ¡n ing Rt,gions ln A I Iunnn

Antibodlt l|/ith Thtts<z Ft'ont A llloust2," Naturc 32 ì :522-525). Anothel refelenoe

<lesclibes ¡o<lent (lDRs srrppolted by reconrbinantly veneerecl roclerrt fi'anrewolk

regions. See. for example, .buxrpean I'atent ì'ublication Nr¡. 5I9.596. l hese

"hunranized" nroleoules ale designed to rnininrize urrw-arrted irnnrrrno logical resporìse

towards rodent ¿urti-hurnan antibody molecules, vr.'hich limits the duration ancf

eftèctiveuess of therapeutic applications ofthose nroieties in hunran recipients. Other

nrethods of hur¡arrizin¡¡ antibodies that ln y rlso l:e utilized are disclos¿d by Daugherty

t,t al. (l 9.91) " Pol.¡tntcras<z ()hnin Rcactit¡n l'.lcilildtcs The Chning, CDR,Gnjiing, And

Ra¡tid E.rlpr<zssirtn Of A llíurine Mono<:l<tnal Antihody Dirtct<tl Again,v Tfxz ('DI8
()tnt¡nnent ()f Lcuko<:.yte Intcgrin.s," Nucl. Aoicls Res. l!):247ì-247(r and in tl.S.

Patents Nos. 6,I 80,377; (i,054,297:' 5,997,867; and 5.86(i,(i92.

I l. ¡'cT Receplors (¡'cTlls)

[00481 Thc C:H2 r¡ûd CH3 Domoins of t]rc lwo hcavy chains in(cract 1o l'onn lhc Fc

Region. w-hich is a domairr llìal is rccogrìizc<l by cclhllor Fc Reccptors (FcyRs). As

uscd lìcrcin. thc tcrm "lìc Rcgion" is r¡sccl to define a C-tcnninal lcgion ofan Ig(ì heavy

chai . Thc sûú o acid scqucrÌcc of thc CH2-CH3 Domairr ol aJ. cxcûÌplary b.urnan

IgGI is (SEQ If, NO:22):

2.lr 240 254 2h0 270 280
¡\POLL66P:iV IL¡'PÞ(P1(lJr l,IvlISRTPDVT Uln./DVSiIED PDVI{¡'I¡¡VYVD

290 _J00 .r10 J20 )Ja
GVEV'HN.rIKTK !'I€EDYNSTY ltvV*,SVLTVLH QDWLNGTiEYK TjKVSNTL\LI'À

344 .150 zbA -ì?0 ?S0
ITEKTTSKAIi GQPREPQVYT T,PPSRF ìM'Í}í NQVSI,'ICTVK G}'YPSìDTAVF,

190 400 4t0 4?o 430
-vJESNÇç)PLNN YKTTPPVT,Dn- l-)GSt'! LY:iKr .L Vlji(:i RW ç)()(; NV.L Íì(::;Vl'llt!:

.Ì\LHNHYTQI'íf) L5L5r'GK
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100491 l he ¿r¡ino acid ser¡ucnco of thc CH2-CI-I3 l)o¡nairr of an cxcmplary ltrntu
lgtì2 is (SCQ lD NO:23):

2l1 ?4A 250 260 2 
^) 

280
APFVA_G]::.;V J. I,I.'PPKPI(]JI.I, LMI:JRTPEVT CJ'\,"VVDVSJTIET, FEVO¡.NWYVD

290 Joo :1 t0 120 -ìJ0
GVEVHN¡J(TK PREEQFNSTF R\¡VgvT,'l'wH QD'r;l,NCìK!:YK (:KVÍjÂlKOl,PÀ

J40 J50 160 J70 :F,A
E,IETiTTE¡iTK GQPR}:I'QVY'I' I,PP:JRIII,]IVI.LK NQVsl,.L(;!VK (J.lr'Y!.:JDI:JV]I

390 40ù 410 420 4:10
Id}:SNGQPI.:NN Y(f.TPP!ÍLDIJ DC'SFFLYSKL TVDI(SRWOOG NVFSCSVI{HE

440 441
ALHNHYTQKn^ l,S 1,.:: P(-:K

100501 Thc u:úrro acid scqucncc of thc CI f 2-(ll 13 f)omairr of an exctnpì ary hum atr

IeC3 is (SEQ ID NOr27):

23r 24A 250 ?60 2'70 280
ÀÞi:iLLCCPSV FLFFPKPKI¡T Lt'lIERTFEVT CV""ryDVEHED FETQ¡KWYVD

290 100 3r0 120 310
GVEVHNÀKTK FREEQYNSTF RvVSVl,'l'Vi,H Ql)¡Jl,NÇKlr:Yli (:KVj;NKALPA

340 150 f l:0 -l /0 380
I' I}:K'I J SK']']( (;QPRIIP()VY']' LPP:IT<BEIITK NOVSLTCLVK GFYPSDTAVF

-390 400 410 u20 4-ì0
I¡I ]I J¡ ]1C.;ç PENN YNTTPPI,4LDS DGSFFI,YSK], TVDTiSR-9iQQG NTFSCSVPIHI.:

440 441
Ai,tlNRl'l'Ql{::^ r,:ì1,:jP(;K

[005U Thc anino acid scquoìlcc ollhc (ITI2-O13 f)ornain of arr exemplarry humau

IgG4 is (SEQ lD NOr24):

2:Jt 24ù 250 260 )'74 ).P,0

ÀPBFI-GGPSV FLFPPKPKDT LIIISRTPEVT CVV'/DVISQtsD PrìvQf N¡.lYVl)

290 100 I t0 lr'0 330
GVEVHNÀTiTK PREEOFNSTY R!.r'SVI'I,VI,L] Qf)¡]],N(;}<I,JYK (]IiV:;NK-I,P:]

340 3.s0
S IE¡i T'I SKA6 GQPR¡:,PQVYT

360 3 /0
ì,PPSQIDI\-ÍTK NQVSLTCJ],VK
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1.ì(,1 .012ì rì

390 400 4r0 420 410
wDSN(jOPBNN YKTIPPVLD:j DGsf'.û LY:jR! 'l v lJK:j Rl,/,Jç)Ir(; NVl,ii(::ìvMllr,:

440
AI.HI\HYTQKS T,9't SI,G¡ç

44 /

[0052] Tlroughout tho prosout spocilicution, the nrrrnberir:g ofthe residues in an

IgG hcavy chain is that Òf 1hc EU irrdcr as ir K¡bat e/ a/., Sectrrenoes ofl,4*çiUti.pJ

Irrr(ntrrrological IntL-rLìst, -5 
r¡ Ed. Public Hcalth Scrvico, NHI, MD (1991), exp::essly

ir)corporalcd hcrcirr by rclbtcrìccs. Thc "ELI irrtlc"x as irr Kal¡ul" rc.lcrs to thc nrunbcring

of thc humaû IgG I EU arttibody. Â¡nino acids fìorn the Variable l)orrains of the ln¿rture

hcavy arrd lighl chairrs of imûrunoglobulirs arc dcsignatcd by the po.sition of an ¿unino

acid in thc chain. Kr¡bat dcscribccì r).u lcrous Írrnùro Íroid so(luenoes filr antibodie.s,

idcntificd on amiuo acicl conscnsr¡s scqucncc l'or cach subgoup, and nssigued ir residue

numbcr 1rr cÍrcl). füúno acid. Kába1's ûuûrbodng scherne is extelrdible to antibodies not

irrcludcd irr iris cornporrcliurn by aligning thc autiborly in questiou with one of the

collscnsus sc(luùì.ccs irr Kabat by rcl'crcncc to co scfvcd amiuÒ aoids. 'I his method fiì
assigìing rcsidr¡c numbL'rs hâs bccomc stândard in thc ficlcl ancì rcsdily idurtilics amino

ri"oid.s at cquivalùût posilioûs in dif'lbrcnt aûtibodics, includirrg r¡hirtrcr'ic or hunta¡tizod

variarrts. For cxarnplc, arr amirro acid al posilion 50 ol'a hr¡man arrlibocly light chain

Òccupics Lhc cquivalcrrt positio to arÌ arni o acid at posilion 50 of a mor¡sc antibody

ligh( chairr.

t00531 Polyrnorphisrns have beerr otrserved at a rrunrber of different positions

r.vithin arrtibocly consta l rcgions (c.9.. Fc positions. inclrr<ling trrrt not lirnited to

positions 27O,272" 3 I 2, 3 ì 5. 356, and iì58 as nurnbeled [>y the L,tJ index ¿rs set ftrrth in

Kabal), an<l thus slight ditlcrcuccs l¡ctween the presented sequer'ìoe arrd sequences ilr

thc prior ârl can cåisf . Polyurorphic l'orms of hr¡nran imrnrrnoglobulins have been r¡'ell-

olmractcrizcd. At prcsorrt, I tì Gm allotypcs arc k¡où'rì: C lm ( 1, 2" 3, l7) o| G ì nr (a, x,

f, z), C2rn (23) or C2nr Qr), G3m (5, (,. 10, ì I, 13, 14, ls, 16, 21, 24,26,27,28) or

G3rn (bl, c3, b3, b0, b3, b4, s, t, gl, c5, u, v, 95) (Lefrüuc, et al.,"The Hunrutz IgG

Subcla:scs: Molct'ulur Ánul-ysis OJ' Slru( lur( l\tt<-¡Ìttn And R<zguhttion " Pet'ganrotr,

C)xford, pp. 43-78 (1990); Lefianc, G. et al., 1979. Hum. Gùrc1.: -50, 199-2ll). Il is
spccifically conternplatcd tlut thc antiboclies of the present inverrtion may be

incorporarte any allot¡rpe, isoallot¡rpe, or- haploty¡re of auy irnmuuoglotruliu gcno, aud
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irro uÒt limitcd to thc allo{ypc. isoallotype oI haplotypc of tlìe sequetÌoes pr-ovidod

hcrcirr. Furlhcrmorc, irì sorne expt'ession systems the (l-ten¡inal ¿urriuo acid rosiduc

(boldcd abovc) of t1ìc CI 13 f)orrrain rnay l)e post-translationally removed. 
^ccordi 

gly,

tlìc C-tcrminâl rcsicluc of the (ll 13 Dornain is ar: optional ¿trniuo acid tcsiduc i thc

LÂG-3-bindirrg molcculcs ol'lhc invcntion. Spccitìcally encotrpassed lry the instaut

iuvenliorr arc LAG-3-binding nroleoules lacking the ('-terrniual resi<Iue of the CH3

Domain. AIso spccilìcally cncornpassecl by the instant invention ¿t¡e such oÒnstructs

comprising thc C-tcnninal residue of the CH3 Dorn¿rin.

100541 Aotivatin¡¡ and inhibitory siguals arc traûsduccd 1iìrough (hc Fc Rcccptors

(FoyRs) t'ollow'ing their ligation to iru Fc Rogiort. Thc-sc cliamckicall) opposil)g

ñrnotions lesult fioln str-uctural diflbrcrrccs amorg thc dilI'crcllt rcccplor isofonns. Two

distinot donrains within tlìe cytÒplasnic signalitg dornair:.s of thc rcccplor callccl

immunoleceptol t5nnsine-based ar:tivatiou rn<ltilìs (ITÂM.S ) or itul).u .orcccplor

tyrosiue-basecl inhibitory motifs (I'IIMS) irocouut fÒr the cliffcrout rospoûscs. Thc

recnritnrent of differ-ent c¡rtoplasrrric tlizy lcs to (Iìcsc sl.ructurcs dictalcs Lhc oulcoúc

of the ltoylì-nrediated cellular rcspÒrscs. ITÂM-corrtairrirrg FclR complcxcs include

FoyRl. FoyRIlA, h'c1lì.II lA. rvhe¡eits lTlM-contairring corrlpl.cxcs onìy inolude

FoyRIIß. I luman neutrophils express the FcyRIIÂ gc c. FcYzuIA clustering via

immune oornplexes or specific antibody cros-:-Iinkirrg scrvcs to aggregrte I'l'AMs alor:g

with receptor-assooiated kiuases which l'acililotc ITAM phosphoryl:rtion. ì l'AM

phosphorylation serves its rr dockirrg sitc for Syk kinase, aotivation of which results irr

activâlion of dowrrstreanr sul)stl- tes (c..ç,1'IrK). C<;Ilular acliva(ion lcacl-c to release of
proinflamnìatory nrediato¡s. l he F c'yRIIB gcrlc is cxptcsscd o¡ì ß lyrnphoc¡rtes; its

crfraoclh¡lar donrain is 967. identictl to FuyRIlz\ a d bi ds lg(i oomplexes in arr

incl istingrrishal:le rranner. l'he prcscncc ol an ITIM iu the oytoplasmio domain of

F TryRIIR dcflncs this inhibitory subcl¿ss of Iql{. l(eceutly 1l¡c molcculsr bssis of'this

irùibition was establishecl. When co-ligated alortg with aû r¡ctivating IìoTR. the l l'lM

iu FoyRITR trccotncs trfiosphorylated ¿urcl itth¿rcts thc SH2 dornai¡r of-(hc inos¡toì

polyplìosphâte -5'-phosphatase (SHIP). wlticlt hyclrolyzcs phosphoinositol ìncssengers

relc¿¡scd âs a conscquL-rìcg ol' ITAM-containing t'cyR- mctliatccl lyro-rinc kinasc

activation, conscqrìcntly prcvcnting the irrflux of irtlraccllular Cìar . Thus cross-liuking

of Þ'oyRIIB <larr:pu-ns tlìc âct¡vÂt¡ng responsc to f cylì. ligatiorr art<ì inltibits ccììrrlar
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rcsponsivcucss. B-ccll activation, ß^oell prolitèration ancf antibody secretion is thrrs

abortccl.

III. ßispccilic 
^nt¡bodics, 

Multispt'cifi c Dir¡br¡dics ùnrl D^ll'l'(ii) D¡àhorlics

[0055] Thc ability of arì arìtibody to bind ar cpitopc of a$. an.tigcrì dcpcrld-i upoû t]ì.c

prùscncc ànd amfuìo acid scqucrlcc oi'lhc aûtibody's VL and VH Domai .s. Llcractio .

of arr arrtibody light chairr arrd an anlibocly hcavy chain and, irr par'licular, inlcracliorr of
ils VI. snd VII l.)omains folnrs onc of thc tç'o cpitopc bincling sitcs ol a nalùraì

autibody. Naturel aûtibodics arc capablc of binding to o¡ .y ol.c cpitopc spccics (i.É.,

thcy arc rnorrospccifrc), allhor¡lilì thcy cau bincl multiplc copics of lhel spccics (r.s.,

cxhibiting bivalcncy or mull ivaìcncy).

100561 The binding domains of the preser:t invention bind to epitopes in an

"irrrrnuuospccilic" rnanner. As used hereirr, ¿nr lntibody, diabody or other cpitopc

bincling moìcoulc i-s ssid to "immunospccifically" lrind :r region of arrotìrer rnolcoule

(i.c., an epitope) if it reacts or ¿ì$$oci¿ites more frecluently, more rapidly, with greater

dulation an<l/or ç'ith ¡¡reater affini\r \À'ith that epitope relative to altem tive epitopes.

For cxamplc, an antibocfy that imlnunospecifically l:inds to a virirl epitope is au

antibody that l:incls this viral epitope with ll-euter âffirìity. avidity. rnor e readily, an<I /or

with greater chrration tharr it imr¡unospeoifioally lrir:ds to othcr vir¿rl c'pitopos or rlorr-

viral epitopes. lt is also undel'stood lry readir:g this definitiou that, for o-xÍrûlplc, a.
antibody (or-moiegr or epitope) thart iuunuuospecificaJly binds to ù lirst targct may or

û).ay .ol spcciflcally or prctcrcrìtially bincl to a second target. As such, "specific

bincling" does not necessarily lequile (althou¿1h it oan iuclurle) exclusive birrtlirtg.

Gr.rrcrally, but not neccssarily, retèrenoe to binding tnearns "specific" lrinding. 'I'wo

rnoleorrles are saicl to lre oapalrle of binding to <¡ne ¿mrlhe¡ iu a "physiospecific"

rn¿ìrxrcr. i[ such bindirrg cxhibils lhc spccifìcity with whioh leoeptor$ lrind to their

rcspcctivc ligancls.

f)0571 I he functionality of antiboclir:s cul bc crtlt¡rr¡ccd by gr:rrcratirtg rrr ullispccifìc

antibocly-basecl nrolecr¡les that oaìì sirnultnneously bind two sep¿trittÒ and dislitct

lntigens (or different epitopes ofthe stune antigcn) anr.l/or by goror ¿¡ tirrg aûlibody-bascd
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ûìolcculc llavirlg highcr valcrrcy (i.<,., morc lJrarì two bincling sitcs) for thc sarne epitope

arrd,/or anligcn.

100581 ln ordel to provide molecules hrwing greater capability thau n¿rturi

antibodies. a wide variety of recor¡lriu¿rnt lris¡rccific autibody I'ontrir ts havo l¡ccn

developecl (see, c.9.. P(l'l' Publioatiou Nos. WO 2008/0031'l6. wO 2009/132876, wO

2008/003r03. wo 2007/146968, wo 2009/018386, wo 20121009544, wo
20I 3()705(;5 ), r¡ost of which use linker peptidcs either to fuse a furlher lrinding protein

(e.g., an scFv, VL, VH, etc.) to, or within tltc ruttibody corc (Ig^, IgD, IgE, lgG or

tgM), ol to fuse rnultiple antitrody lrinding portions (e.g., two.hab fragments or scf vs).

Altenrative fon¡ats use linlrer- pcptides to fr-rse it bindiug ¡rnrtein (e.¡;., an scf v, VL, VH,

er(:-) to ¿ ì ¿r dir¡e::ization dorn¿tiu suoh ¿rs thc CH2-CH3 Dornaiu or ¿rlt¿mative

polypeptides (wO 2005/070966, WO 2006/107786:\ WO 2006/7076174, WC)

2007 /04689'.t)- l'ypically. such nppxritohes involve corrrpr-ornises and trade<lffs. I"or'

exarnple, P("I' Pul:lications Nos. WO 2013/17487-1, WO 201ll13388(; and WO

2010/116172 disclose th¿rt the use of linkers raity cnuse problems in therrpeutic settiugs,

irnd te¿rch¿s a trispecific antibody iu which the C.lL aud CjHl Dou¡i¡ins arc suitchod frorrr

their respective natural positions and the VL ¿nd VH l)ornirins h¿ve beeu dil'eTsified

(W() 2008/02123(i; wO 201 0/l 08'l 27) to allou-therl to [:iud to more than oue autigeu.

'l'hus, the lnol¿cules disclosed in these documeuts tr':rdc bindirrg spscilicity l'or tlìc

atrility to bind ¿dditional antigen species. I)(-l'l' l,ubli¡:atious Nos. WO 20131163427

¿nd WO 2013/119901 rlisclose rnodifyiug the CH2 Domairr to co taiû a I'usion protcirl

aclcluct oornplising atrin<ling <lonrain. The dootrììrent ìrotes thatthe CH2 l)ornain likely

plays only a ¡ninirnll lole iu r¡ecliating effector- furrotion. PCj l' Itublic¿rl.ions Nos. WO

20lO/O28797 
" 
WO20l002tl79ó an<1 WO 2Ol0/(128795 disclose recornbiu¿u:t ¿urtil:odies

whose l''c ll.egions have lreen leplaoed with additional VL and VH Domùin.l, so .rs to

ftrrrn trivalcnt binding rnoìccrrlcs. P(lT Publioations Nos. W() 2003/025()18 aud

W()200301 20(;1) clisclose tecombilìarìt diaboclies whose individu¿l chains crlnt¿rin scFv

f)ornains. P('T Prrbìicalions No. WO 20l3/00(1544 disclos¿s nnltivalent f'ab

moleor¡les that are synthesizecl as a single polypeptide oh¿tin ¿u:d thorr srrl¡jcctcd to

prolcoìysis Lo yicìd hclcro<ìirncrir: slructurcs. Thrrs, the molecrrles disclosed in these

clocurncnts t¡adc all or somc ol'thc capability of rnecliating effeotor- firnotion for- the

abiìity to binri additionaì ùrìl,igcû spccics. PCT Prrblications Nos. W() 2014/022540,
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rù/O 2013/003(,52. wO 2(tt2/162581, wO 2Ot2/)56430, wO 20lli08(;091. WO

200ti/024r 88. w(, 20Qt/02471s. WO 2007/075270, VvO 1998/00246_1. WO

I 992/022583 ¿nd WO l99l /00-3493 disckrse adding additional biuding dorn¿rins or

ñrnctional groups to an antibody or an antibody podion (e.g., adding a diabody to the

Btrtibody's light ohain, ol aclding additional VL and VH l)onr¿rins to the ¿nrtibody's li¡¡ht

and heavy ohairrs, or a<lding a heterologous fusiou proteiu or chaining multiple tal:

l)omairrs to one another). l'hus. the lmrlecules disclosed in these documents trade

native antibody structure for the abiiity to bind ¿dditional irntigen specie-s.

10059j the ¿ut has aclditiorurlly notcd thc câpâbility to producc diabodles that diffor

fi-onr such natrr¡ul anliborlics iu bciûg capablc o[biûdi g t\À'o or ûrorc tlifl'cr crrt cpilopc

specics (2.e., oxhibilirrg bispccificity or nìrl(ispccilìcity ir addition to bivalcrtcy or

rnultivaloncy) (scc, e.g., Holligu-r ct ul. (1993) "'Diubo¿lies': Snall Biw¿lent tln¿l

Bi.spet:ifit' .Antihody Fragnents."' Pr<¡c. Natl. Âcad. Sci. (U.S.^.) 90:6444-6448; IJS

2004/0058400 (Holliuger et al.\; LIS 2004/02203t11i (Mcrtùrs et ul.\; .l\ll et al. (1999)

FEBS Lett. 454(I-2):9O-94; Lu, D. c/ ul. (2O05) "á Fully Fh.tntun Recombinunt IgG-

Like Ei.specific Antihodlt 'l o Eoth 'I'he l)pidernrul Gnty,,tlz Fut'tt¡r Ret'eplor tlnd 'l'he

lnsulin-Like (innvth F'attor Receplor For Enlzutz(e¿ Anlilnmt¡r A(livil)t," J. Tliol.

(llrern. 280(20):19665-19672;WO 02/02781 (Mcrtcûs e ¡ ¡.¿i.): Olafìrcn.'1. et ul. (2004)

"Cotalent DisulJide-Linkd lnti-CEtl Diubtxl;, AII¿¡v,s Si¡<-Sl¡ct-i.lìt- Con-iug<ttion Ånrl

Rudiolaheling For Ttont.u" Targeling Applit'ul ion,v." Prolcin ling. Dcs. Scl. I 7( I ):2'| -27;

Wu, Â. e/ ¿/. (200I) "Multinzerizut ion OJ'A Chintt,rk.' Anti-CD2() Singlc (;hain h\-l't,
þ'usion I'rotein ls i4ediated I Jzrtrugh Variahle l)tnnuin Exchatzge," Prolcirt Errgilrccrirrg

14(.2):1025-1033; 
^sôno 

c1 al. (20041"1 Diulnd), Fot ()¿ntcr Innunothcrap), And lts'

þ'unctional Ènhantement 8), Í u,siotz ()/ Ihntatz Ft Donruin,'" Abslrâct 3P-683. J.

Bir¡chern. 7 6(8):992; Takcr:tura, S. el a/. (2000) "()onsrrut'lion Of A Diabod.v (Snmll

Recttntbinant 8i.s¡tecilìc Antibodlt.) tlsing .4 Relblding S¡tstern, " Pnrtcirt Errg. I3( 8);58-ì-

588; Baeuerle. P.A. et t¿|. (2009) "Eispet:ifit: T-Cell Enguging Antittodies For (lanccr

Therapr," (.lancer l(es. 69(I2):494I -4944).

[00601 The desig¡ of a diabody is bascd on lhc antibody dcrivativc known as a

singlc-chain Variablc Dornairr liagfirctll (scFv). Suoh moleoules ate rrade lry linking

l,i¡¡ht and,/ or Heiwy chain Variable l)om¿rins by rrsiug a shorl lir:Iiiug pcplidc. Bird e/
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al. (1988) ("Singlc-('hain A nrigt,n-ßindîng Protcins," Scicnoc 242:423-426) dcscribcs

exarnple of linking peptides whioh briclge apprnxinratcly 3.5 run bclwccn ttrc carboxy

ten¡inus of olre V¿r iable Domain ancl the amino tcrmim¡s of lhc othcr Val'iablc f)omain.

Linkers of other seclu¿nces h¿ve been designecl arrd uscd (Bir<1 cr a1. ( I f)88) "Singl<z-

(;hain Antigen-ßinding Prott,it¡s'," ScicrLcc 242:423-426). L.irrkcrs carr irr tunt bc

r¡odified for ¿dditional fi,rnotions, suoh as attûohnrcnt of dnrgs or attaclÌmcì.r 1o soiid

supports. lhe sin¡¡le-ohain variants can trc procluocd cilhcr rccombiltantly or

synthetically. .b'or synthetic pxrduction ofscFv, ¿ur ¿utonìated synthesizcr oan be r¡scd.

F'or reoor¡binant prnduotion ofsoFv. a srritable ptasrrid containing polynrrclcolidc thal

encodes the sch'v o¿rn be ilrtroduced into a sìritable host oell, eithcr cukaryo(ic. sLrch as

ye¿rst, plslìt. insect or mammali¿n cells, or prokaryotio, suoh âs ,/i. <'tlú'. Polynuclcotidcs

encoding the soF'v ofinterest c¿rn lre rnade by lorrtine rnaniptrlations sr¡ch as ligaliorr of
pol¡zrucleotides. The resultirnt soFv oa¡r be isolatccl r¡sing slandârd protci purificatiÒn

techniques krrowr in the :lrt-

[006U Thc provi.sion of mrn-rrxrnosper:ific diabt¡dies pxlvides a signifioant

advaûlagc ovcr ¿rrrlibodios, iuclurìing but nÒt iirnited to, the capaoit¡r to co-li¡¡ate ancl

co-loctlizc cells th¿rt express different epitopes. tsispecific diabodies thus have r¡'ide-

r iurging applioations iucllding therapy and imrnunodiirgnosis. Bispeoifioity allows for'

$ca1 flc-xibility irt thc dr:sig'n itnd er:gir:eering of the diabody in v¿rrious applications,

proviclirrg cnh¡rrtcccl tvidity to rrrultirneric antigens, the oross-linking of differing

arr.(igcrì.s, and dircctcd targctírg to spociñc ocll type.s relying ou the presence of lroth

t rget antigeus. l)ue to their iucreasecl valerroy. low <lissociatiorr latcs and rapicl

cle¿trarrtoc l'rurrr 1hc oiroul¿rtion ( fo:: diabodies of sl¡all size, at ol below- -,50 kl)a).

diabody rnolecules kuowl ilr the art have also shown particular use in the field offlrnor
irnrrging (Fitzgcrald et al. (1997) "ltttlt"oved'l'unzout''l'argeting ll.1t DisuQ.thid<z

Stahiliz¿d Diabttdies Ex¡trelscd ln Piohia trrusør-1,r, " Protcin lÌng. ì 0: ì 221).

100621 The bisper:ificity of diabodies has led to their rrse for co-ligating <1iffcling

cclls. for cxar:rplc, thc cross-Ii iirrg of oytotoxiu T-cclis to tumor cclls (Slirarz et al.

(1985) "Hl,btid tlnîibodies Can'larget Sites h'or Allack 8y I (ells," N¿ture 314:628-

63I, and Ilolligcr et ul. (1996) 'Spet:iJic Killing OJ'Lltnplunna Cells By Cytotttxic'l'-

Calls ll[ecliated 8y.4 8is¡xt:i/ìo Diul>tx|.¡,," PrcrLcin ling. f):21)l)-305; Marvin <rl a/. (200-5)
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"Rer:onthinant lpproat:lze-s To IgG-Likt Bi.s¡teci/it' tlntibo¿lies," z\cta Ph¡urn¡rcol. Sirr.

26:649-658). ÀItcmativcly, or additio &lly, bispccilic diabodics car). bc uscd to co-

Iigate re<.:eptors oû 1hc surl'acc oi'dillbrc t cclls or oD. a sirrglc ccII. Co-Iiga{ioû of
rliffcr cnt oolls fird/or rcccptors is uscful to rnodulaliorr cllbctor f¡ncliorrs ancl/or

immune cell signitling. Multispecific rnoleoulcs (e.g., bispr:r-:ific diabodics) cornpri.sirrg

epitope binding tlonurius rnay be dir-eclecl to ù surlhcc dctcûnil.aût of âûy ifirnruûc ccll

suclr ¿¿s B7-H3 (CD276), B7-H4 (VTCNI), BTL^ (CD272), CD3, CDlt, CDl6, CD27,

CD32, CD40, CD40L,, CD47. (:D64, CD70 (ClD27r.), ClD80 (ß7-l). CDtl(, (R7-2),

cD94 (KrRD1), CDl37 (4-1BB), CDr37L (4-rBBL), CD226, CTL^-4 (CDl-s2),

Galectin-9, GITR, GITRL, }J}iLL2, IC'OS (CD278), ICOSI. (Cf¡275), Kiltcr

Âctivation Rcocplor (KIR), L^G-3 (CD22-ì), LICIIT (TNFSFl4, C'D2-58). MHC class

I or II, NKG2¿, NKG2d, OX40 (CDl34), OX40L (ClDl34L). PDIH. PD-I (CD279\,

I'D-LI (I]7-H1, CD274), PD-L2 (87-CD, C:D273), PVR (NECLS, CD155), SIRI'A,

'fClR, TIGIT, TIM-3 (H^VCJR2), artd/or VISTA (PD-IH), which ar'c Òxprcssùd on T

lyrnphoc¡rtes, N¿trual KiIIcr (NK) ccll.s, Arttigcrr-prcsLïti .g cclls of o1lìÒr mononucleür-

ceII. In particular, cpitopc binding dornairrs dircclcd 1o a ccll srìrfàcc rccclltor thal is

involved in regulating iru iuunune chcokpoint (or thc ligturcl thorcol) aro usÒf'ul ùr tlro

geueration of bi-spccific or rnultispecific binding rrrolcculcs which aû14go izc or block

the iuhibitory signaliug of irrulunc chcckpoirrl molcculcs aûd thL'rL-by slimulâlc,

uprogulato or cnlirr:.cc, immunc rc-ipolscs irr a sLrbjccl. Molcor¡lcs jnvolvcd in

rcgulatirrg irununc chcckÞoi ts irrcludc. but arc not lirnited to R7-l'I3. ß7-l 14, ßTLA,

CD4O. CD4OL, CD47,CD7O, CD8O. CJD86, C-'D94, CDI37, (:DI37L, CD226, CTLA-

4, CÌiilectiu-9, GIlIt, Gl'l'llI-, HHL^2, ICOS, ICOSL, KIR. LAG-3. I,IGIIT. lvfIICl

class I or II. NKG2a, NKG2d, OX40, OX40L, PDIH, PD-I, PD-LI, PD-L2, PVR,

SrRl'¿, I'CR, TIGIT, TIM-J and/or VISTÂ.

[00631 Howovor. 1]rc abovs itdvautago.s corì1o âl â sâliL-nl oosl. Thc lormafio of'

such .o .-moo.ospcciiic diabodics rcq uircs thc successfi,¡l assembly of two o[ rnore

distinct urtl diffcrc:rt polypcptirJes (i.r,., sut:h ficnnalion rccluircs thst thc d¡âbod¡cs bc

I'ormcd tluough thc hctcrodir¡rcriz¿tion of cliftbrcnt polypeptide chain species). l his

fact is iu coutr¿st to monos¡recific tliabodic's, which arc f'orrncd llrttrugh thc

homodimcrizalion ol'identical polypeptidc chains. Bccousc at lcr¡st two dissimilar

polypcptidcs (i.e'., two pol1.¡reptide -specics) rlìust bc providcd in ord¡,-r to f'orrr) a rtorl-

2.)
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moÌrospecific diabody, and l:ec¿trse homodir¡erization of such pol¡rJreptides leads to

inirctive nrolooules (T'drcmura, S. et al. (2O00) ''Consntrcfion Ol'I Diabody (Stnall

Recrnnhinant Bi.spet'i/it' tlntihoþ) Using t1 Re'/òlditzg S.y.slerr. " Pr otein Ëng. 1-ì(8):5 8-3-

588), tho productio of suclt polypcplidos rrrusl bc accornplishcd iu such it w¿ry ¿rs to

prevent covalent bonding bctw'cen pol¡4reptides of the s¿rme species (i.c., so as to

prevent lromodirner-izatiou) (.lakernura, S. et ¿1. (20OO) "Llon.struction ()f A Diabodlt

(Snnll Ret:ombinant Bi.speti/ic tlntibo$t) U.sing I Relolding Sltsten4" I'r'otein ling.

l3(t3):-583-5t18). Thc art iras thcrclirrc taughl thc rtort-covalo¡rt ¿ssociatiou of such

polypeptides (see, e.g., Ol¿rfseu et al. (2OO4) ''Cot,alent Disulfide-Linkecl Anti-CltA

Diaho$,,4llrnvs Site-Speci/ic Ctnziugalion tlnd Radir¡laheling I'or 'lintot' 'l argcting

tlpplitatiotz.s. " Pro1. Eugr. Dcs. ScI. 17:21-27; 
^s(ruo 

e/ al. (2004) "A l)iahod.y l;çr
('lanaer lnntunotherapy And lt.s þ'un¿:tional Enlzc¿ncentent 8y Fusion OJ'Ilunun lc
l)ontain," Abstr-¿ct 3P-683, J. Iliochem. 76(8).992; l akemur a, S. er a/. (2000)

"Cotz.strtx:tion O/ tl Diabot$,, (Snzall Rectnnhinatzt Bi.spet:ific Antihody) ll.sing A

Re/blding Sjt.sten." Proteiu Eug. 13(8):583-588; Lu, D. et al. (2005) ".4 liully Hutnan

Reconthinant lgÕ-Like Ei.specific Antihody 7 o Eoth 1'lze Èpidennal (ìrow,th F(totor

Ret:eptor .4nd 'l'hc lnsulin-Like (frrnv,th þ'atlor Reteptrn" l:'u'Lnlzan¿'cd tlntilutnor

Activity," J. Biol. clhem. 280(2o'l:.19665-19672'1.

t00641 Ilowcvcr'. lhc art has rccognizccl that [rispccific diabodics oonìposed ofnon-

covalcnlly sssociâlcd polypcplidcs arc ùnstablc and rcsclily dissociate into rrorr-

trrnctional nìononìeÌs (see. c.g.. Lu, D. <zt al. (2lJO5) "A Full.y fl ttnnn Re<:otnbinant lg(')-

Like BispeciJic tlnliht y Tt Et¡rh The E¡tidtnnal Gxn,lh Faclor Receplor And Th<t

Insulin-Like Growlh Fuclor Receplor Fur Enhunccd AntÌtuuor At:tiviUt," J. rliol.

Chcm. 280(20) : 19665 - 1967 2').

100651 In thc facc of this challcngc. thc srt has srrcoeedecl in cleveloping stable,

oovalently bon<1e<1 heteloclinrelio ìlorì-nìorìospeoific <liabodies, tenned Dz\ll'l'(til (Durrl

dffinity $e-!argeting Reagents) diabodics; scc, r.g., flni(cd Sl.alcs Patcnl

l)ublications No. 20'li]{2f)5ì2l;2010-0ì740511 and 2009-0060910; Buxrpean l'¿ttent

Pr¡blicaliorr No. EP 2714079; EP 2601216; F,P 2376 ì 0!): nP 2 ì 5822 ì snd PCIT

Publioations No. WO 2012/162O68; WO 20ì 2/0'|8687; wO 2010/080538; aurd Mçore.

lt.A. et al. (2O77) "''þrylit:ation OfL)ual Aífitzi6, ftÉ'¡¿¿¡'gding Molea.rles To lcltitt e

30

CLrpy pruvrded by USI'IO tom LllC Ifw Ir¡agù Dariìbiìsc on 0ì -12-20ì I



I J0 t .012t P

Optinrul Redirected T-Cell Killing, OJ 8-(')ell Lynt¡thonn"" ßlood I ì 7( l7):4 542'4551;

Vcri, M.C. et ul. (2O I0) "Thu"apeutic (lontrol OJ 8 (jell .4<:tivorion Vin Rtcntiutz<tnl OJ'

Fcguntmu Re:t'eplor IIb (CD-128.) Inhihitoryt h'unction With A Novel ßis¡t<zt:ifìt: Antiltody

,I<ttfJokl"" Arthritis Rhcum. 62(7):19-13-1943; .lohnson, S. ea a/. (20'|0) " EIJè<tor (-cll

Re(ntitmenl ll'itlz Novel þv-ßased Dual-A.ffiniqr íle -T,rrÈ<?nin.g Prctain Lculs To Polent

Tumtu' C.ytob,sis tltzd in yiv¡ B-Cell Depletioz.".l. Mol. ßiol. 31)f)(3):436-449). Such

diabodics colnplisc two or more oovalently conrplexed polypeptidcs and irrvolvc

cnginccring onc or ûlorc cyslciûc fosiducs iut¡; each of the ernpfoyed poìypu¡ptidc

spccics thal pcrznit disulfide br¡nds to form and thereby oovalcnlly borrd (wo

polypcptidc chai .s. For cxarrtple, the addition of a cysteirre rcsiduc to thc C-lcnni¡tu.s

of'such consfrucls has bccrl shorvn tô ¿¡llow disulfide lronding bctwccn thc po)ypcplidc

chajns. stabilizirrg thc rcsultir:.g hctcrodiraer r.vithout interfeling with thc binding

charactcrislios of tho bivalent rrrolecule.

100óól liach of thc lwo polypcptidcs 01'tho simplest bispecific D^ RT(¡-., diabocly

cornprises three domains. Thc lirsl polypcptidc compriscs (in the N-terminal to C-

ten¡irr¿rl dileotion): (i) a Filst I-)omain lhal contpriscs a bincling rogion ofa Light (ìhain

Varirble Dornain of a firsl irnmrrrroglobulin (VLI), (ii) a Sccond l)t¡r¡¿rin that oomprises

a binding region of a Flcavy Chain Variablc Domaiu of ir secoud iuununoglolrulin

(VH2), and (iii) a Third Domaitì llìat cor)tai .s a cysrciûc rcsiduc (or a oystoùrc-

oontaining clonraín) and a llctcroclimL-r-Prorl).oli.g Domairr th¿r1 scrvos tÒ pr-orrtolo

hetexrdimerization with the seooncf polypepti<lc of thc diabody and to covaic tly bond

thc diabocly's firsl a¡rd sccorrd polypoT)lidcs to ouo iruother. 'lhe seooud polypeptide

oontairrs (in the N-telrninal to Cl-l.crrninal dircction): (i) a First Dorrrain thitt cornpr-iscs

a binding rcgion ol â Lighl Chai Variablc Dom¡in of the second immunoglolrulin

(V1,2), (ii) a Seooncl Dornain that compriscs a birrdirrg rcgion o1'a Hcavy Chain Variablc

f)orna¡n of'thc Iirsl irrurruuoglobulin (VHl), aud (iii) a I'hirct l)omain that cout¿rins a

cysteine residue (or a cystcinc-conloiniûg dor¡nin) ituda cor:rplementary

Tlctcrod irncrizaliort-PforIIoliug l)om¿in that cornplexes with the Heterodimerization-

lìomoting I)orrain of thc first polypcptidc cllairr irr ordcr to prorrìoto hoto:r-Òdimcriz¿rtion

wilh thc first polypcptido chaiu. l he cysteine residue (or a cysteine-coutaining donrain)

of thc third clomain ol tlÌc .second poìypeptide chain serves to promote thc oovalent

bonding of'(hc soc<.rrttl polypepti<Ie chaiu to the tìrst poly¡repticle chain of the diabody.

-31-
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Sr¡ch ruolccr¡lcs arc stable, potcnt and have the atrility to sirr:rrltaneorrs ly t:in<l two or

morc arrtigens. ln orre enrbodinrènt, tlìe 'l hil'd Dornains of the fil-st ancl seoorrcl

polypepticfes eaoh çontain a cysteine lesidue, which serv-es to bind the polypeptides

together via a <lisulfide bond. h'igurc I provides ¿r schematic of suoh a diabody. which

L¡lilizcs ll-coil,/K-coil hctcrþd iÌìlcrization donrains an<1 a oysteinc containing I iukcr I'or'

oovalcnt bonding. As plovi<lecl in fí'igurcs 2-3, f one or troth of the polypeptidcs rnay

aclditionally possesses the sequenoe of a (ll-12-(ll l.l l)or¡airr, sr¡ch that oonìplexin[i

between th¿ t*'o diatrody pol¡leptides forrns itn Io llegion that is capable of bindin¡¡ to

the Fc receptor of oells (suoh as B lymphooytes. dendritio oells. natural kjllcr cells,

rnaclophages, nerrtrophils, eosinophils, lrasophils ancf r¡ast oells). As prrrviclcci in morc

detail below, the (lFl2 and-ior (lH3 l)onr¿rins of such polypepticle oh$ins necd not bc

icfentioal in sequence, and ardvantageously are rnodified to foster oornplexing between

thc two polypcpti<1e ohains.

[0067J Many variatious of .such rrrolcculcs htrvo bcen described (see, r:.9.. tJlìited

States Patart PrLblications No. 20I3-0295 121; 2OIO-O174053 aud 2009-0060910;

.E ropeitn I'atort Publicalion No. EP 27 14079; EP 260j216: EP 237 6109; F.P 2I5822I

and I'C'l l'ublications No. WO 2O121162O68; WO 20I2l0I8687; WO 20i0/080538).
'l'hese F c l(egiou-contaiuing DARTTÐ diabodics may comprisc two pairs olpolypcplidù

chains. 'I'he fusl polypcplidr: cheiû compriscs (in llìc N-lc¡nrinal to C-telminal

directiou): (i) a F'irst Domain 1hu1 compriscs a bindirrg rcgion of a Light (lhain Valiable

I)omain of a lirst itununoglobulin (VI-I), (ii) a Seoon<1 Dorìain that cotnprises a

binding region of a Heary (-lhain Vari¿rblc Donuriu of a souoûd ùnûIun.o glob u lirt (VII2),

(iii) a 'l'hiÍl l)or¡ain th¿rt oo taùN (r oystcfiìc rcsiduc (or a cystcinc-containing domain)

and a sen-es to promote heter-odimeriz¿rtiou with thc sccond polypo1tidc o[lhc diabocty

and to ct>valcutly borrd thc diabody's lir.st arrd scco d polypcpticlcs to onc ânother. and

(iv) a (ìll2-(ìl13 I)onr¿in. Ihe second polypepti<le contirins (iu thr: N-lomriûal lo Cj-

ten¡inal direction): (i) a First Domain th¿rt conrpdscs n bi ding rcgion of I Light Chair

Val'iable Dolnain of the second imrnuuoglobuliu (VL2), (ii) a Sccond Don¡airt lha(

oornpfises a bir:rliug r cgiou ol' a Hcitvy Chain Variablc Dotnrin of thc first

inrrlunoglobulin (VI I I ), and (iii) ) a Third Dornirin that coutains a cysteius rcsiduc (or

a cysteine-containing domain) ancl a Heterodimerizalion-Prt¡motùrg Dorniû thet

pronìotes het¿rodinreliz¿rtion with tlìe t-rrst polypcptirJc chain. HLïc 1wo -[-rrsl
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polypcptidcs oonìplex w-ith caoh other to fonì an Iìc RcBion. li'igurr:s 3Â-3(l provide

sohematics of three val-i¿rtions of suclì diabodies rrtilizing difiel'ent Hetercdil¡er-

Pronrotin¡¡ Donrains. Other- h'c-l{egion-containin¡¡ IlAl{ l{D diabodies rnay cornprìse

thlee polypeptide chains. l he first poly'¡reptide of such DAl{ l (tÐ dial'xrdies cont¿rins

thrcc <lomains: (i) a VLI-containing Dornain, (ii) a Vlt2-oontaining Dornain ancf (iii) a

I)onrain oontaining a (lll2-(lt13 sequeììce. The second polypeptide ofsuch DA RT(i{)

<liatro<lies corrtains: (i) a Vt,2-containing Donraiu, (ii) a Vhl I -containing Dornain ancl

(iii) ir Dornain that p()notes heterodirrrer ization and cov¿rlent bor:rling u.'ith the

<liatro<ly's tìrst polypeptide ohain. l he third polypeptide of suoh DART(¡¡l <liabodies

oomprises a (ltl2-(lH3 sequence. l'hus, the first and secorrd polypepticle chains ofsrroh

DAII f(f) diatrodies ¿rssociate together to fr¡n¡ ¿r VLliVHl birrding site that is oapable

of bindirrg to the epitope. ¿rs well as a YL2NH2 binding site that is ceLpable of binding

to the seoond epitope. Such more complex DAR'| ¡M molecules also posscss oystcinc-

oorrtaining <lor¡aius whioh finction to forlr a covalently l:ondecl oonrplcx. Thr¡s, thc

fir'st and second polypeptides are bonded to one ¿urother thlough a disrrlfide bond

involvin¡l cysteine residues in their respective 'l hird l)<¡r¡ains. Notably, the first and

thir<l poìypcpticle chains oornplex with orre anotheÌ to fon¡ an Fc l{egion that is

stal¡ilized via a disulfide borrd. Iigurcs 4Â-48 provide schern¿rtios of such diabodies

cornplising thlee pol¡leptide chains.

[00681 Âltonralivc oorstructs irro krrowû iû thc art 1'or applicalions w-bcrc a

1cûavalcrrt ûlolcculc is dcsirablc but a Fc is o.ol rcquircd including, but not limited to,

tetrav lent tandeur antilrodies, also refen-ed to ¿rs '"l'andAl¡s" (scc, e..g. Unitcd Slatcs

l'¿ttent PublioatiÒûs Nos. 2OO5-OO79170.2007 -0031436,20I0-0099f153, 201I-020667

2013-018926-3; Ëuropeitu Pateut I'ulrlication Nos. EP 1078004, EP 237t866, EP

2161936 Írnd EP 1293514: PC-T Public¿rtioûs No.i. WO I999/057t50, V/O

2003/025018, and W() 2013rc13700) which rre forrned by the horno-diurerization of
two identical chains e¿tch pessobsing a VH I, VL2. VH2, and VL2 Domain.

lV. 'fhe A¡¡ti-H¡rr¡ran LAG-3-Bin<Iing Molecules of the Preserrt Invention

f0069'| Thc prc lbrrc-d l,:\G-3-bindfirg molcculcs of'thc prcscnt invcntion include

antil¡odies, diaboclies, BiTEs, cr¿. are capable of bincling to ¿ centinuou$ er

disoor¡(irt uor¡s ((..,K, corì lonlliitioual) porliou (epifope) of'hunran LA(ì-3. Thc LA(ì-3-

- 1',t -
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binding rnolecules of the present inverrtion will prcfbrably ulso cxlúbit thc abilily to

birld to L^G-3 rrroleoules of one ol more norr-luìman spccics. in psrticular, primatc

spccics (aud e-specii ly n prìrnate species, suoh as oynorìtolgus monkcy). llu¡na¡r LAG-

3 (NCBI Sct¡r.rcuce NP O02271.4; including a 22 anrino acici rcsich¡c signal scquütcc

(shown underlined) and the 5011 arnino acicl rcsiduc rnaturc protcirt) has tlrr¡ arrrimr a<.:id

sequeroe (SlùQ fD NO: l):
!{WEAQFILGLL FLQPT!Ù\'ÀP\z KPLQPGAEVP VV!ÙAQ¡IGAPA QT,PC S; PT T PT,

QDT,.9T,T,RP.ACJ VTVJQHç)PD5Lì PPI\A1\POII PL APCPI.IPI\APS SWGPRPRRYT
VT SVGPCìGL1I SGRLP],9PRV 9I]JURCRQRC DF:;LVüLRPAR RADAC-]EYRAA

VIILRDRAL:;C RLRLRLGQAIì MTASPPG.9T R A.SDh]VTT,NCS FSRPDRPASV
HVüFRNRC]QC;R VPVR¡I.9 PHHH T-, ÀE S FLFLPO VS PI'I]JSC PI./C (] I LTYRDGFN
V:i IMYNL'IVL GLEPPTPI,TV YAGAGS-jI(VGT, PCI(T,P^[ìVGT IìS ]r'L'I'AKW'l P

PGCIGPDT,T,VT GDNC_.;DFTT,RT, E DVS OAOIIG't Y _t clt l ll],ollQ QLNA'-t v'r' LAr
I TVTPKS [,GS PCS LCKTLCE VT PVSGQERF Vü]5i..]LDT PIJQ R I:; FSJ (:ìPV]T,EA

ç)UA9LLSç..]PW QC!)LYQGERL LGAAVYFT¡IT, .9 SJ PGAç)R!; L.ì f< 1\PG1\LPACiIL
T,Ì,FT,TT,GVT,S T,T,T,T,VTcì^EG FIILWRRa)i,üRP RRI':tArÌr.j(tC r H]]r,QAQsjKtE
.L¡LiÐLjPLPLP l-.j P l:; Plj Pll P E P EPEQL

[0070ì Iu r.:erlain er¡bodir¡ents the anti-hunran I.AC-3-bindirrg molcculcs of tht:

irtvention irrr¿ cha¡:¿roterized by any (one or- rlore) of thc t'ollowing orilr.ria:

(l) .spccifir:ally binds hur¡an LA(i-3 as enclogenously exprcsscd on tb.c

surfacc ofa stimulated hru¡an l -cell:

(2) specifioally binds lrrularr l.ACÌ-:ì u'ith an cquilibdum birrcìirrg r:oustaul

(K¡¡) of 40 nM or less;

(3) specifically binds human LAG-3 with an equilibrirrm bincling corrstant

(KtD of 0.5 uM or less;

(4) speoifioally binds non-hurnan prirff¡lc LAG-3 (e.g., LÂG-3 of
cyromolE¡us rnonkey);

(5) inhibit$ (t.e., blocks ot int.crfcros with) lhc binding ol'L^c-3 to MHCI

class II;

(6) stimulates an il¡rnune rcsponsc:

(7) stirrulates antigcn spcoif ro T-ccìì rcsponsc s.s o. "ringlc ûgc .t;

(8) synelgizcs r.vith arr anti-PD-I an(ibody to stinulatc rr aúigen speoific

'I'-cell response;

Cup) prordc'l b) UsP I o Èom rhc ll w .lmÁgc D.rLdb.Llc on 0) -12-201il
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birrcls thc sarrìc cpitopo of L^G-3 irs the ¿nti-LA(i-3 antibody t,A(ì-ll

mAb I or I.AC-3 nrAb 6 a¡rd/or

docs not compctc with thc anti-Lz\G-3 anlibocly 257F (BMS 9860 16,

Mcdarcx/ßMS) f'or I,AC-3 bindirrg (e.g., as rncasrued by Bi¿rcore

Analysis).

t007ll As used here the term "aììtigen specific T-ccll rcsponsc" rclbrs to rcsponses

by a l-oell tlìat rcsult fror¡ stinrrrlation of thc l--ocll with thc anligcrr l'or which tho'I-
ocll is specifio. Nou-lirniting exarnples of responses by a T-cell rrpoo anligcrr spccilic

stimulation include proliferation and oytokine procluction (e.g., TNF-o, IFN-1

produotion). l he atrility ofl rnolecule to stinrrilatc an antigcr). spcciflc T-r:oil rcsponse

may be determined. for- exarnple. using the Staphyht:ot t-u,s ¿/l/,crls En.tcrotoxirr typc B

arfigen (SBts)-stimulated l'tsM(1 assay descritred helein.

100721 The preferred anti-hur¡an LAG-lì-binding rnolcor¡lcs of th.c prcsent

irrvcnlion posscss thc VH aud/or VL l)om¿rins of n:urirre anti-hr¡man LAG-3

rnotoclo .â1. ar)tibodics "LAG-3 mAl¡ 1," ''LAG-3 m.,\l¡ 2," "L^(ì-3 mAb 3." "T,AG-

3 lnAb 4," "LAG-3 n¡Ab 5," aud/or "LAG-3 mAb 6" irud rrore preferlbly posscss ì,

2 or all 3 of the CDRrrs of the VH Domain and/or ì, 2 ol all 3 of the CDRrs of thc VL
Dornairr of such anli-hrrnriur LÂCi-3 rrrouoclonal ¿rntibodi¿s. Such pleferrecl arrti-hunrarr

Lz\G-3-binditg rltol.cculcs include bispecifio (o:: rnr-rltispecific) antibodies. chirnclic or'

hr¡manizccl ùrlibodics, BiTcs, diabodies, ef(, aud such binding molecules having

variant Fc Rcgiorrs.

100731 Thc irrvcrrl.ion particLrlirrly rcli¿1cs to L-AG-3-biuding molecules conrprising

a LAC-3 bindirrg domairr tlmt posscss:

(A) (I) thc tlìrcc CDRus of' thc VH Dorrrairt of the ¿tnti-human LA(i-3

anl ibody I.A G-3 ruAb t ;

(2) the th¡ee CDRr of the VL Domain of the anti-hrrman .l,AC-3

autibody LÂG-l rr-Ab 1;

(3) thù tlrrcù ClDRrrs r>I'tho VH Dorr¡ain of the anti-human l-AG-3

anlibtrdy LAG--ì nrAb I a¡td (hc llrcc CDRrs of the VL l)omain

of the anti-hr¡lnrn l,A(i-3 antibocly l,AC-3 mAb I;
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(B) (1)

(J,,

(4)

(s)

(j)

(2)

(6)

(2)

t 30l 0t2tP

(41 the VI I Donrain ollh.c iütiìrunan LÂG-3 antibody l,A(ì-3 mAt:

(5) the VL Dornain of thc a ti-huñ¡rt L^G-3 arfibody LA(i-ll nrAl>

l;
the VI I ancl Vl, Domairrs of' the autihur¡an t,A( ì-3 antibody

LAG-3 mAb I;

the three (lDRxs of' lhc VH Dorn¿in of the anti-hunran LAG-3

artibody LA(Ì-lì rnAtr 2;

the three (lDR¡-s of lhc VL Domain of the ¿rnti-hunran I.AG-3

anti body t,A(ì-3 r¡Ab 2;

the three (llf Rus of thc VTI f)ornain of the ¿ìnti-lìuman t,AC-3

antibody LA(ì-ll nrAb 2 and thc th¡cc CDRIs of the VL Domain

ofthe rrrti-hu¡nan T.AG-3 û 1ibÒdy LÂG--l mAb 2;

the Vtl Domaitt of ihc r¡ûti-huffiil L^Ci-3 anti[:ocþ l.AC-3 nìAb

2;

the VL Dornnin of the autiiunm¡r LÂG-3 rrutibody LA(ì-lì rnAb

t-

the VH ancf VI. I)onnitì-s of thc anti-hunan LAG-Iì antibodv

LACì-3 nrAb 2;

the threc (ll)Rrrs of thc VII Domain of the ¿rnti-human l,AC-ll

antibody LA(Ì-3 nìAb 3:

the threc CDRr.s oI thc VL Dor¡¿rin of the anti-hurnan I.AG-3

antibody LAC-3 ¡nÁb 3;

the threc CDRss of thc VH Dom¿riu of the anti-hur¡an I.AC-3

antibody 1,AC-3 n)-Ab 3 and thc tlrcc CDIùs of the VL Dornain

of thc arrti-hLrur¿ur LA(i-3 anti t:ody l,A(ì-1ì mAl¡ 3:

the VI-l Dorì)ain of tlì.c al.ti-ÌlurlÌert L^G-J anti lrody LAC-3 mAb
?'

th¿ VL Donrain o(-lhc a¡rli-hurnan LAG-3 antibody LA(ì-3 rnAb

3;

the Vf I ancl VL Dorrr¿irrs ol' lhc antihru¡ran LA(i-3 antibocly

Lz\G-3 nAb 3:

(cj) (r )

(3)

(4)

(5)

l6

(6)
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ï

(D) (I)

(J,,

(4)

(6)

(E) (t)

(2)

(3)

(4)

(s)

(2)

1J01 .0l2lP

thc llrrcc CDRgs of the Vl I Dornain of the auti-Itrrrtrart L^C-3

antibocly LA(ì-lì nrAb 4;

the three CDRrs of the VL Domain Òf thc aûli-humaû LAC-3

antibody LA(Ì-3 mAb 4;

tlìc tbrcc (-'DRxs of the Vl I Dor¡¿in of the antihurnau LÂG-3

ântibody LAC-3 nrAl: 4 and the thr-ee CDRrs of thc VL Domain

o[thc antiJrr¡nran l-A(i-ll antibody L^G-3 rn^b 4;

the Vll Donrain ofthe auti-hurtra L^C--ì arrlibodv T.AG-3 mAb

4;

the VL Domain of the anti-hurnal LÂG-3 anlibody LÀG-3 rn-Àb

the VII and VL l)onuiius t¡f thc rrnli-hurnaû L^G-3 a tibody

LAC-3 r:rAb 4;

lhc thlee ('t)lìus of the VH Domain of 1hc ¿rntihru¡au L,\G-3

antibody t,A(ì-3 mAb 5;

the three (lDl(rs of the VL Domairr of thc a ti-human Lu\G-3

antibocly t.ACì-3 nrAb 5;

thc ttrree ('DRus of the VH l)ornaiu of thc ar¡i-irurna LAC-3

antibody l.A(i-3 rnAb 5 ¿tnd the thr-ce CDRr.s of thc Vf, Domain

of the anti-hun:an LACj-3 .tn1ibÒdy L^G'3 rnAb 5;

the VLI Dornain of the ¿üti-hutÉrì LAG-3 antiboclv LAC-3 rnAb

5.

thc VL Donrain of th¿ anti-hururn LÂG-3 íirrtibody L¿\C-3 mAt:

i.

the VII and VL Domains of the anli-hurnat LAG-3 antibocty

LÂG-3 m^b 5;

thc thrcc Cl)Rlrs of the VH l)orr¿iu of 1Iu¡ arrti-hurnaû LAC-3

aûtibody LÀC-3 n¡,\b 6;

thc thrcc (ll)Rrs of the VL l)omaiu of tlìc arìlihuman T-AC-3

antibody LÂG-3 mz\b 6;

(s)

(6)

(Ð (l)

(2)
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(3) the thrcc CDRss ol thc VII f)ornair¡ 0f thc ¿rnti-hurnan l,ÀG-3

lntibocly t,AG-3 nrAb ó and thc llrcc CDRrs oI thc VI. I)omairr

of the anti-hrrnran LAC-3 antibody LAG-3 mAb 6:

(4) the Vtl Dornain of the anti-hr¡man I.AG-3 antil¡ody LAG-3 mAt:

(t;

(5) the Vl. Domain of thc anti-ht¡mân LAC-3 anlibody LAG-3 mz\b

(i;

((, the VH ¿nd VL Dor¡ains of the anti-hurnan l,AC-3 anlibo<ly

LAC-li nrAb 6.

((t) (l) the three (lDRrs of the V[. l)onrain oi'thc anli-llurne¡t l,^G-3
antibody hl,A(ì-:l nìAb ì VL4;

(2) the th'ee (lDlìus of the Vll Domain of the auti-humaÀ LAG-3

antibody LAC-3 rrAtr I and thc lhrcc CDRs ol'lhc VL Dorrairr

of the anti-hur¡an l,AC-lì sutitrodv hl,AC-3 nu\b I VL4;

of

that lrinds the same epitope as l,AG-3 rnAb l, LAG-3 rnAb 2. T.AC-3 nl.A.b 3, L G-3

rnAb 4, f -A(Ì-3 rnAb .5 or LAC-3 r:rAb 6 .

A. The Anti-Human LAG-3 Antlbocly LA6l-3 m.A.b I

l. Muril¡e A¡rti-Hu¡na¡r A¡¡tibody LAG-3 mAl¡ I

t00741 l he arniuo acid sequence of the VH Domairr of LAG-3 nrAtr ì (SIIQ II)
NO:2) is shom below (Cl)Rl lesichres ale shown ¡rnclerlined).

O I ç)J,VC)SGP[ ],KIiPCU'.IVKI SCKASCYTFR NYGMNWVKQA I'(]KVLKIdP]GW
INTYTGESTY ADDFEGRFAF ST,GTSA:]TAY T,QTNIL?iNED TÀTYFCARES
I,YDYY SMDYVù C;QGTSVIVS S

CDRxI of LAG-3 nÀb 1 (SEQ ID NO:4): YTFRNYGMN

ClDRx2 of LAC-3 mAb I (SEQ ID NO:5): I|INTYTGESTYÀDDFEG

CDRx3 of LÂG-l r¡Âb I (SICQ rD NO:6): ESLYDYYSMDY

t00751 An cxcrnplary polynrrclcolidc thal ùrcodcs thc VH Domaiu of LACi-ì mAb

1 is SIIQ ID NO:3 (nuoleotides encoding the CDI(u resi<lues are shown undeúi[cd):

c¿l(t¿rt cc¿1(tt t qqt cTcagt- c t-qq¿LCCt (t¿ì(t ctqaagaÀg(-l clt- gqåg ag A.j

__ìu_
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.-r.qt- c a.-r. g.f t- c t- c ct- gc¿ a gg ct t clt cf .f .Jta t.å,ccttcâ.câ. a.a,ctë,tqsa,a
tqaact.ggg 1.. g cr.r 9 (--,i g g (.- I (.-.ìå99crå,rq9 l. [.1.. l_.å.,.1cJ._.q 9å l.g9g--tgg
ataaacaêct aêactggaga gtcaacatat gctgatgect tcgagggacq
(Ttt t(Tcct tc tctt t(l(l(Iaa cL:t ct(7ccaq
¿l L:¿ì t c c t c a ¿r. ¿r..1 J.t (T¿r.(l(t¿r c L¡ c(t(lc t d.c.l t
ctctatoa.tt â,cta.¿tcta.¿ coa.c

c¿ìctctcct¿ìt t t(lcaq¿itcä
d.t tt ct(7t (Tc ¿r..1(t¿rægEq
gcf t- cååggã.a cct-c.rgt-cac

cqtctcL:t c ¿r.

100761 l'he ¿tmino ircid sec¡uence of the VL l)r¡m¿in of LACì-3 rnAb I (Sf,Q II)
NO:7) is shown bolor.v (CDRI, rc.siducs iì¡o showu uudorlincd):

DWVT C)T PT, T T,S'úT T GçìPA 5 T'J CKSSQSLIT IISDGKTYLIi¡V,J T,T OR PCìO 9 PE

RL 1 YLVSqLD SCV PDR! .t CiS CS C'llJtr"l Lf\I SRVIIAU IJ],CV Y yL'WQGTHFq

YTFGCJGTKLE TK

(lDRrl of LAG-3 rnAb I (SEQ lD NO:9): KSSQSLLHSDGKTYLN

(lDRr2 of I-A(ì-3 mAb ì (SEQ lD N():10): LvsELDs

(lDRr.3 of I.AC-3 mAb I (SßQ lD NO:ll): WQGTHFPYT

lOO77l An exernplary polyr:uoleotide that enoodes the VL Dom¿rin of LÀCi-3 mAb

I is SII,Q lD NO:8 (uucleotides encoding the CII)Iù. residues ¿rre sholvn uuderliued):

gatgttgtgg tg¿.cccagac tcc.ìctc.lct ttgtcggtta ccattqg.]c¿]
a(1jcågcct-(-lc at ct (-rt- t-g(-:a agtcaagtca gagcctctta catagtgatg
qaaaqacata tttqa.r L-tqq L-t.q L L. a(::.:..J å gclÇc!r.qqu(ìü. cl l-(-l-(--(,-aclag
c(lcct.l¿rt ct ¿rtctqqtqtc tqaactqqfac tctqqacttcc ct (tcrcäq(tt t

clg9(::[.9.:gg,lL.L-.l-.9gg.rgL.l-.l-aL|-aL-Lg..-@
tacacgttcg gaggggggac caagctc'ga¿. ¿rt ¿r..ì ¿1¿ì

I-Iuma¡rization of tl¡e Anti-lluman LAG-3 Antibody
LAG-3 mAb 1 to Foru! "hLAG-3 mAb 1"

10078j 'l'he ¿rbr¡ve-descr i[:ed r¡urine ¿urti-hru¡ln LAG-3 ¿ntibody LÀCi-3mAb I

was hull¿nriz¿d in or-der-to denronstrate the capability of humar:izing an ¿urti-human

LÂG-3 ¡ntibocly sÒ .rs to decrease it.l anligùricity upol. admi .istraliorr to a hur¡arr

rccipicnt. Thc hunlani¿af ion yiclclccl tr¡v'o hunranize<1 VII l)onlains, <lcsignatcci hcrcin

as "hLAC-3 m.{b I VH-I," ancl "hLAG-3 mAI¡ I VH-2," and fou¡ hu¡anized VL

Domains designated hersin as "hL^(;-3 mÂl¡ I VL-l," "hL,'\(ì-3 mÂh I VL-2,"

"hLAG-3 mAl¡ I VI-3." an<l "hLAG-3 mAb 1 VL-4." z\ny of the hum¿tnized VL
Doln¿rins r:ray be ¡raircd w¡th thc ìrur:ranizecl VH I)onrains- Accordingly, any utibody

)

ì9
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comprisilìgolìcofthchunranizccìVLDomitirrspaircdwitlrthelrunanizc<lVfIf)orn¿irr

is rclbrl'¿d 1o gorrcrioitlly as "h l''¡tG-3 ntAb 1"' anrl pllticular-cotlbina(ions of

humanized VH/VL Domains al'e rÙl'crred to lry refercrroe to the spccific VH/VI'

I)ontains, l'or example a humanized antibÒdy comprisiug hL^C-3 r¡Ab I VFI-1 and

hl,AG-3 rnÂb ì VL-2 is.spccifrcolly rcl'clred to as ''hI'ÂG-3 mAb l(l'2) "

t00791 The anrino aoi<I scqrrencc of 1hc VH Domain of hLÂG'3 mAb I VH-l

(SEQ ID N():92) is shown bclow (Cf)l{Ir rcsiducs iìre slìo\r.rr trnderlirrcd):

QvoT,vç)s(:lA!.j VKKPGAS'/KV :j CKA:;CYTFT NIIGMNVJ'fRo^ FC0cìÌ',ljv'IMGE

TNTYTGESTY ADDFEGRFVl-;' gtrDTSAS'-|^Y Lç)T s SLKAEIJ TAVYY(jARES

IYDYYSMDYW GQGT TV IVS S

t00S0l A-rl cxeurplary poìynuolcotidc that Ù codes ht'.{G-3 rnAb I \'H-l is StrQ

ID NO:93 (nucleotrdcs encocling 1he CDRx residues a¡e shour uudcrlined):

cl a(79 t-(rc ¿J,1c

cqtrl cj a.l.(l l- c.f

tqaaêt g glTt

tggttL-å.]'tc (-l.'(l(::g c c g crg qIg¿i¿l¿1':rå(-]c ct-cJ(t(l9cct(::

t ü ct (TL.l acT(l (.-Àt!ìLgg(ltå tacqttcaqa aaçtatqgta
gcct¿r (r.r.clq(::,1 c (:' å gclg c'l lIg'J ac t- cJ'J dd l- g (rä t- g'J(t gggg

a,tcaå a
,r i.r. .r1-r-l.l-c t.(--(]atqgAC.l CjC¿l g(]ctCì

cT L- F- ct i' t-c¿l¿r .Jgcqq,a(tcl ¿ (l ¿ì (-: åçf c L g

¿t@

L-ag 1- accq ct-t a L ct!ìoagaL l:'l
ttt. åttdl.t-(Ttg(-r c ('gcgggggE
Lg.J .Iq;.c-i)à}gt a (-iad c(--gtcl'](l

agt cJã.9t 1-cc

100S1ì The arnino aoid $equcrìoe of thÒ VH Dorlairt of hLA(l-3 mÀl¡ I VII-2

(SEQ ID NO:94) is showu bclow (CDRx resiclues arc showrl undcrlinerl):

ç)VQTVQSCAE VKKPGASVT{V SCKAS(:+YTFT NYGM\IWVRQA P(;QGI 
"1Y9ry

INTYTGESTY ÀDDFEER¡'VF SI'IIJT SAS TAY T'QISSLKAED 'TAVYE'CARES

LYDYJE!4qIW (l9lìrrv -lvsi :;

t00S2ì Atr excmplary ptrl¡mucleotidc tlul cncodcs h'LAG-3 mAb l vlt-2 is S¡lQ

ID NO:95 (nucleoticles orrcocliug the CI)lÌu rcsiducs are showrt L¡lìderlined):

cì r1.J.Jtg (:)å.1c L..Jgtt.Çå.r'tc c(lq (-lc{c (:: g a(t gf-'J¿r'1å¿¿ìcl() ctggcqcÇ-t--c

cq tg.racr gt-g [:cctc) u'-t']'¡g cäLctqggta tåcg!!qeçe-3@Ë
@19,1..g.t(t1-. (lc(t.r c.r'(-lg Ça cc'r'qqgc¿Ìqg gact'gg¿rat'g catgcsslgg
atcaatactt a¿?cagqcqa gaqtacttat qctcacgatt tccagqqca9

a Lt t-9 Lct-tc Lt:ca L ggal- a c L:'ì9c gct'ì g t-¿1i: cgc L l- at- C' l:ccct g åt-t cr

(J t- F- ctç: l-(:laa o.r.,r., "gn-,.'- 
a(-'.rgct-cj ttt åt ttct- gt g (r cca c:g429!

ttgtatgact actataqcat agattactgg gga'-'aâg(tl- a cä'rccqt- g':lc

¡(rla¡¡(ltL(lc

40
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[0083| Thc arnino acicl scqrrcnce ofthe VL Dornain of hLÂC-3 m^t¡ I V'L-l (SDQ

ID NO:9ó) is shown below (()DRr- rcsidues are showl underlined):

DT\¡MTQTPLS LSVTT](;QPA:; lSCKSSQSLI HSDGKTYLNW LLOKPGC)SPE

RLI YLVSELD SL;VFDRF.S (JS.] (ì5'JT DFTI.I{T SRVEAEDVGV YYCI{OGTIIEP
Yf !'(; (;c'_itKVU rK

t00841 An exemplary polynucleotide that encodes hLAG-3 mAlt I VL-l is SEQ

ID NOr97 (nr¡oleotides enooding the (lDl{r rcsidues ¿ue shown underlined):

gLl l_.å L.(:rg t-(-å l-9;.r(r f-(lã.g.f.c acclact-gt-c¿ ctqagtqtg.ì cccc.r.{qtc¿ì
gccc(tct äq L ¿1 L L.l- (:'{: l- g L.r ,t d L.c,t L-c().-:a I Lcuc L:ccj Lg cja t.;Lg.jgåt-g
qã.aagaccta tttq¿r¿r.ct(t.J uttct(tua(la ¿ìacL:aclqcL:ä üäqtc(:äcr¿rq
.r9.i t-[-9.] [-(-- l- åL-c.it-(]cft-t-t-c .ìg.l.löt-Õgàc ¿tgl-<Jg¿Lg tqc cc.{atcqctt
ctcd.(t.T(ttc.-. qqcLc:-.(.lg.Jù.lL-.go[..-.1..-.å,:: [.(:: [.,:'.1.i c] cr [.(] l-.(lcr,:'grrq L-.E9

å.ggc(-lgagga cgt cggggt t t¿r.ct aut(ttt g(TCa(t(tgt¿Ìc cc¿lcttccct
t.ì.t.lc ¿.t tt q quctqüqqC¿1u cj cr .r cj q l- q q cr cl ciL Lcrð¿

[0085ì Thc amino acicl sequenoe ofthe Vl, Donrain of ht,¡\C-3 mÂb I vl,-2 (tì¡]'Q

ID NO:98) is shor.vn bclow (CìDRI resi<lrres at'e shown underlitred):

DTVMTQTPLS LSVrpcQpA:i lSL'ESe€I,I_ËSEEIMW LLORPGC)SPI
RL I YLVS.çúP SC+VF' DR F.:; (:.; 3 C_ì5 (ìT DFT T,K T 5-i P.VEAE DVGV YYCWQGTITFP

YT-!'CT]C]'f KVU IK

[0086] An cxcnnplary polynrroleotide that encodes hLAG-3 mAl¡ I VL-2 is SEQ

ID NO¡99 (nrroleoticles encoding th¿ CIJI{r- residues are shown undcrlincd):

g¿¡t a L L'g L. L.l L.g.r(:: L--..:aga.r(l ,ìccåct-gt-ca ct-gagtgtga L:cccaqgt c.r
a,a,tca.tccca st'cccÈcctc êatacccfafcl

qaa,agaccte tttgaact(tcJ ut tctqc-,rcl cr g.r (:'(: a g I (::(:: a åagt-ccagag
clq,]l.l.9ål-ct.å.r@(I(]aqt('C:L:L.qLiL(:.9(.-l.l.
c [.L-agggt c(r ggct-ct-ggga ct-g¿ìt tt t¿rc t ctc¿ìäq d L Lì L (].r a q ci g L.gg

t qqcaqqqtaê êca.cttccct
tatacat t tq q L:q g Ll g g ç-Lr (:: "l'J d crg l. ggåcf åt- t-aå..1

t0087j l he amino acicl seclucucc ol'tltc VL, I)ornaio of'hLA(ì-3 nrÂb I Vl-3 (SUQ

lD NO: t00) is shown below (Cf)Rr rcsiducs arc shown unclcrliucd):

I

$

I S; (::KSSOSLL HSDGKTYLITÌ{ LLQKPGQP P!.J

RL t Y LVSEI.D SO!' P t)ll):'S Lì S L;S-i L;T DFT l,K T I RVEAE DVGV YYCÍ'QGTIIFP
YTI'CCC IKVIì ]f(

[00881 An cxcmplary poiynuclcotide that enÇodes hL^(;-3 mAll I VL-3 i.s SEQ

lD N():l0l (nucleotides encoding the Cl)flr. ¡csitìL¡cs iì:'c.ihtlwrì un<ìu-rì incd):

.ra:l-cÖ(-l åo L: l I l(ì(-]l

;r('ôc(ìcrr åLìo.t (ìo I (-oooo I I t åa-tår:it'Jt

DI VIqrç)',-t PLS L S V',lPOL)P1\:j

-4t-
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cì.iL ilt (-at t L-l I cÌ¿('t (-.lrlå(' å(:.:â('tr]t('â ('l \I¡JctL-cta(J¡l .:('('(:â(Jatrt:^

cl cc-. :gc 1..jq ... a .-. L. L.(:: (l L.9 l- aaatcatccca gtccctcctg catagcgatg
gaaagacêta Èttgaaêtgg cttctgcaga cìaccagcfcca accgccac{ag
.fgcj[.l-..J.ìL-..]L-..3.:.@ggaqtgCCC('atU(TCtt
ct-caggqt-(ljc gçf (rt-cl-ggg,:i. ct-gåt-tt-t-ac t ct:.åãg.r t.c [.(,-,tcjc].rg L.gg
aqg(-lcgagg'å (r!f t (rgg gg l. I t-ac1-,f (]l.g l-@
tatacaL.t.Lg qc:gqögqedc .r,r.rcrql-qqaq attäa.i.

[0089ì 'l he ¿tmino ¿tcid sec¡uence ofthe VL Donrain of hl-^(ì-3 mAb I Vl.-4 (SltQ

ID NO:102) is sho*'u bclow (CDlù- residues itre shown underliued):

DTVMTOTPI,S T SVTPGç)PAS ISCKSSQSI,I. IISDÀI(TYLNW IL9KPC(IPP!.J
RJ, I Y LVSELD .çC V P DRI:'S c S c S C'.t' l-)!"-l LK.l S RVEAE DVGV YYCÍJQGTHFP
YTFGGGTKVE IK

[0090] Al cxcrnplary pÒIyuucleolidt that eucodes hLAG-3 mz\b M-4 is SnQ

ID NO:103 (nuclcolidcs cllcoding thc CDRI. rcsidrres í¡re shovr'n rurderlined):

ctäl-âtc(ttta t(laL'tc:¿rcl¿ru ¿rccact(ltc¿r ct(_f.1gt-gt-gÀ ccccäggl...¿
a aatcatccca qtccctcctq cataqcqatq

ca'åaga'ccta ttt'qâ'åct-gg ct-t- ct-gcå.g ¡i. åå(lc- a 9 g (l(l cr D L. cqc cuqag
åga [.]-c]cr L,--l- a (-@(l(tcr(tt(tL: cccTatL-qctt
cjt-cagggt-.jc ggcn:ct-gqgå ct-9å1-l.t.t-åc t-(-:1.(--å,rg,r l(:: L-.(::.r cr r:l.r cJ Lc.,g

.].Jgc(r gagga (rgt (r ggggt t- L åc l--act gt'.t' qgcä.gqgtå'c ccacttccct
tatacaL L j-q qc-ctqäqgcac ¿laaagtclqa(J attaaa

f00911 'l'he CDllr'l of the VL l)omailr of hLACì--3 mAb I VL-4 cornpr-ises an

glyciue to alanine amino acid sul¡stitution ¿urd h¿rs the ¿rmino acid sequence:

KSSQSI"LHSDAKTYLIi¡ (SICQ lD NO: t04), the substituted alanine is shown

uucicrlincd). Tl is oorìfcnìplatcd llìal a sirlilar subslilulion rnay bc iucorporalcd irrlo arry

ofthe LAG-3 rnAb I CDRr.l f)omairrs dcscribcd abovc.

B. 'l hc Ânli-Humrn l,AG-3 
^ntihody 

l,Â(ì-3 mAh 2

f00921 Thc amirrc¡ acid sÒquùroc of 1Ìrc VH f)ornairr of L^G-3 m^b 2 (StQ lD
NO:12) is showrr bclow (CDR re.sidues orc.shown údcrli ed):

gccc(tct ¿.cTt att t cctgt

EVQr,QQa-i GPF T,VT; r,(_;^ l;VPi T

IYPYSGDIGY NQKFKNRAT L
S-; (:}; T Í; (-;YTFT DYIì¡IHWT,RC)S-;

:IVDNSSSTAY MDLRSLTSllD

^

HLìE SJ T,F,i^J T LìY

SAV tr'YCARWH

RIüYFGPITFAY VùGQCìT PVTVS

(iDRnl of t.A(i-3 mAb 2 (Sl)Q tD NO:t4):
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VH CDR¡Z oILAG-3 nìAb 2 (SnQ lD N():15)

VH CDRr¡3 of LAC-3 nÉb 2 (SnQ lD NO:ló)

I30t.(,t2ì P

YIYPYS;GDIGYNQKFKN

T¡IHRlf)(FGPIYT'AY

t00931 An exernplary polyrucleotide thirt snoodes the VH Dorrrairr o1'LÀG-3 ntÂb

2 is SIIQ lD N():13 (nucleotides encoding tho Cl)Rrr rc-siducs arc shown urrdcrli cd):

q.rg9 L-.c(--agc t-t-(-:ågcaqtc acTgacctgaq ct(l(tt(ta¿r.¿r.c ct(tct(t(lcutL'
Èê. cacê'ttteêt deêtê'êeeêe

tacê,ctq(ttt qaqgc¿rqL:icJ,ì c:.: [.99.rcJ.rcJ,å qccl-t.qaçf 1.9 g,ìt--t-ggåt'ât
attt'atcctt acaqtqqtqa tattqqatac aaccaqaaqt tcaaqaac¿q
gqccacattg ¿.ct(lta(tctc¿r al- LC.ì'-.,ì(lcrg (:: A (:: ci g (:: (:: L. c L- cr t-99rr l-L- L.--(:'

g(1lagcictgac atct(Täa(tac t!ìtgccrgl-(lL L.l-. 1-.,?(ìl-.9tqL- .i Ë gcr!!Elg
aaqaactact ttqqcccctq qçptqcttac t (t(l(t(7ü c ¿L¿rq qq¿r.ctccctcTt

ca(-rt-qtctct gc¿r.

t00941 The amino arcid sequeuoe of thc VL Domairr of LAG-3 rn^b 2 (SEQ ID

N(): l7) is shorln belor¡' (CDRI. rcsiducs aÍc showrr r¡rìdcrlincd):

Dl vLTr) SPAS T AV:;T,C-+ORAT T 5 C]KJISQS\/D YDGESYMNWY OQKII(;QPPTiL
T,Ty@cTPARFSGSC SC',r',rJr',ILNrrl pvtrDED^^TY YCQQSSEDPT

TFCìACìTKT,FT, K

CDRT.I oI LAG-3 mAb 2 (SoQ lD NO:19): KASQSvDYDGESYMN

CDRr.2 oILAG-3 rrLA.b 2 (SnQ lD NO:20): vvsNLEs

CDRI3 of LAG-3 tu{b 2 (SnQ lD NO:21): QQSSEDPLT

t00951 An exenrplary polyrucleotide that orcodcs thc VL Domain of I.AC-3 nrAl¡

2 is S.llQ lD NO:18 (nrroleotides enooding thc CjDRr, rcsiducs arc shor.vn undcrlincd):

gcrC,r t-t.g (-gt: l-gat:cc:aat-c t-cc.1c'cttct ttcl(li:t(lt-.qt i'tr'L..r99gL-cr
g aggg.:c: dcc at-(:t ccf-gcl
åaaqtÈBtat qaactqqt¿rc c aä L' il g Lf .r rr L- (,- aç1 gac ågc(l acccaåã.ct-c
cl-cåt-t-t-åt-q ttqtatccaa tctaqaatct qclq.: L-.(:: (l(::,t q L-(::,:rqg 1.1.1-,lq

t-ggcagt-glTg t-ct-gqg¿.c¿ì(t aütL(:crL'L:cl-. c;ia.:a1,cc,lt- cct-gt-ggågg
ac'gagcT¿ì.t(tc t (TCcì¿1cüt ¿ì t t i.r,-,

acg LLcqcl Lq cLqclg.rc,-:ci.t g(--:tggagct-q ¿l¿.t

(1. Ths Anti-lluman l,¡\(ì-3 r\nfibody LAG-3 n¡Al¡ 3

t0096] The anriuo acid sequence of the VH f)trrllairl of.'LAC-3 mAb 3 (SnQ II)
NO:52) is shown below (CDR residucs arc shown r¡nderlined);

EVRLç)ç] S G PE LVKPGAS VK 1 S C' K A I-ì (-.ì YTFT DYNIHWVRO S; HGQ S; LEVÙI GY

¿r g L c) cr,t g 3 L. L-- l-c-ct-gcåÀCfå ct

43

('olry p¡ovr(lÈd by l.lSPTO frôll rhc u'w lrtds( D¡(¡l¡¡sc u¡r 01-12-2018



,ft

t30l .0 t2 tP

IYPYNGDTGY NQKFKTKÀTI, TVDNSSN'IAY I'IULRSLASED Í]AVYYCTRWS
RNYFGSÍVAAY WCç)C'.ILV'1'VS A

CDR¡¡I ol'LÂG-3 r¡Âb 3 (SOQ ID NO:54): TFTDYNIH

CDRn2 of LÂCj-3 mÂb 3 (SEQ lD NO:55): YIYPYNGDTGYÀIQKFKT

CDRn3 of L,\Ci--3 mAb 3 (SEQ lD N():56): I¡ISRNYI'GPÍIIFAY

100971 An cxcmplary poly uclcotidc tÌritt ørr:odes the VH Donr¿in of LA(i-ll rnAtr

-3 is SEQ lD NO:53 (nuclcoliclcs L'rlcodirrg thc CDRrr rr¡sidues are showu r-urderlined):

g;agq L()(.-991: [.LC.rgL-crgi-C ¿-t gg¿r c C t(t¿-r.(T ctggtgaaac ct-g =q.Jgtct.A
ta êecettcact qactacaåcâ

ttcaêt(t(l(tt (t¿rct(Tc¿ìg¿ìgc ciat-ggacag.] cfL-c-t-l-gågL.9 .J.r t- LqcJ.igE
at'tta'tcctt åtaâtqqtqå tactqqctac aaccaqaacrt tcaaqacca¿
g(l(-rc,r(-rat-t-g ä.ct-gt-arg.åccr cr L l_. c: (ì L_. c (l ô ä caua(tL:ctac .ltqgaact(:(:
g(.lagc(:t-cJgc,ll-(ll.g.åa9A(:: L- ç: L- 9 (ì .r 9 L. r: [. ¿ltt¿tct(tt.rc .raqa9_ggagc
aqqaactact ttqqccccta qtttqcttac tqgggcca.r.g ggåcl.(--1.99 1..

c.l å.c Lg1.ct-o t. gcrr

100981 The anrirro acid scquco.cc of thc VL Domair of Lz\Ci-3 rnAb -ì (SEQ lI)
NO:57) is shown bclow (CI)RI. rcsiducs arc sh.own. trrrdorlirod):

DTVI,TC)S PTS I1W$LO9RAT I SCKASQSVD YDGDSYMN\,{Y QQKPGQ!PKL
r,rYryLìrP^RFS;GSG SGTDFTLNIII PVljEllDAAlY ycQQSSEDPt

TE'GAG'IKLLI K

CIDR,.ì of T,AC-3 mÂb 3 (SEQ ID NO:59): KASQSVDYDGDSYMN

C)DR,2 of I-,AC-3 mAb 3 (SEQ ID NO:60): AAsNrEs

ClDRr3 oI'I.AG--ì nrÂb -ì (SAQ ID NO:61): QQSSEDPLT

100991 An excnrplary polynuclcotidc flì.a( c .codcs thc VL Domain of LÂG-3 urAb

3 is SnQ ID NO:58 (nuclcotidcs cncodiûg thc CDRx rc.siducs Aro shÒwu unrlcrliued):

q¿rc¿-rttqtqc t(t¿ìccca.ì.tc tcc.ì¿r.cttct tt-ggct-gt-gt- cl-c.lt-.rggq(lå
saggsc.r(]åcc a Lcl-cl: Lg.iè êqqççeqççe Egttgef;. __t,ptaatggtg
åta'gttåta.t qaact.ggl-aL L: ci cr c: a g a a cr L: ccrgqåcüclcc .r(-cLìa¿làctc-
L- l-(r(r l-.'1r.ir Lqf cÈqfcatêcaa tctagaatct ctqq¿ttcccaq cca(Tqttt¿cf
tLlgc¿ìgtglTg t-ct-g(lgacåg ãct-t-ca(-lcct- c.lãã.lat-cc.: t- (rcl.gl.-gg,r9q
açfgåcJga L9ç- l-9(l.rüL'(: t d t t¿-rc Lg L@
ê,ccTt(]oo. o (-l ÛÔ.1å('.:â¡l (l.:i.r(:'åcla'l cr ¡lâ¡l

acl Lqðciq,J l-.d [.(ì(]l-qL-ä.rqq L:ttct(t
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D. l'hc Anli-Hrrm¡n LAG-3 Antibody I,AG-3 tnAb 4

[00100] Thc amino acicl sequence of the VH Dorririn of LÂG-3 m1rb 4 (Sf,Q ID

NO:62) is shown bclow (CDR lesidues are shown underlined):

SCK'.l'SOYTFT DYNIHWVKC)S
TVDNSSSTAY M!.JLR I; L'.I IJ U I)

MNYFGPIII'AY WC9CTLVTVS A

(lDll¡1 of LAG-3 mÂb 4 (SEQ ID NO:64): YTFTDYII¡IH

(llJl(¡¡2 of LÂG-3 r¡Âb 4 (SEQ ID NOr65): YIYPYNGDAGYIi¡QNFKT

(lDl(¡-l of LÂG-3 r¡-Ab 4 (SEQ ID NOr66): IÍÀI¡¡ñIYFGPWFÀY

[001011 Arr cxcmplary polynrroleotide that encodes the VH Dor¡ain of LÂCj-4 rrÂb

4 is SEQ ID NO:63 (nuoleotides encoding the CjDlùr residues are shoul underlined):

ct¿lgrJt L:r_'¿19(-- L_. L.L-.f (--(--,rg L-(r acfgacctcJ.r.q ctcTcJtga.rac ct-gggc{cctc
¿tctt(t¿r¿rq¿t L.t L.ÈL- [.9(,-.rag.r ct-t-(rt-ggata cåctttcacÈ gactacåaca
@ssqt gcì. ¿ìqc r.(t.t(tc catgctaaäg¿t g(:'L:L.LgågLg gciL Lqg.rtat

¿t ¿Ì

g I c (l a ì a l- L: g åclt- gt- agã.ca at-t-cct cc¿lcJ caua(7uct ä.c at (t(ta(tctcc
g(::Lrg(::..:1..9åL- å1-(ll-clågga(-l tctgc.r.qtct ¿ìtt..Lct(lt(tc ¿L¿l(lä!g9æ
atgaactact ttqfqcccctq qtt¿qcttac t-ggggcc.tag gg¿ìctctqcjt

EVQT,HQS]GPT] I.VKPGASVKI
IYPYNGDÀGY ÀIOI¡FKTKATT.

IJGTiST FV']T (-ìY

:JAV Y Y CAR!,i¡N

ccr (- L g L() l- (-- L gcA

[00102| Thc smino acicl seqrrence of the VL l)omiriu of LÂG-3 mÀb 4 (SEQ II)
NO:67) is shown bclow'(CDRr- residues ¿tre shown uuderlincd):

DI VL,I.9S PAS ],AVS LGç)RÀT T SCJKJASQS\/D YDGVIIYINT.¡Y QQKPCç)PPKL
L 11l-@G f P^RFSL;S;L+ sjclTDFTLNIH FVEE!.1DAA.L'Y YCQçSNEDPL
f I'CAC'j]KLIII, K

(IDRLl of LAG-3 r¡Ab 4 (SEQ ID NO:69): KASQS\TDYDGVTYIN

(ll)R,,2 of LA(i-3 nrAb 4 (SEQ ID NO:70): AASNúES

(lDlL ll of LAG-3 ru\b 4 (SltQ ID NO:7I): QQSIi¡EDPLT

t00l03l An erernplary polyuur:Ieoticlc lhal cncodcs thc VL Donrain of LAG-3 mAtr

4 i-s SEQ ID NOl68 (rrLrclcoliclcs cucoding the C'Dl(r rcsiducs i¿ro slrown. u dcrliûcd):

g¿icattgtgc tgaccc.-ratc tcc:¿rcJ('Ll-cL- LL99(ll-9t-qt- ct- cjt-.l.gctgc a

I cr gI g u(--åc(j å Lc [.ccL,=j c
ttacttatat caacLqq l-.1(l caå(-.j.ìqaaacl c;tglT¿tc ¿1.!tc c acücaLlLlc-L{'
c t c' Ð t (: t t t@cf cJ.J;r t c c c.1.., cc.1qqt t t ü rl

-45-
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t-gg(ragt-ggg t-ctqcTq¿lc¿r.(l acttcäcL:ct c'ä¿rc-'dtcc'¿i L cL:LqtcJ.J¿gcl
aggaggatqc tgc¿.¿ìcct t t¿rct,tt@
acgL L-.rj99 Lg c [.g.Jgå.ccåå gct-ggagc-tg a¿!a

U. 'I hc Anti-Hrrm¡¡n LAG-3 Anlibody LAG-3 n¡Ab 5

l00l04l 'l'he amino acid secluence of the VH l)ourain Òf'L^G-3 ÍLAb 5 (SEQ ID

NO:72) is shown bclow (()DRx resiclrres are shown underlined):

ËVç)Iç]9 5 C PU IVKPCI\S VK 1 :; L:li 1\5 L;YTFT DYÀIIHWVTiç) 5 PLì¡; S T,F,h] T GY

IYPYSGDFGY NQKFKSKATI, TVDNS 5J S TAY iV]DLR|;L'I'Í;E D Í;AVT'Y(]ARWII
R¡gïFGPI|FAY i,iGtGTLVTVs 

^
C-lDRnl of'Lz\G-3 rnz\b -5 (Sf,Q ID NO:74): YTFTDYÀIrH

CDRn2 of LÂG--ì m1\b 5 (SEQ ID NO:75): YTYPYSGDFGYNQKFKS

(lDlt,3 of LACj-3 mÂl¡ 5 (SEQ ID NO:76): !ÙHRÀIYFGP¡íFÀY

[001051 ,{tr cxcmplary polynuclcoticle th:rt erroodes the VH l)ot¡¿riu of l,AO-3 nrAtr

5 is SEQ ID NO:73 (nucleotides enoodin¡¡ the CDIÙr residues are shown underliued):

(r.'ì.:f(tl(..':åcrl- I .-,1(:'a.åö I (- ,:octå(-aitcJål:f L-t!-rotaJåa3(-- (-:t aJcIcIaJcl(:it c-

Èê. caêaÈttact daêtaêaaca
@tgggt (ta¿r(lca(ta(Ic uctqqåcr.lcla cl(::(ì l-.L.gcr,t [.9 g,:rt-t-ggatåt
attÈatccÈt acactcqtqa ttttqqatac eaêêeqeeqt tcaaqaqca¿l

10010ól 'l'he rrliuo ercid sequence of the VL l)orr¿iu of LÂG-3 rtu\b 5 (SEQ II)
NO:77) is shown belou'(()Dl{r- r'esidues are showrr urrdcrlirrccl):

DrvI,rç]s PAS LAVSLGÇRÀ',.I' 1s c5èEË@t'IY ç)QKPGQPPKT,

T, T y@G T pARFi-j c5 (; S GT rJr"rLN r.rl pviiljlì DAAT Y YCQQSSEDPL,,

T¡.CAC'ÌKTLL K

ggccac.]'ttq actgt.ì9¿rc¿r at tcc t cL:cr g
gcagcct.{ac atctq.rqq¿.c tct(lc¿r(tt (: L

acrcraact.act ttddcccctd atttdcttEc

.r9l.9aa9å[1] [-cj(-jl-qcååag (] t-

(ldL- LgLct-.ct gca

.: cr C .l O .ì (l L cr L: cr L. O O A L-- C t. c C

l- t L.rcLcl Lqc: .r ägrrlggg
t ggggcc.l.Ìg g(Tact ct(t(tt

KÀSQSVDYDGESYMN

VVSNLES

QQSSEDPI.T

CDRr.l oILAC-3 mAb -5 (SEQ lD NO:79):

CDR¡2 of LÂG-l r¡Âb 5 (S0Q If, NO:80):

(lDl{,.1 of LA(ì-3 mAb 5 (SEQ fD NO:81):

4()
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[001071 Ârr cxcrnplary polyr:ucleotide th¿t enoo<les thc VI. f)o¡¡ain of l.AC-3 rnAb

5 is SEQ ID NO:78 (rruclcotirlcs cncoding the CDIIr lesidrres :r'e showrr uncfellincci):

cTauattgtgc tg.rcccaatc t-cicå.gc.lt-tct. LL-g9cL9LgL (,- L- r.: [. .r g 9 g (] cr

(tacT(T(lcc¿Ìcc atctcct-gc
aa.a.cttå.tat dâac I cl g L-.f (:: (:'.t.1 c,l g d u a c c ¿rct(t¿tc.Ì(Ìcc ¿tccc¿t a¿1ct- c
c: L (:'¿ l- L.l- cr [:g çÈgtttccaa têtaqaatcÈ gcigat-c(]caq cc,rggtt l...r.g

tggcÀgtggg t-ct.'lggac,rg .r(::L [.cctccc1- caacatccat cct9tglïagg
.1gg,lgqa l-9 (.- l-.9 (:'a cr (l (:: L cr L Läct.tt@
e:!ll¡ t t L'qq t (t ct (t(T(J¿rcc¿r.¿r qct gqagct c{ aÀa

¡'. 'l'hc Anti-Humrn l,ÂG-3 Antibody I,AG-3 mAb 6

t00t08l Thc amino acid scquouco of the VH l)onr¿Lin of LA(Ì-ll rnAf: 6 (SnQ II)
NO:82) is showrr bclow (CDRx rcsiducs ¡¡r-c showu underlir:ed):

PCIiZ\S GYTFT DYM{DIIVKQS
,1V DKS S S'1AY IVIULR¡JLT:;ED

HGE S LEV]I C]D

TAVYYCAREJA

F]VI.T.QQSC-]PF T V?iP'-ìAÍ;VTi T

INPDIVG\/TIY NOKFEGKÂTL

ryw(rQ G'_r'r'L'r'vs s

CDIùI1 of LAG--I mAb 6 (SEQ lD NO:E4): YTFTDYNMD

CDll*2 of LAO-3 r¡Atr ó (SEQ ID NO:SS): DIIì¡PDNGIITIYNQKFEG

ClDll¡3 of LA(i-l] mAt¡ 6 (SEQ lD NO:86): EÀDYFYFDY

[00f 091 Ân cxourplary ¡rolynucleotirle th¿rt encodes tlìe \/H Dornain of l.ACì-3 nrAtr

6 is Sf,Q ID NO:83 (rtuclcotidcs enoodiug the (-lDl(u residues are showr rrncferline<l):

('âggtcct(lc tqc¿..ì.c.ì.{tc tc'g.r.cctcf ag ct-ggt-cf å.åg(-: ct-gggg(:: L. L-L-

ate êa.ca.t tcact oacta,ca,â,ca,

EE1-9991- 9(i\r9.119åg(-' {'.r L.cJc.,crgcrg¿i qc:c'tt('aqtct (T¿Lt t (lc7¿rEE

eLqEe4ÞçgÞq eqeqEgçLtgt tacÈatctac aacêasaast t.t'saqsqc¡- :
I9.-: C cr (l A r' L-.9 .11-1-qtaqaua a(ttcctCca(l tacJ.('cct¿.c atggagct-cc
gcagc.:t-9ðC,iL.í-'t.Jir.lgc¡c: aL:tgL'¿rcrtct ¿tttÉìctcttqc a a g aESISI9SI
cfattacttêt actt'tdacta

[00f 10] Thc arnino ar:irl. sec¡uenoe of the VL Dr¡r¡ain of LAG--3 mAb (i (Sli)Q It)
NO:87) is shown bclor.v (CDR rr:sitlucs arc shown undcr-liuocl):

DTVI.4TQSHRF IVISTSVGDI{VS I TCKASQDYq SW. +.WYçJOKP CQSPKIL]!.S
ÀSYRYTGVPD R!'TCSGSCTD FTFTISSVOA ADLAVYYCQQ HYSTPÍ|ITFCJC;

C'.IKL]I1K

CDIìr I of LA(ì-3 ¡rAb 6 (SnQ rD NO:ll9) KjasoDvssv\rA

crg L g.lcig¿r La c-cct(]uaagg cttctgg

_47 -
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CDRI2 oÍ'I.AC-3 rnAb 6 (SEQ lD NO:90): SÀSYRYT

HYSTPWTCDR¡.3 oI LAC-3 nrAl¡ 6 (SEQ lD NO:91):

f 001 I I I An exemplnry polyrtuclcotidc lhal cncodes the Vl, Dornain of LACì-3 urÂl:

ó is SllQ lD NO:88 (ur-rclcolidcs ütcoding lhc (lDRs are showr underliued):

g.rcÂt-t-gt-ga tgaccc¿ì(Ttc tL:¿lcLtg.r I L-.c a l-gt-(rcåcãt- (-:agt-t-ggag.ì
(1.1g g g [-c.iåcf c at-cacct,JC
êêt(Tqtä Lcd LrL-ð94å;L(-.ic-L ggÀc.ì.atctc ct¿.1¿ratt¿rCt Ll¿r L t.Lt L.!gg
qcatcctaêê qgtacactqq åq [-cc(l]t-g.lt- cg(:tt-cactg qc¿r(lt (l(rat c
tggg¿rccT(tat t t (-.r (l [. [. L-. (:: a c(]at-cagcag tgtgc.aggct (tc¿t(t¿ìcctqct

cagtt t¿ìtt¿r (,t gt. ttc(T(It(t(la
(TqCdCe cl CcìC L-ClqåA;rr-C]A.l a

1001121 Mirror changcs to the anrino acid sequeucc o[ thc VH artdior VL Dornai¡rs

provirìed hcrcirr arc contcrnplated. h'or extunple, the C-lcminal amiûo acid rcsiduc oI

aûy of thc Vl I au<l/ol VL Donrains desc¡ibcd ho-rcin may bc substitrttcd to tàcilitatc sub-

olouiug.

V. Al¡ti-Ilu¡nan l,Â(ì-3 Ântil¡odies LAG-3 n¡Ab I, l.AG-3 mz\b 2, t,AC-3
rnÂb 3, LA(ì-3 mAl¡ 4, LAG-3 rnAb 5, ånd/or l,¡\()-3 mÂl¡ ó ¡rnd'l'heir
T)erivårtivoli tlùv¡ng ùn Ðnglneered Fc Region

l00l l3l Lu traditiou¿l irnmunc fi,rnotion, the irfera¡:tiou of aûlibody-antigcn

oonrpleres witlt cclls of ùc itnmunc systetn l'esults in a widc rrrray of rcspotrscs. ranging

firrm effecto¡ furrctiorrs suolì as antibody dø¡reudr:rf cytoloxicily, mast cell

degraurrlalion, a d phagooytosis to immuuomodulalory sigrrals such as legulatirt¿t

lymphoc¡,.te prolife¡ation anri arrtibody "rccletion. All of these iuteraclions arc ir)i(iâlcd

through the binding of thc Fc Rcgion of antitrodies or iurmunc complcxcs to spccialized

cell surface receptors on hcrnatoporclic cells. l'he diversity of ccllular rcsponscs

triggered by arfiborlios arrd irrrmulrc corrplexes r esults fxrrn lhc str uctural hclcrogcncity

of the three l'c receptors: f clRI (C:D64). FoyRII ({1D32), and f cylUll (CD16). FcyRf

(CI)64), l"oylllìA (CD32A) aucl FcyRIIl (CI) ll.i) are aotivating (i.e., ilîmu .ù systcm

errh:rncing) receptors; f cylUIB (CD-ì2It) is ¿n inhibiting (i.e.. irrurrtrrrc systr-nì

darnpening) receptor. The ¡¡rrirro acid seqr¡ence of exeraplary IgGI (Sf,Q ID NOl22),

rg{ì2 (SEQ lD N():23), rgG3 (SEQ ID N(): 27). znd IgGa (SEQ ID NO;24) arc

prcscntcd ¿rbovc.
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I00l l4l Modification of thc Fc Rcgiorr rronnally lcacls to an altcrccl phcnotypc, for'

exomple altered scrum hall'-lil'c, all.crccl stability, altclccl srrsoeptibility to oellular

erìzJãnes or irltered ef'f'cc1or l'uûctio . Il may bc dcsirable to rno<lifu the antibody of the

invention with rcspcct to cllbclor li¡nction, so as to cnhance the effectiveness of the

antitrody in treating cancer, f'or oxarnplc. Rcductiorr or clinlirralion olcllèctor lì¡rrction

is desir¿rble in cert¿rin oÍiscs, l'or cxarnplc in thc casc of antiboclics wfiose nreohanism of
action inv-olves blor:king or rmtagorlisrn. brrf uol killing ol' thc cclls trcaling a tolget

antigen. h¡r¡¡c¿rscd cllbclor ll ncl ion is gcncrally desiratrle when cfileotecl to undesirable

oells. such tl.s trurror aud forcig¡r cclls. wllcrc lhc FcyRs arc cxprcsscd at low lcvcls, f'or

exermple, turnor-spccilic B cclls wilh low lcvcls of FcyRIlB (c.g.. non-f locigkins

l¡nnphorna, CLL, and Burkill.'s lymphoma). ln suid ernbodir¡cnts. nrolcou.lcs of thc

inventiou with co lbrrcd or altcrcd clïcctor fi¡nction aotivi$r are rrseñrl tbl the treatrrent

and./or pr eveutior Òf a discasc, disorclo-r o¡' it) l'cction *ùclc arr cnhancccl cftìcacy of

effector function irùtivity is dcsircd.

[00f15| In ccúain cnrbodirnents, the LAG-3ìinding rnolecules of the present

irrvcrriiorr cornpt'isc an Fc Region tlìat possesses oue or rrrÒrr: rnoclifrcttlious (e.g.,

substitutions, dclctions. or iÀscttiorìs) to the sequence of al¡ino acids ofa u'ild-lypc Fr:

l{egion (e.g.. SEQ ID NO:1), w'hich reduoe the irffinity and avidity of the Fc Rcgion

aûd, thus, l}c molcculc of tbc inventiou, for one ()r more Fr:1R rcccplors. Irr othr,-r

gürbodimcrlls, lhc n:olcculcs ol'thc inveDtion comprise au.F'c Regiou thal possosscs onc

or morc modifioations to the arnirro acids of the wild-typc Fc Rcgiorr, which incrcase

the affurity arrd iividity of llrr: Fc Rcgion an<i, thus, the t¡olecule of the inventiou, .[or

ôr).c or rnorc FCTR rcccptols. ln other embodimeDts, thc rnolecules corrrprisc a vari¿uÌt

Þc Region whcrcirr said variarrl cor)ll-rs or mediates increased antibody depeudent cell

mcdiatcd cytotoxicity (ADCIC) activity and,/or: ¿ur incre¿rsed binding to FoyRIIA,

relative t¡¡ a rrrolcculc cornpr-isirrg û.o Fc Rcgion ol conrplising a w'ild-54re.bc llegion.

ID &ltemal.c crnbodimürt-s, lirc rnolcculcs cornprise a variant Fc Regi<ln wher eiu said

vari¿urt coufcrs Ò¡ rnetlialcs tlccroasctl ADC'C activity (ol otlìer eff¿ctor function) aud/or

an irrorcasccl binding to FcyRIlB, rclative to a tnolecule conrprising no Fo RÒgiorl or

cornprising a wild-type .h'c l{egiou. In sonrc cmbodiments, the inventiou elr.compasses

T,AG-3ìinding moìeorrìes co ìprising e vaxiaut lìo Region, whioh variant Fo Region

docs not shor.v a tlotcctable biudiutl to any IìcYR, Ielative to a cottr¡rarable rnolecule
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cortìprising, the wild-typc Fc Rcgion. In other ernbodirncrrts. thc invention encornp¿¡sscs

I.AC-lì-bindiug mÒlcoulcs conrprising a v¿triaut Fc Rcgion, wfiioh vadaut Þ'c Rcgiorr

ooly binds a siugle FcyR prcfcrably one of FcyRIIz\, FcyRIlß, or I"c1l(lIIA. Âny such

increased affurity &rìd/or avidity is prefer rLbly asscsscd by rneastrring tn ì,itro thc cx(cût

of dclcotaþle binding to thc FcyR or lìo1ll-r'elatccl activity irr cclls lltat cxpt'ess low levels

of the FcTlì. when birrdirrg activity of the pärcrt molcculc (without the modified Fc

Rcgion) cannot bt dclcctcd in the oells, or in coll.s which cxpress non-l-'cyl{ reoeptor

target antigens rrt a dcnsity of30,000 to 20,000 molcct¡ìcs/oell, at a density of20,000 to

10.000 rloleculeV<.:cll, a¿ I dcnsity of 10,000 to 5,000 molccùles/oell, at I der:sity of

5.000 to I,000 rnolcculcs,/ccì1. at a density of 1,000 to 200 moleoules/cell or at it deusity

of200 nroleculc-Vccll or lcss (trut at least 10, 50, I00 or ì 50 rlolecules/cell).

t00lf6l Thc LAG-3i:inding rnolcculcs of the preserf iuveution rnÂy corllprisc

altered aflirritics for an aotivating and/or inhibitory l'cy t-eoe¡rtor. Irt orrc o-¡nbodimcnt.

the LA(ì-3-l¡irrdirrg molcorrle comprises a vari¿u.l Fc Region tlì¿t has inorùascd allinily

for FcyRIIB and deoleased affinity lbr FcTRIIIA and./or F cyRIIA', rclâlivc to a

cornparablc ûìolccule with a wild-typr: Fc R.cgion. Irr another ernbodimc l, thc T.AC-3-

binding utolcculc ol the pt'esent inventiou comprist a v¿ ant Fc Rogiorr. whioh has

decre¿rsed aflinity for FcTRllB and increascd allinity for h'cyl{lllA and/or FcTRllA,

rel¿rtivc to a comparable lnolecule with a wilct-type Fc l(egiorr. In yct another

embodimcrrl, thc T,AC-3-bincting moleoulcs of 1¡c pr.esent inventio[ contprisc a variant

l'o Rcgion tbat has <lecleased affurity t'or FcyRllB ¿nd decre¡t-scd al'linity tbr FoylllllA

and-/or F c1lùLA, rcla(ivc lo a conrparable rnolooulc w-ith a w-ild-type tc l{cgiorr. In slill

another orrtbodinìcnt, tlìc t.A(Ì-3-bi ding ülolccules ofthe present irrr c-rrtion cotlpr'íse

a variant Fc Rcgiorr, which has trnchitnged af'linily for Fcyllllts ard decrcascd (or

inoreascd) afli ity t'or Fc"/RlllA anrì,/or FcyRIlA, r'elativ¿ to at <;omparablc nloleoule

with a wild-type !c l(cgiorr.

t00l 17ì In ccrtairr cnbodjments, the L-AC-3-binding rnolecules of thc prcscnt

irrvcnLion oorlplise a variant f o l{r:giorr having an alto:-od al'linily I'or FoyRlllA anÜor

t qRIIÂ such lhaf thc imnrrrnoglobulin has alr elrh¿rnced effect¡r¡ firrrction' Non-

lilrútirrg cxantples of etìèctor cell fuuc(ions include ¿urtiborly dcpcrrdcrrt ccll mediated

oytotoxicity, autibody dr,pcrrclcnt phagocylosis, phsgooytosis, opsouizaliort,
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opsonoph agooytos is, ccll bincling, tosclting, C tt1 birrclirrg, arrd uornplcrnLï1 dcponrìcnt

cel I mediated c¡,totoxioity.

[00ff8] In a pr cfen-e<i embod.irnent, the alteration in lfÌìnity or effeotor' ñrnotion is

at lcast 2-lbld, prcl'crably d1 least 4-fold, nt least 5-fold, at Ieast li-folcl, at lcast 7-tblcl,

.rt least 8-fold, at least 9-fold, at least l0-fold, at least 50-folci. or at lcâst l00-fold,

relative to n coraparable molecule comprising a r-ild-type Fo Rcgion. In olllcr

crnbodftnLïl-l of thc iuvoutiou, the variant f c l(egion immunospecitìoally bincls onc or

û).orc FcRs with at lcast 657,, prclbrably at leirst 707u, 75V", \OV", 85'/o, 9Or%, 95"/o,

70Oy,, 125y", ls0y., 77 5yi,, 2O0y",225V", ot 250Vo Étreater atTinity lelativc 1o a

ftolùoulo uomprising it wild-typc Fc l(egion. Suoh measulenrents can bc itr vivo or in

viLro assays, aûd ifr a prÒlbrrùd crnbodirrrent ¿tre in vitx) assays such as Fll,lSA or su rfaoc

plasmon rcsonarr'cc assays.

[00f f9l In dillbrcrrt cmbodimcrrts, the LÂCi-3-binding molecules of the plcscnt

invcntion comprisc a varia t Fc Rcgiorr whcrcin said vari¿rf agonizes t least one

activity ol an FcyR rcccptof, of a tÍtgorrizo-l ut lcÍist ore erctivity of eur l.cyl{ receptor'.

In a plet'erled cnrbocl ir:rcrrl, flìc rnolccùIcs corl).pfisc ê vafia t 1b.at iurtagouizes one or

morc activitics of FcyRIIB, f'or exarnple, B-cell r eceptor-rnediarted si¡5naling, activation

of R-cclls, R-ocJl prolilcralion, antibocly production, iutr-accllular calciur¡ ilrflux of ß

cclls. ccll cyclc progrcssiorr, Fo'yRIIB-rnodiÍ¡1ùd ir¡hibiliou of Fcr:l{l si¡¡naling,

phosphorylation of FcyRIIR. SHIP rccruitrncrrt, SHIP phosphorylatiou irud assooiation

w-ith Sho. or activily of o .c or morc do\À'nstlcr¡ûr molcculùs (e..g., MAP kinase, .lNK,

p38. or Akl) in thc FoyRIIB .siguul tr-ansducliou palhway. In auother-en:bodinrerrt, thc

Lz\G-3-binding m<¡lecules of the present inventiou corrrprise a variiurt that agonizcs orì.c

or ùìorc ûotivitics of FccRI, fbr cramplo, r:rÍist ccll activ&tion, citlcium rnoþilization,

dcgrarrulalion, cytokiur: produr:tion, or serotouiu lclciìsù-

1001201 ln ccrte.i . cmbodiments, the rnolcculcs comprise ar: Fc Region cornp¡'ising

legions fronr two or iyìorc TgG isotypcs (e.g..IgC l,IgC2, IgG3 uud IgG4). lhevarions

lgC isotypcs cxhibit clilÏu-rfirg physical aûd linctional propcrtics irrcludin¡¡ serur¡ half-

life, cornplement fìxation, FcTR bincling affinities and effeotor fì¡rrcliorr activitics (c..+,

^DClCl, 
CìD(1, e1c.) rìue t1r cliffeïenoes in the arnirxr acirì sec¡uenoes of lhcil hingc and/or
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f'c lìegions, for cxanrplc as dcscribcd in Flesoh and Neppert (1999) J. Clin. Lab. Â¡mI.

14:14I-156; Chappcl (r dl. (l.t).()'-l).1. l3iol. (.lhem. J3:25124-25131; Cltappcl et ø/.

(1991) Proc. Natl. Acad. Sci. (LJ.S.A.) 88:9031i-9040; o:: Brüggemarur er ul. (1987) J.

Exp. Mod 166:.1351-t36ì. This type of variant lr: I{egion rniry br.r uscd alonc, or in

colnl¡in¿rtion witl¡ arr ¿rnirro ßcid modilìcation, to affect l"c-mediat¿d ¿ffer.:tor functiou

iurd./or biutlirrg aclivity. Iu combination, the amino ¿cid rnodification aurì IgG ltirrgcÆc

l(egion may display similar lìrnctionality (c.9., inc::eased uffinity for f cyIiIIÂ) iüd may

act adclitivcly or, morc prefelably, synergistir:ally to urodily tho cll'cctor lurtcliormlily

in the moleuulc of thc invcntion. r'elative to a molecule of the invention comprising a

wild-typc Fc Rcgiorr. In othcr ernbocliments, the arnino n¡:id mor.lification ancl IgG Fc

l(egiou may display oppositc firnctionality (e.g., increasocl aud docroa-lod af'lirtity li.rr

FqRIIÂ, rcspcctivcly) ancl nray act to selectively tempcr Òr rcducc a spccilic

functionality irr 1hc rnolccr¡lc of the invention, relative to ¿r rnoleculc of thc iuvcntion

not oomprisirtg a$. Fc Rcgion or contprisin¡¡ a wild-type Fc Rcgiorr of thc sarrrc iso[ypc.

t00f 2f ì ln a preferred speoific ernbodimc .t, tlìc LAC-3-binding rnoleorrles of the

prcscnl inventiorr cornp::ise ¿r variant Fo Rcgiorr, \,! llctc ¡rì said variant Iìc llegiorr

compriscs ât lcast one arnino acid lnodific¿rtio¡r rclativc to r¡ wild-lypc lio Rcgion. srroh

tl1al said ûrolccr¡lc has an altered affinity for an FcR, providcd lÌral said variarrt Fo

Rcgion docs rrot have a substitutiolì at positiorrs thal lnahc â dircot oontaot w'ith F'cyl{

basccl on crystallographic rrrd stlucturaI analy-sis of Fc-FcR intcractions suoh as those

disolosed try Sondennann et al. (2OO0'l Naturc 406:2(17-73. ßxamples of positions

wi1Ìrirr thc Fc Rcgiorr that makc a cli¡'ect contact *'ith FcTR arc ártì.i .o ocid rcsidr¡cs 234-

239 (hingc rcgiorr). arrino aoicf residues 265-269 (B/C loop). amino âcid resicltres 297-

299 (C'lF. loop), aod ar'nino aoi<1 residues 327-J32 (FiG loop). Irt sotltc e-rnbocliments,

1hc rnolcculcs of the invention oomprìse vari¿urt Fc Rcgions comprise t¡oclifioation of
at lc¿sl orto rcsicluc lhal dor-s r)ot rnake ¿r direct coutirct r¡'ith au FcyR birscd orì slrl¡ctr)r¡ì

and crystallogralrhic aÀalysis, c.g., is not withiu thc Fc-FcyR bincling sitc.

l00t22l Variant Fc l{egions âro wcII kttown irr the art, and any hnown F¡: varia¡[

maybcusccl in thcprcscnt inventiolr to coul'cr or modiiy thc cfïcctor fi¡nction exhibited

by a rnolecrrle of the inventioÌr comprising atr Fo Region (or portion thereof) as

fuur:tionally assayod, e.g., irt art NK <lcpendeut or rnacrophage clepertdcul assay. For
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ex¿mple, Fc l{egion varialrts identified as alterin¡r eftèctor' ñ¡notion ale disolosccl in

f'C'I' Publications No. WC) 04i06-1351; WO 0&088494; wO 07 /O24241); wO

06/113665; WO O7/O21841; WO 07/|06107; and WO 2008/140603, arrd any suitable

var-ian1 disclt¡sed therein rnay be used in the preseut rmrlecules-

[00123] I ccrtain cmbodimcñs, thc LÂG-3-bindirrg moleoules of the present

ir:.vcrrtiorr cornprisc a variait Fc Rcgion, having orrc or ulorc arrrino acid modific¿tions

irr onc o¡ morc rcgior).s, which rnodiiÌcalio (s) alf cr (rclalivc to a wild-typo Þc ltegion)

thc Rrtio of Aflinities of thc variarrt Fc Rcgion to an activating FcyR (such a.l FcyRII^

or FcTRIIIA) rcletivc to aD i -hibitirrg FcyR (such es FoyRIIB):

Wiltl-Typc 1o Variarrl ('h'¡Dgc in Âflìniry ftr F"/Rn.,,.""".,RatioofAffirrities= .. """
W¡ldrl)nc to Vmiant Cihangc in Affi iry Io Fo/ R !,t,r,,1i,a

f00l2.ll l,arlicularly prefen'ed ule LA(i-3-bindìn¡1 rnoleoules ofthe plcscnt invcnliorr

tllnt possess a v¿¿riirnt fc l(egion (relative to the wikl-type Fc ltegion) in which the lìc

var-iaut hirs a ltatio ofAffinities greater thau 1. Such l¡oleoules have paúiculal use iu

proviclirrg a thcrapoul.io or prÒphylaclio troatrrtcrrt of a discasc, clisordcr, or iufeotior:, or

the arnelior¿rtion of a synptom thereof, whele an enhanced effioacy of effeotol oell

function (e.9., ÂDCIC) l¡ediated by Fcyl{ is desired, e.g.? c¿rnoer ol infectious dise¿rse.

In oontnrst, ¿tn lc viriant having a l(atio of Affinities less than I l¡ediates decleas¿d

cflicrrcy of cffÒctÒr ceII fuuotiou. 'l'able I list.s cxcrnplary siugle, double, triple,

quachlp le and quinhrplc rnùtafions by whcther theil Ratio of Affinities is greater than

or lcss thi¿n 1-

53

CoDy D¡oldcd b) ì-lSPl()lìom üc l¡W Iùnec Dnrnb¡ss o 0l-lf-2018



130ì .(¡r 2t P

I'¡blc I
Erêr¡rrìlsr! s¡nolc Ùr.l Mrrltinlc Mrrtât¡nrrs r istrd hv Rltio r¡f Affinitics

Orrfurluûle
Ratilr of Àffrnities > I

F243L, P'247L *.
N42IK

l,24ll-. R?-92P ¿È

Y3OOL

t2431., R292P &
v305t

Ì,243 r., fì292P &
P396 t.

F24JL, YJOOL .g
PJ9(;L

P247L, D2708 8¿

N4! IK

Rf,55L, D27OE &
P396L

l.)27(ll r. C3l6l) &
R4I6G

D27oL. K392 t &.
P396.1,

t)27r)1.1, P3961. &
Q4r9ri
v284M, R292t. .q
K37ON

R292P" YJOOL &
Pìgf;t_

t.&
P396L

P2471 . ¿i.

N42ll(
R2.ss t, &
P:t961.

R292P .q
v.ì05t

K392T &
P396L

P396L &
Q4r9H

OuádruùlèTrirrleIlouhLrsinøL!
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l00l25l fn it specific ernbodimcnt, iu vari¿urt Fc Rogious, auy eurriuo aoid

nrodificati<rns (e.g., srrbstitutiors) (rt ârly of positiom 235, 240, 241,243,244,247,262,

26],269,298,328, or330 ancl prclcrably orrc or lorc of'thc f'ollowirrg rcsiducs: 
^240,

1240. L241, L243, H244, N298, 1328 or V330. In a dil'Ibrcrrl spccillc oÌrbodirncnt, io.

v¿rri¿urt Fc l(egior:s, auy irmino ¿rcid modiñcations (e..ç, substitutions) at ny of
positions 268, 269, 270, 272, 276, 278, 281, 285, 286, 289, 292, 293, 301, 303, 105,

307, 309, 331, 133, 334, 335, 337, 338, 340, 360, 373, 376, 416.419,430, 434,435,

437,438 or 439 arrd prclbrably orrc or rrÌorc of thc l'ollowirrg rcsiducs: H280, Q280,

Y280, Ci290, 5290, '1290, Y290, N294, K295, P296, D298, N298, P298, V298, 1300 or

L300

f 00f 261 ln a prcfcrre<ì er¡bodir¡cnt, in valirrrt Fo Regions that l¡incl an FcyR with an

rllcrcd sf1Ìnity, any amino aoid rrociitìoations (e.g., substitutions) at any of positions

2-55, 256, 258, 267 
" 

268. 269. 270" ?72" 27(t, 278, 180. 2¿i3, 2ti5. 2t{(r. 2t!9" 290" 2.92,

293,294,295,296.298,300.30I,303,305.307,309.312,320.322"326,329,330,

332, 33 1. 333. 334, 33-5. 337, 338, 339. 340. 359. 360. 373, 376. 416" 4r9" 430,434.

435" 437 
" 

43ti or 43!). Prclirably. thc variarrt Fo Region has any of the t'ollowing

rcsiducs: 4256, N268, Q.272,D286, Q286. 5286, 4290. 5290, A29ti. M30ì, A3ì2.

E320, M320, Q320. R320. 8322,4326,D326.F326. N326. 5326, K330. T339. 4333.

4334, n334. T1334, L334. M334. Q334. V334, K335, Q335. A359, A3(r0 ol A4il().

t00l27l ln a different ernbodiment, in vari¿urt F'c Regious th¡rt biud au FqR (via its

l"o ltegion) with a reduced affinity. any amino ¿tcid rmrdiñcations (e.g.. substitutions)

at any of positions 252, 254, 2(t5, 2(¡8, 2(\'), 270, 278, 289, 292. 293, 294, 295. 296,

298.300,30r,303,322.324.327,32.e.333.335,338,340. 373"376" 382.388,389.

4t 4, 4t 6, 419, 434, 435, 437, 438 or' 439.

[00f281 In u diffcr cut eurbodimeut, in variartl Fc Rcgiort.r (hûl biTxl arr FcTR (!ia its

l''o lìegion) with arr enhanoed affirrity, any irmino itcid rnodifications (e.g., substitutions)

at any of positions 2110. 2li3, 2¡i5, 28(;, 29O,294,295, 298,300, 301, 305, 307, 309,

312,315.33'l,333.334,337,340,360,371'1,39ti or430. Irradil'l'ororìtcmbodirnorrt,irr

vari¿urt Fc Regious that biuds f cylUlA wilh art crtltsrlccd alfutily, aûy of thc following

rcsidues: 4255, 4256, A258, A267,4268. N268. A.272" Q272.4276. 4280, A28-ì,
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A285, 
^286, 

D2tì6, Q286. S2tió. A290, 5290, M30I, E320, M320. Q320, R320. ti322.

A326,D326, E326, S32ó. l<330. A-l-11, Q315, ,\337 or 4430.

[00f291 Prefèrred v¿tri¿ufs includc onc or nìore rnodific¿tions at itny of posilions:

228" 23O, 23t , 232, 2J], 234,235, 23.9" 240" 24.t, 24',.\, 244, 245,247, 262, 263, 264,

265,266.27r"273"215,281,284,291,296,297" 298.299.302.304. -105, -313,323,

325,326.328, 330 or 332.

t00t30l Parlicularly prcfcrrcd valiarrts include ono Òr rnoro modilìcûlions "sclcctcd

frorn gr-or-rps À-ÂI:

332Ã,332D,332L, 3 332Q.,332',1',132K, 3i21{. i32S. ,ì32\/, 3321-. 332F
ì3 332p 33f G ()r 3l2Y: a (l

336K or 336Y

- 5l.r -

29lD. 291F.. 29ì O. 291T. 291H. 29Il or 29lC:
299^, 299D, 299E,299F,299G.21tr)t f, 299I, 299K, 299L, 299lvl' 299N' 299P.299Q.
]99R- ?.99S 299V 299W or ?!)!)Y

304D. 3f)4N. 304'l'. .ì04fI or 304L
3021;

ì05I;
] I]IJ;
1)71:
325^, 325D, 325E, 325Ci, 325H. 12.st,325L, J25K- 325R, 3255. 325Ir. 325M. 3257
325V. 325Y. 325w or l25Pt
328D,328Q,328K, l2tJR, 3285, 32f1r, 328V, -1281, 128Y, 128W,328P.328G,328^,
328E l2lil¡. 32tlH. 32tiM or 328N:
j30L. JJOY. 330I o¡ j3l)V;

23ì 1i.23 ìK.2J1Y.2i IP o¡ 231(i:
2304 230L- 2l0Y or ?30G:
2ì8E 228K 228Y or 228C:

. ì? n-_
2341 rlr 2J4F:
235D 23sO 215P.2351or 2:i5 !':

232E. 23:K. 232Y. t32(i;

239D.239lj- 239N or 2:ì9O:
24(lA, 2401. 240M or' 240T;

243L,243(J.243\Y" 24jH or 243I;
244H:
243Il.,243.243v.

262A. ?62.L.;ó2). :6ìT. 26lE ot l62F;

?45 A.

2634" 26.1T" 26JM or 263T:

271D. 27IE, 27tN ,2'trQ,?.',trK,271 l{, 27 t S, 271'r,27|H,27 r¡^,27|v.27
27 lF. 27 1ild.27 IY. 271W or 27I G;

J'l
2657,)a6

2648.2C4F

ïì:,"ä?(

265V. 265N or 265():

"66,\ 
1661 ?li6M or 266T:

)751 . õt 2'15\\J 1

2771:

281D,28IK, 28lY or 2tì lP:
2l{41i. ?84N. ?li4 l. 2841.. 284Y o¡284M;

I
J
K
I

M
N
O
P
tl

S

T
ll

X

z

AB
AC

ati
A-D

/\F

AG
AH

B
c
D
E
F
(i
H

AI

Colìy Ììr\ìvidcd by l.JsPr'o Èo úÉ If$ Lt)li¿c D sbssc or 0l - I 2-20 ì *
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100 I3 I I Still nìoÌc part iculerly prcl'crrcd vaùi¿ruts include one ol' rnors nlod ificatitrrrs

selected fiorn (ìr'oups l-'|05:

Viuianl
s239D i D265L / N297D / I 33'2E.-

) N297D / 13328
)

s239D ,/ D265Y / NZ97D I 13328
s239D i Ì332r)
s239D i 1332E

S2l!)D / l3l2E ./ 4330I
S239D / 1332N

s239D ,/ Ii32ô
52]9D i,N297D ,/ IJ32E

s2.ì9r) / N21)7t-) i t332E ,' A330Y
s239D / N297D / TJ32li:i A33C¡Y /
Ff4ls i F143ll/ v26î I i V264',1
Sî39D,' N297D i IJJ2E ,,K-ì2f;T.]
s2J9D i N29',i t) i l3j2.E i L235D

S239D/5298^/r33?lì
s239D i v264I / 4330L / Ii32E
s2Jgrri v264ì i t332[

..F?"1"e,p
S2ll9lr

V264I / 5298^,/ lJ:l2ll

s239E ,/ rt?65ô
s239E ./ i332D
s23!)t i / t3 32u
s239E / 1332N

FÌ?9"t t_rt¡lo
S?3911 / N?¡)71) i' l3 i? rl
s2ì9E / V264t ,/ 

^3J0Y 
,, I ì32 Ë

s2t9E ,/ V264Ll 1332 E
s239\i i v?.64r i sz98A ,/ A_ì 30Y /
l'a:a2l:.

s!.39N ./ 

^33ttr. 
/ tl32Ii

S239N/43ì0Y/T332E
s239N / t-]32D
S239N / T3J2E
s239N i I332N
s239N i 1332Q

s239Nt S2984,',l.ì12t,
S2J9O r I3J2L
s239() / Ll32tl
s2390 / t332N
s2390 / T332ô
S23t)Oiv264lt1\328
s298A' / 1332E'
v264F./N297Di13i2E

( i¡<¡lur
54
55
56
s7
58
59

60
6I

62
f;3

64
65

66
67

68
rig
70

'71

71

74
7s
76
1'7

78
79
ti0
8l

83

85

$,ç. .

l{7

88
89
9o
9t
92
93

95

Vaì rarìt

D?-65F i'N2978 i ll32E
D265YiN29'/l)i133211
D265Y / N297D / T299L / IJ32E
l;?4tI i r24lQ ,, v262-I M64F
v't41v. ¡ t¡243() i v2671 / V264L I
TJ.I2F,
F24IE / F243R ,',VZ62E M64It
l:24]l:, i L:243R / V262Ij I v264R /
l3 321i
F2418 i F243Y / 1r'262'.t', Ì V264R
E24lß I F243Y / V2(|2T / V264P. /
t3328
I:24tt. I t:2^43L I V262t i V264t
F24tL /I/'tt;2r

F24lR,/ F243O ./ V262T / V264R
ì.24ì R,'1243Q,' v^'16-lI i \'264R.,

F?41Y,'F243Yl \/'2611 t V)6,47
r:24rY i t243v i V262'1 i V2641 |

P243L M641
L32t1D / 1332ß
L32âF.,, 1332ìi
L328H / 1332E
l,32ril i 13l2lj
r,ì28M / fl ì? ti
L328N ./ 1332E
f .32r{c) / t332ll
r_.r28T i t332n
L328V / 1332E

N297D i',Al30Y ,/ 13l2E
N297D /'1332rt
N297D / TJ32E / S239D /.¡\3301

/A330Yiti32E

N297D / T299Iì i N

N297DiT299lit332E
N?e7p. r?.?e_L. ,i112E.... . _......._
N297D ,, T299V / 1332Ë
N2!¡7l- /'1332ll
N297S / 13328

/ E233ì ) / r332r.,)

i P247v
i A33IJL t332,;

ll

(Ìr'oun
I
1

.l
4

5
6

.1" ".....

9
l0

tl
t2

t3
14

t5
t6
t7

t8
l9
?0
2t
?)

1.4

25
2f;
'27

28

29
30
_ìI
32

ì4

15
36
]7

39
4r\
41

42

a1

CoÞy providcd hy l.lSPTO li onì rlìc lFw Ir'ìãEc Dål3MrÈ ôn 0l-l2-2018
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[00f 31ì Stil] morc particulally pleferred valiants ilrclude one or more l¡odifications

sclcclcd fiorrr Groups I -'|0.5:

Variant
s239D ,i D265L,/ N297D i tt32L
S13!)T) /'D265't / N2Ð'7D / TJ32F,

s2J9D / rr265v /N297D I 13328
s239Di D265Y i N2r7D/1332i-i
52391) / 13l2l)
s239D ./ 13ì2E

S?391)/li37li/Ai3OI
s239D i r_r32N

S]]9D ,' I33:Q
S239D / N297D /' 1332.L

S)391) /N29'/D / 13J2li/.,\.ì30Y
s239D / N297D ,/ 13328 ,/ 4330Y i
F241S / F243H i \'¡162't / VZ64'l
S239D /'N297D,/ Ì1328 i K326E
s2 i 9r, / N2 9 7r, / T.ì .ì 2F, i T.2 i 5r,

s2ì9r, ./ s298^ / I3l2E
S239D ¡' V2rr4l / Al30L / 13l2E
S239D/V264IiI332F.

s239D / V264r / S298^ /IJ32E
S23!)li /' D265N
s2398./ D2f;5()
s239E i I332D
s73()ti,'ti32ti
s239E ,/ T3ì2N
s2i9E ,/ 13120
S23lrl i /'N2!¡7D / t332lt
s2J9E ,/ V2(;4i / 4330Y / 1332 E
s2398 M64r ! 1332 E
S239Ir i \'2641 i S29|JA / 433(lY i
r332r i
S239Nr Âr30I-/I332E
s239N ,/ ,{330Y i I332E
s?39N,',t3i7D
S239N / Tl32E
s2ì9N / 1332N
s?.39N / 1332Q

S2l9NlS29*^ / T33)F-
S239ô / Tl ì2l-)
s2390 / 1332 t]
s2_ì9c) / I3i2N
s2390 / 1332c)
S23()O / V2641 ,' ll32lì
s298,A / 1332E
v264ElN297D/I332E

54

5(;
57
5l{
59

..É,0- .

62
63

64
65

66
6'7

r;8
69
70

7l
72-

73

'75

77
714

'79

80
8t

82

fl¡t
115

R6

*8
8r)

90
9l
92
9l
94
95

^ 
ì30L / r332E

D265F / N2971ì /'1332-t'
l)265Y/ N2971) i IJ.ì28
rr265Y / N297D / TZ99L I 13328
F:4t[ / r'34]Q ,', V 162 l / V264 t,
11241E / F24.ìQ / V262'f M64E i
l3:J 2 t.
F24l E / F:41R.,' v?9:^r. i.l,z_fl,R,..
lj24l[ / t;?43 tì i v2621:. i v264ll i
1332ll,
F2418 / F243Y M62T /\/264ß-
Fz4lE t 8243Y ,' V26f,T ,' \'264R,'
I33',E
t24tt. I r:24it. I v262t i \l'2641
F24tLM62r

F24tR / F2430,/V262't M64R
l t4tR i u243Q/'V26.1 li v)64R '

tia? t:
ìr241 W / 1.243W r Vìfil^ r V264^
F24lY I F1.43Y /1/262'l t \t1.64'l
PZ4IY i 8243Y i v262 r' i v264'l i
N?q7D / t',t'1? t.:

lì243 f- / v2621 / v264w
P'243L M64l
L328D,/ 1332lj
L3l8E / T332F.

L328}l / 13328
/ ti11tl

l. ì2RM / ll32r1
L328N / 13ì2E
t.321{o / -t332li
I.328T ,' TJJ2E
LJ28V / 1332E

N297D / A3l0Y ,/ r332L
'N29'1L't i 13321,)

N297D / I3J2E ,' S239D i A3_ì0L

ñ?t)'t tt / t')t)t)\.I t112t'.
N197D / T299F / I3J2E / Nt97D i
T299H i 1332E'
N297D/'12991/13321J
N?97D / Tt70qt.,' t11?tì
N297D / T299V / IJ ì2E
N297lt / tl32Ij
N297S /'t332li
P2J0^ / E233D ,' ï3J2E

i P?4'7v

À3loY

Crcup.. 
-,,

1

3
4
5

6

'l
8

9
l0

lL
l2

13

t4

t5

T7

ts
l9
20
2l
22
?i
24
25
26

28

2<)

30
31

32
l3

3_s

16

3ti
39
40
41

42
43

S239D /'4330L i

57

t) I i3? t 96 v264I i At ì0L ,/ Iil2E

(loDy provrdÈd hy I JSPI o from ihÉ ll ù Iür.rsc l¡¡t¿t'¡s< ou 0l-11-2018
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v264ll 
^3ì0Y 

/ r332E
v2641 i 133?li
v264ï/5298^/Il32tì
Y296D/N297DiI332E
Y?96ti ,', N?()7t) / t3î ? Il
Y296H /N297D / ll3?F.
Y!.96N / N297D ,/ t332E
Y?"96OiN297ItIl11.li
Y296T /Nl97D i I3J:E

9',7

t00
I t)l
t02
t03
104
105

s2l9D / ¡'3 ì0Y i 1332ß. I K?26L
s239ì) / 

^330Y 
I t332tt./ K326t',

s239D i A330Y / 13328 / L2.34r
A33uv i 1332ß.t 1235D

S239D ./.¿\330Y ,/ I]318 1I/2641
s2l9D / Al30Y ,' r3]2E M66t
s239ì) / f)265t / N2971) /'t332ti
s239D i D265H /N297D / 13328

t)?65t/N?97D/t',t12t

s2iqD

s2i9t-)

44
45

47
48
49
50
5l
52
53

l00l32l Tn onc cmboclinìcnl. a I.AC-3 birtdirtg molcculc oI thc invcrrtion will

ooìnprise a variant Iìc Rcgion having at lcsst onc moditication in 0rc Fc Rcgiorr. Irr

certain embodiments, the variant Fo Region conrplises at least one sr¡bstitr¡liorr sclcc(cd

firrrn tlre grcrup consisting of L235V, 1t2431, R292P, Y300L. V30-51. artd P396L.

wherein saicl nrrnrbering is that of the IILI indcx as in Kabat.

f00I33l Iu u specific ernl;odirneut, the variant fc l{egion comprises:

(-A) ¿t le¿ist onc snb.,ititutiorr selected fxrm the glorrp oonsisting of F243f ,.

R292P, Y300L, V305I, aud P396L;

(ts) at least two substitutions seleoted fronì the gror¡p coiìsisting of:

(1) f 243L and P-J9(iL;

(2) F243L and l{292P; and

(-ì ) R292P and V-105I;

(() at least thlee substitlrtions selected fiorn the graup consisting of:

( 1 ) r,'243 L, l(2921' and Y300L;

(2) t:2431,, R2l)2P rnd V3051;

(3) t;24lL,lì292P and l,-196L; and

(4) R292P, V30-5I and P3l)6I.;

(D) at least t'our srrbstitutions selected fì'orn the gr orrp oonsisting of:

(l) lì243f .. R292P. Y3001. an<l PlìlXrl"; ancl

(2) 824'-lL,lì.f 92I', V:1051 and P396L; or

(E) at lcast the live substituliorN scicctcd liorn thc gfoup consi-itfirg ol:

(l) F2431." R2f)2P, Y3001,. V3051 and P39(rl,; and

(2) L23-sv, F243L,R292P, Y300L arrd P396L.

[00f341 Irt ¡urothel speriifio cmb()dimtnt. the variant Fc Re¡5ion oomprìses

substitutious of:

('olìy providùd by IISPTO tl onì rhc Il-W InaÍc f)åråhâcc or 0ì -ì 2-201*
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F243L,, l\2921t, änd Y300L:

1,235v,v243L, R292P, Y3001., ancl P3lXiL; or

F243L, It292P, Y300L, V3051. and P396L.

l00l35l lrr othor Lìlì.bod irncnts, the inventir¡u enoornpasscs lJtc Lrsc of any Fc viu'iatrt

knowrr irr the arrt, suoh its (hosc disclosed in Jefferis. ts.!. et al. (2002) "Intcnation Site;'

On I luntan lg(l-Fc For FcgantntuR: ('Ltn'cnt ll4ttdel.s," I;:ni::lumrl. Lctt. 82:57-6-5; Presta,

1..(i. et al. (20O2) "Dnginc<:ring Thera¡teutic Antibodies For [n¡trovcd lTun<:1it)rt,"

If ioclrem. Soc. Trarrs. 30:4tt7-1)0; ldusogie, E.E. et al. (2OOI) "Engin<'<'r<zrl Antihodies

With Increa.sed tlcrivit),To Rcantit ()<tnpletnent," t.Iru¡unol. 166:2571-75: Shields.

R.1,. ct al. (2001) "ä¡.g¿ R¿,rolutiott Mt4tping OJ'l he Bitulin¿i Sitt OnIItnøn lg(ìl hbr

Fc (lantnta RI. F(' G.¿tn,ttd Rll, F<: (ìannta klII, ln¿l Ft'Rn And Dcsign OJ'lgÕl

l/.triants ll/itlz Intpxwed Binding To 'Thc h'c gantna R," J. BioI. Chcm. 276:651) l{il.i04;

Iclrrsogie, E.È. ¿t ul. (2OO0) ".lulup¡>ing Of 'l'he (-i I q ßinding Site On Ritu.rtttt, A Chine'ri<:

Anribody With I Hunan IgG Ft." J. ftnnrtrnol. 164:.4178-84; Reddy, M.P. et ul. (2O00)

" E limination Ol Fc Reteplor-l)<z¡><zndent blJ'et:tor Funclions OJ' A .Mulifi<zd IgG4

Motutclonal Antihody To Hun¿¿n (:D4," .1. Inrmunol. 164:1925-1933; Xr¡. f). er aL

(2000) "/z l/itrr¡ (.iharacterizal ion oJ'Fitt<' I luntanizecl ()KT-l E//à'clor Fundîon yaridnt

Antil>t¡dic,s," Cell. Immuuol. 2OO:16-26; Atlnour, K.L. et al. (1999) "RecttnbÌnant

humttn lg() Moletttles Lucling Ftgà ttuìut RecePtor I Binding And Monot'.yt<z Trigg<zring

A<:tivitie.r," .hur. J. h¡¡rtur¡ol. 29:2613-24;.lefferis. I{. et al. (19961 "lllodulatittn ()f

Fc(Gamma)R Arul Human Contplenrttl Acti'vation Ry IgG3-Core Oligosacchtt rid<z

Int(.t'(tc1¡on.s'," lr¡munol. Lett. 54:10I-04; Luncl. J. et al. (1996) "MulîiPle Inleru.'l¡ons

OJ'lg{) l+'ith tt.s Core Oligosat'tlzurids (ittt h|odulate Recttgtzition ß.y Conrplent<'nt And

Huntdn l7a ('ìanma Receptor I tlnd In/htencc The Synthesis O.l lts Oligosucchu ride

('hain.s," .1. hnmunol. 157 4963-4.96.9; Hutchins et ul. (t995) "ln4trovcd

B itxl is t,ril¡utittn, Tuntor T'argeting..4nd R<<htoe<.I lntrnunogenicitl, In .[(ice Wilh A

Gantnta 4 l/ariant OJ Canqtath- I H," Proo. Natl. Acad. Sci. (LT.S.A.) 92: I l9ti0-84;

Jcllbris, R. pt dt. (l()t)5) "Recognition Sites On f lttnan lgÇ f or !'c (lanmta Receplot'::

't'hc. Role ()J Olyut.sylutioz," Imrmiuol. |.ett. 44:1II-17; Luùd, J. cf (//. (1995)

"Oligosut'th<tritlc-Prtne in lweractions In lgG ()an ll,lodulate Recognition Ê), Fc

Ganmta Rece¡ttt'tr,s." ÌASÞlB .T. 9: I l5- I9; Alegte, M.1,. et al. (1994) "t1Nttn-Activating

"Hunzunize¿l" Atzti-(.'D3 ll4ohtLt:h¡nal Anlib¿xl.t, R.'td¡hs Int hI utt(>suppressive I'ro¡terlies

(A)

(ß)

(c)

-59-
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In Vir:tt," 'lì'ar'ìspl nt tion 51:.1537 -154J;Ltttd et al. (19921"fÍultiple Binding Sit(J On

'l'hc ('.'H2 L)onain OJ IgG L'u" Àtlouse F'c Gantnta.R,/,1," MoI. Irurnrrtt¡l. 29:53--59; l,rrncl

et al. (199)l "Hzonatz I'c' Gantnza RI tlnd Ft Gannza R-If Interat'l W.ilh Dislintl 8û
()verlapping Sit¿s ()n llutnutz IgG," J. hnr¡rurrol. 147:2657 -2662; f)uncan, A.R. ¿¡ ¿zl.

(19811) " Lot:alizatiÒn ()Í' 'l he Einding Site h'or I he Hutnan High-t1lJìni4t Fc Receplor

On lgt)," Nature -332:563-564; US Patent Nos. 5,624,821; 5,tltì-5,57-ì; 6,I94,55'l;

7,276,58{i; and 7,3 17.091; and PC'[ Public¡rtions wO 00/42072 and PCT wO

99/58572

[00136] Irr somc crrlbodimcrlls, lhc molcculcs of thc invention ñrrthel oonrprise one

or utorc glycosylatioû sitcs, so lhûl onc or nìorc carbohyclratc moictics are covalently

attáclìcd to thc molcculc. Prcfcrably, the nrolecr¡les ofthe invention with one or rnore

glycosylatio silcs arrd,/or onc or motc moclifioations in the Fo Region oonfer or have

au c¡ltanccd arrtibody rncdiírlcd c[l'cctor' ñrnction. c.g.. cnhancecl ADC)CI aotivity,

cornprred to tho unmodilicd trntibody. Irt sornc cmbodimcnls, lhc invcnlion lirlhcr
compriscs rrì.olcculcs coûrprising onc or iÌrorc r:rodifications of arnirro aoids that aÏe

dircctly or indircclly krrown lo irrlcracl wit$ a carbohydratc rnoiety of the Fo Region.

includirrg but ot Ii útcd to ¡rnfno acids at posilions 241,243,244,245" 245,24.9,256,

258, 260, 262, 264, 265, 296,299, and 30I. Amino acids lhaf dirccrly or iuclireotly

inlcrect with a carbohydratc rnoicly ol atl [c Rcgion sle knou'n in the art, ,scc, ¿'.9.,

JclI'cris e¡ ul., 1995 hnntunolog, Lellers, 44'. i I I -7. wfiioh is inoorpolatecl herein by

rclèrcncc in its cntircty.

t00l37l Irì anotlìcr cmbodimcnt, thc inventiorr encompasses m<¡lecules that have

bcorr nodilicd by introducirrg o .c or rnol c glyoosylation sites into oue or more sites r¡f

thc molecrrles, plcl-clabìy without alterin¡¡ the function¿lity of the rrrolecules, e..ç,

biuding uo(ivi1y to tirrgot autigcrr or Fc7R. Glycosylation sitcs may bc intlocluoc<l into

the v¿trialrle rn(Vor corìst¿nt region of the molcculcs of thc irrvcrrtiorr. As uscd hcrcin,

"glyoosylation -ìi1es" inclucle .üy spccilic amino âcid scqr¡cncc in an antibody to which

an oligosircch ar-icle (1.c., oartohyclrates containing two or urore sinrplo sugars lirtkccl

togclhs-r) will spccifically arrd covâlcntly attîclì. () ligosaccharide side chrins are

typically linked to the bacl<lrone of nn aulibody via cithcr N-or O-linkagcs. N-Iir¡]rcd

glyoosylatiou refer s to the attacb.rneut o1'an oligosâcchâridc rnoicty lo lhc sidc chain ol'

(t0
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an iìsp¿ìr¿rgine rèsidue. ()-linked glycosylation rcfèr's lo tììc attachment of ârì

oligosircohitr ide lnoiety to r hydroxyiulino acid, e-g-, serine, threonine. l'he moleorrles

ofthe invention rnay cornprise one or more glycosylation sites, including N-linked and

O-linked glycosylattion sites. Any glycosylation sìte for N-linked o:: C)-link¿d

glyoosylation krrown in tlìe alt nìay lre used in accordarrce with the instant invcntiorr.

An exemplary N-linked glycosylation site that is useful in accol'dance with the methods

of the p::esent invention is the ar¡ino arcid sequence: Asn-X- l'hr/Sel', wÍereirr X nray tre

any itmino aoid ¿ind 'I'hr/Ser indioates a threouiue or ¿¿ ser-ine- Suoh a site or sites may

lre introduced into a lnolecule of the invention rrsin¡¡ methods well known in the art to

*.hioh this invention perlains (see for example,lN vtrR() MtJT^cìrNtrsrs, lìric()MnTNANT

DNA: A S j.lolì I (lOuRS¡,., J. I). Watson, et al- W -H- f reem¿rn 3rrd (.ìompany. New Yel'k.

1983, chapter 8, pp. 106- 1 1 6, rhioh is incor¡oruted herein by reference ilr its elrtir€ty.

An exernplary method for- introducing a glycosylation site into a molecule of the

irrvention may comprìse: rnodifuing or mutating an alrino acid sequenoe of the

r¡olecule so th¿rt the desired Asn-X- l'hr/Ser sequence is obt¿ined.

[00f 38] Irr somc ùü.bÒdirrrcûts, 1hc i .vcntiori cucompassos hÒthods of rnodifying

tho r:arboltyclratÒ uoutcrt of a mol.cculc of thc irtvr"rrtion by arldiug or deleting a

glycosylatiou site. Methods for modifyiug the oalbohydrate content of ¿ntilrodies (and

rnolcculcs cornprisirrg aûtibody dorrrairrs, e.g., Fc Rcgion) ¿ìrc Þ'cII k¡.oÞr in ths arl and

onoÒütpÍrsscd withiu thc inventiou, .se(, (.9., tI.S. Palcrrt No. 6,218,I49; EP 0 359 096

Bt; U.S. Pr.¡blication No. US 2002/0028486: WO 03/035835: U.S. Publicatiorr No.

2001i0115614; [J.S. l'atent No. 6.218,149; U.S. I'ateut No. 6,472,511; all of u'hich are

irrcorporal.cd ircrcirr by ref'eroncc in thcir crrtircty. Irì othcr crrÌbodùnorlts, thc irrvcrtiÒn

enoorupasses r¡ethods of rnodifoing the carbohydrate oonterrt of a rnolecul¿ of the

invcntiorr by dclctirtg oue or m()ro oudogùlou.s carbohydratc moiclics of thc rrrolccule.

lu a speoific enrtrodir:rent, the invention encourp¿rsses shifting the glycosylation site of
tlre Fc Regir>n of an antibody, by rnodifyirrg positions adjocent t<t 291. ln a speoifio

embodirneut, the invelrtion enconìp¿rsses rnodifying position 296 so that position 296

aûd ûot positiou 297 is glycosylated.

f00f39l Ellbclor furctiorì carr also bc rnod ifÌecl by tcchniqucs such as by introducirrg

one or: rrrore cysteirrc lcsicfircs into th¿ Fc ltegion, thereby allou'ir:g interchairr disulfi<le

- 6l -
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bond formatio[ irr lhis rcgion t() ocuur, rcsulting in tlre gencratiorr of a holnodimer-ic

antitrody thirt rnay have inrprovcd intcrnalizatio capábilily anclol iuorca-scd

oomplernert-mcdiatcd oell killing and AI)CC (Caron, P-C- et ul. (l -9.92) "Engineered

I lumanize¿l Dintcrit ltonns Ol' IgG ¡1r<' il'lore Èlfet:tive Antibodi<2s," .l- Bxp. lvfcd.

l7ó: ì I f) I - I 195; Shopcs. ß. ( I 992) "l Genet it'ull.v EnSineeretl Humun Ig(ì il'l utant Ulith

Iin haru:ed (J,toh,t¡c A()rivity," J.'h¡Inuûol. Mti(.t)):2918-2922. Homociirr:elic autibodir¡s

with enhancc{ a .tilùmor activity u--ry also bc prepared r,rsiug hcf crobifi¡lrotion¿rl ¡:ross-

lirrkers ¿s clcstrribcd in Wolff, E.t\. el, ul. (lt)')f) "Monodonal Antihttdy Htntu¡dinzers:

Enhanced tintiluntor At:tivity In Ñr¿e Mit:c," (laucer Rcscatch 53:2560-2565.

Altenratively, atr antibody cau bc crrginccred which has dtlal Fc Regions aud rnay

theleby havo c¡ lanocd complcrnortt lysis and AD(ìC-' capabililics (Stcvenson, Ci.T- r/

a/. (1989) "A Chìntcric Antibotþ,' W'ith Dual Í't: Regitttzs (bi'slTahl;<:) ì'repared By

Ã,tani¡tulations t1l Thtz Ig(.ì É/izge," Àrrti-Canoer Drug l)esign 3i219-230).

l00l40l Thc serunr half-life of prolcins cornprisiug Fc Rcgions rnay be inr-:renscd by

iucreasiûg the bindi g :rffirrity oI 1Ìrc Fc lìegioD forFcRn. The terrn "h¿rlf-lifc" as usccl

heroin rncans a phannacokiuctic prcpetty of a rnolcculc lhat is ir rrleasure Òf'thc mcûn

survival tirnc of the moleculcs J.-ollowing their adrnirrisl ration - Half-Iifb can bc

expressed as thc time required to climi¡ìate fift¡r perccnt (50%) of a known r¡uantity of

the rrrolcculc t'rorn the sulicct-t bo<ìy (c.g., hunitu patio-ttt or other mamrnal) or a spccific

cornp¿rrtmcnt thereof, for extürplo. as lneasüed iu scrr¡m. /.<2.. circulati[g hall:'Iil'c, or

in othcr tissrres. ln gercral, an inorease iu hall:.Iife results iu ¿ur irrcrcasc in lneatr

lesidence titttc (MRT) in citculation l'or thc nloleculc atlnúnislcrcd.

t0014U ln some emboclirncrrts. the LAG-3-binding molecules ol' thc preserìt

irrvcotion comprise a \,ariarì.( Fc Re¡¡ioD, r¡'hr¡rci¡l said variant f c Rcgiolr conrpt'ises at

loast onc rnrirro acid mÒdilicalion Ïelative to I wild-type Fc l(egiorr, such tlìat said

molccr¡ìe has ¿rn iuoreascd hall--life (r'elative trr a wiìd-type f c lkgiort).

f00l42l lu somc cmbodimgnts, the f ,AC-3-bindiug urolocttlos trf' thc preserf

iuvention oomprisc a lariant lic lìegiorr, whcreilr said v¿rria¡t Fc Rcgion oomprises tt

half'-live extentlirrg anlino acid substitr¡lion at one or m.olo positiolts selected frorn thc

Etror.rtt corìsisting of 238, 250,, 252, 254, 256, 257 , 25(,, 265, 212,2¡ì6' 303' 305' 307,
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309, I1 ì . 312" 317 "340, 
356, 360, 362, 37(¡' 378'380' 382' 4\3' 424' 428' 433" 434' as

nrunbcred by thÒ I-i(J iùdex as set l'orth in Kabat' Numcx¡tts speoifio rr.rulâtiorrs oapirble

of irrcreasirrg thc h lf'-iife of au Fo-oontainirrg rnoleoulc are krowl in lhc ar1 and

inclucle,foroxanrple252Y'254'f,256E,anrloornbinatiorrsthsrcofFoÏexatnplc'see

ùre mr¡tations dcsoribcci iû LJ S' Pato t NÒs' 6'277 'ì75' 
7'081ì'784; 7'217'797'

8,088,376; ti.S. Puirlioatiorr Nos' 2002/0147311; 2O01/0148164; arrd lulcrnationâl

Prrblicatitln Nos. wO 9tl/23289 ¿1nd wO 09/058492, wlrir¡ir are lrcreirr itroorporutcd by

l'efcrcnoe in thcir erIl.il'etrÙs t"o comprisitrg moleoules with crlhanocd h¿ll'-lifc also

incluclcthosewilhsubstitutiolìt\l'oormo¡'eofFot(cgionrcsiducs250'252'254'256'

257,309,3I1.428' 433,434"(tJ'S Pat Nos' 7'083'7tt4 aûd 8'088'376)'

[00143]luaspocificù¡bodiûìent,(hevariantFclLogioncornpriscssubstitutionsof':
(L)252Y 

" 
254T atrd 256E;

(B) 250Q and 42tt L;

(Cl)T307Q andN434A;

(D) 4378V aud N434Al

(E) N4344 ¿nd Y4-l6I; ot

(rì) v30tiP/N4344

VI. Auli-Iluman LAG-3 Diatrodies

100144|()rl'oclnbtrdilnerrtoftlrcpr.escntinvcntit¡rtrel¿itcstÒbispeoifîcdiabodicsth¿t
¿rrc oapùble of bindrng to Ít "lirst epitopc" and a "sccond cpitopc"' whercin thc first

cpitopc is arr epitope of humarr LA(i-l anrl the scconcl cpitope is 8D epitope of a

lnolcoulo involvcd iu rcgulatin¡¡ an ilrunìrlle oheckpoiut pressrrl on thc surlace ol- au

imr¡une ccll, $uch as ir T lymphor:yte The scconcl cpitopc is prcferirbly nÒt an ¿pitope

of I.A(l-3. tn one srirbodirncnt, tlte sccond cpitopc is arr epilope ol'87-H3' B7-I14'

R'r'L^, (rD3. (lDt'ì, clDI6. (:Dzl.cD32'Cll)40' (lD40l" cD47'Cl.)64' ClD70' (',1D80'

CD86,CD94.CDì37,CD137I',CD226'Ct'LA-4'Caler¡lin-9'GITI('CITtìl'IIhILA2'

ICOS, lClOSI,' KIR. L^G-3, Ll(iHT' MI lC class I or II' NKC2a' NKG2d' OX40'

OX40L, PI)lH, PD-l, PD-Lì. I'D-L2' PVR' SllìPa"I CR"|ICII'' 'lllvt-3 or VISTA'

In a spcoifio r-nìbodilnent, (he sccoud cpitope is CìD117' PD-I' OX40' TIGI'|' or"l'IM-

3.

6-ì
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l- Bispccilìc Di¡borlies Lacking Fc Regions

l00t {5J Ouo embodimeut of the prescllt ilìvontiÒrr relates to bispcoific monovaleul

diabodics that cornprisc' and rnost preferably arc oornposc<l o1ì a ltlst polypeptide chairr

and a scoortcl polypcptide chairr' wltosc sequences pu-rnrit the polypcptide chairrs to

covaleutJy bind to r:ach othcr to form ¿ coval¿utly associated cornplcx that is oapablo

ofsimr¡ltarreouslybincìingtol,AG.3alrdtlrese¡:onrlcpitope(e.g.l]7-I{3'ts7-I{4'
BII.A, (1D40, ClD80' CD86' CDl37' CTL^-4' l(lOS' KIIì' MHC class I or-Il' OX40'

PIJ-l, PD-Lì. TCR, 1'IM-3, cn )'

[0014ól 'l he first polypcpti<le r:haiu of suoh arr emt:o<l imcnt of bisper:ific nonovalcnt

diabo<liss oontprises, in the N-terminal to C)-tcrlùinal dilection' anN-tc'rmirrrrs' !he Vl-

Do'rain of a monocro'ar arrtibody capabre of binr.rirrg to eilhe¡ the lì'*t or sccond

epitopc(i.c.'oitherVl-r'rc:o¡VLr'pr'op'z)'afirstinlcrvo-ningspaoerpeplide(l'iDkerI)'

a VH Domain of a monoolorul urllitroriy capable oL bincliug to oitho:r thc second cpitope

(if such 1ì rst polypepridÙ clmin contùins Vf-r'nc;-r) or thc first epitopc (il such frrst

polypop(i<le chain contains Vl'z¡"r'n'" z)' a cysteine-oontainirrg scoond intu-rv-erting spaocr

pcptide (I.in-trrer 2). a llctcrodimcr- l'rornotirlg Donrairl and a C-tc-rrni rrs (Figure I )'

The rrotarion..VLl., and ,,vHt,, dc'.1c ruspecrivciy, thc Variable Lighl chain r)omain

a¡.,d variable Iìeavy cbain f)onrain that trin<l thc "first" epitope- similarly, rhe notation

"Y L2" and"\'fl2"dcnotc lespectively' thc variable Liglrt Chain l)ornain :urd Variabl¿

Iteavy Chairr DÒrnaiû thal birrd thc "scoortcl" cpitope'

t001471 The scoorr<l polypu-ptidc chain of this cmbocliment of bispecific tnonovalent

<liabodics ootn¡lriscs. iu the N-tcÍmi fìl to C-termiual dircction' an N-terminus' a VL

f).main of a mon.clonar :'fibody capable of rrirrding to either L,AG-3 or thc socond

epitopc (í-e., eithel VLr'n'Ö-r or Vl-ri¡"'op" z' arrd bciug thc VL f)oñail not selccterl for

inclusion iu the first polypepticle oh¿rin ol thc diabody)' an intemctrirrg lirrker poplicte

(Linkcr I ), a VII Domajn ol- a monoclorral antibody capal:lc of binding 1rr cilher fhe

sccond cpitope (if such scoond Polypcptidc ch¿in contains vl 'r-"lci;) or to LAG-3 (il

such seo'ncr porypcptide crrai' corrtairls vl-np,r.,1- z), a spacer puptide (Lillker 2)

optiorìally coltairring a cysteinc rcsidr'¡e' a tlctoroclimcr-Pronroting Dom¿rin' ilrrcl a (l-

terminu s (Figrrre l)'
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[00148| Thc VI. f)ot¡rai¡r of thc tì rst polypepticle chain int¿raots with the VH l)omaiu

of thc sccond polypepticle ohain to forrn a first fi-urction¿rl arfigen-biudiug sitc tltat is

spccilìc 1'or a first antigen (/.c., eithel LAG-ll ol aur arntigen th¿tt cout¿ins the -secorrd

cpitopc). l.ikewise, the Vl, Domain of the second polypeptide oh(rirr i 1ùr(icts witlt thc

VH Domairr oI thc lìrsl polypcpticlc ohain in or'<lel to fonn a second functional antigen-

binding sitc that is speoifio for a seoond antigen (i.e.. either an itutigeu thirt oorfÍrius the

sccorrd cpilopc trr t.AC-3). Thus, the selection ofthe VL ¿nd VH l)ouurins of the fust

aucl sccond polypeptide chains is coordinated, such that the lrll'o polypcptidc chaiûs of'

1hc diabody collcctively oonrprise VL and VH l)or¡¿rins capable of l:indiug to both trn

L'pilopc ol'I.AC-3 ancl to the second epitope (i.e., they conrprise VLr,,rc-¡A/Hr,,r.c.r and

VI.npi'n¡* z,A/l lr:¡"to¡- z)-

()0t49J Most preferably, thc leugth of thc irr(crvcrring linkcr pcplidc (I.inllu-r l.
v'hioh se¡ariLtes such VL aud VH f)omairrs) is sclcctcd to subslalliâlly or conìplclcly

prL-vent the V L ¿rnd V H l)om¿rins of the polypeptidc r:hai¡r lio¡rr biûdi g to onc aûotllcr.

Thus the VL and VH l)omaius of the lirst polypL'ptidc chaio. arc subslånliâIly or

oonrpletely incapable of bindiug to ono auÒtltor. I.ikcwisc, lhc VT, arìd VII Dorlains oI

the seoond polypeptide chain ¿re substiurtiitlly or complctcly ircapablc oi bi ding to

orrc arrother. A pleferred intervening spacer peptidc (Linker l) has thc scqucrrcc (SEQ

ID NO:33): GCìGfj GLìCìLì.

t00f50l The cysteiue-containiug scco d firlcrvcning spaocr pcpticle (I.inker'2) will

contaiu 'l,2,3 or nrore cysteines. A preferred oysteine-coutainiug spaccr pcptidc

( Liukcr 2) Iìas lh.c sc(luu'rlcc is SEQ ID NO:34: (iGCCl(;(i. Altelnatively, Linker 2 does

no1 comprisc a cystcinc aûd â (lyslcir)e-(lontaining Heterodirner-l'romoting I)ourain, as

dcscribcd bcltrw is Lrscd, Oplionally, both a cysteine-contarining Linlter 2 and ¿t

cystoiuc-coûtairriûg Holcrodiûìcr-Prornotirìg l)ornairr are useçl.

l00t 5 t I The Hetexrdimer -Promoting Dornains nuy bc cVEPKSc (StrQ lD NO:35)

or VEI'KSC (SEQ ID NO:36) or ALiPKsjc (SEQ fD NO:ll5) trn onc poìypcptide

chaiu arrd CITNRCLC (SEQ ID NO:37) or FNRGFlc.j (S$Q I l) NO;38) on the other

pol1.¡reptide chaiu ( US2007/0004909).
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J00l52l Mole pr:eferitbly, hor.vovÒr, thc Flcl u'rod imct-Prornotin¡¡ l)omlins of srtch

<liabodies are fonrred fi-orn ouc, two, llucc or fot¡r'trlnclenrly repeated coil dorrnius ol'

opposing charge thrt corrrprisc a scquL-llcc olat lcâst six, at least seven or ¿rt lelst eight

olrarged iunixr iroid rcsiducs (Aposlolovio. B. cl a/. (2008) "pH-Sen.sitiviry ol the E3tK3

flctcrodÌ,,1<,ri¿ (.\tiled (.'oil," Bior:r¿orornolcculcs f):3 I73-3 ì tJO; Alndt, K.M. et al.

(2001) "É/c/a-s tahilized Fv (hsFv) Antibod.y Fragntcznts: Substituting the Cr¡n.stant

l)ttntain.s oJ'a l''ab tirtgnenl./or a Hetcrttdim<:rit- (loil<zd-t:oil Dontain,".l. Molec. tsiol.

'.\12:221-228; Ârrrdt, K.M. el ul. (2002) "()r.n4tori.son of ln ltiwt Selection atz¿l Rulittttul

D<,sign of H eten ¡dhn et'it' Coiled Coils,'" Slrucn¡re ì0:'l235-1248' Boucher. (. et al.

(2010) "l't'otein Detectit¡n 81,, ll'eslern ßlttt Vit (bil<tl-('.'oil lnteractittns," Analytical

Biochemistry 399:I38-140; Cachia. P.J. <zt al. (2004) "Syntlzetic I'epfide l/at'citze'

Develol>mt,nt: Mea.tut'etnent OfPol1,,cbnal Antibotly A-lJìnitv And Crtt,ss-Reacrivitlt

(Ising A New I'epticle L'aptztre tlnd Relcus<' Sy;uzn For Surþcc Pltt.sttton Re-sr¡nance

Spt:ctrttsctt¡t.¡t,".f. Mol. Recognit. I7:54O-557; .f)c Clrcsoerrzo. Q.D. ct al. (20O3) "Real-

Tim<z ll|onitoring oJ'the Interactiotzs oJ Ttvo-Stt'and<zd de novt l)esigned Coiled-Coils:

lffict o.f (.'haitz Lengtlz r¡n the Kinelic ttnd Th<zrnndltna ntia (-'onstants ol Binding,"

Riochcmistry 42:1754-176J;.Fomautìoz-Rodriqrrcz, .1. et .11. (2012) "Induc'ed

Ilcterttdincrizcttion And I'uri/it:ation O|Tu,o Targer Protcins B.y A Sltnthetit: Coiled-

(hil Tag,* I'rotein Scienr:e 21:511-519; Chosh, T.S. et al. (2OO9) "End-I'o-Lnd Arul

llnd:l'o-Ã4i¿ldlc lnterhelit:al Inlerut'lit¡ns: N¿uw ('[r,r,re.s OJ lnterat:ting Hdix Puirs In

Pnttein Struúur"es," Â<;ta C;rystallograph ioa D65:l0ll2-1041; Gr-igoryan, C. el ul.

(200ti) "S?rlrcrz ra l S¡tet:ifcitlt Ìn C.i¡iled-Coil In t¿'rac¡ìon.s," ()rrlr. Opin. Struc. BioI.

| 8:477 -48'.\; Litowski. J.ll. et ul. (2002'¡ "Designing I Ietcrodirueric '1t'vo-Stt"arul¿'¿l a-

Ilelitttl Coil,ad-(|oil.s: 'l'he ÈlJÞtt.s OJ Hl,d tt4thol> ic ilv And a-Helical I'tnpensity On

Prcteìn þ'olding, StahiliÐ,,, ,'1,ru1 Specdìt'it.t," .1. Biol. Chen. 277:J7272-17279;

Stcirùrugcr, J.D. cr al. (2O12) "'l'hc dL-d-4' Vertict¿l Triu¿l is l.ess Dis'crininaring 'l'han

thè a'--a--a' ltertical 'liiad in the Anlipurullel (i¡iled-coil Dinzer 'lûotil," J. 
^ 

Iùr.

Chcm. Soc. 134(5):2626-263 3; Stlarrssman, R. et ul. (2007) "Kinking rhe (loi kzd (hil

- Negath'elv (''harged Resitlues at r( Coilcd-<:t:ti1 lnterÍà¿:e," J- Molec. Iliol. 366:1232-

!242;'IripcL,B. et al. (2002\ "Kinctic Analv:sis oJ the Inlenx'liuns bslween'Ttoponin C

and the C-terminal 'l'r<>¡tttnin ! Regulaloty R<zgion and Validation o.f a N etv Peplide

Delivety/Capture S-l¡ler¡r used Jòr Sur-face Plastttt¡n Reson¿¿ntr'." J. Molcc. ßiol.

-66-

Cr.rpy prurirlcrl by USTTO liorì) .hc llw inrasÉ DUL¿buse r-¡n 0l-l)-2018



I J0I .0l2lP

323:345-f62; Woolfsou, D.N. (2005) "Th<z Des'ign Qf ottiled-Coil Stntctures tltz<l

A,sscnblies," Adv. Pr<¡t. Clìcnt. 70:71)-l 12; Zeng, Y. et al. (200tì) '7 Ligund-

Ps<zud<treceptor Sy-stenz Bused On do novo Dc.signed I'eptides Fr¡r Tlze Generution Of

Ade ru¡'iral Vet:tt¡rs Vlith Allcral Tro¡.ti¡tt¿," .1. (lene MerI. 10:355-367).

t00l53l Srrch rcpcatcd coil dorrains miry lre exitct repeats or moy havc substitt¡tions.

For exarnple, thc Hctcrocl imcr-Pr omoting l)or¡¿tin of the firs( polypo-pliclc chain rnay

comprisc a scqrrc¡rcc of eif¡ht negatively chargcd arnilo aoid l'csidues and tlte

Httcrodiûrcr-Promoting Dotnain of the socor:.d polyptìptidc ohain rrray cotnptìse a

scquùroc of'cight ncgatively ohar-ged amiDo ¿roid rcsiducs. It is immaterial whioh coil

is pr-ovirìcrì to thc lirst or scoorrcl pol¡reptide chairrs, proviclccl lhal a coil of opposite

chargc is uscd t'or the other po ly¡: eptide chain. Thc posilivcly charged anrino acid rnay

be lysirrc. argininc, histidine, etc. arul/or thc ncgalivcly cllargcd arnino aoicl rnay be

glutiunic acid, aspartio acicl, crr:. l he positivcly olúrgcd amino acid is plctèr'ably lysine

and./or the uegativcly chargcd anrirro acid is preferably glutÍünic acid. I( is possiblc for

only a sirrglc Hctcroclitner-Plomoting l)t¡urain to bc cnrploycd (sincc suoh domain will

inhibil homoclimcrizal ion and theleby promols hctcrodir¡lcrization ), however', it is

preferre<I lbr botlì thc lirst and seoond po l)?eptide clÉirrs oI thc diabodics of the present

inveutiou to corfai Hctcrodin:ct-Prornotin¡¡ l)r¡maius.

[00f541 In a preferred etrrbodimenl, oûc ol thc I lctclodinrer- I'romoting l)omttius

wiII comprisc tbr¡r tandern "E-coil" helical clomairrs (SICQ ID NO:39: EVAÃLEK-

EVAALEK-EVAATEK-EVAALEK), whose glutamate rcsiduss will l'orm a ncgâtivc

chalge at pH 7, whilc thÒ othcr ol'1hc I lctelodimer-l'xrrnotirtg Domairrs r.vill corn¡rrisc

l'our tarrdcm "K-ooil" <lomains (SEQ ID NO:40: KV.A ÂT,KFI - KVAALKE - KVA-A'LK!.:-

KVÄ LKE). u.'lrose lysine residues will fon¡r a posil ivc oharge at pH 7. l'he prese ce

of such t:hargod domains promolcs associ¿ttion bollvco'rt thc lìrsl ancl scooncl

polypcpfidcs, and tlìus t'osters hetexrrlimùr lbmation. lÌspeoially preferred is it
Tlctcrodirner--l>romotiug l)omain iu r.vhich one of the four taudem "B-coil" hr:lir¡al

drlrrrairn ol SEQ ID NO:39 has lreen modillcd to contain a cystcitre lesichre:

EV.TiACEK-EVAALEK-EV.AÄ.LEK-Ev'A¡T,EK (SEQ ID NO:41). Likewisc, especially

p¡'cfen'ed is a Heteroclilner--Pr<lrnt>tirrg Dornain in which one of the fìlur tandcm "K-
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coil" hclical domains of'SllQ ID NO:40 has bc¡.-n modilicd lo cor(air). a cystcinc

resiclue: KVAACKFI-KVAAT,K¡l-KVAAT,I(F-KVAAT,KF (SnQ ID NOl42).

t00l55f As disclosed in WO 2012/018(i87, in order to irnprovc tltc itt vivtt

pharmacokinclic propcÍics ol'diabodics. a diabody rnay bc rnodilicd (o contaiu ¿

polypeptide portion of a senrrn-binding plotein at orìc or morc of thc (cnni i o[ thc

diabo<ìy. Most plcfcratrly, such polypcpticlc portion o I a sL-ruln-bindhtg pro(ci \,!ill bc

installed ¿rt the (l-te::l¡irrus of the dilbody. Allrurnin is thc most atlrndanl. prolcirì ilì

pìasnra ancl has a halflifc of ìf) days in ht¡r¡ans. Albumi¡r posscsscs scverûl .lrnüIl

r¡oleoule lrinding sites that penïit it to rron-oovalently bincl to othcr protcitls aûd

theletry extencl their senr¡ half-lives. 'l'he Albunrin-ßincling f)ornain 3 (,\BD3) o1'

protein (i of Streptococcus str':rin (ì148 oonsists of 46 arnino acicl rcsiducs f'ormirrg a

stable three-helix lrundle and has broad alburnin-binding speoificity (Johansson, M.U.

et al. (20Q2) "Struoùtr(?, S¡t<zcificit¡t, ,4nd l\'lode ()J' Intt'raction Fttr But'teriul llbuntin-

Binding Modul<,s"" J. Biol. Chcu. 277(ì0):lil l4-8120. Thus. a particular'ly prcferrecl

polypeptide porlion of a serrrnr-binclirrg protein fol irlproving lltc in vivo

phannacokinetic propeltics of a <liabocly is the Albtulin-Bin<ling Donrain (ARI)) fìorn

streptocoooal protein C, and nrorc prcfcratrly. the Albr¡rlin-Binding f)omain 3 (AßD3)

of proteiu CÍ of Streptococcus stmin Gl48 (SEQ lD NO:43): LAEAKVLANR

ELDKYC;VS i]Y YKNT, T DNAI{5-,] AEGVKAT DE I I,AAT.I.,

[00f561 As discloscd irr WO 20121162068 (hcrcirr irrcorporat"cd by rcf'crcncc),

"deimmunized" r'Írriauts of SEQ ID NO:43 havc thc ability tô ¿ìttr)Duírte or clirrrin¿rte

MI IC class Il birrding. Bascd orr conìbinâtional nu¡laliorr rcsulls. lhc l'ollowirrg

cornbin¿rtious <lf sulrstitutions ¿u'e oorrsidered to lre prefen-ed substitutions for fonning

sucl). a dciûìrrlu ized 
^BI): 

66D/70S +7IÂ; 665/705 +71À; 665/705 +79Â;

64Al65N7lL; 64A165A/7t¡.+665:. 641Ll65Ai71^+66D; 64A/65A/71A+668:'

64 N 65 N7 9 A | 665; 64N 65 N79^+66D; 64N 65 N7 9 A+ 66E'. Variarrt ABD.s having

the r¡odificirtions I-644, 165A and lJ71)A or the modifications Nó6S. T70S ancl D7f)4.

Varia¡rt dcirrurrurrizcd ÂBD havin¿r thc drrúùo acid scqr.rcncù:

II\UAKVLANR ËLDKYGVS DY YKNL 1D1.,,NAT\STO AT.LJCVKAL 1 DU ILAALP
(SEQ ID NO: I ló).
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or tlìe amino ¿rcid ssquütcc:

T,^E^?iVT,ANR ELDKYCVSDY Y¡,NA',44I,:NNAKT VE(IVKAL1A7eU ILAALÈ
(SEQ lD NO:,f4).

or the anrilìo aoid sequÒncc:

L^E^7iVT,ANR ELDKYGVSDY YKNL I S'.,.,N^T<S /r) VEGVKALIAT¡E ILA-ALP

(SnQ lD NO:4s),

¿rrc particularly prctèrrcd as such deirnrnunizcr] r\BI) cxh¡b¡l substantially wild-qpe

birrdùrg whilc prcviding ¿ttenuated MHCj class II binding. 'I'hrrs, the first poly¡reptide

chain of such a diabody hitving arr ÂBD contains a third linker (Linker lì) preferably

positiorrcd C-lcrminally to the H-coil (or K-r:oil) Domain of srrch polypcptide ohain so

as to i .tL-rv cne between the E-coil (or K-coil) Domain an<1the AßD (which is pleferatrly

a dtirnmu izcd ABD). A prefenerl sequc .cc I'or sr¡ch Linkcr 3 is SRQ lD NO:46:

GGG5.

2, ßispecific Di¡bodies Clontainirlg f,'c Regions

l00l57l One embodirrcul of thc prcscnt invention relates to bispccilic diabodics

cornprising an Fc Rcgiorr capûblc of sinrultaneously biudirtg to LAC-3 anct a scoond

cpilopc (e.9. tt7-HJ, ts7-H4, BTL^, CD40, CD80. ClD86, CD137, CTL^-4, ICOS,

KlR, MHCI cl¿ss I or tl, OX40, PD-I, PD-1,'l, T(llì, l'lM-3, etc.). Thc addiliorr olan

IgC (ll I2-(ll l3 l)or¡ain to onc or boflt of thc cliabody polypeptide chairrs, st'rch lhat thc

oomplexing of the diabody clÌaio.s results in the ftrrrru¿tiou o.[ âD Fc Rcgion, inoreases

thc biologioal half-life and-/ol alters thc valr.ncy of thc <liatrody. lncorporating arr IgG

Cll l2-(ll 13 l)om¿Lin onto lroth ol' thc cliabody polypeptides ra'ill pr:unil a lwo-clìain

biqrccific Fc-Region-oontaining diabody to fornr (Figuro 2).

l00l S8l .r\ltcurativcly, irrcorporating an Ig(i ()H2-CH3 Domairr onlo only one of the

diabody polypeptides u'ill pcnnit a ttrore cotnplex four -chuiu bispccilic Fc Rcgion-

oontaining diabocly to fonn (Figures 3A-3('). f igurc 3C sholvs a rcprcscntativc t'or¡r-

chaiu diabody possessing thc Cjonstant Liglrt (CL) l)omaiu ûûd l}tc Constûlìt ITeñy

('lll l)orrrain, however lìitgrnùrts of sr¡ch <lomains ¿ts well ¿i.l ol.lìcr polypcplidcs may

alterlatively be employed (scc. c.g., Figures 3A ¡¡ntl 3ts, Urritccl Stâtcs Patent

Publications No.20l3-0295'l21;.2010-O174053 and 2009-0060910; European Patcûl
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Pul¡lication No. EP 2714079; IIP 2601216; F,P 2376109; EP 2t5tt22l aüd PCT

Prrblications No. WO zQt 2/t ti206tt; WO 2012/018687; wO 2010/080538). Thus, 1'or

exarnple, in f ierr of the (ll I ì Dornain, orìe nray cmploy a pL-ptidc llavi .g thc ar¡úrro acid

scquc.ûcc cvljpKSc (sEQ ID NO:35) vLpKlic (Sl)Q lD NO:36), or l\EpKSci (SlilQ

ID NO:llS), dcrivcd liom tlu: hiugc clonurin of ir humau lg(i, and iu lieu of the (lL

Domain, oo.c ûlây cmploy (hc C-tcnninal 6 amino âcids ol'1he human kitppa light r:hain.

(IFNRCIEC (SIXQ lD NO:37) oI FNRGFC (SnQ lD NO:38). A rL-prcscnlâlivc pcptido

containing four-chain diabody is shown in I'igurc 3Â. Altenr¿tively, ol in ad<lition,

onù rrrùy ernploy a peptir.le r:omprising tandern r:oil dornains of opposing charlge suoh as

the "E-rnil" helioal donrains (SltQ lD NO:39: E'r/AAT,E?i-EV^AT,EK -EV^AT,EK-

EVAALEK LrL: SEQ lD N():41: EVÃACEK-EV^^T EK-EV^^T,Eli -EVAI\L,EK); aûd

the "K-ooil" do[raius (SEQ ID NO:40: KVA-ALKE -KVAALKE -KVA-ALKE -KVAAT,KE

or SEQ ID N O:42 : KVAAgKII -KVI\ALKU -KVÀALKË -KVrI-ALKE). A r-epleserrtative

ooil dornain oontaining four'-chain diatrody is shown iu Figure 3ß.

[00159] Àdditional or altcrnative linl<er-.s th¿rt rniry be employed in the l.'c Region-

oontaining <iial:ocly molco¡¡lcs of' lhc prcscnt irrvcntion includc: ASil'KC (SEQ lI)
NO:47), DK'rrrrcppcp (SEQ ID NO:48), u pKSCDKTH'j]Crr pc p (S[Q lD NO:30),

LEPKSS (sl]Q lD NO:49), APss-is (SEQ lD NO:31), and AI,.gSsjPME (SICQ ID

NOr50), cL.ìLl. a.nd CìcìG. SEQ ID NO:49 ûmy bc rrscd iû licu ol rjcc or ccc fÒr e¿rse

of cloning. Additionally. S[)Q lD NO:49 rnay be irnmediately t-ollow-ecl by SEQ fD

NO:47 to l-orrn arr altcnirte liDker (uljpKs s DK'1Ì11c ppcp; SEQ ID NO:51).

100 l60l As proviclecl in lrigule 3 A-3C. diaboclies of the inverrtion nny otrmprisc f'our

different chains. The fìrst and thircl polypeptide ohairrs ofst¡ch û diabody coo.t¿i . thrcc

domains: (i) a Vl.l-oontsining l)ornain, (ii) a Vll2-oontaining Domain, (iii)
I lstErodinrer-Prorroting l.)or¡airr and (iv) a f)onrain containing a CH2-CH3 soqucuoÒ.

The seconcl and forrth polypcptidc contail): (i) a Vl.2-oontaini.ug Domain, (ii) a VHI-
oontairrirrg f)omain lnct (iii) s Tlctelodir:rer-Pronìoting l)ornain. whcrc thc

ll eterodimer--l'r'onìoti[g Domains ptolnote the dirnel'izatio[ of thc fi¡st,/third chairr.s

with the seconcVl'or¡rfh chairrs. Thc VI- and/or VII l)onrains o('thc lhifd and four{r

polypcptidc chairrs, and VL and/or Vll Dornains of thc lìrst a d secÒnd polypeptide

Copy provrdcrl hy I JSP IO fronl rhc U W lllt,rgc IJIrtùl!\c or f)ì -l2-2(lì N
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ohains may lre thc sa¡nc or ditl'crcnt so as to perrnit tetravaleut biuclirrg tlìal is cithcr

rnonospecifio, bispccific or tctraspecitìc. l he general struoturo ol thc polypeptide

chains of a reprcscntativc I'our-chain Fc Region-contaiuing diabodics of invcution is

provirled iu Tal¡le 2:

Teblc 2

NII.r-VLz-vH I -Hctcrotlinr cr- Prom oiirlg Dortìain-COOI I

NHr.Vf . ì " V H 2-Hc(erodirrìèr-lilomol.ing Doruairr-CìHZ-ClH3 " (:()()H

Nllr- VLI -VI12-Ilelerotlinrc¡-Prt¡rroting Dtn'rrain-C.'H2-CI13-COOII

NHr-VL2-VII I -IIef erodiner-Pro roting Domtriu-('C)C)H

NI'I1-vL2-VII I -Ileterotliurcr- Prt¡rrroting l)omoin-ClC)C)II

NHr-VL I -VII2-Ileterodirrrcr-P¡onrotiug Dtrllreiirt-C.'H2-C-'lf3-COOII

NI I!-vL3 -vH4- H r,'tr.r¡¡<limcr- tìn¡notirrg Dornair-CI12-CII3 -COOH

Nlll-VL4-vIIJ -Fieterodirrrcr" Prorrrr,lling Dornain-C.'OOLI

2"d ciha¡¡ì

l'L Clhail

I " (:hâin

znd (:hui

2nd ()hàirr

I " ('hriirì

:ld clla.in

4'r (lh!ìi1rF

t00l6fl Iu a spccilìc cnìbodirnent, diabodies oftht prÒsc .t irtvcrtliort arc bispccitìc,

tetravalcnt, Fc-oonfaining diabodies (Fignre 3) ùet rìrc oomposed of tbur tot¿rl

polypcptidc chairrs. Thc bispeoifir:, tetrirv(rlc1tt. Fc-con(aining diaboclies of the

inventiorr co lprisc two cpitope lrinding dornains immuûospccit-lc t'or l,AC-3. ând two

epitope binclirtg dornairrs spccific for ¿r second epitope (e.g., B7-H3, ß7-II4. BTI.A,

CD40, CD80, CD86. (lDI37, (l l'L^-4, ICOS, KIR., MIIC class I or ll, ()X40, PD-1,

l'D-L.1, TCjR, TIM-3, ¿¡¿:.).

[00162] Irr a fi¡flhcr cnrboclirnent, the bispccilic Fc Rcgiorr-containing diabodies may

comprisc thrce polypeptide ohaiu.s. Thc lirst polypeptide of such ¿ diabody coutirius

thr'cc domains: (i) a VLI-containing Dornairr, (ii) a Vll2-coutaining l)ornain and (iii) a

Domain containing a (lH2-CHl scquc cc. Thc seoond polypeptide of such diirbodics

cont¿lin.s: (i) a VL2-co tairring Dornain, (ii) a VHI -coltairrirrg l)omain ancl (iii) a

Domain that prnnrotes heterodimer izatiorr and oovalent bonding with the diitbody's first

polypeptidc chíriû. TIìc third polypeptide of such. diabodics conlpt'iscs a (llì2-(1113

scqucnoe. Thrrs, the first and secoud poly¡rcptide chains of such dialrodies ¿s-sÒci¡rlc

togetlìer to fonn a VLl/VH1 birrclitrg site that is capable of birtclirìg to thc firsl cpitope.

as wcll as aYl,2/Yll2 bin<ling site that is capabìc of birrding to the secor:d epitope. The

first and second polypeptides arc tronded to oue auother through a disulfidc boncl

-71-
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involving uystcitre rcsidues irr (heir rcspcotive Third Dotltains' Notably' thc fir'st and

thir<l polypcptidc chains r:trmplex w'ith ono alìotlÌer Io fonn an lrc ltcgion thilt is

slabilized via ir clisullicle borr<1. Su¡:h diaborlics have ølhauced potenoy' Figurcs 4A

arrd ¡B ilh¡stratr¡ the structures <¡l srrch dial¡odies Such Fc-Region-contairr'ing

bispccific <.liaboclies rtray havc cither of tw-o oric'ntations (Tablc 3):

t001631 Thc trc Rcgion of l}e bo Rc¡¡iou-contaiuiug diabodics of thc present

inverrtion may bc either a cornplctc Fc Rcgion (e g', a oornplctc lg(i Fc Region) or only

a fr-agnìerìt of a oornplclc lrc l(Ògion- Optionally, the f c Rcgion of lhe Fc Rcgion-

c()ûtainitìHdiabodiesoltheprcsclìtirrvcntionlacktlreC-tcrnrin¿llamin<l¿tcidresidtrr¡.

Although thc Fo Regiorr of thc bispecilic Fc diabodies Òf the pr€scrìt iuvenlion may

posscss the .bilif y to Sirrcl to onc ol'rìrorc Fc r€ooplors (e'g', Foyll(s))' mor:¿ prclèrai)ly

su¡:h Fo flegiorr will causc slte¡cd biudiug to Þ-cyRlA (C:Dí: )' l'oYRIlA (CjD32A)'

I..rryRllß(CD32ß)'h-cÏRlIlA(CDl(.ia)orl..cyRIIlß(CjDI6b)(relativetothcbinding

exlribitcd by a wild-typc Fo lìegion) or w,ill subslantially clirlrinate thc alrility trl such

Þ'c Rcgion to bind tt> inhibitory reoeplor(s) TIn¡s' thc Fc Region of thc Fc Regiorl-

oontairrin¡¡ ditbo<ìlcs of thc preserrl invertliotr muy inolude sonìe or all of the CI12

D<¡nain aud./rlr sonre or all of thc (lHl l)otnairt of a oompletÈ Fc Regiou, ot' tnay

corrtprise a vüriânt (]H2 an<Vor a variant CTt3 set¡ucnce (tlrut may irrr:lu<lc' for oxanrple,

oìre or more irrscfions a¡d,/or orrc or Ílore <Ielctions lvith lcspect to the CH2 or CH3

<lomairrs of a coürplcte Fc l{cgion). Srrch I.'c Regions rnay cornprise rlou-Fc polypeplide

portiorts, or rnay contprisc portions of non-nattrrally ç() 4tlcte F'o Rcgions' or tnay

compriserr'on-ruttrrallyocoutringorie[tat¡onsofC]T12ancl/orCIì31)orrlains(suchas,

72

NHz-VL2-VH 1 -llerelotlirner-Pronrotirtg Donrairr-COOH

NH?-CH2-C:tI3-Vl. I -VII2-H c(èrodiurcr-Plomoting DourÑr-(ICJOH

N Hr-CI12-('H.l-C:OOH

NIL-VJ.2-VIII -Hçlurodirììcr- Pro.moting Doru:ritr-('OOII

N Hr-CI12-(:H3-COOH

NHz-VL I -vH2-tI¿rerotlirn¿r-Pronr(tt¡ng Dofl âirì-CH2-C'H3-COO H

2"d (lhaiD

1" Clìai

2"d chaiu

3"r ('hâir

i"'Chaiu

:ìd CIì¡riI
T;ñ

Ø.1

TàbIe 3
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for cxample, two (lH2 <iomains or (r'vo CH3 clorlaills' or in the N-ten¡i¡ral to C-terrninal

clirection. ¿ CFI3 Domain linked 1o I (1H2 Domain' ett')'

I00164lFcltegionrno<lific¿lionsidcntificcìasallcrirrgcllèctorlìrnctiollaleknovr'rr
in thc art, inoludirrg mo<ìificalions tltot inc¡cas¿ bi1lding to activating fcceptÒrs (e'K''

FolIùIA(CDl(;A)andreduçebin<lingtoinhibitoryrcoeptors(e'g'FcIIUIR((lD32ll)
(see, ø.g., Slavenhagen, J'lì. et ul' (2007) *Fc Optinizntion Of 'thetapeutic Antibodie's

Iînhun<:es Thcit'.tlttitiry Ttt Kill Tuntor C<'l!s In l/itn¡ Atttl Cortl:r¡¡ls Tuntor Expatzsion ln

VivlViaLow-'4lJitlitllAt:tzvalingFt.ganntuReceplors,',(lalrccrlles.5T(1tl):|J882-

8890). Excrnplary vatianls of human IgC I t'c Regiorrs with rcduccd binding to CD32ts

and,./t¡r incrcas¿d bincling lo (lDl6A r:ontain t243L' R2g2P " 
Y300I,' V3051 or P296L

substitutions.'fhcseaminoacidsubstitutionsrnaytlepfcsentilìahumanlgClfu
Region in any cotlbirr.alrolr ' In otre cmbodinent' 1he hurrran lgGI l''o Rcgion varianl

orrrrtainsIE24J.L,R2g2PandY300Lsubstittlliorr.Inalrolhcrembodirncrrl,tlrclrulrr¿n

IgCìl Fc Rcgiou variarrt ooúains tt 1243L' l(292P' Y300L' V305I and P21)dL

subs(itutiÒ.

[001Ó5Jlnpar.tictrlar,itispr.efc.rrc<lfor(heCH2-(]H3Dor:rainsoflhepolypepticlc
chains oI the Fc Region-oottâining <li¿boclies of the presørrt invørltion to cxhibit

dccrcascd (o:: srtbstantially rro) birrding 1o h'cyRlA (CD64)' FcyRIIA (Cfi32A)'

FolRlfB(cD32ß)'Þ.cyRllI.A'((.DI6a)orFcllUIlß(CDl(itr)(rclatilctothctrindirrg
cxhibitcct by thc wikl-lype IgC I f c Regiorr (SllQ f D NO: f )' Fo variatrts and rnuta t

f.ornrscapal:lcofrnediatingsuohi¡Itcrerlbindingaì:edcsclibcdalrovc'Inr¡specirto

eu)'bodiuìcnt.thc(]H2-CI¡3DolrrairrsofthcpolypeptitlcchairrsofllìcF.oRcgiclrr.

coûtaining diaboclies of the prcscnt irrvention oornprise aû IgG Fc tìegion thal cxhibits

rc<ìrrcerlA[X]Ccf.Èctorlìrnctiorr.lrrtlpreferredenlbodimL'ntthcCII2-CII3Donlainof

thc first and/or thirct polypeptidc clr¿rins of sL¡oh di¿l¡odics includc any I' 2' or 3' of thc

substitutions:L234A,L235^'N297Q.an<lN2STG.Itranothergrt¡btrdirncnt'tlrcllumarr

lgGlFoRcgionvafiat'ìtcontaiì1sanN297(.)substitution'arrN2gTGsrrbstituti<1u,L234Â

aûd L235A substitutions or ¿ f)2654 substitr-rtion, as (hese üìutatious atrolish Fclt

binditrg.Altenrativcly,¿¡cH2-CI{3Domi¡inwlrichinhc¡cntlycxhibitsdecrcasecl(or

substaulially uo) bindirrg to FoytÙIIA (CDl6a) and/or reduccd effcctor furrctiou

(rclativc to ttrc binding cxhibitcd by the wilcl-type IgC I Fo Rcgion (S¡)Q fD NO:1)) is

(-npy prorrdcd by US¡TO trovr rhc lI'w TnìsAc D'rkn)Àsc or ()l- l:-201I



r l0r .0r 'lr r'

ulilizcd. In a spccifio enìbodiìnent, the Fc llegion-containing dinbodies of 1hc prcscnl

invention oonrprise an Ig(ì2 h'o l{egion (SOQ fD NO:23) or arì IgG4 Fc Rcgiort (SEQ

IDIN0:24). When arr lgG4 h'c llegion in utilized, the iuslÍint invcnliorr also

enoomp sses the intloductior: of a stitbiliziug rrrLrttrtiorr, -iuch ss S228P, as rrumbcrcd by

tlrc EU indcx âs sct tbrth in Kabat (.Lr et al., (2OO8) "'l'he Effër:t 0/ A I'oint Mutatirnz

On Th<' Stahility Of ryga As Ã4onitored 81,,Ánalytical Ultracentri/i.rgttlion," J.

Pharmaccutical Sciences 97:9(i0-969) to reduoe the iuoidence of straud exoh¿rnge.

Othel stabilizing mut¿rti<¡ns lsrou'u in tho art may bc irrtrr¡duccd irrto au IgC4 Fc Rcgion

(Pclcrs. P et al." (2012) "Engineering an lmproved 151G4 ltrolet'ule v'itlz Reduced

Disulfide. Bond HeterogeneiQt and Inu"eased Fab Domain Tlzennal Stah¡liö,,," J. BiöI.

Chcnr., 2lJ7:24525-245ff; l'(."1 I'ateut l'rrblicatiou No: V/O 2008/145142). Siuce tho

N297G, N297Q, L2J4A,L2]5A and D2654 -substitLrtiorrs abolish cl'lbctor l'urrcliorr, irr

circìrmstanoùs in which eftèctor- functiou is desired, thcsc substitutions would

prcfcl'ably not be ernployed.

100f66ì The CH2 atd,/or CH3 Domairrs ol srrclr polypcptide ohains neecl not be

identical iu sec¡ucuoo, aud irclvaulagcor.rsly arc modilìcd 1o f'ostcr cornplexing tretween

the tw() polypeptide ¡:h¿¿ins. Fo¡ cxÍrrnplc, ârì amillo acid substitr¡tion þrcferably a

substitution with an ar::ino acid oornprisiug a buiky sidc group Ibûú g a "knob". e.g.,

tÐ,Ttoph¿rn) carr bo ir¡|.¡<¡dur:od inlo thc CjH2 or CIII3 f)ornain sùclì that sterio irrterference

will preveut iuter¿ctiou u'ith ir -:irnilarly rnutalcd domain and will obligate tlrE nrutated

domain to pair witll a domaiû i to which a complementary, ol' acoonrmodatin¡5 mutation

h¿s been engineered. i.e., "the hole" (e.¡1., a -srrbstitutiorr wilh glycirrc). St¡ch scls of
rnlrt¿rti()ns cirl. be cngineered irtlo Írûy pair of polypcptidcs comprising C)l l2^(ll 13

Domlins that forms an h'c lì.egion. Methods of pfotci crrgi ccrirrg lo lävor

hete¡odirneriz¡Ltiou ovcr hth:r¡dimcrization arc wc1l k¡ou'tr itr the art, iu particulal wíth

rcspect to the engineering of irnnrunoglobuliu-Iihs rrrolooulcs, aud irrc crtcoutpassod

hereirr (see e.g., Itid¡'way et al. (1996) " 'Krutbs-Inkt-Ifuilts' Engineering Of Antibody

CH3 Dt¡nains l7t¡r H¿a¡ty (lhain Heterodinerizali¿¡¡¿, " P¡otciu Engr. 9:617-621, Àlwcll

et al. (1997) 'Stahle Heten.¡dint¿rs Fnt¡n Rentotteling'I'he l)ontain Innlfat:<, Of ,4

H¡nntLtlintcr (Ising A Phage Dis¡ ay Lihran. " J. Mol. BíoL 270:26-35, arxl Xic el ul.

(2005) "A New þ'ormat Of Ris:pcaific Antihodli: Ilighly EJJi¿;is¡¿ lletenttlinterizut it¡tz.

Ex¡tre.ssion An¿I Tunutr Cell L-v.sis. " J. lnlrrunol. Mctlrotls 296:95-10I; o¿rch of which
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is hercby incorpor-ated hcrcitr try refererrcc irr its entirety). Prclèrably the "k¡rob" is

engiuccrccl into the CH2-(-'I 13 Domairl-s ol l.hc tìrst polypcpticlc ohain and tho "holc" is

erÌginccrcd into the cH2-cll 13 Domitirrs ol the third polypcpticle chaiu of diabodies

cornprisinß three polypcpti<le chains. Thus, the "knob" will hclp in prevc[tirrg thc tìr'st

polypepticlc chain tiom hornodi¡lerizing via its (ìl 12 and,/or ciH3 Dor¡ains. Astho tltird

polypepl"idc chain prefcrably oont¿ius thc "holc" sul:stitutiorr it will het¿rorlirncrizc \.virh

thc frrst polypeptide ch¡rirr as w-ell ¿rs homodimcÏize with itscll: A sirnilar stratcgy may

be utilizccl for diab<¡dics comprisi g lirur ohains u'hcr-c thc "knob" is c[girrccrccl into

the (jH2-CII3 l)omains ol'lhe second potypcptide chaiu and thc "hole" is enginccrccl

into thc CI l2-(lH3 Domains of the fourth polypeptide clnil.

[001671 ,t\ prci'crrccl kno[: is ¡:rcatccl by rnodifyirrg a native lgci Fc Rcgion to contain

thc moclification T366W. A prefbrrcd hole is crcatcd by nrodifoi[g a alive lg(i h'o

Rcgion to corf¿rirr thc modificatiorr T3665, l,-368Â and Y407V. lb aid irr purifting the

third poþeptide chairr l:.onrodimer fiom the final bispccilìo monovaleût Fc diabody

cornprising the firsl, scooncl and thircì polypeptide chains. the pr otein Â birrcling site of

thc CI12 and CH3 l)oÌrraius of thc thircl polyreplidc chain is p::eferably tmrtated lry

tûti o acid substirutiorr at positiou 435 (l I435lU. Thus, the third polypcplicic ohain

homoclimer.will not bind 1o pr.otein 
^, 

wltcreas the bispccitìo nìonovaleût Fc diabocly

wiII ret:rin its abitity to bind protcirr A via the pfolcin A [:indi[g sitc otr the first

polypcptide ohirirl.

J00l 63l z\ prct'crrecl sequencc for the CH2 aûd Cll 13 Domain-s of thc filst polypeptidc

chain clf au Fc Rcgion-containi[g cliabody ofthc prcscnt invention will havc the "knol¡-

bearing" $equeltcc (StrQ lD NO:25):

]ìFEÀÀGGì P jj V I'LFPPKPKDT LMIjjt{TE'E\/T C'r'\'VDVSHED PFllKFNIJYVIJ GVEVHNÀI{TIí

PREEOYNST'Y RVVIJVLTVLH QDliiI,N(;KEYIi C}íVSNI{ÀI,FA PIEKTI9KAK ÙQPT<.EP9VYT

LPESREEMT}; NQV:J IW(JI.VK GFYI'SI) \VE !ÌFÉìI\(ìQP¡]NN YI:TTT/PÏl,])SJ IX;JJ¡'IILY:;KL

TVDKS RIrì/ç)ç)( ; NV F 5 C fr''ll"lllE ALIINIIYT QK I 1,3; l, :j P GI{

t00169ì Â prcfcrrccl seguenoc for the CH2 ancl (lH3 Domains of the second

poly.¡rcptidc chain of¿n h'c Rcgion-oontairring <lirbody of tIIc prcscnt inventio[ having

two polypeptirìc clnirìs (or th¿ thircl polypeptidc ohain of an Fc Rcgiotr-oontainiD.g

diabody having three polypcptide chain.s) will have thc "hoIe-bearing" se<¡ucrrcc (SflQ

ID N():2(¡):

'7\
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I,l!I I :ì R'I P]':\¿/I (]VVV JJV JJIIED PtrVK¡'NV¡YVD GVBVHNÀI{TK

OI¡WLNGKEYIi cjfiVSNtiAT PÃ F T ¡lKT T Þ-ríAlí C;Q IJRl: PQVY'l'
(ì r'y p>^ r ) r AVl,r w!:iìN( ;QpLlNN Y K'I',f' P PVIDTi DC,SFFLV:IKL
Aì,HNRY'r'Qrr-S Lij L-S Þ(;K

t00l70l Âs will bc ûotcd, thc CI{2-CTI3 f)omains of SlcQ lD NOr25 ancl Sl)Q ll)
NO:26 in<¡Iuclc a substitutiorì al posilion 234 with alarrinc an<l 235 ll-ith alauine, and

thus f'onrr an Fc Rcgion cxhil¡it <leoreased (or srrbstantially no) binding to l"cyll.lA

(CD64), FcyRIIÂ (CD32A), [oyRIlB (('D32ß). IìoyRIllA ((]Dl{ia) o:: Fql{lllts
(CJD16b) (rclativc to thc binding cxhibitcd by thc wil<l+ypc Fc Region (SlcQ lD NO: I ).

f00l7l I It is pleferred that the first polypeptidc ch¿in wiII havc a "krob-bcarirrg"

CllI2-Cll 13 scquenoe, srrch asthatof StQ ID NO:25. Howcvcr-, ¿rs will bc rccog izcd,

s "hole-bearing" CH2-CH3 Domain (e.g., SEQ ID NO:26) coulcl bc crnploycd in thc

lirst polyp¡Jptidc chain, in wùich case, a "knob-bearìng" CH2-(.'Hì l)omaiu (e.S., SEQ

ID NO:25) worrld be employed in the secÒnd polypcptidc ch¡rirr r¡f a Fc Rcgiort-

co taining diabocly of the present irrverrtion having two polypeptide r:haius (or the third

polypeptide chlin of an l.'c lìe¡don-containing rliabody hrtving llrcc or l'our polypcptidc

chairrs).

lTI. RcfcrcnccÂntibodics

A. Reference Anti-Ift¡n¡an LAG-3 Antibo<ly

lOO172l In olde:: to ¿ßsess and ch¿u ¿rcterize the uol'cl a¡.ti-Ilurllaû LAG-3-bindirtg

molccilics of the present invention, the following refereuor) a libody wa-l cmploycd:

25I¡7 (BMS-986016. Med¿r'ex/tsMS, desigmrtcd horr:irr as "I,AG-3 mAb A").

1. 2sF7 C'L^c-3 mAb A")

[00f73] Thc arnirro acid scquc cc of thc Vll l)ornairr of 251'7 ("1,^G-3 rnÂh Â")

(SnQ ID NO:99) is sìrown bclow-(CìDRu residu¿s are sho*er uuderliued):

9Vç)Lç)OWGAG LLKPSETLSL TCJAVYGGSFS DYYIINI/'J -I- RQ I P(;K(]LIIW-L(;E
INSNGNTNSN PSLKSRVTLS .1.,I)'I :-;7iNQF5JL KLR.SVTA.ADT AVYYCJAFGYS

DYEYNI|FDPriJ (lQ(:'l'LV'-l V lì :;

f001741 Thc Ð.rnirro acid scrlucnce of the VL l)orn¿rin of 25ï7 C'LAG-3 llAb A')
(SEQ ID NO:58) is shown below (CìDRI. residues are shown rurderlined):
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C orìy DrovidÈd b) USPIO f¡uut rba IFU hrqrc l)$nbssc Õr 0ì-ì2-2(lìfi



l30l.0 t2lP

E r vl,'-rl.ls pA'-r LSISPO¡IRAT LSCBåS9ÞIE SYr^AWY(ìQriP GQAPRLLTYD

ryCi:i PA RFSGSCSCI'ID I"l-'L't'I S SLI-IP UD!A!'YYL'QQ RSÀIWPLTFLìQ

GTNLEIK

ß. RcfcrcnccAnli-I'D-lAntil¡odies

f00f75l Tn orclcl to assess ancl characterize the aotivi\r of the uovcl. anli-hurnnrr

LAG-3-binding nlolcculcs of lhc prcscnt invention in oornbination with an anti-PD-l

autibody a rcfbrcncc antibociy nray bc uscd. Antitrodies that ¿rre ir¡n:nuospecifrc for

PD-I arc known (sce, c.g.. LJnited States l'ate¡ìts No. 8,008,449; 8,552,154; PCT Patcrrt

Publications WO 2Ol2/1354O8; W O 2012/145549; and WO 2013/0 t 4668) artd i ciudc:

rfvolumab (also klown as 5(14. ßMS-!)3(r5.58, ON0-4538, MDX-l 106, ar:d rnarkelod

as OPDM{IÐ by Bristol-Myers Sqrritrtr) designated hereiu as "PD-l mAl¡ l;"
pcmbrulizumsb (f'ormcrly knout as larntrro lizuma[:, also knorvn as MK-3475, SCH-

900475, and rnalketed as I(EY l l{l.JDA(ri) by Merok) desigpalctl ltcrcin as "PD-l nlAl¡

2"; EIJI2.2Iì7 (Dana Farbcr) dcsigrralcd hcrciu as "PD-l mÂb 3"; pidilizunrab (also

k¡towu as CT-O1.l . Cur'cTcch.) dcsignate<l herein as "l'D-l mÀt¡ 4."

l. Nivolumab ("PD-l m.{h l")

l00l76l 'l'he amino acid sec¡uenoe of thc Hcavy Chain Varial¡lc f)omain of PD-l

urÂl¡ I h¿ts the amiuo acid sec¡ucuco (SEQ If, NOrlO8) (CDRu rcsidrres are shown

under lined):

C)VC)T,VF Íì (-;(-ì(-; WC)!,L;R S-; T,RT, DCJKASGITFS NSGMIIWVRQA PCKCLUWVAV

I9ÛYDGSKRYY ADS\/KGRT'.I 1 SRDNSKNT LF LQMN S T,RAF D TAVYYCATIi¡D
DYWGQC-;TT,VT V:J S;

l00l77l T'he amino acid sec¡rence ofthc Light Chaiu Varial¡lc Domain of PD-l mAb

I has thc amiuo a¡:id seclueuoc (SEQ If, NO: I 09) ((ìf)Rr- r'esidues at'e showrr

underlined):

FTVT,TQajPAT T,SjT,S;P(;¡triAT LSCW SYLAI,.J Y ç)9KP C9APRLLTYD
ASNRAT(; I IJA RT'S (;IJ(;I;(ì'.ID ITLT I S SLE P EDFAVYYCQQ SSÀIWPRTFGL)

C'-IKV]I IK
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2. Pembrt¡lizumab (*PD-f mAb 2")

l00l78l l he aurimr acid scqucnoe of the H eavy C.lhaùr Vadablc Donaiu of PD-l

mAb 2 h¿s the amino acid scqr¡cnce (SEQ lD NO:ll0) (CDRx rcsiducs arc slìown

undr.llincd):

ç]Vç)L VOSGVI.] VTiKFC]AsjVKV SCKASGYTFT NYYìíY''JVR QA PGQGL E I/ùMCG

INPSÀIGGTNF NEKT'KÀII{VTT, T T D S ii T T TAY i'l]-iTKS L'FDD T AVYYCARRD

YRFDMGFDYW GQC-]T TVTVS S

t00l79l Thc amirro acicl sccltrence ofthe Light Chain Var'iablc l)ornain of PD-l mAt¡

2 has thc tunino aci<1 sequence (SIJQ ID NO:111) (CDR.I. rcsidues sle shown

rrnderlined):

FÌ TVT,TQ.5 PAT L5LS T,CURA-I LSCRÀSKGVS TSGYSYLIIWY QQKI.]GOAPRL
T,ryLÀsyLES CVPARFSGSG 5(jrDFrlrrs SLUPUD|AVY YCË.898!
TFGLìL;TliV¡I TK

3- ß'ÍIl2'2ll.l (*Pl)-t mÂlr 3")

[00f80ì The arniuo acid sec¡uence Òf lhc Hcâly Chain Vari¿rble l)om¿rin of l'D-l
mAb 3 has thc arnino rcid seqrtenoc (SEQ ID NO:l 12) (CDlìu residues ¿ue shÒvr'u

unclcrìined):

QVQLQQÍ;GAII LAKPCASVçIM 5C-TKÃ.9GYST'T SSlf IHWVKç)R PG()GLE!ÙT CJY

IYPSTGFTEY NQKT'KDKATL ADT\S S S T AY MQI,.5 S LT 5i E D SAVY Y CARIIR

DS S GYITÀIIDY VIGC)C;T 3VTV5 5-J

t00f 8l I The ¿rmino acid sec¡ucucc of lhc I.ight Chairì Variable l)ourair of PD-l mAb

3 llas t$e arnino acid sequenoe (SEQ ID NO: I 13) (CDlìr- residues arc sh.owrl

un<lcrl ined):

Drv]-'-rQrj pA:i r'-rvsl,Oç)Rrl.T I SCRASQSVS rywY ç)9KPGQPPI{T'
T,TKFGSNLES C]TPARFSGSG SC'-IDITT,NTH I'VEEEDTATY YCQITSWEIPY

T!'OGGTTiLET ¡i

4. Pirlilizumal¡ ("fD-l mAb 4")

[00f821 The anrino acid sequence of thc llcary (ihahr V¿d¿ble Dorn¿tiu of PD-l

mAl¡ 4 has thc ¿rrrtirto acid scqì.¡cnoe (SU'Q fD NO:1L4) (Cf)Rx rcsiclucs are show¡

rm<lerlined):

ç)V(-)T,VQ5j (:l 5:lll T,KK P(jASVKI S CK^ S;GYTFT \ryGMN!{VRQA P CI ç)C LPWMOW

INTDSGESTY ÀEEFKGR I.',Vr' :iLDTSVNTi\Y T,Ql1',lì1,',Ì'AlllJ -l(;I4YLì(jVRVG
YDÀI,DYW;OG TI-VTV5; SJ

-78 -
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[00I83j 'l'he ¿tr¡ino acid sec¡uence ofthe Light (ìhain Variable Domain of I'D-I mAb

4 h¡r-s 1ho ¿urtiuo acid soc¡Lrcrrcc (SEQ ID NO:9) (Cl)Iù- residues ¿ue shown uuderlir:ed):

EIVLTOSPSS LSÀSVGDRVT ITCSÀRSSVS YMIIWI,99KPC KAPKLW]-YRT
SNI.ASCVPSR ¡'SCSCSCTSY CLTINSLQFE DFATYYCQQR SSFPLTF(1GG
TKLE I K

Vf ll. Methods of Prodùctlon

f00l84l An anti-f .AC-3 polypcpliclc. ancl olhcr I.AC-3 agonists, arÌtagorlist-s aûd

nrodulators cur l:e cre¿rted fionr the polynrrcleotides ancVol sequenocs ol thc LA.C-3

mAtr l. LACÍ-3 mAtr 2, LAG-3 rnAb 3, LAG-3 r¡Atr 4, LA(Ì-3 ¡nAtr 5. or l.AC-3 mAb

6 antitrodies try rnetho<ls known in the art, f'or examplc, synthctically or rcconlbina .tly.

()ne rnethorl of prnducing such pcpti<lc agonists, antagonists and rnodulûlors irrvolvcs

chernioal synthesis of the polypepti<le, followed by trestnìent undcr oxidizirrg

conditions appropriate to obtain the nativ¿ confon¡atiolr, that is, the oorrcct disulfldc

boncl linkages. 'l'his can bc accornplishcd using urclhodologics r.vcll hîo\.vû to tho.rc

skilled in the art (see, e.g., Kclìcy. R. F. c/ a/. (lf)90) ftt: CENETIL- ENcTNEER.ING

PRTN(xpLìis ANr) MIITTTODS, Setlow-. J.K. Ild.. Pleni¡m Ptess. N.Y., vol. 12, pp I-I9;
Stew¿nt, .l-Ì.M et al- (1984) S(.)I-IÌ) PrL\sIi PIipTII)ri SYNTInisls, Picroc Chcrnioal (-'o.,

Rockfotcl. IL; sec slso Llnitcd Statcs PatcD.ts Nos. 4,I05,603; 3,972,859;3,1142,067; ancl

3,tt(r2,1)25).

[00185j l'olypeptides of the invention rmry lre couveniently prepalecl using solid

phasù pcptidc .synthesis (Merrifield. B. ( 1986) "Sr¡lid Pha.se Synthe.sis," Science

232(47 48\:341-3 47; I Iorrghtcn, R.A. (198.5) "Çcneral l,letht¡d lTor Th<, Rapùl ,9.tlid-

I'hase S\ntlze.sis OJ Lat'gc NLtntbcrs OJ I'eptides: Spe<:ificity Of Antigtzn-Antibod,v

lnteraction .4t 'fhe Letcl Of lndividLøl A ntirut Acid.r," Proc. Natl. Acact. Sci. Gf .S.A.)

82(15):5131-5 1-ì5; (i¿rncsan, A. (200(;) "S<tlid-l'ha.se Synthe,sis ln 'l'h<z 'l'wcnîy [;irs'l

Centur.y," Mini Rev. Mccl. Chu-rn. 6( I ):3- I 0).

t00 t 8q ln yet anothcr altcrnativc, firl ly human antibodies h aving onc or nrorc of (hc

CDRs oILAC-3 ûLAb I, L^Ci-l urÀb 2, LAG-3 nÉb 3, LAG-3 urAb 4, LÂCi--ì mAb

5, or LAG--ì rr¡\b 6 ol which cornpete with LAG-3 r¡Ab I, LAG-3 mAl:2, LA(i-3

m^b 3, LAC-3 rrì^b 4. LACi-3 nrz\b 5, or L-AG-3 mÀb 6 lor binding to hum¿rn LA(Í-

3 or a solul:le f'or'¡rr Lhcrco('m¡ry bc oblaine<l through thc rrsc o f- corlìltìcrcially availablc

('nlry p¡,'ri (¡l ù) USI'IO f¡u thc IFU I'ììåes Dnrnb¡s¡ rìrr 0l.l2-lù18
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(ìioc that lì¿rve bccn c .girtcclcd to express specifir: humau imtnrrnoglol>ulin proteins-

'flans¡¡enic auimals that arc de.signed to producc a motc desiratrle (e.g., fully hurrrarr

antibodies) or úorc fobust inìrnune respouse may also l¡e rrsed for gener ttiou ol'

hum¿nized or h.uûran antiboclies. Bxitrnplcs ol suoh tcohnology ¿re XHNoMousErlI

(Abgcnix, lnc., .Frernortt, CA) arrcl I lltlllAll-MousL,üÐ arrd TCI MousF.¡M (both fir¡m

MedaIex, Inc., Pr-irrccton, NJ).

t00IS7l In an alte::native, antibodics rtìay bc nìade recornl:inantly aûd c.xprcsscd

rrsiûg a$.y mcthod knowu in thc Írrl". Antibodies nraLy lre made reoombi arltly by lìrst

isolating thc r¡ntil¡odies nr¿de fi orrr hosl arrirnals, obtaining the gene sequÒrcc, arld usi[g

tbe gerro scqucncc to express thc autibody rccornbinantly in host cells (e.g., CHO cclls).

Ârrothcr mctlìod thrt rnrLy lre ernploycd is to expre$s the antibody so(lucrlcc irr plants

{e.g., tobacco) ol transgenic urilk. Suilâble methods f<rr expressing anlibodics

r ecornbirrarrl ly in plants or millt hirvo bco-¡r disolosecl (see. ftl cxirrnplc, Pcctcrs (/ (¿/.

(20O1) "Pnxtut'tion OJ' Antibt.tdies ,lnd '4ntibod,v Fragmcnts ln I'lants," Vacr¡irrc

19:2756; Lorrbclg. N. (?t dL ('!t)95) "Iluntun Antibodies h'ron Tratzsgenk Mice:"" lnt

Iì.ev. Ir¡¡nurrol l3:(r5-1)3; and I'oll<¡ck el tzl.(19.99) "T\'ansgenic .'lûlk tls tl Methtxl Fttr

'l'he Px¡¿h.tt'lit¡tz Ql'Ret:ønbinatzt.'lntiho¿ies," J. lmmunol Methocls 231:147-I57')'

Suitalrle mttllods ürr making <lerivatives of antibo<]ics, c.9., hurnanized, singlc-chairr.

cr(. i¡rc known itì tlìe art. ln alrother Ítltcûlalivc, antil:odies rnay bo madc rccolnbin antly

by phagc display tcchnology (see, for cxarnplc, Ll.S. I'ateut Nos. 5,565,-ì32; 5,580.7ì 7:

5,733,743i 6.265,150; atrd Winter, G. et al. (1994) "^(akin+ Antibodi<ls B.y Phage

Display I ethnolr;Áf¡." Arlltu. Rcv. lnrt¡unol. .12.433-4-55).

l001SSl Thc antibodies or ptrteiu of intcrest rnay lre subjectcd 10 scqucucing by

Edrnan degladation. w'hich is wcII known to thosc of skill irr lhc art. The peptide

iul'orma l ion gcnclatccl fi'om m¿rss spcctronrgtry ol Edmau dcgradatiorr call bc ilsed to

dcsign probes or plirners th¿tt ¿ue uscd 1o olone the ¡lotcirr of irrtr.-rcsl.

t00lS9l An altcrrrative rrrcthr.rtì of- cìoning thc proloi of irìtcrcst is lly "pauuing"

using pr¡ fied f ,AG-3 or porrirxì.i (hcrcof fi)r oells ùxprcssing aIì autibody or pt'otein t>l'

interest th¿rt posscssos onc or more of the CDRs T,AC-3 nrAb I, LA(ì-3 mAb 2, LÀG-

3 mÀb 3, LAC-3 mAb 4, l.,AC-3 mr\b 5, or LAG-3 mAb 6 t:t that corllpctcs with I-AG-
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3 r:rAb I, l.AC-3 nrAb 2, LAC-3 ulAb 3, I.,AG-3 ût^b 4, L^G-3 m.¡\b 5. or LA(ì-ll
mA[: 6 for't:incling to frrrnran LAG-3. Thc'þaming" proccdurÒ may be condrLcted by

obtaining a cDNA liblary fiorn tissrrcs or cclls lhal cxprcss L G-3, overexpressing the

cDNAs in ¿r second cell t5zpe, and soreening thc ttanslèctcd cclls of tltc sccoud r:ell type

for a spccitìc binding lo LAC-3 i¡r llì.c prcsorrco or abscnce of LACi-3 nrAb I, LA(ì-3

mAb 2, l,AC-3 nrAb 3, LAC-3 nrAb 4, I-.AC-3 r¡.Ab 5, or LÂG-3 r¡Âb 6. Detailed

descriptions of the nrcthocls rrsccl irr cloning ntâmmaliaû gcno-s cocling fol cell surface

proteir:s l:y "panning" can l:e found in the art (sce. tbr cxarnplc, Arúilo, t\. et al. (7987)

"Mttlccular Chtning (I'A ('D28 oDNA þ, A Iligh-ElJitienqt (.i()S (;ell Expre.ls'ion

.Syslrzrr," I'roc. N:rtl. Aca<l. Sci. (LI.Iì.A.) 84:tt573-ti-577 ar).d Stsph¿¿n, J. et al. (lt)99)
"Sclective (.'l<tning {)J' (.izlt SurJact, Ptt¡r<:ins Invtlyul In ()rgan L)evelo¡tment:

Epithelial (i llu'opnttein Ls lntvlvcd In Nornøl Epithclial DilfÞrtntiation " Êr:doclinol.

140:5ti4l -5ti54).

t00l90l Vectors containirrg polynucleoti<les of intclcst can bc irrt¡oclrrced iuto the

Itost ceII by auy of ir nur¡lre¡ of appropriate means, inoluding clcctropora tion,

trausfeotion employing caloium chlor-ide. rll>idiurn chlolide, caìcirrm phosphatc,

I)EA.E- dexh-an. rx other substances, micrnprojectile lrorlt:arclnrclrt; lipoL:clion; arrd

infection (c'.g., whele the veotor is an intèotiorrs agcnt such as vaccilúa virus). Thc

clroioc of introduoing veotols or polyrucleotides will often clepencl on f'eaflrrcs ol'tbc

hôst oell

l00f9fl Any hos1 ccll capÍ{blo of Òvcrùxprossiug heterologous DNAs can be used for'

thc purFosc of isolatiug the gcncs cnooding tho antibody, polryepticle or: plotein of
inlcrcst. Nouliraitilg exarmples of suit¿rble mammalian host cells inolucle br¡t at'c ¡rot

lirnilcd 1o COS, HcLa, and CHO cells. Preferably, the host cells express the cDNAs at

o lcvcl of about 5-fold higher. more ¡;refettbly 1O-fold higher. evöìì rììorc prcfcrably

20-i-old itighcr thal that of the correspondiug endogemrus antil:ody or protein of
interest. if present, in thc host oclls. Scrccning the host cclls for a spccific binding to

LAC-3 is cilbclcd by ar). irmuuuoassay or FÂCS. .4, ccll ovcrexpressing the antibody or'

protein of interest cll: be identified.
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l00t92l 'f'hs irrvoìtiorr irrch¡<les polypeptides courprisirrg ârr anìino acicl sequeuce of

the antibodics of this invention. l he polypr:ptidcs of lhis iuvcntion can be [utdo by

procedures kttowû in lhc art. The polpeptides oûl bc produccd by proteolytic or othe¡

degradatiorr oL thc antibodies. lry recornbirra¡ I trtctho<ls (i.r:., single or fusiort

polypeptides) as dcscribcd abovc ol by chernicitl syttllcsis. Polypulpticles of the

antibodies, espccially sltortcr pol¡4reptides up to about 50 amino acids, ure conveniently

made by chorrrical synlhcsis. Methods of ohemioal synthcsis alc knoÞ-n in the aú ¿rnd

are corrìIrÌctcially available. For exarnplc, aû snti-I.AC-3 polyleptide r:ould bc

produced by an autotratcd polypeptide synthesizer cr:rploying lhc solid phase rnethod.

[001931 Thc invention includcs varia .ts oI I.AC-3 rnAb l, LACì-3 m^b 2, LAC-3

rnAb 3, t,AG-ll mAtr 4, L^G-3 rltAb 5, or t,A(ì-3 nrAb 6 ¿utiboclics and thcir

polypcptide flagments tlÌ t bind to LÂG-3. inchrding ñrnotionally ec¡uivalcnl eûtibodics

aud iusion polypeptides that do not sigrilicantly aftèot the properties ofsuoh molccL¡lcs

¿rs \À'cII as variants that have enh¿urocd or dcctcascd aotivity. Modification oI'

polypcpti<les is routine practice irr thc arl and need not be descril:ed iu dctail hcrcin.

Examplcs of rrodified polypoptidcs irrclrrcle polypeptides with cÒn.lcrvativc

substitutions of anrino aoid lesidr-res, orrc or Drorù dcletions or additions of ar:úrro acicls

which cìo ol signiticalìtly delete::iously changc lhc ti¡nctional activity, or Lrsc of

chcrr).ical arralogs. An:irro ¿rcid residucs tIÌ41 can be conservatively subslitulcd l'or onc

Írrro(IÌcr incluclc lrtrt :lre not lirnitcd to: glyoine/alanine; seriuo/llrconinc;

valiue,/isoleucine/leucine; asparagi .c/Eilutarnine; asparlic .rcid/glu(arnic aoi<l;

lysiue/ar girrirrol arìd phcnylal âniue/tyr o-siuc. Thcsc polypepticles also iuclurlc

glycosylalcd ancl non-glyoosylated polypcpticlcs, as well as polypeptidcs with othcr

post-tra.usl.ttio aI modil-tcations, such as, l'or cxamplc, glyoosylation with differcrt

sugars, occtylatiou. ancl phosphor ylation. Ptetèrably. the amint¡ ¿tcid -sLrbstitutions

w<xrld be couscrvativc, r.(?., thc sub$tittlted urrimr âcid would posscss sinrif ar chernical

propcrtics as that of thc original ar¡int> acid. Suclì oomela-ative substituti<¡r:s are krtowtt

iu the ¿rt. aud oxarrrplcs havc l¡cen provided artrovc. Arnino acirl rnodific¿ttions cau

rauì.gc from clìBngiDg or modifuing or)c or rlloi'c atrrirlo acicls to complete rodosigÀ olo

regiou, such as thc Variablc l)orlain. Chaugcs in1l¡c Variatrì c l.)ontain can alterbiuding

afTìnity aud./or spcciflcity. Other nrethods of modificatiou inolude usirrg coupling

tecluric¡ucs lçlowu iu thc arl, incìrrdiu.g, but uot lirrri (ctl ltr, r;nzyrllâtic lnca¡rs, oxidative
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substitulion and ohelatiou. Modificittiorrs catr bc t¡sccl, t'or example, lol ¿ttt¿cluncrrl of

Iabcls fol irnrnunoassay, -such {rs llì.c âttachment of ::¿rditlactivc ìoictics f'or

radioimmùnoassny. Modified polypcptidcs arc made using established proccclurcs in

tlÌc art and oan be screened usùtg slandard assays known in the ar1.

t00l94l 'l'he inveutiou c .compasses fi,rsion proteins cornprisiug orrc or tnotc of the

polypeptides or LAG-3 ûr^b I, LAC-3 mAb 2, LACj--3 mz\b 3, LÀG-3 rnÁ.b 4, I.AG-

3 rnAl¡ 5. or LÂG--ì mz\b 6 anribo<ligs of this inveution. Irr onc o-¡¡lboclimcnt, a fusion

polypeptide is providcd tlì.ât conìprisès a light r:hairr, a hcavy clìain or both a light and

healy chaiu. lu auothcr crnbodin)cnt, the ñlsion polypcptidc conlsi s a hctcrologotts

inrrnrrnog,lobulin oonstÍrrtt rcgioo.. ln alrother embodiutcrtt, thc tisiorr polypeptidè

oontains a Light Chain Variablc f)onraitr aud a Hcrtvy Chailr Va¡iablc l)onrailr of ¿n

antibody pr-oduocd fiorn a publioly-deposit¿d hybr-idoma. For putposes of this

irrvention, an itnlibotly lirsiorr profcirt oorrtains olle or lf1Òrc polypcplidc donlains that

spccitìoally bind to L^G-3 iurd a¡rothcr arnino rcid sequence tÒ whiclt it is nol altacltcd

in the native molcculc, f'or c-rarnplc, a hetelologous sequcncc of I homologoils seqrrenoe

finrn lnothur region.

IX, Uses of the LAG-3-Bindiug Molcr¡rrles of the Preseut hrvention

[00195] The present inverrtion cncompasscs com¡rositions, includiug p]ra ).accuticrìI

compositions, oornprising the Lu\Ci-3-bilrdirrg rnolecules of the presenl irrvcrr(ior:. (e.g..

anti-l,AG-3 ¿ntibodies aud a¡Íi-LA'C-3 bispecifio diabodies), polypcpfidcs dcrivcd

.lrunr such rnolcculcs, polynrrcleotides comprisirrg scquences encodin¡¡ such molecules

or polypcptides, and other ¿r!{errts as clcscribcd heleirl.

t00f 96l As discussed abovc, LAC-3 plays an iurportturt rolc ir:. rrcgalivcly rcguìating

T-oell proli ler ation, lun¡:tir¡n l d llomcostasis. 'I'he LÀG-3-bindirrg rnolcculcs of thc

preserrt inventioD have the ability to irùìibit LA(i-3 function, and thus rcvcrsc lhc T.AG-

3-mcdiatc<1 immune system inhibition. Âs sr¡ch, l,AG-3 rnAb I, LAG-3 mÀb 2, LÂG-

3 r¡41¡ -1, L^(ì-3 m^b 4, LÅG-3 rnAb 5, und LÂG-3 mÀb 6, lltcir hrrmanizcd

dcrivativcs, ancl rrolecriles oompri.sirrg thcir l.AG-3ìinding lì-agrnent.s (e.g., bispccific

diabodies. erc.), may be used to blook T,A(i-lJ-uredii¿ted inrmuuo syslo'm i hibil,on. and

thereby prorrrotc thc activation of the irnmurlc syslcnl.
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l00l97l Bispccitlc I.AC-3-bincling molecules of 1hr: prcscrrl ittvcntion that l:ind to

LÂG-3 arrd arlolhcr nìoleoule invrllved in regulatirrg ùt irllmunc chcok point prcsent on

the cell sud'acc (c.g., PDI ) irugnrelìt the irrunuue systcm by blocking itrnrutre systern

ir:hil¡itiorr rncdiatcd by LA(i-3 ar:d su¡:h irnmurtc chcck point rnoleçules. l hus, the

LA(ì-3-trindiug rrrolcculcs of the invention ar¿ usefirl l'or au¡¡ncrrlirrg alì inrrnìrrre

respouse (e.g., thc T-ccll mediated irnmune resporLlc) ol a slìbjcct. In partioulat, the

LA(i-3-bindirrg molccr¡les of the invention aud rnay bc uscd 10 lrcat Ð.ny disease or

conditiorr associatecl with an urdesirably supprcsscd imttrunc systern, including oanccr

¿nd disea-ses thal arc assooiated with the preseuoe ofa palhogorr (c.g., a baoterial. ñrngal,

viral tlr protozoârì infection).

[00f 981 'l he c¿rucers that rü.ay bc t¡câtcd by the l,A(i-3-[:inding urolcculcs of tÌrc

prcscnt inventioninclude cance¡s oharaclcrizcd by the presence ofa c¿tncer cell seleotod

Iiom thc grorrp oonsi.sting of a coll ofl arr aclrcnal glatrd tum<x. an Âll)S-irssocia tod

oÍr ccf, arì. alvr-olar soft parf s¿rcoln¿t, iru a-ltfocytic lr¡mor, [rladdel'cancer, [:one oanceL,

a brâio and spinal cord cancer, a mcl¡rstâlic brain hrmor, a brearst cancer, it citrotid body

luf¡tors. a oerl-ical cuncer, a choud¡os¡rrcorna. a chordonra, a cht-omophobc ronal ùcll

cafcirìomâ, a cleal cell cat-oitrotnir, ¿r oÒlol. calìoct, a ooloreotal c¿ncer, it cut¿tucous

beniggr lìbrorrs histiooytoma, a desmoplitstic small rot¡nd oell flrnlor, an ependyrnornÍt,

a Ew¡ng's hrnor, n extrlslteletal my-xoid chondrcsrl'colrì¿r, a fitrtrgenesis irnpcrlbcta

ossiùm. a fìbrous <lysplasia ofthe bouo, a gallblaclclcr ol bile duct c¿ncer, gistr-ic curccr,

a gestatiolral trophoblastic rìi-scasc, a gcrnr oell tumor. ¿t he¿td irrrd .cck carlcL-r.

hcpatoccllular carcinonra, an islet cell turrror, ¿T Kaposi's Sarool¡a. a kidney c¿tncer, ¿t

Icrrkcmia. a li¡rorna/tren ign lipomtttous t umol', a liposat'cotnrL/tn:rligr:ant lipornalr.lus

tumÒf, a livcr canc¡.-r. a lymphoma. a lung cauccr, a trl cch¡llotrl astotn ir, a melanoma, a

mcningioma. a nrrrltiple errdor.:line usoplasir¡. a rnultiple myeloma. a myelodysplaslic

syndrorrrc, a Dcufoblâslonìâ, a trgìrt oendocriuc 1uûlofs. ar\ ovorian canccr, a panct'eatic

ca .ccr, a papillary thyroicl oaroinoma, a parathyroicl turnot'. a pediatrio cancer, Íì

peripho:-al rÌcl vo slìcatlì turyìor, â phaeochromocyforYìâ, â pituitary tì.nlor- a prostate

c&ncct, rì postcrior¡s uvsal melanomÍr, a ra.l'c hctìatologio clisorder. ¿r renal rnct¿t.s1a1ic

cancer, a ¡hal¡doid luûìor. a dtabdonrysar cornir. ¡ì safcortìÍIr a shin carroer, a soft-tissue

saÍcornô, a .squamous ccll carìccr, a stunach canccr, a syuovial sarcotna, a testiorrlar
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calìccr, a thyrnic carrcir:orna, a lltyrttorna. a tlryroi<l rnetast tic cltrcer, aud a utufùlc

cancer

t00l99l In par{iculat. the t.A(ì-lì-binding moleculos of thc prcsùtl iuvention rnay be

used in tltc trca(mcnt ol colorcotal ciurcer, hepltÒosllular carcirroma, gliorna. kidney

olncer. lrreirst cÍrnccr, multiplc ntyeloma, bladdel oaucer, rrcurublasloma; sarcoma. uott-

Hodgkin's lyurphonra, rrorr-stuall cell lung canoer. ovirriÍtu oltrlccr, p¿utcrcâlic câncer

¿rnd reotal cauccr.

[00200] Pathogen-associated discascs lhat may be tr'¿ated by the LAG-3-bindiug

rrr'olcculcs of thc present invention includc clrorric viral. bactcrial, tìrngal and pallsitic

irrfbcliorrs. Chronic intèctions th¿ìt rnay bc trcalcd by thc f .A(ì-3-binding nrolecules of

thc prcscrìl invention inolude Ëpsteiu Barr virus, Hcpatitis A Vinrs (HAV); Hepatitis ts

Virus (llBV); Hepatiti.s (.1 Virus (HCV)I ltctpcs vinrses (c.g. HSV-I, HSv-2, HHV-6,

C-'MV), Human lmnlr¡nocleficierrcy Virus (HIV), Vcsicrrlsr Stornntitis Vinrs (VSv),

Bat'illi, Citrol>ac1,<?r, (:ht)ler.t, Diplztheritz. Enlerobutl¿'r, (ìonoct¡cci, Helioohd(:ler

lDtlor¡, Klttbsiclkt, l,<zgittnella, Aleningttt'ttt't'i, rnycobaoteria, l'-çeudonnnas,

PntttntottÒcrtt:t:i, r-ickettsia [racteria, Salnoncllu, ,J<zrrdùd, Staphylocot:t:i. Streptutt'ttt't'i.

Tetutnu' Aspergillus (ñrrnigahrs, niger, ett'.\, Blustttt tl,1'1''5' dcnrøtitidis,

Candi¿lu (albicans. knrsei, ¡¡lal:rata. tnrpi<;aiis, d(.), (-r.ypto<)..rt:,ous neoþtztans.

Ga¡us Mut'orult's (mùcor, absidia. rhiztlpu s), Sporolhrix ,s'ch.?nkii, Itat'au¡u:i¿lioide-s

br¿tsili<zn,si,c, ()tt'<:idittide.s itrunitis, Hisloplasntt t-a¡>sulatum, Leptrt.spixtsi-s, Borreliu

burgdorJÞri, bclminth palasite (hookwonlì., tapcw-orms. flrrkes, fl atwonns (e.g.

Sth islttsontiu)" Giurdkt Itmbi¿t, a'iclzinellu, 1)ientunto(ltd Fragilis, T rvpanosottttt

hrut:ei, Ttypurutsontu (ruti, aùd l.eisht Tania ¿k¡novatzi.

[00201 | 'l'he l,A(ì-3-binding rmtk:culcs of the invention can be corrbirtcd wit]r arr

inrrnunogenic:rgent such ¿rs a turr.or vaccing- Such v¿tcciues may cornprisc purilicd

lumor antigcns (including leoombinaut pr'otcins. pepticles, and car-bohydr,'rtc

molcculcs), atttoÌogotrs or alìogeneic tnm.or cclì.r. A nunrl;er of tumor v¿rccine sû-atcgics

lravc bccn <lcscribed (see for exantplc, Palcua, C., et al., (2006) "Cant:et' vut'cines:

¡trc<'!ini<:al studie.s antl novel strt¿tegicts"" Adv- (l¿rncer lìes. 95, I15-145; Mclhnan, T..

et al. (201l) "(itnt:er innt¿tnÒtlleral\, ü)me.s of'uge," Naturc 480, 480-189; 7'hang, X-
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M. et al. (2008) "The anti-lutnor intnutne r<z,strttttts'<' induted h.¡t a contbination ol l[zlGE-

-l/I4,4GE-n<lerived peptides"" Oncol. Rep. 2l),245-252: llìsis. M. 1.. ,:t ù!. \2{t{}2)

"Ger;et'allon of ?|rc11, imn¡.¿¿ni|-v :,i ¡ix' llLì!?"1/ntu prtsrcin afar actú,'e i¡ns¿zttt!:tt!!<tn

,rith I llt:il--:intu ¡.'<'¡tt il<,' bos<.d r¡7¿('¿r'i(r," .!. ('lin. ()ncr¡l Zrt, ).62.-l Jf,.ì2: Vc:r:rcij. R..

t ù. (2{}1?J "l\t¡\¡'ntiatia¡z fi u 1:iÍì-Sl'F 'ttlr'i <? b\' t.t'ch)!.}h<t.V)h tltiìe it¿ t¡t'nriatt

.:ãjt7::r: n s;n,qÌL-trtt ¡l,.ust II stvj-y.' ' l¡rf. .1. ('ir;ri;s:r l-rl. Eó;'(J-Bd8û)- I'he L^G-3-

þinding rnolecrrlcs of 1hc irrvorrl ion can be ¿o!ììi)inecl wil!: cirer ut¡tbc::tpcutir: rcltirì1os

trn tir.:si¡ inst¿utccs. il t:r:ry lrç i1n\sibJr) ti' re;-{rtr:e tiro dosc of choructhr.'ra¡cutic L,:agt'r¡t

¿:dìrriÜi¡itrÏ eii I J\'f i>kv; r'l ¿r¿. li99it) Cfrrlcer Ri'se¡r!ç'r! 5t': 5:ì01-5.,t4),

[00202'| Thc l.AC-3-binclin¡¡ rnolecr-rles of thc invorttion oarl bc corrìbirlcd with olhcr

irrrmulrostimr¡latory rnolecules such as arrtibodics wltich aclivatc hosl immt¡nc

fcsporì.sivcncss to provide for incre¿rsed levels ofT-ccll aclivatiorr. In particular, anti-

PD-l arrliboclics. anti-PD-l.l antibodies aurl/or (ru auti-CTlz\-4 a tibodics Imvc Lrccrt

denrorrstratcd to aclivc lhc inrnrune systern (sce. e.g., del Rio, M-L. et al. (2OO5)

"zlnl ibod;.m<zcliat<,d .signaling through I'L)-I ct¡stinrulules T tells urul enhuntes CD28-

dtpendcnt ¡nohJardtion," l''.:ur..1. It¡rnunol 35:-ì545-3-560; Barbcr, f). L. el ul. (20O(t\

"Re.sloring.f u ntliort în <z,rh¿u,st<,d ('DB'l cell.s during chntnit'virul inkclit¡n," Nal¡rc

4]9,682 6tl7; Iwai. Y. et ul. (2002)" 1nvolvement oJ l'l)-LI on tunu¡r cells in tlze esutpe

./ion lrus t inwtúrt(t ,\.ystem dn(l luntor itnnzunolherttpl,' fu, PD-LI blocl<ude," Proo. Natl

z\cad. Sci. IISA 99. 12293-12297; Leach, I). R. et al., (1996\ "Enhant<>tn<?nt of
utTrin¿nlor inünun¡ty b.y C''l'LA-4 blot:kude," Scicrrcc 27I. I734-173(t). Aclditioual

imrrruuostimulttory rrrolcculcs that rnly be cornbined with the LÂG-3-bindùtg

molcculcs olthc invcn(ion inclucle antibodies to r¡olcculcs o . tlì.c surlàcc oL clcuclritio

cells th¿rt &clivatÒ dcndri(ic ccll (DCl) firnction and turtigen preseutatiou, aili-CD40

aûtibodics r¡blc lo substinllc for T-oell helpe:: aotivily, arìd activating arrlibodics to T-

cell costimulatory moloculcs such ss PD-ì L, (ITLA-4, OX-40 4-1tlB, ancl ICOS (scc.

fbr cxamplc, ILo et ul. (2000) "ElJcu¡ve printing ol tyfotoxic T þ,tnpfurcyte pr(túrsors

b1t sulzaÍtzneous administration ql p<tlttidc antigens in liposttme-s accompanied by anti-

CD40 und untLCTLA-4 untihodie,s,"fmtnurrobiology 2OI:.527 -4O; Ll.S. Pat. No.

5,8II,097; Wei[berg et tzl. (2000) "Engagenent of the (LY-40 RecePlor ln l/it tt

Enharu:es Antitunzor fnnzuni6,,," Inum¡uol 164:2160-2169; Melero el ul. (1997)

"i4¿tnod¿¡nal anlibotlies tzgainsl lht: 4-lBB 'T-¿:-ell a.:tivati.ttì ntolc-tule era¿lic't¿tt'
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$tdl)lished tuntors," Nalt¡r'c Medicine 3: 682-6tt5; I lutloff ef al. ( 1999) "l()ÒS is an

induciltle l'-t'ell t'tt-srinrulator st "ucturull-)' ttntl .f'unctionalll¡ relute¿ r¿ C'I)2c9"' N¿tturc

3.()7:2ttt-266 ¡:tûd Moran, A.E. et al. (2O13\ "The 'TNþ'Rs O-Y40, 4-188, rtnd CD40 a-s

kzrgets Jir t'ut'tt'<'r innnunotherup¡,," Cìurr Opin Imrnunol. 20 ì 3 Apr; 25(2):

l0..l0l(r{i.coi.2013.0.t.004), and./or stimul¿rtory Chinrcric Antigen RÒccptors (('Âlìs)

cornprising ¿ü a .tigcn bin<ling domairr dircctcd against a diseasc ælligctr fi,rsed to one

or rnore intl¿rceliular signaling dornaius l'ronr variorrs costirnulatory prolcilì reoeptoß

(e.g., {.'D2tl. 4lßR, I(l()S, OX4O, ett'.) whioh sen'e to s1i )ulatc T-cclls uporr arfigorr

bincling (sec, for crample. Tettau:auti, S. el ul. (2013) "'l'argeting OJ Aøt<' Mleloid

Leukaemia 81,, C.),lok'¡tìe-Jndrc'ed Killer Cclls R<'directed With tl Nuvel CD I 2 3'Speci/it-'

('hintcrit' Ârrtigcrr Rt'cctrtt,¡t'," Br. J. Hactnatol. l(il:389-40I; GilI, S. c¡ al- (2014)

"tilfcacy.4guinst Hunan .4cute fuI1'eloitl l'<zukentia ,lntl Myeloublation Of Nonnal

H.,mdtÒlroiesis In A fuIous<z il[o¿le! (.-lsing Ch ìnz<'ri<' A ntigen Ret'e¡ztttr-Mod iJìcd T ()ells,"

Bfoocl 123(i5):2343-2354; Mardiros, A. <'¡ rtl. (201-l) ''f Cells Ex¡ttcssing (-)l)12-ì-

S¡tt:ofic (hinterit' An ligt'n Reoelttot's Exlzibit S¡><z<:i.fic ('.'1Íolytic ElJeclor Ftttuttit¡rts' And

.4 ntitumor Lflet'ls Ag(t ¡t'ts'l Hut¡tan./7t'ule i,,I.v<'loid Leukemia," Blood I22:lì'l38-3148;

Pi'l.'Zilol¿, l. et al. (2014) "('hinteric .4ntigen R<'t'c¡tntr.s' Against (:D3 -I/CD I 2 3 A ntigcns

EIJìciently Tar¡1el Primar.y Acute ì()'eloid I'eukentia Cell's itz u/vo," Leukemia

doi : I 0. I 038/leu.2O 14.62).

100203J I.AC-3-binding rnolcr:ulcs of the inventiorr caû bc combined with inltibitory

Chimcric Antigen lleoeptors (iCARs) to divcrt oII tar¡iet inrmunothertrpy rcspotmes-

i(lAl{s arr antigcrr bincling domaiu dircclcd a¡¡ainst a disr:asc alrligcn firsed to ouo or

mo¡e irrtracclh¡lar. sígnirlirrg domair:.s froln variolLs irrhibitory proteilì reoeplor-i (c.g'.,

(l'l'LA-4, PD-I, e/c'.) wllioh serve tÒ colìstrain 'l'-cell responscs t¡pon antigen birdi g

(see, l'or cxample. Fedorov V.D. (20'|3) "1'Z)-,1 und ()TI.A-4-Aased Inhil¡itt¡r.v

Chinteric lnrigen Reteptors (i(Alirs) Divert ()f|:'l-arget -ltnntunolhe:ru¡).¡t Rçspon-ses,"

Soi Tr ¿url Mcd. 5:2I5ra I72 doi: l 0.I 126lsoitrunslmed.3006597.

[002041 In particular, tltc arìti-l,A(ì-] aûlibodics of the i veuliorr arc r¡sccl in

¡:ombirratiorr w'ith an anti-CD.L37 antitrody, au auti-OX40 antibody, au ¿ur1i-PD-I

arrtibody, an rnti-l'D-L l rurtibody, an anti-TIGIT anlibody, an anti TIM-3 antibody

arró/or ¿r caucer vacciuo.
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t002051 ln addition to their rrtility irr thcrapy, thc I.AC-3-bin<ting molecules of the

present inventiou may bc dclcctably labclccl and usecl in the cleteotion of LACì-3 in

sanrples or in the imirgiug ol'LÂG-3 orl cclls.

X. l'hârmaceutical ComPositions

[00206ì The oornpositions ofth¿ inventiou iucludc bulkdrug compositions ìrsefirl in

thc mano fach¡r'e of phlrrnaceuticitl corrrpositions (e.g., impurc or uolì-stcrilc

compositions) and phanlaceutioirl corrrposi(ions (i.c., oonrpositions that are suitable for

admi islration to a sutiect ol pertient) th¿rt c¿tn be u..'cd ùt thc prL-paratiort ol uttil dosagc

l'orms. Srroh oompositions cornprisc a prcphylactically or thctapcutically cffootive

amount of the LA(Ì-3-trinding r¡oleoulss of thc prcsütt irrvcrrlion, or a conrbi¡ration of
suoh agents iurd a phannnceutioally accqr(ablc carricr. Prcfcratrly, compositions ofthe

invcrriiorr comprisc a prophyl acticarlly or therapeutically cflbclivc amou t of thc L.A,G-

3-binding moleorrles of the pr esent invgutiou ad.d e pllarmaccutically acocptablc carlicr'.

Thc irrvcntion partioulally enoornpasses such pharmùccutical cornpositions in which thc

I-.4C-3-binding rnolecule is: a LAG-3 nrÂb I, LAG-3 mAb 2. LAC-3 nrAl¡ 3. LAO-3

urAb 4. L¿\G-3 m.Ab 5, oÌ l-A(ì-3 rnAb (i antibody; a hurnauizcd LÂG-3 rnr\b ll I.AG-

3 íLAb 2, l,AC-3 mAb 3. LAC-3 mAb 4 L,\G-3 rAb -5, or LAC-3 mAl¡ 6 antitrody; a

LÂC-3-bincliug fragnrent of any such antibody; or in wllich thc LAC-3-bincling

ûìolcculc is a bispecific l,A(i-1ì diabody (e.g.. a L,AC-3 x PD- I bispccitìc dírtrody).

Espccially cûcompasscd arc suclr rnol¿cules thrit cornpri.sc thc 3 CDRl,s alìd fhc 3

CDRxs of LAC-3 mAl¡ l; or that oornprise the 3 CDRrs and thc 3 CDRss of LAC-3

ûvlb 2; or thal conìprisc thc 3 ('Dtl.rs and the 3 CDRss of LAG-3 nlAb 3. or lhat

cornprise thc 3 Cl)Rrs and the 3 (lDl{ s of LÂG-3 rltAb 4, or tlìat cotnprisc tlìc 3 C)DRLs

aud the 3 CDRxs of LÂG--ì m,{b -5. or that conrprise the I CDÈs aud the 3 CDRxs of

L^G-l mÀl¡ 6

1002071 lhe inventiolr arlso eucornpasscs such pharnraoerrtioal compositions that

addilionaìly inch¡dc a sccond thcrapeutic autibody (e.g., tumor-spccilìc morroclonal

antibocly) that is speoific fol a piLrtir:ular cao.ccr ân(igcrì, ancl a phartnaou-rrtioally

trccqltablc carricr.
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[00208| Itr a spccitìo eml:odirnent, the tcrrrr'þhararaccutically acccptable" rnezrns

approvcd by a regrrlat<lry ager:cy of thc Fcdcral or a s(r¡lc govctnnìent or listed in the

U.S. Pharmaoopeia or other ger:erally recogrrizcd phar'nacopcia for u-se in anirn¿rls, and

morc partiorrlally in hrurraus. The 1cmì "calricr" rcfr'rs to a <lilrrent, adjuvant (e.9..

Freund's adjuvarrt (corÌplete zurd incomplete), excipicnl, or vchiclc lvith which thc

lherapcLrtio js achninistered. Such phun:raccul.ical carricrs oan bc sterile liqrri<1s, such

a^s watcr alìd oils. inolrrdin¡¡ those of petrolculn, ülim&I. vcgclablc or synthetio oligin,

such as pgarìut oil, soybenn oil, rrrincral oil. scsatììc oil andthc like. Water is a preferred

carricr r.vhcn thc phalnraoeutical composition is ùdministL'rcd inlravcnously. Saline

solutiol).s and aqrreous dextrose aud glyco:ol solulions can also be enrployed as liquid

carriL-rs. partiorrlally fo:: injectalrle so].u1iorrs. Suitablc pharrnaccutioal excipients

irrcludc stalch, glucose. lactose, suorosc, gclatin, ma1t, rioe, flour, ohalk, silica gel,

sodium sf.cârâtc, glyoelol lnonoste¿ìtttc, tiilc, sodiuût chloridc. dricd skinl l¡ilk,

glyccroi, propylene, glycol, water', ethar:t¡l artd tltc likc. Thc oomposition. if desiled,

can also contain minol amounts of wettiug or cmulsii'ying agcnts. or pTl butïeling

¡¡gLÌ)ls. These oorlpositions c¿rn talte thc f'orm of solulions. suspetrsiotrs, ernulsion,

tablct-s, pills, oapsuìcs, powdcls, sust¿rined-releasc f'or¡rrulaliorrs tuìd lhc likc.

[002091 Genelally, the ingredieuts of compositions of the irrvention are srq:plied

cithel separately or rnixed 1ogùtlìLr irt rt,nit <losage form, for erarnple, its a dry

lyophilized ¡owder or ll'ater fi-ss co .colìlralc in a hennetically se¿tled coutainer such as

an ampoule or s¿rchcllc irrdicating thc quantity of aotive irgent. Whele thc compositio

is 1o bc a<lm inistcre<1by infi.rsion, it can br: tlispcnscd with an inñ¡sion trottle containing

sterile pharnrlceutical gr itde w¿rtor or salinc. Where the cotnposition is adrninistered by

injcclion. an arnpoule ofstelile water for i jccliolì ol ssline oan be provided so that the

ingredients may l>e mixed prirlr to adnúrristlation.

1002l0l I he compositious of thc irìvention c¿ur be forrmrlated us ucut¡¡rl or salt lbûns.

Pharmaocr¡tioally aooeptoble salts includc. br¡t ar'e not liìnited to those fon¡ed with

¿uri<¡ns.suoh ls thoso dorivcd liolr hydror:hloric, plio-sphoric, Íroctic, o.xírlic. tarlaric

acids, <zr<:., ¿rrd those fon¡¿d witl:. catiorrs such as those derived frorr sodirLrn,

potassium. mnrmruiuur, caloium, lbrlio hydroxide.s, isopropyliurriue, tricthylarrúrrc, 2-

olhyliìrnirìo clhanol, hisliclinc, prccaine, e/c.
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t0021rl The inventiorr also provides ¿r pharmaccutical pack or kit ctrr'rrp|ising one or

urorc contsiners fillccl with a LA(Ì-3-bindirrg nroìeoule of thc prcsu-nt invention (artd

rnorc prcfcrably. a L.Â.G-3 mÁb I , LACi-3 rnÂb 2, LAG-3 rrr.t\b 3' LAC-3 nrAb 4, LÀG-

3 urAb 5, or LÂG-3 rtìAb 6 antibody; â lÌl¡manized LAG-3 rnÁb I' l,A(i--l m^b 2'

LAC}-3 ûLAb 3, l,ACì-3 ¡n^b 4, I.A(Ì-3 mÂb 5, or I.,AG-.ì nrAb 6 antibody; a l.ACi-3-

bindirrg fiagrnent of arry such antibody; o¡ irr whioh the LAG-3-binding rnolecule is a

bispccilic f .A(i-lì <tiabody (c.g., a LÀCi-3 x PD- I bispecific diabocìy)). tispeciallv

euoÒtl\lasscd lre such rnÒlccl¡ìcs that cornprisc lhc 3 CDllls and thr¡ 3 CDRlrs of LACì-

:l rrr.A,b l; ot'that co[rprisc thc 3 CDIÙ-s and thc 3 CDI{ s of LÀG-3 mAb 2; or that

oÒmprisc the 3 CDRl,s arrcl lbc 3 ('Dl(us of'LAC-3 rìAb -3; orthat comprise the -3 CDRl.s

¿ürd thc 3 CDIlus of Lu\G-3 nrAb 4; or that compÏise the -l CDRr.s atld thc:l ('Dlìlls of'

LAG-3 mAb 5; ol that courprisc the 3 (lDlìLs a d thc 3 (lDl{us of Lu\G-3 mAb 6, alone

or wi1Ìr sr¡ch pharrnacorrlically acceptable Carri¡.-r. Additioually, olrc or lnore other

prophylactic or therapcutic ogents uselìLl l'or thc treatr¡ent of a discasc calr ¿tlso bc

incluclcd in the phanrraccutical pack or kil. The iuveuliorr also plovides a

pharmaoerrtioal pach or kit comprising Òûc or nìore cont¿iincrs lìIlcct v'ith olìe or rrlorc

of tho irrgrcdients of the phamraccrrtical composit¡ons of the illvcrttiorr. Optiorlally

associaLcd with such oorrlainct'(s) oan bc o notioe in thc lbrm pt'esolil>ed by a

govLTrÌmontal agency regulatiûg the manufaClutC. ìlse or s¿¿Ie ol' pharmaceuticals Or

biological pr-oduots, which rrotioe reflecl.s approval by thc agcrrcy of nranufitctuLc, usc

crr salc 1ì¡r br¡rnarr ldministratiort.

loo212l -t'he preserf irrvcnlion providr:s kils that can bc uscd iu the above nlotllods.

Akit oan cornprisc a y of the l-A(i-3-binding r¡oleculcs ollhcpresent invcrì.(iotl. The

kit can further comprise onc or nrore otb.er prophylactic aDd/or thcrapeutic age[ts usclil

f'r¡r th.c treatln¿nt of oanccf, in olre or üto¡c containets; a .d,/or the kit can l'urthcr

OouìÞrirso Otìe ol- more cytOlOXiC antitrodiCs (hat bind oue or IlìOrù Cancer antigcrts

associated with o¿rncer. Irr ccrtain er¡bodiments, the othcr prophylaotic or thcrapcutic

agr,ïl iS a clrentotherirpeutic. In Other ernlrtrdimcnts, the pruphylaotiC Or thertrpetttiC

agcrrt is a biologioal Qr hormonal thempcutic.

1)0

Copy pro"irlcrl by tiStTl) fronl úÉ IfW Inìasc r)sþbâsc on 0l-l)-1018



I t01 0t2lP

Xl. Mef hods of r\rlministratiolr

[002] 3 | l'he conrpositions of the prcsctrl inventiorì mity bc provicled fo:: the

tfcûtrnetìt, prophylaxis, ancl anleliorittion ol'onc or nìore s)iInptoñs associated with ¿t

discasc, {isol-der or iulcctiolt by adrrrinistr:rirrg to a sutrjeot ¿tr effcctivc atnoìJtìt of ¿l

fusiorr protein or a co4jugalcd rnolec lc of thc inventiolì, or ü pharmaccu.tical

composition cornprisirrg a ñ.:sion pl1rteill or a conjugated rnolecrrle of thc invention. ln

a prcfèr.r.ed aspeot, sucb. cortrpositious iuo .subslarrlially pruified (r.e., subslatrtially free

fiom sr¡bstances th¿rt limit its ctïect or producc r.¡ndcsilecl side effect-s). Irr a speoific

crlboclirnent, the subjcct is an anirnal, prefcrably a nramt¡¿rl such as rtort-primate (c.g-'

bovine, equir:e, lblino, canine. xrdenl, e/r'.) or a pt'itniLte (e-g., monlcy sttch as, a

cynomolgus morrkcy, human. d¿..). ln a prcf.'rîrcd embodirnent, thc subjccl is a human-

lOO274l Vurious dclivcry rsystems urc kllow-n and can be uscd lo adlninister the

composiliorl.s of thc inventit)D, r.¡í., cnoapsulatio[ irr liposornes, tìicxrpilrticlos,

miorocapsules, rccombinant cells oapablc of cxpl'es$ing thc aûtibody or filsion protein,

leceptor--mcdialcd cndoo)¡tosis (Scc, e.g.. Wt et al. (1987) " R<r:cptor-ll4etliated hz

Vitro (ìene 'liansJornu litttt B)t A Soluble I)NA (.'¿ryier S)'.slt:ttt '' J. ßiol- Clhem-

262:4429-4432), construotion of ¿t nuclcic acid as parl of'e rctroviral ot other vcctor,

e1()

1002151 Mcthocls of administcrirrg a moleculc of thc invention ir:oludc, but arc not

Iimitcd to, parenteral irdrrrirrislration (e.g., irlrad crm al, irrtrirmuscul¡t¡, irrl.ra¡rclitoneal.

intravenous Aûd Sì,tbc0tatleous), epidural, alr<l mucoS¿ll (e.g., itrlranaSal and ontl routoS).

I¡ a spccitìc cmbodirner:t, thr: LAC-3-binding rrrolcculcs of the presenl irtvcrtl ion alç

adrniuistcrccl irrtramuscrrla[ly, intravc .ot¡sly, or subcutancot¡sly. l he oompositiorì.s

may bc acl¡ninister'¿d lry nny corrvcniglrt roulc, I-or cxarnple, by infusiorr or boll$

injectiou, by absorprion llucrrtgh epithclial ol l lìucocutarìùous ii inlìs(c.g ' oral mucosa,

reoti¡I ar).d intcstinal mucos¿i, ett..) and may bc adnjnisterecl toHether with othel'

biologically activc agcû1.\. Administrùtion oan be systernic or looâ1. ln addition,

pulmonary acll¡ inistration ciru also bc enrployod, c.g.. by trse of an inhalcr or nr,-br¡lizer',

and fonnulatiou with ¡rr auclsolizing agørt. See. e.g., Ll.S. Patclìl Nos. (r'019,968;

5.9fì5. 320; 5,9t15,309; 5.934,272;5,874.064; 5,855,913; 5,29O"5a0; ¿nd 4,8t30,07t1; ancl
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P(l'f l'ul:licaticrn Nos. WC) 92/19244; WO 97/32572; WO 97/44O13; lÃ/O 98/3'l346;

aud WC) 99/66901, cach of which i-.r incorporatcd hcrci.u by rclèrcncc in ils culircly.

[002f61 Thc invcntion also provides that the t,A(.Ì-3-bindin¡¡ nrolecules of the

prcsco.t invL'lìliolr arc packagcd in a helmetically seale<l container such as atr ampoule

or s¿¡chcttc iü.dicatiûg thc qualìtity of tlìc nìolcculc. In one ernboclinrent. srrch nrolecules

¿rre suppliod as a dry slcrilizcd lytrphilizccl powcler or w-ater fi'ee concentrate in a

hcnnctically scalcd corltâirìcr arrcl oan be reoonstituted, e.g., w-ith water or saline to the

appropriatc corìcerìtratiorì fol administration to ¿ì suliect. I'referably, the LAG-Iì-

binding molcculcs of thc prcscrìt invention ale sirpplied as a dry sterile lyophilizecl

powdcr irr e lìcrnrctically scalcd colìtaincr. .

100217 | 'l he lyophilized LAG--3-binrliug rrolecules of the preseut invention shoukl

tre stored ¿rt betv/een 2'(.1 and 8"C-l in thcir origiual corrlaincr arìd thc moloculcs should

bc aclministcrcd within l2 houls, plefer ably within 6 hours, within 5 hours. within 3

horrls, or within ì horu atìel bein¡¡ reconstituted. ln ¿tu altemative ernl:odimeut, such

nrolccules ale suppliecf in liquid fonn in a hennetioally se¿tled cout¿riner inrlir:atir:g the

quantity ¿nrd colrcentration of the molcculo, fusiou protciu, or corrjugatcd nûlouulo.

Prcfcrably. such I.A Cì-3-birtcling rnoleotrles when provided in licluid f(rnn ¿re supplied

io a hcrrncticaìly scaìc<l container.

t002l8l l he ¿rmount of the cornpositiorr of thc irrvcrrtior:. which will bc cllbclivc in

the treatment. preventiÒn Òr a¡û.cliofation. of onc ot nlorc synìptoms associated ì,!-ith a

disorder oau be detennincd by stiindard cli ical lcchniqucs. Thc prcçisc dosc to bc

ernployed in the f<rrrnulation will ¿tlso dqrcrrd on tlì.c ruutc of acùnirri-stration., aû.d tlì.c

selieusness of the condition, and should be dccided irocordiDg tÒ the judgúcût of thc

practitioner- ¿urd each patient's circurnst¡r¡tccs. Ellbctivc closcs rnay bc cxtrapola(cd

tìorn dose-respouse curn-es clerivecl fr-our irl vilro or artinlal ûìodcl lcst syslLÌììs.

[002191 Fol the l-A(ì-3-binding antibodies eucompassed by thc iuvention, thc dosagr:

¿ìdrnirìistcrcd to a prrtic t is prcll-rabìy <leterminecl lr:rsed rrpon the bo<ly weight (kg) of
the recipient subject. I'he dosage of a diabocly aclrnirrisfcrcd is lypically liom al lcasl

about 0.0I pg/kg body wcight, at least about 0.05 pg/ltg body rl eight, t le¿st about 0. I

¡r/kg l;ody wcight, at lcast about 0.2 pg/kg borly weight, ¿rt least irlrout 0.5 pglhg bocly
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wcight, at le¿rst about I pg/kg bocly weight, at IÒasl abolìt 2 ¡r¡y'kg body wcight, at lcast

about 3 ¡lgrkg body wcight, at least aboul 5 pgikg body wei¡1lrt, at least about l0 ¡tg/kg

body weight, t lcast about 20 ¡rgikg body v/oight. al lcast about 30 ¡Lg,&g body wcight'

:rt least ¿tbt¡ut 50 pgy'kg bocty weight, irt loast abolì I ì 00 ¡r¿1/kg body \.! cighl. al lcast about

250 1r/kg body ueight. at lcâsl about 75O ¡rylkg body wcight, at least abortt 1-5 rng/kg

bo<ly weight, irt least abor¡t 3 mgikg body wcight, ât least about 5 mglkg body wcight,

or at least ¿rbout 10 rng,& g body weight. Ihe o&Iculalcd dosewill lre ¿tdmiuistcrcd basccl

on the patiùrrt's bocly weight at lr¿rselirrc. Signitìoant (:'lOol,) ob¿lllgc .in body weight

Iionr baseline or tstablishcd plateau weiglrt sllould plonìpt reoalculatiou ofdosc.

t002201 For thc I.AC-.1-binding bispccilìc diabodies enoorllPasscd by lhc invention,

thc dosagc aclnrinistered to a patiütl is preferably detcr:nincd basccl upon the body

u,'eight (kg) of the reoipient subjcct. Thc dosage ofadiabÒdy adûúnislcrccl is typioally

fxrm at Lcasl sbor¡t 0.ll ng/kg por drry 1o about 0.9 ng/kg por day, Iionl at ìcast about I

ng/lig per dùy to about 3 ng/kg per day, liom at least at:out 3 ng,/kg pcr day to about 1)

nglkg pcr day, lìonr at least al:out l0 npy'kg per day to aboul 30 g/kg pcr <lay, from at

Ie¿r-st ¿ib<¡ut 30 ng/kg pel day to about 90 n94rg pe:: day. frorn &t lcasl sbout 100 n¡¡/kg

per-day to about 300 n¡y/kg per day, lior¡r at least about 200 nglkg pcr dây to about 600

ng/kg per day, fiorn al lcâst about 300 nglkg pct day to about 900 nøkg pcr day. from

at Isast aboul 400 n/kg per d¿ry to about tl00 ng/kg pt:r day, Iiorn at least about 500

uglhg pcr- day to aborrt '|000 nglhg pü dây. fi'om at least about 600 ng/kg, per d¿ry to

about 1000 nglkg per day, frorn à[ Icûst about 700 ugikg pcr day to about 1000 ng/kg

per-day, frorn a1 lcast aboot 800 ng/hg por dây to âbout 1000 ug/kg pcr day, tìom llt

le¿tst ¿rbout 900 ng/kg pel day to aboul. I000 ng/kg per d¿ry, or .r( Icosl atrorrt I '000 ng/kg

per day. 'l'he o¿tlculatcd closc will be admirrislcrcd based ou the paticrrt's bocly w-eight

¿rt basclirrc. Sigrrificant (l ì 0%) chaugc in body weight liom bascline ol estatrlishecl

pluteau w'eight shorrld prtlrnpt rccllcul¿rtiou oI do.sc.

t00221ì Iu anothcr cmbodiment, thc paticnt is adr¡inistered a lrcatûìcnt rcgitneu

cornprising one or lìlore dosr¡s ol'srrch pr-ophylactically o| thelapeutically offcclivc

¿unornt of a LAC-3-binding moleculc of the preseut i ventiorr, wllcrr'in the tl'e tment

rcginrcn is aclministeled over 2 clays, 3 <lays. 4 days, 5 days, 6 days or- 7 drLys- In ccrtairr

ctlþodiments, the b eirtmoûl rcgimen corrrpriscs intclnrittently adrninistcrirrg doscs of
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the prophylaclically or therapeutically cffoctivc arr¡ounl of the t.A(i-ll-binding

rnnlccr.¡lcs of the pì'esent inveutit¡u (fbr cxamplc, administcring a dose o¡ì day 1. day 2,

day 3 arrd day 4 ofa ¡Liven week and not ¿dmirristcring doscs of the prophylactically or

thcrapcrr lioally effective amourf of'thc l.,AC-3-bincling rnolecule (and parliculiuly, rr

LACi-3 n¡Âb l, LAC-3 nrAb 2, l--ACÍ--3 mÀb 3, L^G-3 mÀb 4. LAC-3 rnAb 5, l,A(ì-

3 m^b 6 antibody; a humanized LÂG-3 rn^b t, LAC-3 nìAb 2, LAG-.3 mAb 3, LAG-

3 rrl^b 4. I,A.C-3 ¡nAb 5, or LAG--3 mÂ.b 6 anlibody; a l.Ac-3-bindin¡t fra¡¡nrent of

lro.y sr¡oh antibody; or in rl'hir:It thc LAC-3-binding nrolecule is a bispecifrc L.,\G-3

diabody (e.g., aI.AC-3 x PD-ì bispeciñc Fc diabody). Espccially encompassed is the

ùdmi islralion (on clay 5, day 6 and day 7 of t}rc salnc wcck) of molecules that oompr-ise

thc thc 3 Cf)Rr.s rnd the 3 (lDlùrs of LÀG'-ì ¡n:\b l; or that ootlpt'ise the 3 CDIÙ-s and

the -3 CDRxs ol LAC-3 mAb 2; or-thitt corrprisc thc 3 ClDRr.s an<l the 3 ('Dlìss of
LÂG-3 rnAb 3; or that ootnprise the 3 CDRrs arld lhc -ì CI)Rss of I-A(ì-3 rnAb 4; or

1hÍrt conlprisc thc 3 ('t)lìm and the -J CDRr.rs of LAC-3 rnAb 5; ol that comprise the 3

CDRr.s and lhc 3 CI-JRss of LA(i-3 rrz1'b 6. Typically, thcrc are ì, 2, 3, 4, 5 or more

courscs of tÌcat nent. lìaoh course tn(ty bc thc so¡nc J'eginren or a different tegimen.

lOO222l ln alrother ernbodinrcrtt, thc acl¡ninisteled dose escalates ovo'r- tllc lirst

quarlcr. lìrst half or first two-thir ds Òr llìrcc-qt¡ârters of the regimen(s) (¿..+, over thc

1Ìrst, second, or third regirncus of a 4 cot¡rse treatrnent) urtil the daily propltylactically

or thcraperrtically effective itrnouut of thc T.Ac-:l-lrindiug uroleoule is achiovcd. Table

4 providcs 5 examples of different dosirrg rcgirrens clescritred al:ove for a typic¿l coursc

ol' lrcalrlrcrrl with a dia{rody.

4

llegimen Diabody Dosage (ng diabody pcr kg subjcct wciglìt per
d

r00 r00
noÐ.c OIìÒ

lìone

.)4

100
nonc
1.000
none
1.000
lìolìe
1.000
ûonc

900
none
900

900
noDe

nouÒ

100
uonc
700

none
700
non0
700

noDe

100

llp.rc_
-s00

NOIìC

;9.0
rtoDc

-500

300
none
300
tìone
300
lloltc

t-2-3.4
5. 6.7

1.2.3.4
5- 6.7

r.2"3.4
5. 6.7

Day

1,2.3,4
5.6,7

-1

4

'I

2
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t002231 I'he dosage aud licquenoy oL actministralion of a LÂc-3-l:iurlirrg moleculc

of thc prese[t invelìtiou may be rcduocd o:: itltcrcd by er:Iancing uptÍil(c and tissuo

penct¡atioÌr of thc rìoleculc by modifications suclÌ as, for exarnple, lipirlalion.

lO1J224l The rhrsagc of a LÂG-3-bindi[g rrlolecule Òl lhc invertioll administorcd to

a patient ur&y be cllculated ftrr usc as ¿l sirlglc ageut 1l)cl'apy' ÂItcrnatively' thc

ûÌoleoule ûìf¡y b9 uscd in oor¡birration with olher therapcutio composition$ ¿fld thc

dosage ôdministeted to s patiert ¿¡rc low¿rthâû when said molcçules arc usccl as a sirrglc

rBent thcrapy.

1002251 'l'he plì.armirccutical cornpositions of thc inventioD rney be ¿dnd istered

locally to the ¿r¡ea in need of trcatlnent; this nray bc achicv¿d [ry, l'or cxarìple, il$d not

by way of limilatiolr, loc¿I irrh¡siou. by injectiou, or by rneafl.s of an iraplarrl, said

irnplant treiug of û pofous, D.on-polous, oÏ gelatiuous material, irrcìrrding rn:mbratres.

such ¿rs sialastic rlìcnbr.anes, of lìbers. Prcfcral>ly, whctl administcrìng a rnoloculc of

the iuvcntion, oirrc rnust be takcn 1() usc ûþterials ø which thc molecule docs not

absorb.

100226l Thc compositions ofthc inverìtior c¿¡n be delivcrccl in ¿r vesiolc, in particulat'

a liposome (see La ger.(1990\ "New Methods ol Dnrg Deliver.y, " sciencc 249:) 521-

1533); 'l.reat 4 dl., in LIpOsJ()MËs IN TII¡r IHERAPY o! INFF.(:Ttous frlsli^s!. AND

CANcnR, Lopcz-Bc|esteiD arr<ì l"idlcr (cds.), Liss, New York, pp' 353- 3(r5 (1989)l

Lopcz- Berestcin, ibid., pp. 3 17 -327).

lllo227J The r:or:rpos itiolrs of lc il:vortliOlr cau bc dclivered irr a conhollocl-releaso

or sustairre<I-relcasc system. Any tecluriqrre krlowtt to one Olskjll in thc alf oan bc used

to producc stlstain¿d-rclcase folmulations comprisiug orìc or rllorc of the LAC-3-

birrcling mok:culc(s) of thc inverfion. .Sce, e.g.. I'J'S' Pr¡lcnt No 4"52li'938; PC)]'

prrlrlir:alion WO 9I/05-5a8; PCT publicalion WO 96/20698; Ning et ul' (l')961

,'IntrulLt¡ttora! Radit¡inmunr¡ zera¡lhlt oJ'A Hz n¿uz ('¡llt¡n cutzc<'r 'YenollruJi Uring tl

Su,staine¿l-Relcttse Õel," Racliothcrapy & Oncology -ì9:l7l!189, Song el a/' (lf)l)5)

'.lntil.ttxly A4ediutotl Lung Targeting oJ' l,ttng-cirtttkttin.q Enuls¿bz.s, '' PDA .loumal of

Phannaccutical Suicncc & Tcohnology 50:372-397; Clcr'-Ir et ul' (l 997)

"Eiotlt'gxulthle lk¡lt'm<:t'i<' Carri<zrs For A ht'CF Antibotly For (''ar¿l iovttg<'ulat'
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l¡tpl it'ul itttz, " Pro. lnt'1. Synrp. (ìontlol. llel. tsio¿tct. M¿rtcr. 24:8-53-8-54; íìd 1'^ttt (1 (tl.

(1997) " MÌcroc nt'a¡ts ulation ()J' Retxnnbinanl fluntanized Mottttchtn¿l Anribod¡ hor

Lot'ul Dcliyttr.y, " Proo. lnt'1. S¡nnp. Contr-ol ReI. Bioact. l:NfaLcr. 24l.759-760. each of
whioh is inoorporated herein lry refc¡crtcc i its crrlircly. In onc cnrl¡o<lirneììt, ¿ nlunp

rnay bc uscd irr a controlled-release systèm (S'ee Langcr,.i¿?/'u; Sclloû, (I9ti7)

"In¡.>lanral>l<, Pltmp.,, " (llì.(l Crit. l(ev. .Biomed. F;trg. 14:201-240; ßr¡chw-al<l c¡ aL

(1980) "Long-Tern, ()<tntinuous lntrav¿nous lleparin ldntinislxtlittn I.y An

Int¡tluntuble [nJìt,s'ittn Pun4t ln Antbulatoty Patietzls W'ilh Returrsnl V<?nÒus

Thnnnbosis, " Surgcry t38:507-516; and Saudek et tzl. (1989) "A Preliminuty Trial Of

Tlt<'Progrontntablt: lmltlantahle ilt[edit't¿tion Sl,slent For [nsulin l)<z li v<'ry, " N. ßngl. J.

Mcd. 32 ì :574-579). ln another ernbodimcnt, polymcric malcrials cs.n bc irscd to

achieve oontrolled-release of the rnolcculcs (rre É'.g., MEt)IcAr, APPT.I(;ATION:J oF'

C:c)NrRoI.LEr) RELnASn, Lan¡¡er and Wise (eds. ), CRC| Prcs., Roca R.alon, Floricla

(I974); (loNrRor.r.rir) l)RrJ(i B¡c¡^v¡,u-.'r¡¡ -.r'fY, DRU(; PROt)ucr f)[,sloN ANt)

PER¡oRMANcn. Snrolen and Blll (eds.), Wiley, New Yo¡k (1984); Lcvy rz a/. (1985)

''Inhibilion OJ' CalciJìcurion Of Bio¡.tnt.sthetic Heart Vtzlves B), Local Conln¡lled-

Releusc I)i¡thos¡thttntttt,, " Scierrce 228:190-I92; I)uriug e/ a/. (I989) ''Conlroll<'tl

Releuse OJ'f)opnnine From A I'olltmerit: Erain Intplunl: In Viw¡ Churactcr¡zdîion, "

Arrrr. Ncr¡roì. 25:35ì-35ól I lov"'ard et al. (1989) 'Inlre(erehral I)ntg f)t:liv<try fn Rttts'

ll/ith I.<z,sit¡t¡- l nduocd 
^,'l<zn'nr.y 

L)eficits, " J. Ncurosurg. 7(I):I05-l ì2); LI.S. Patent No.

5"67.9,377r tJ.S. Pateut No. 5.916,597; LI.S. Patr.rrl No. 5,f)12,0ì5; Ll.S. Patent No.

5,9u9,463; U.S. Patcnt No. 5,t28.32(i; P(l l Publication No. WO 99/I5154; end PCIT

Publication No. WO 99/2(\253). Examples of polyrncrs uscd irt sr.¡sl sirìcd-rclcase

Ibrmulatiorrs includc, br¡t arc not linrited to, poly(2-Itydroxy cthyl mcthBcrylatc).

poly(rncthyl nìethaoryìate), ¡roly(acrylic ¡roid), poly(cthylcnc-co-virryl acetate),

poly(mc1Ìlu:rylic íioid), polyglycolidcs (Pl,G). polyanhydrides. poly(N-virtyl

pyrrolidonc), poly(vinyl aloohol), polyaorylarniclc, poly(cthylc c glycol). polylactides

(PLA), poly (Iactide-co-glycoliclcs) (Pt.GA), ancl polyorthoeste¡s. A r.:ontn¡lled-rùlea-sc

sy.slcm oan lre pìaoed in proxinrity of thr: t]rcr'apcr¡lic tùgcl (c.g., thc ìungs), thus

requiring only ir fi-aotion of the systcmio dose (see, c.8., CÌoodso . ilr M¡.;rtc;^L

AppI.IcATIoNs oF CoNTROI.I.ED ll-l]LBÂsL,, suptu, vol. 2, pp. I l-5-138 (1984)).

Polymerìc compositiorrs useñll as oontrollcd-rclcasc inìplants oau be use<l accotding to

i"
I
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l)L¡nn cr rzl. (See LJ.S. 5,945,I55). This partictrlar method is l:ased upou thc lhcrapcrrtic

ctïcct of the in situ corrtrollcd-rclcase of the bio¿rr.:tive ruÍr LL:riaI l'¡¡rn thc polyrner

systcm. 'l'he implarfittiou cttrr gcrcrally ocotrt' any'where withiu thc body ol lhc patient

in need of therapcutic trcalmcnt. A nolì-pollnneric sustairrr:d dclivcry systcnr oirn be

u-scd, whcrctry a non-pol¡rmerio implant in thc bo<1y of the subier:t is usccl rrs a drug

clclivcry systern. (Jpou irnplarrtation in the body, the orgauic solvent o1'thc impJant will

dissipate, disperse, or le¿roh liom thc cotuposition itrto sumruuding tissuc fluid, and thc

non-potynerir: matcrial wilì gractrrally coagulate or prccipilatc lo f'onn a solid,

rnicropor orrs nratrìx (See U.S. -5,888,533).

1002281 Corr(rollcd-rclcasc systerns ¿u:¿ discussod irr thc rcvicu'by Lan¡¡er'(1990.

"Nerl Melht¡ds OJ'Drug Dtzlivety, ' Scienoc 249:1527-15331. Any teohnique known to

one ofskill in thc art catì be rrsed to produce susteincd-fclcasc fortnulations oornprising

one or morù thcrapcrrtic agcnts of the invention. Scc, e.g., fi.S. Patcnt No. 4,526.9118;

lntenrational Publicatiorr Nos. WO 9l/05548 aud WO 96/20698; Ning cr ¿/. (1996)

" lnt "c¿tuntorul Rutlioinøutnothertt¡thy OfA Ilunzun Colon Cant:<'r .X'cnctgraft Ll.sing A

Sustaùze¿-Releuse Gel," Racliotherapy & Oucology 39:I79-Ittf). Song e¿ rzl. (l995)

"Antihoþ Mediuled Lung Targt't,ing Of Long-Circululing Enulsitttts, " PDA .loumal of

Phannaceutic¿l Sciencc & Tcchnology 5O:372-397; Clcck et ttl. ('I997)

"Èiodegradablt Pt¡l),ntt't'i<' (itrri¿zrs f'r¡r t1 \FGF Antibod-y For ()trdiovascular

Application, " Pro. Int'1. Synrp. Control. l{el. tsiottct. Ma lcr. 24:853-tt 54; and I'ant et al.

(1997) "Mit'rocncdt s ukttit)n Of Rentnzbinatzl lútntanized Mont¡ohtnal Antibody For

Loca! !)e!iveDt," I)ror:. Int'I. Syrrrp. Contlol l{el. lJio¿¡ct. Matcr. 24:759-7 60, csch of

which is iucorporatcd hcrcin by lçtèrerrce in its crrtircty.

1002291 Wlcrc the oornposition of tho irrvcnlion is a nuol¿ic acid encoding a LÀG-

3$inding rrÌolccuJc of thc prcsgnt inventiort, thc ¡rr¡olcic acid can be adlninisteled zz

ì,ivo Lo promolc cxprcssion of its enc()rlccl LAC-3-bincting moleoule by constmcting it

as plrt of au appropr-iate ruclcic acid cxpressiou vectÒr aûd adminis(cring it so that it

bccomcs inl¡accilular', <:.g., byuse of irÍ:troviral vector (.51c¿ tJ.S. I'atent No.4,980,286),

or lry direct iujection, or by ùsc of rnionrptuliclc bontbardmcnt (<:.,9., a gene gun;

Biolistic, Duporrt), or coating with lipid-s or ccll sutfaoe reoeptors or trarrsfecting ¿igerts,

or by aclnrinistering it in linkage to a homeobox-lilce peptide which is lçnowu lo cnlcr

-97 -
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[Irc rrucf errs (Seo e.g., Joliot c/ ¿i. (ll)l)l) "Antunup(d¡d Homeobox P<'ptide Regulttl:<',s

Neural A[otpheg<'tttzs is, ' P¡rrc. Natl- 
^oad. 

Soi. (tl-S-Â.) 8tJ:ì864-1868)' ctr:'

Altcrnatively, a rÌ¡cleic ¿cid ca¡r bc introdur:cd i tt'aoellularly aÐ.d inoorporätcd within

lìost cell DNr\ f'or expressiorr by horr:ologous tcoonrl:inittiort.

f00230j Tfcatnìent ofa subject with a thcraperrtically or prophyl ctioally cfTeotive

amount of a l-Ac-.1-triudirrg nrolecule Òf thc present iuvCrrliOn can iDcludc a single

tlestmcrtt Or, pr.eferably, Co¡r ilrclude ä SCr¡CS Of tle¿rtnlo lS, llì a prefOrrCd Cxatìple. a

sulrjeot is trcated u.ilh such a diabody onc tilne pff wcck fol't:etwecrt about I to 10

weeks, prclll.ably lretwccrr 2 to tJ $'eeks, morc preferably bctween alrotrt 3 lo 7 u-eeks,

ancf even rnorc preferably i'orabout4,5, or6 weeks. Tho pharmaceutioal compositious

of the irrvcntion cau bc adnlinistet€d oD.cc ll day, twicc a day, or tltrcc limes a day.

Alterlativcly, the pharmrrccutioal cornpositions o¿u be adrninistet'ed oucc a wcek, twice

a weeh, ortcc cvery two lvccks. once ¿r rllontlì' olloc evofy six weeks, orlcc cvery t\tr'o

nronths, tw,icc a yea[ or or).cc pcr year. I( will also lre apprcciated thal thc cflective

dosage of thc nrolecules uscd for tre¿rtmcrì| tììay inoreålsc or deorease ovLl' thc oourse of

a parlicular lrcatnìelìt-

!lx¡mplesi

t0023ll Havirrg now geuorally <lescribod t}c inveutiou, lhc sanre wiII bc tnoÏe

rcaclily understood through refr,tcD.cc to the 1ìrllowin¡¡ examplcs. which are providc<l by

u.ay of illustratiolr and iue not intended to bc lirniting of thc presènt invcnliotr trlrless

spccilicd. lt will bo Í¡pparcnt to thosc skilfed in lhc art that r¡auy rllod itìcations, both to

naterials alìd rncthocls. can bc praclioed wilhout departing fi-om thc scope of thc prcscnt

disclosure.

Exanr¡rlo I : (-'haractcriz¡rlion of ¡\n 1i-Huu¡an I -A(ì-3 Monoclolral
Antibõdes LA(ì-3 mAb l. LAG-3 mAÌr 2, L^(;-3 mAb 3, LÂ()-3
mAb 4, l,,{G-3 mAb 5' and l,A('l-3 mAb ó

^-

loo232l six rnuri[c monoclt¡r¡.al antil¡odics w-el.e isolatcd as being oapablc of

imrnuncspccif lcally biucling Lo both hr¡man al]d cyrtorrtol¡¡us mor:hoy I.A(ì-3, and

aocordcd the dosi¡ualions "1,^G-3 ur^b 1," "LAC-3 mAl¡ 2," "LAC-3 mAb 3"'

"LAG-3 rrìAb 4," "LAG-3 rnAb 5," and "LAG-3 ¡nAb 6-"'lhe CDRs oÊ these

f)8
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ântibodics wcrc for¡nd to <liffel ancl are provided above. LAG-3 lnAb I was hum¿nized

yielcled two lrurnanized VH l)ornains. designated herein ¿ts "hLAG-3 mAl¡ I VH-l,"
and "hl,AG-3 m,\b I VH-2," and four hum¿nized VL l)omains desiguated herein rs

"hL¡\C-3 m¡tt¡ I VL-I," "hLAG-3 mAl¡ I VL-2," "hLAG-3 rûAb M,-3," (rrrd

"I¡LAG-3 mAb I vl,-4. The hr¡nranized heary ancl light chains nray be used in aury

oonrbination and pnrticulal col¡bin¿rtions of humanized ch¿rin-s are referred to by

rcfcrclìc,c to thù speoifig VI-l/V1.. Domains, fot' example a hum¿urized antibody

comprisin¡1 hLACì--I rnAtr 1 VH-1 and hLÂCi-3 urAb .L VL-2 is spccilically rcf'c'rrorì to

r¡s "ltI.,AG-3 rnAb l (1.2)." The hurnlnized mAbs were engineered with either a hut¡¿rn

IgC l Fo Region (comprising the L234A/L235;\ (ÀÂ) substitutions) or it humiur IgG4

Fc Rcgion (oornplisin¡¡ the S228 1' sul:stitution)

1002331 the binrìiug kiuctics of thc antibodics LAG-3 ûrAb t. LAG-3 mAb 2, LAG-

3 mA[: -3, LA(i-3 mÂb 4, L^G-3 ûr^b 5, LAG-3 nlAb 6, scvcral humarrizcd arrd a

refelence antil:ody LACì-3 mAb Â \¡r'as invcstigåì1ùd usùrg Biacorc arralysis. The Ítnti-

LAG--3 antibodies were captured a d wcrc irrcubstcd wilh His-tr¡ggcd solubic llumsû

LAti-3 (shlA{i--3-His) alld thc kiûÒtics of biûdi g wos dctcrmùrcd via Biacorc

anirlysis. I'he c¿tloulated ha. kd and KD arc prcsùìtcd in Tal¡le 5.

Tat¡le 5

KD (nM)
0.6

0 013
0.0I
1.9
44
0.8
0.9

0.02
0.01
0.3

0.04
0.04
o.o5

k" (xl o-4)

5.4
026
0.27
2t
't4

9.3
l3

0.84
0.13

0.74
0.59
o.86

5
k" (xr0 )

4.7
20
_31

11

12

I4
42
2l
8.2
17
r(;
77

Auti-I.AG-3 Arìtibody
LÀG-3 rtrÀtr Â
LAC-3 nrAb l"
l.AG-lì rnAb l''
"lå9;ilmAl:^?1LAC-3 rnAb 3 "
LAC-3 mAb 4 ''
LACì-I rn-Ab 5
LAG-3 rnAb 6 "
hl.AC-:J mAtr I ( I .2ld'c
hL^Cì-3 rnÀlr I 12 2)d'"
hIAC-3 ûÌAb I (l.l)'r,'
IìLAC-3 mAb I ll.4)n'
hLA(ì-3 rnAb I (1.4)''¡

b' on (;¿r : c'.rp(urc(lon inrnroLrilizcd Fab2 qodl..tnti-nxrlLsú lfu
c: o¿¡pltìrcd o! iluuob izcd Irab2 ÉÍ)¿¡1 ¡¡û11-hÌ¡ rììan Fc
c : hLL¡uuu IgGI (AA)

d - caÞturEd on inrnrobilized Protein 
^f- ¡-q(ì4 ( S22|il')
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fOO234l Thc resrrlts dernonstrate th¿rt LACi--l mAb 1 ¿nd LACi-3 mÂb 6 exhibit bcttcr

bincling kinetics relative to reference antibody LÀG-3 rnÂb Â.

100235j 'I'hc cpitopc spccilicity of L,AC-3 rnAb l, LAG-3 nrAtr 6 and the refelenoe

antibody LÂG-3 rnÂb A was cxarnincd using Riaoorc analysis. In orclel to detennine

whether the antibodies bouud t<¡ diffcrcnt LAG-3 cpitopcs, sIìIAC-3-His was caplulccl

try mouse anti-I)ent¿tHis nutibocly immobilizcd orì thc CM5 scrNor clúll accord irrg to thc

prooedure roconunùûdcd by thc marruf aclurcr. Rriclly, fhc carboxyì grorrps on the

sensor chip surlhcc lvcrc activalcd with aD injcction of a solution oontaining 0.2 M N-

ethyl-N-(3dietylarniuo-propyl) carbodimidc end 0.05 M N-hyciroxy-succin irn iclc. Anti-

Itent¿rHis antibody wtrs irrjr:ctcd ovcr tb.c ¡¡c(ivalcd CM5 surfacc in t0 r¡M sodiunì-

acetate, pH 5.0, at ¿ llow ratc 5 ¡rl/rnin, foltou'c<l by ì M ethanolarrine for deaotivation

of remaining amiuc-rcactivc ggoups.. Biûdi g cxpcrimcnts wcrc perl'ornred in I IßS-EP

lruffer, u'hich oorrtains .10 ulM HEPES,lrll 7.4, ì-50 nìM Ns(ll, 3 rnM llI-)TA. and

0.005% l'20 surf¿tctaut. .birch ¿rntibody (L,A.G-3 ûÁb I, LAG-3 m,{b 6 and LAG-2 mÄb

A) was preinjectecl ovcr cç1ur cd hI¡\G3-His l-or I 80 scoonds at a tlow ratc of -5 ¡ L/nrin

at conceutr-¿ition of l¡LM followocl by rururirrg bufl'cr ancl injcction of cornpcting

antibody at the s¿u¡e conditions. Birtdirtg rcsporlsc of compcling antibocly was

oompared to its bindirìH respouse to hLÀG3-Hi-s prcirlicc(cd wi(h bul'l'cr to idmtify

¿rntibodies oompofi g for thc sa¡rrc cpitopc. R.cgcncrâtion of thc immobilize<l anti-

PentaHis sruface was perfonned byprrlsc injcction of l0 nìM glycinc, pTl l.5.Rcfcrcnoe

ol'trves lvoyc obtsiûcd by irrjcctiorr of ûnalytes ovel' the treated surfaoe with no

irlrnobilized proteiu. tlindin¡¡ curves were gcrcrÍrtcd by Bl.Acvaluatiorl solìwiìrc v4.l

frcrm r e¿tl-tir¡e sensogriln datit-

[00236| Thc rcsults oI lhis cxpcrirrtcnt are shown in l'igurc 5. 't'he results of this

expcr-irrrcrf irrdicatc lhal th<.: bioti ylalcd antibocly l,A(ill nrAtr A was oapable of
birrclirrg to shIA'G-3-His cvcn irr thc prcscnoe of excass amounts ofthe norr-biotinylated

antibodies LACi-3 mAb I and LACì--I m^b 6. Wrilc, L^G-3 mÂb I blockcd thc

birrdirrg ol LAC-3 ¡nÂb 6. Thus, lhc rcsults show th¿tt LAG-:J nrAlr 'l ¿nd LA(ì-]i nrAtr

(i likely bind to the sarne. or over lapping cpitopcs of I.AC-3. In corìl.rast, bolh LAC-3

mÀb I arrd L G-3 m^b 6 bind to arr cpitope that is distinct fi'onr that of l,AG-ll nrAb

- 100-
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f002371 Irl orclcr to furthcr cha[aoterizc lhc anti-LÂG3 antibodies, thcir ability 1o

blook trinrlirrg bctween LAG-3 and MHC: class ll was asscsscd iD tra'o d it'tèrerf assays.

In one a.ssôy thc ability of thc- antil:odi¿s to block the birrding of a solublc hunr¿ LÀC3-

Fc fusiou pfotcilì to MHC class ll irnrnobiliz¿d ou a sì,lrfaoe *'as cxalnined. For this

assay LA(i-3 mAb ì, t-AG-3 r¡u\tr 2, LÂG-3 mAb 3. L^G-3 nrAb 4, arrd I'AG-3 nrÀb

-5 caoh (at 0-67 nM) were rnixed with a soh¡ble humau LAC-3-Fc fusion plotei[, (a1 5

pg/nrl,) aud r.vcrc sepa::atcly incul¡ated r.vilh irìrnobilizcd Mll('class II (I ¡rg/rnL). Titc

amouut of I.A(ì-3 bi[ding to tlre immobiìized MHC class II w¿rs ilsscssed using a goat

a$.li-human Fc ganrrna-HRP scoondary alltibody. I hc rcsr¡lts of this cxpelirnent arc

slrou'n in Figure 6.

l0023SJ ln auo thcr assay tb.c &bility of thc a¡lti-l.A(i-3 a¡rliboclies of tllc present

invention to trlook thc binding of a soluble hurna¡r LA(i-l-Fc fusion protein to uative

MHCj olass II on a cr¡Il sul'tice \À'irs cxslnined- For this assay L,AC-3 m1\b I' LA(i-3

rìAb 2, LAC-Iì rnAb 3, LAC-3 mÀb 4. l,Aci-3 rn-Ab 5. and thc rcfelenoe attibody

LAG-3 ûrAtr A e¿rch (al o.l'26.7 ug/ûtl.) were rnixcd w-ith a biolirryì ated-solublc llr¡nran

LAci-3-Fc ñrsion protcirr. (at 0.5 pgimì) and u'orc scpar-ntely incutrated with MII(l ll-

positirr: f)ar¡<li cells. TIlc anrou t r.¡I'f,AC-3 biu<iirr¡¡ to the surl'acc of the Daudi cclls

was rletorrnirre<l usir:g a PB-oonjugätcd strept¿rvicìirr seoondary sntibody by FACs

annly,sis. ln additio[al scpar.ste expcrirlìcrìts LÂG-3 mAb 1, L^C-3 rnAb 6 a¡rd T.A(Ì-

3 rrlÀb 1\; or. t-A(ì-3 LAb I arìd 1hc hr¡ma izr:cl antibodies, t¡l,AG-3 m^b I (1.(i),

hL^G-3 mAb 1 (I.2), hl.AG--3 m,{b I (2-2), a d LA(I-J núb (l 'l ) werc assayed as

<lescribed abovc. Tlìe results of thes¿ expcr'imetrts irüJ slìown in Figure 7, l¡¡nels A-7.

respeotivcly.

[002391 'l'he rcsulls ofthese ir:hibition ¿tssays (nigufe 6 arrd nigurc 7) show thnt all

ths a¡l1i-I.A(È3 aúibo<ìics tested blockcd thc birrcling of a shIAC-lro fusiorr protcin to

birrd MI l(l class II.

tì. Ilxamplc 2: Flow-(ìy lorrretr:y Melhodology

t(ì0240J Expcrinrents to dctcnniD.e cxpÏessiou lcvcls of cher:hpoirrl inhibitors: PD-l

anrl LAC-3 on r:ell_s in the expcrirnents dcsoritred below used the lbllowing

irppropriately fluÒrcsccnt lo[:eIod conrlucLcial antibodir:s (phycoer]'thrin-cyan ineT (ltE-

-r01 -
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ClyT)-conj ugalcd anti-(lD4 [clone SK3] or Iìuorcscoin isothiocyanatc (FITC)-

uorrjugalcd snti-(ll)4 [clone RPÂ-T4], phycocrythrirr (PB)-oouiugatcd anti-LAC-3

[clorrc 3DS223l I I, phycoer¡rthriu (PElcor¡iugatc<l anti-PD-l [clone EH12.2H7] or

allophycooyanirr (A l'(l)-r:ouj ugatcd (cRiosoicnoes, ot-BioLeger:d)) aud lltc appropriatc

isotype r:orrtrols. All antit:odics were uscd at thc mstìtlfacturer's t-eoomr¡eudcd

co ccntrations. (ìell staining was pcr.lormcd ilì FACIS lruffer ( 10% tCS in PBS) ort icc

for 30 rnirrulcs i¡r the darlt for the adclilion oI primary antiboclies. After two washcs,

cclls wcre either stained with thc appropriatc secotrdiuy re¿igent ou ioc lbr 30 rÌìilì01cs

in tlrc dark or imnrediately analyze<J. on a ll.or.v cytotneter. 'l'o exclude dead cells, all

.samplcs wcrc co-stained u'ith tr viability dyc: 7-Arninoactinomycin D (7-^ D) (RD

Biosccirtccs. br tlioLegencl,) or 4',6-Disln idino-2-Phenylindole, Dihydrochloridc

(DAPI) (Litè 'l'echnokrgies) .r\li sarrrplcs wct'e atralyzed on either .t F^CS Calibur or

forlcssa Flow Cytolneter (tsD lSiosoicuccs) ûnd analyzed using Flou'Jo Softr.varc

(TrccStar, Astrland, Ol{).

C, t)xum¡tle 3: LAG-3 Expression llinding 'I o Stimulated T-Cells

[00241] I.AC-3 expression and tho abilily of the isolated LAG-3 antibodics 1o

specifir:rrlly l¡ind LAC-3 on the su¡f¿tce ol' ClD3/CD28-stir¡rrlatecl I -cells was

examiucd. T-cclls wcrc ol¡tained from periplrr":aì bìoo<l ¡nonolruclear cell (I'tsMCs),

briclly, PBlvICs w-crc prrlified using tltc Ficoll-Paqrre Plrrs (GB Healthcare) dcrtsity

ÊFadicrrl ccntrifirgation method ircoordiûg lo nìanufacture::'s instmctious fr-om wholc

blood obt¿rined urìdcr io.formcd oorrsent fxrm hcalthy donors (ßiologioal Specialty

Co4:oratiorr) aûd T cclìs w-cle then purifrod usirrg thc l-)ynabeads(tt) [Jntouched Humiur

'l Cell.s Kit (LiIb Tcclurologies) accordirtg to Ív¡nufacturer's instruotious. F'or

stimrrlaliorr. isolâtcd T oells *'er e cullurccl f'or ì0-ì4 days in the presence of

lecornbinant human IL-2 30 U/ml | (Peprotech) .uld Dyûabcedsü! Ilumarr 'l' cell

^cti\,â1or 
bceds (Lilb Tcohnolo¡¡ies) accordirlg 1<r manufao¡trer''s instrlctions. LAG--ì

cxplession on freshly isolated urrstimr¡lated CD4+ T cells, arrd stimulatcd CD4I Tcells

(takcrr liorn cullurc at day I ì or 14), was cxanrined by flow cfomctly as describotl

abovc. using I i I'l'(l-ooniugated auti-CI)4 and l)Ë-conlugatÒd .tuti-L^G-3.
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IOO242I l'he results of thesc studics arc shown in ['igure tl. No LAG-3 exp::essiou

was observed on un.stir¡rulatcd CD4 1- T-cclls (Í'igurc 8. l'ancl Â). However. CD3/CDtl

stirnulated CD4+ T-¡:eil-s li-om two dillcrcnt donors (D:5841.i8 and D:41ì5-ì0) exhibitcd

a dram¿rtic inorc¿sc iû LAG-3 cxprc.ssion (Íigurc 8, I'lncls B and C).

t002431 'I'hc ability oI'LAG-3 mAb ì. t,AG-3 r¡Ab 2, LAG-3 urAb I, LÂG-3 nrAb

4, and LÂG-3 rrrAb 5, lo spcciftcally trinci to stimul¿ted ClD4+ T cells was irrvcsligalccl.

Stirmrlatccl T cclls (¡rrcpslcd as descdb¿d ¿rlrove frum donor D:5[ì468) lakcn l'ronr

crLlturc at day t4. arrd fresh rrnstimulated cells (preparcd as dcscribcd abovc 1Ìom donor

D:4-ì530) r.vcrc subjccfcd lo tìow o¡rtonretry using the i.rolatcd anli-LÀG-3 úû(ibodics

and the lollowirrg appropriâlcly t'luoresceut labeled secondary ro(rgoût (PC-corrj Lrgal ccl

auti-r:rousc-IgC (H*L) (.laokson hnr¡unol{esearoh Lab.s)) and FITC-conj Ltgatcd anti.

CD4. Âs sllown irì. Figure 9 and Higurc I0 eirch of tllc aûti-LAG-3 anfibodics

ex¿urrincd bourrd orrly lo slilììr¡lated, t)ut not to urstirrrul¿rlcd CD4+ T-cclls.

ÍOO244l Thc rcsr¡lts of these studies dernortstratc that LAC-3 is uprcBr¡lated on

-itimulalcd T-¡,:clls an<l that the anti-L.Â,G-3 ¡üttibodics ol thc prcsent irrvention

spccifìcaì ìy bincl on ly stinrulated 'I -cclls.

D. Exlrnplc 4: tr unctlo¡¡al Activitv of anti-LÂC 
^nt¡bodies

[00245] Staphylsl'sr'r',.,.t (¡¿,/'(?¿.Í,s entel)toxirr typc B (SEB) is a nricrobial

supcra .tigcn cûpablc of aotivating a litrgr: proportion of T-oclls (5-30%). SEB binds to

MHC II outsidc thc pcpticle trindiug Etuvc tuld thus is MFIC ll dcpen<lent. trut

ru:r-c.s1ric1cd n d TCR ûrcdialcd. S Ets-stirnulatiou of T-ccIIs rcsulls i¡t oligoolonal 'l'-

cell pxrliferation ald cytokirrc production (although dono¡ variabilily may l.rc

obscr-vcd). Thc cxprcssion of anti-LAG-3 irrrd iùti.PD-I aûtibodics alone and in

r:ornbinatiou t¡u SEB-stimulaf ccl Plvlll(ls was ex mincd.

[00246] PBMCs purificd as clesoribed ¿bove wcrc culturcd in RPMI-mcdia I I0%

hcat irracLivatcd FBS I'Zo Penicillin/SlrL?lornyc¡n in T-2-5 btrlk flasks for 2-3 days

iìlÒrrc or r.vith SEB (Sigrna-A ldrioh) at 0.1 ng/ml (prirnary stintulatiou). At the encl of
the first round of SEB-stimulatio , PBMCs w-el'e w¿rshed twice with I'IIS iurd

irnmecliately plate<l in 96-wel1 tissr¡c crrlttre plates at a concenh-a1ion of I-5 x I05
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cclls/ç.el1 in uu¡dia alone, rnc<iia with SËB a1 0. I ngirnl (secorr<ìary stimulaliorr) ancl no

antibody. or rncclia with sEB arr<l a oontrol IgC antil:ody, arrd cultured fo¡ a¡r adclitiou¿l

2-3 <lays. At48 horrr.s post-primary bulk sEB-sfjrìul¿tion wcrc exar¡ined l'orPD-l a r]

I.A(Ì-3 exprcssion by flor.v cytorneh-y usilìg Pli-corjugatcd årìti-L^G-3 ancl F'l lc-
uortjugated auti-cD3; oI APC-cor¡jugated arrti-Pf)-ì and Þ'ITCì-conjugated arrti-cl)ll.

At day 5, posl-sccondary crrllurc in 96-weII plate with SEB-slimrrlatio[, wclls tre¿ted

wil} no antibocly or with coDtrol alìtibody wcrc cxamined usirtg t'lov/ cfÒmctry tbr PD-

I and LÂG-3 cxpr-essio usirrg PE-conjuga{cd anti-LÂG-3 and At)c)-o0njugated aDti-

PD-I

lll0247l Flow cfÒrnctry results liom tttro reprcscntative dortors (D:iì4765 and

D:53724) are shorv irr Figurc It (D:3a7íi5) aud Figurc 72 (D:53724). Thesc rcsulls

cler¡onslratc that LÀG-3 and PD-l afc upre8,ul¿ttd by 4tl hours post-sEß-stimulalion

with a Iurlhcr elr hanco.nÌu'ot seen ¿rt day -5 post oullufc ç'ith SEts-slirnulation. ln thcsc

shrdies l)orror I h¿d rnorc LAC-3/PD-I double positivc cclls ¿rfte¡ SEB-stinrul¿tiorr.

The arlclition of a control antitrody post-sÌlß-stimulation did not allcr I.AC-3 or PD-l

expression (Figur('s ll aûd 12, cornpaÍc Pancls C and D).

t0024sl LJp::egulatiorr of the in¡¡nune check point pnrteirts LAC-:1 and PD-I

ftrllowilrg S EB-stirrrulalion of PtsMC's limits cytokinc t'9lease ttpoû rcstinlulation. Thc

ability of l,AG-3 nv\l¡ ì. l,AG-3 mAb 3' LÂC-3 rnAb 4' L,A'C-3 rnAb 6, a PD-l

urorrooìon¿rl antibody designated "PD-l mAb 5". and the rol'cfcnoe antibodics PI)-l

rn-Ab I (oonrprising thc 235A12351' Fc vari¿rn1 (AA))' PD-l mÄb 2' LAG-3 mAb A,

aud thc oonììerci¿l a¡rliJ,AGl] autibocly 17ts4 (ilLS-(118692, LS Bio, desigrralc:d

..LAG-3 mAb B") tÒ LÌì.lìance c).tÒkfitc releirsc tluough checkpoint inhil:ition was

exunilcd

loo24gl lrtsMCjs were stimulatcd with sER ss describod above except <ìrrring the

secoD.dsry stimulatiorrs cells werö plated wilh no antiborly, with an isotypc conflol

antibocly, ol with auti-LAC-3 ancl anli-Pf)-1 autibtrdics irlone oI irt cotÌrbinatiou. .¿\l lhc

c:nd of the secortd sti.uìr¡latien, supcnt¿fÍr .ts wet-e h¿trvcstcd to t¡e¿tsurc cytokine

sccretion usiug huntan DuoSet EI.TSA ldts f'or IFNI, lNFc' II--10, and IL-4 (R&D

systern.s) according to thc ¡nanufìrctr¡rc's instrLtctions. Figure 13 shows thc lFNl
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(I'igure l3A) arrd TNFo (Figure l3B). scctc{ion profilcs frorr Slß-stimrrlatcd PßM(ls

ñom a rcproscrttotivc <ionor (D:3tl ì (r(r). treatc<l with no antibocly or one of the followirrg

antibodics: isotypc corkol, PD-I mAb l. PD-l nrAb 2, LAC-3 r¡Ab A, l.A(ì-ll mAtr

B, L^G-3 nÉb t. I.AC-3 rnAl¡ 3, LA(i-3 mAb 4, ol l.,A(i-lì mAb 6. For this study the

antilrodies were rrtilizocl at 0.009, 0.039, 0.156, 0.625,2.5, I0. a¡rd 40 pg,/ml. Figure

14 shor.vs thc IFNy sccrclion profiìcs tiom SEfl-stimrrlate<l PßMCs fi'onr another

represeutÍrtivù donor (D:-58108), t¡calccl with: ¡ro antibocly; isotype control antitrocfy;

PD-I nrÂb 2 arrcl/ol l.AC-3 rnAtr A: PD-l mAtr 5 anótr LA(ì-lì r¡Ab l; or l'l)-l mÂb

5 anrl./or LÂG-3 rn-Ab 3. For this stûdy thc antibodics wcrc used at l0 ¡r¡y'nrl.

[002501 The ¡'esults of thes¿ studi¿s d¿rnonsh¿Ìte that anti-l)D-1 ¿rntibodies

dramatioally enh¿rnced lF Ny (tt'igure l3A and Figure 14), aud 'fNFu (Figure l3B)

production fiom S UlI-stirrulated l'tsMCs upon restirnulrtion. Surpr-isingly, LÂG-3

mAb ì was also seen to irrcr-ease c5,toltirre produotion across multiplc dt¡nors to lovols

comparablc lo thc anti-PD-l antibodies wùile the leference anti-LA(i-3 r¡Abs, LACi--J

mAb A snd LAC-3 mAb ß and sevelal ofthe isol¿rted antibodies (LACi-3 r¡¡\b I, LÀG-

4, .lnd LAC-ll) plovi<le<l only a slight enhanoement of cytokine rclease. lu addition, thc

combination of anti-l.AC-3 antibodies with ¿urti-PD-l resulted in a further

cnhanccûlLÌrt of cytol,inc rclcasc (Figure 14, l¡ancls Â lnd B) from SEB-stir¡ulated

PßM(ls upon lestirnulation. l,A(Ì-ll mAb 1 provided the largest euh ncemeut iu

cytokinc rclease whcn cornbine<lç'ith :.ur alrti-l'I)-1 autibody.

l0025tl All publications and patents mc lioncd in this spccificatiorl arc hcrci.

incor¡outed [.ly retèrence to the sarrre cxtcut Íts if cach irtdivicluai publir:atiorr or påtcr)(

applioation w-as specifioally and inclividually indicatcd to be iucornorated by refereuce

in its entirety. While the inventir¡n has bccrr dcscribcd irr corurcctiorr with s¡rccific

cnrtroclinrents thelcof. it ll'ill tre understr)od thot it is capablc of l'urlhcr modilioatious

and this arpplication is intended to covor a .y v¿¡rialioD.s, uscs! or adaptâ1iots Òf thc

irrr, cntion following, irr gcucral, thc principles of the invention and including sirch

depiLrtures fi-oln the present disclosurc as conìc wilhirr krrown or cuslortlßry pfacticc

wifhin thc art lo whicir lhc invcntion perlains and as uury be applied to the esserfial

features herein befole set forth.
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\vhnt ls Cl¡ime<I Is:

Claim t. An ¿uti-hum¿ur LÀC-3-binding rnol¿oule I'hitt compriscs a Valirble

I leary ('hain l)omaiû a$.d e. Variable Light Clhaiu Domaitl, whelein:

saicl Valiable Heavy Chairr f)trntain ootlpt-ises a CDRryI Dorr¡aill. a

Cf)Rx2 Dornain aud ¿ CDRx3 l)ouraitr, and said V¿uiablo Light Chaitt

I)orn¿rin compr-ises a CDR¡,1 l)omaitr, a CDI(I2 Domnirr, ancl a CDRI.3

l)onrairr, whcreiu:

(A) (l ) the CDRxI f)ornain, (lDltu2 Dom¡ri , a d CIDRFI3

l)omairr arc thc lleavy (lhain CIDRs of LAG-3 mAb l.

¿r d rcspcctively hav¿ the anrimr acid scqucttccs: SnQ I D

NO:4. SllQ lD NO:S, and SEQ ¡¡ ¡g¡$; sn<l

(2) the CIDRII Domain, (lDRr2 Dornain, and CDR:.3

I)omairr arc thc Light ()hain CDI\ of LÂG--ì ltìAb ì, and

respeutilcly havc the lrnino acid sÒqr.rùìccs: StrQ ll)
NO:9, SEQ ID NO:r0, and SIJQ ID NOrll;

of

(ß) (I) Lhe C'DRn I f)or:rai¡r, (lDltl2 Dourair, a d CI)RH3

Dornain arc thc llcary (lhain CIDRs of LÂG-3 mAb 2,

and respcctivcly have the amino acid scr¡ucrrccs: SIfQ lI)
NO:14, SEQ lD NO: t5. and Sf,Q ID NOr16; ancl

(2) thc (lDlìrl Domairr, CI)RI2 Domain. and CDRI3 Donuirl arc

the Light Chain (lDRs of LACi-3 mÂb 2, and,

rcspeotivcly havc the at¡ino acid soqucr).ccs: SllQ II)

NO:19, SEQ ID NOr20, anct SDQ ID NO:21;

of

(C) (I) thc CDIìul I)orrtain. CI)Rx2 l)ornain, and C-IDRI13

Domain arc tlì.r' I leaal (lh¿in CDRs of LÂG-3 nAb 3,

âr).d rcspectively havc thc amino acicl sequences: SEQ ID

NO:54. Sl)Q ID NO:55, anrf SEQ lD NO:56; and

(2) thc CDRrI l)onritiu, CDRr2 Domain, and CjDIÙ--J

[)onraiu arc the l-ight (lhain (.]DRs of LÂG-3 mAl¡ 3.

- 106-
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and, lespectively have the ¿unino aoid secìuences: SEQ

lD NO:59, SCQ ID NO:60. and SÐQ ID NO:61;

thc CDRrrl Domairr, CDRI2 Domairr, ald CDRg-ì

l)onrain ale the lle vy Chrin CDIì.s of LAG-3 mAb 4,

aud respectively h¿rve the ¿rmino ircid sec¡rreuoes: SllQ lI)
NO:64, StQ lD NO:65, and SUQ lD NO:66; and

thc CDRr.l Domairr, CDRI2 Dornairr, rurd CDRI.-ì

I)omain are the Light Chain CDI(s of LACi--l mAb 4,

and, rcspectivcly havc thc ar¡.iuo acid sequences: SEQ

ID NO:69, SEQ ID NO:70, aud SEQ ID NO:71;

the (lDlLrl Dornain, (jDlùr2 Dor¡ain, and CDIùrll

L)om¿rin itre tho Hcavy Chai¡r CDRs of LÂG-3 mÂb 5,

and::espeotively have the amiuo ¿rcid sequeuces: SIIQ ID
NO:74, SEQ ID NO:75, turd SEQ ID NO:76; ¿ld

the (lDIìrl l)om¿in. (]Dllr2 Dor¡irin. rurd CDIìriJ

I)om¿rin ¿re the Light C.'hain CIDI(s of LAG--I mAb 5,

and, respectively have the ¿rnino acid sequences: Sl)Q

lD NO:79, SflQ ID NO:80, a¡rd SEQ ID NO:81;

the (ll)Rrrl Domain, CDì{u2 Domain, and (.lDl{u3

Dornairr are the Heiwy Chaiu CDI(s of LAG--I l¡Ab (i

VH I , ancl respectively h¿rve the ¿tmir:o ¿tcid seque oes:

SEQ lD NO:84, SIIQ lD NO:85, and SIIQ ID NO:86;

aûd

the (lDRr'l I)ornirin, CDIù-2 Domain. ¿urd (lDRrlì

Domairr alc thù l,ight (lhain ('f )Rs of l.AC-3 mAb 6,

zrnd, r-espectively havo tho amiuo ¿rcid sec¡ueuces: S.IJQ

ID NO:89, SnQ lD NOr90, ancl SII,Q ID NO:91;

-to7-
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thc (lDRu ì l)omain, (lDI(u2 Dornain, und CjDRs3

l)ornain are the Heavy Cjh¿iu C-'DIts of LAG-3 mÁ,b I.
an<1 respectively h¿rve the amiuo ¿tcid sequcnccs: SEQ ID
NO:4. SEQ lD NO:5,.tnd SEQ ID NO:6; and

lhc CDR;.1 f)omain, (lDlì.r2 Domain. ¿nd CIDRr 3

l)omairr ale the Light Chain CDRs of hI^G-3 nlAb I,
ancl respeotively have the irmino ercid sec¡ueuccs: SEQ ID

NO:104, SllQ ID NO:10, and SEQ ID NOrl l.

Clairn 2.

(llaim 3

Claim 4.

Cllaim 5.

(llair¡ (i

( llainr 7

The anti-hunran LACi-3-biucling nrolcculc of í{.y onc of claims I

wherein said r¡olecule is iru a tibody.

The anti-humârr LAC-3-bincling moleorrle of claim 2, wherein said

mÒIcculc is a chimcric antibody or a hutn¿urized antil:ody.

The iruti-hu¡na¡r LA.C-3-bin<ting molecule of claitl I or ll. u he::ein said

mol.cculc compriscs r I lealy Ch¿in Variable l)ornain having thc aûiino

i¡cid -scqucn.cc ol'SnQ I D N():92 or SEQ lD NO:94.

The anti-hrrman LAG-3-biudirrg molcculc of of Àny onc of clainrs I,3 or'

4. wùclcin saicl nrolecule compr-iscs ù Light Chain Va¡iablc f)onrairr

havirrg thc anrino acid sequencc ol'SEQ ID NO:96, S.EQ ID NO:98,

SEQ lD NO:100 o:: SIIQ ID NOr102.

'l'he anti-hurniru LÂG-3-bin<ting t:rolecule of any otre of olaims 1-5,

wher ein sirid nrolcculc is a bispecific binding molecule, oatpable ol'

sirnultaneously l:iudiug to hurn¿rr L.AC-3 ârìd to 3 scconcl epitope.

'l'he anti-hurrran LÂ.C-3-bin<ling tlolec;ule of cl¿im 6, wherein said

sccond q)itopc is an epitope of a uroleculc involvcd irr rcgulating an

imlnuue check poiut pfcscnt on the sul'face of ¿rn ilnnrune cell-

'l he anti-hurnau LAC-3-bincling r¡olecule of claim 6, wherein sairl

sccond cpitope is an epitopc of B7-H3. B7-H4. BTI.A, (1D40, ('D40L,

cD47,cD70, ctDti0. CD86, ('D94, Ct)137, CDl37L, ClD226. CIT'L^-

- t0tl -
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4, Calcctin-1), (ìl'rl{, CiI'I'RL, HHL,A2. l(lOS, ICOSL, KIR, L^G-3,

L,ICtìT. Ml-l(l class I or II, NKC2a. NK02d, OX40, OX40L, PDIII,

PD-I, PD-I,1, PD-L2, PVR, SIRPa, TCIR, TIGI'I'. I'lM-l or VISTÀ.

'l'he auti-hurnau LAC-3-bin<ling molecrle of arty ottc of clainrs (i8.

whelein said moleculc is a diabo<1y, said dial:ody bÒi11g I coralcntìy

bonded complex tlrat contpJ ises two, or thr-cc or l'our <liffel'ent

polypepticlc chairrs.

Thc anti-hr¡man LA(ì-lì-biuding ûlolcculc of of airn 9, wherein said

rnol.cculc- compriscs :ltr l"c lì.egiou-

Thc anti-human LÀG-3-binclirrg nìoleoule of cl¿rir¡ 9, wircrcin said

moìcor¡lc ootnprises ¿u ÂIburrrirr-Birrcl ing Dornain (AtsD).

'l he anti-hurnan LAC-3-bincling r¡oleoule of claim .l I, whcrcin said

AßD is a deir¡munizcd ABD.

'l'he arfi-hLnnsrr T.A(ì-3-binding rnoloculc ol'arìy olìc of clailns 2-5 or

i0, whcrcin said Fo l{egion is ¿r varia¡rt Fc Region that colnpr-ises Òrtc or

more arnino acid nro<lifications th¿rt reduccs thc âtlìnity of the v¿rri¿tnt Fc

l{egion for aû FcTR ol stal:ilize sdid Fo Rcgion.

Thc anti-hrunan LAG-3-bindirrg mo)ecufe of ol¿tim 1J, whcrcin said

urodilications oonrpt'ise the sul¡stiluliorr of I-234A; L235À; or L2344

a¡rd J.2354, wher eiu -said umbcring is thatofthe EUirrdcx as in Kabat.

The anti-huuum LÂC-3-binding lnolecule of arty ortc of clailns I -14,

wl.rcrcirr saicl nrolecule is rrscd to slimulirte a l-cell mcdiatc immunc

lesponse ofa subjcct irr need thereot'.

The ¿rnti-hur¡an t,ÀC-3-binding molecule of irrly onc of oìainrs I -14,

wherein s¿rid molccr¡le is used in lhc trcatmcût of a <lisease ol r.:onditiorr

associated with a supprcssed imrnuue systerrr.

- r01) -

tì

I

I

Cllaim 9

Claim 10.

Cilairn 1 I

Claim l2

(ll airn I 3

(llaùrr 14

Clai¡n I 5

Clainr 16.
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(llair¡ 17. Thc anti-hrrnran l.AC-3-t:inding nrolccrrlc ol clairn 16, wb¡.'rcirr fllc'

disease or-condition is cancer-ol an infection

Clairn 18 'l'he anti-huuurn LÀG-3-binding rrrolecule of clairn 17, wherein said

cuucs¡ is oharlctor-izcd by Lhc presonoc ofa oirucer cell selected fir¡m the

¡¡roup consisting of a cell of: an ¿rdlenal ¡¡laud tunror, an AIDS-

¿rssr¡ciated oancerr ¿rn ¿rlveol¿Lr soft part s¿rcofira, an astloc)¡tio tumor,

blaclclor cauocr, bonc cauccr, a bt¿in aucl spiual cord canoer, ¿Ì rnctast¿rtic

brairt lurnor, Ír brÒÍ¿s1 oar]'ccr, a oÍrrotid borly tumors, ¿r cerwical c¿rnoer, ¿r

chondrosarcoma, a chordomir, a chrormrphobe lenal cell carcinorna, ir

clear oell cit::oinon:it, a cokx cnnceL. ¿r oolorect¿rl cancer, ír cutar'ìeous

bouign fibrous hi-sliocytorna, a closrnoplastic srnall round cell tumor. an

epend¡nnlr:a, a Ewiug's turmx, ¿ur extraslteletal rr:5oloid

chondros¿r¡:cr¡r¡a, a frbrogouesis irnper fecta ossiurrt, a fibrous clysplasia

of the bone, a gallbladder or bile duct cancer, gastlic cat)ccr. r¡

gestntional trophoblitstir: disease, a gerrn cell tumor. ¿r head ancl neok

canoer, hel:atoc;ellular c¿¿rciuoma, an islet cell tur:xx, l Kaposi's

Sarcoma, a kidney c¿rncer:, ¿r leuhernia, a liporna/benign lipom:rtous

hlnìor, a liposarooma/rn ali¡¡rrant liponratous hrìor, a liver oancer, s.

lymphorniL, a ltng citncor, a rnedulklblastoma. a melitnorna, a

nrenin¡¡iorna, a rnultiple endoc ue ueopliLsiir, a rnultiple myelorna. a

rnyelodysplastic syndromc, a .cufoblùsl.orna, Ír ncufi)end.Òcriue tumors.

an ovaliarr canccr. a pancr-eirtic cancer, r papillary thyroid carcinorna, a

parathyr-oid turnor-, a pediatric c¿tncer, ¿t peripheral nen-e sheath tumor-.

a phacoch rornoc5rtonra, a pituitauy tumor, a prostate oarìoer, a posterious

uvcal lnclauolra, a rare her¡atoklgic disor der, a re al rnetastatio oanoer,

a rhsbdoid lurÌìor. û rlral;dornysarconìa, a saroonìâ. a skin canccr. a sofi-

tissr¡e sarooma. a squaìrous ogll oaìrcer, a stomaolì cancÐr. a synovial

sarcorna. a tcstict¡ìar cancer, a thyrnic carcinornû, a flìynìomr. s. lhyroid

nretastatio oanoer, and it [te¡ir:e calrcer.

'Ihe antihuman LÂG-3-birtding mol.cculc of r:laim 43, whereiu said

carrccr is colorcclâl círnocr, hcpatoccllular oaroinoma. glioma, kidncv

- it0 -
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Cl¿riut 20.

c¿tnocf, brcaNt oancer, rnultiple rÐ.yclolna. blaclder o¿luceri

ûcufoblastomt; sarcolrt¿t, nou-Hoclgkirr's lytnphorna, tron-sm¿tll ccll

lung canccr. ovat'ian catncer, p¿rnorcatic canccr, t'eotal canceL, ttcttte

mycloid lcrrkemia (AML), ctu-orric myclogcnorrs lertkernia ((.lML), rrr:utc

ts lyrnphoblastic lcr¡kcnril (I3-ALL), ohrorlic lymphocytio leulternia

(CLL), hairy cell leukemi¿r (HCL), blastic plasmaoytoid deudriti¡: cell

rroopl.rsm (BPD(IN), non-Hodgltiu'.s lymphomas (N I I L), includiug

mantcì cell leukemia (MCL), and sma)ì lyrnphocytic lymphornu (SLL),

Hodgkin's Iymphonra, systernio rnirstocytosis. or Bùrkitt's lyrnphoma.

Thc anti-hunran LAG-3-birrdirrg molcoule of atry oue ol' clairns I-I4,

u'helein said moloculc is dctcctabìy labeled aud is rLsgd iu thc dclcction

of t.AG-ll.

-lu-
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Abstrâct of tl¡e Invention

'l'he plesent inventiorr is directed to the ¿nti-LA(ì-3 antibodies. LAG-3 mAb l.
l-AG-ll nrAb 2, t,A(ì-3 nìAb 4, LAG-3 rnAb 5, and LAG-3 mAb 6, and to humanized

ancl chir¡clio vcrsions of sr¡ch antiboclics. 'l'he invcntion aclclitionally pertains to t.A(.ì-

3-binding nrolccr¡lcs that cornplise l.AC-3 bincling t'ragnrerrts of srroh anti-t.ACì-3

antiboclies, imnrunooongugates, and to lrispecifio rnoleoules, including dial:odies,

ßiTlis, bispeoifio antibodies, (?r(r., that cornprise (i) such LAG-lì-binding flagnrents, aud

(ii) a domain oapable of binding an epitope of a rnoleorrle involved in legrrlating an

irnlnune oheok point present on the sulface ofan imnrune cells- The present invention

also perlains to rn¿thocls of <fetecting LA(i-3. as well as methods of using r¡olecules

that bind LA(ì--ì for stirnulating imr¡une rcsponses.

- r12 -
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assignmenl tnform¿¡l¡orì rn thrs $ecl¡on does nol sub6rlute for compl¡ance wúh any requrrement of parl 3 of Trtle 37 of CFR to
an asslgnment recorded by tho Offce.

US

Additional Ass¡gnee or Non-Applicanl Assignee Data may be generated within this form by
selêcling the Add button.

Signature

Add

Date (YYYY-MM-DD)

Aftorney Docket Number

Application Number

Mt)

20850

State/P rovi n ce

Postal Code

9640 Mcdrcal Ccnter Dnve

Rockvrlle

Fax Numbef

US

Mu

20850

State/Prov¡nce

Postal Codo

Fax Number

Rockv¡lle

MacroGcnrcs, lnc

non-app|cant assignee rnformation, ¡s destted 10 be ¡ncluded on the pâtent

rppl¡cat¡on publication . An assrgnee-applrcant identrfied rn the "Applrc¿nl lnformatron" secl¡on w¡ll appear on the palent appl¡cation
)ubl¡cal¡on as an appl¡cant. For an assrgnee-applrcant, complete this section only if identificaton as an assrgnee is also de$ied on lhe
ratenl appIcaton publcaton.

ffi'clüäiis
Assignee 1

lf the Assignee or Non-Applicant Assignee is an Organizalion check here. B
Organization Name

@neöñ¿luAinö
9640 lVedical Center Dnve

C¡ty

Country ¡

Phone Number

Email Address

NOTE; This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
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Undcr thc Påpcrwork ltè¡ludton Acl 011995, nô pereone are requ¡red to respond to a collecton of ¡nformãtþn unlcas ú conlðlns á vahd Olvl8 conlrol number

1301 .01 21 P
Application Data Sheet 37 CFR 1.76

LAG-3-B¡nd¡ng Molecules and Methods of Use Thereof

L¡sa Last Name 56970

Additional S¡gnature may be generated w¡thin this form by sclccting the Add button. Add

Thrs cotleclion of rnformat¡on rs requrred by 37 CËR 1.76. The infurmation ¡s requ¡red to obtâ¡n or retaln a benef¡t by the publrc whiclì
¡s to frle (and by lhe USPTO to process) an application. Confldential¡ty r$ govemed by 35 u.S.C.122and37 CFR 1.14. 'lhrs

çollechon ¡s estimated to take 23 mrnutes to mmplete, rncludrng gathenng, preparing. and submrttrng the comPleted appltcat¡on data
sheet form to the USP-rO. 'l tmc wtll vary depend¡ng upon the ¡rìd¡vrduâl case. 

^ny 
comments on the amount of trme you rcqurre to

complete thrs form and/or suggeslions fr)r reduclng this burden, should be sent lo lhe ch¡ef lnformalion Offrcer, U S. Patent and
Trademark Off¡ce, u.S. Departnent of Commerce, P.O. Box 1450, Alexârìdrtâ, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO Tl.llS ADDRFSS SEND TO: Comm¡ssioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

'l he Pnva.ry Act of 1374 (P.L. 33-579) requ¡res that yo¡¡ be g¡ven certa¡n informalion ¡n connecllon wlh your submrÊGron ofthe âtiached form related
a patent applicatron or patent. Accord¡ngly, pu¡suânl lo lhê roqurrcmenls of the Act, please be adv¡sed that (1) the general eulhonty br the
ofthrs lformalion is 35 U.S.C. 2(bX2); (2) fum¡sh¡ng of the intormation solrciled l$ volunlåry; ând (3) thc pnncrpel purpose for which the informoüon ¡s

used by the u.S. Patent and Trademark Ofi¡ce ts to pfocess ând/or examrnê yôur submrsÊlon related to e pate[t epdrcet¡on or patent. lf you do not
fur rsh Ute leqUeslôd Inlo¡mâlron, the Lr.S. Pate¡ìt and Trademark Offce may not be able to process ¿¡nd/Ol exArlìrne yOUr SUbmlsÊlon, whlch mây
result ¡n termination of proceed¡ngs or abandonhelr( ot the äppllcâllon or cxp¡retlon of the patent.

The rnbrmahon provrded by you ¡û lhrs form wlll be subjêct to the bllow¡rìg routlne uses:

The rnformatþn on thrs form wll be treated conlidenl¡ally 1o lhê oxlênl âllo\¡¡cd undcr thc Freedom of lnformaìon Act (5 U.S.C. 5ö2)
ãnd lhc Pívecy Act (5 U.S.C. 552a). Records from tlrs system of records may be dÊclosêlJ lo lhe Depanmonl of Juslrcc to dcterm¡ne
whether the Freedom of ¡nformâhon Acl requires dlsclosuro of these records.

A rocord from thrs system of records may be drsclosed, as a routine use, rn the cour,$e ol presenllng evÉênc€ io â côurt, meg¡strale, or
cdmrn¡strat¡ve tr¡bunê|, rndudlng dtsclosurêÊ lo opposhg counsel tn the course of setüement negotjat¡ons-

3. A /ecold rn lhrs syslcm of røcords nìay be disclosed, es e routine use, to a l\¡ember of Congress submrttrng a request rnvolving an
¡ndtv¡dual, to whom the record perta¡ns, lvhen the mdivldt¡âl heÊ roqucstcd assrstiance Írom the l\,,lenìber wih respect to the subject matter of
the record.

A record ¡n thls system of recofds may b€ diÊclosod, es e routhe use, to e contrac{or ofthe Agency havrng need for the ¡nformetron rn

order to perform a contract Recrpients of inturmat¡on shall be requ¡red to comply wrlh rìo rcqurromonts of the Pnvecy Acl of 1974, as

ánênded, pursuânt to 5 U.S.C. 552a(m).

A record related to an lnternátonal Apphcâl'on ltlêd undcr thG Palenl Cooperehon TreaV ¡n th¡s system of records may be d¡sdosed,
âs e roul¡ne use, to lhe lntemat¡onel Eureau ol the Wo¡ld lnlellectuel Property Olganlzâllon, pursuãnr lo tho Petent C o o p eraton Treaty.

A record ¡n thrs system of records may be d¡eclosed, â5 ¿¡ routine use. to another fêdêrãl âgêncy for purpæes of Nalional Security
rev¡ew (35 Lr-S.C. l8l)and lor revrew pursuant to the Atom¡c Energy Acl (4? t,l,S.c 21È(c)).

A record from thts system of tecofds mêy bo drscloscd. âs a rout¡ne use, to ihe Admrnlstrator, General Servrces, or h¡s,/her des¡gnee,
duíng ân rnspoctron of records conducted by GSA as part ofthat agency's reeponsrb¡lrty to recommend tmprovêments ¡n reclrds
management praclcee and programs. under aulhôrlly ôf 4¿ LJ.S.C.2ejd a d æ06. Such disdosure shall be made in accordance with the
GSA regulattons governtng ¡nsDectlon of rêcords for th¡s purpæe, end any other relevant (¡.e., GSA or CommercE) drrect¡ve. Sudr
disclosure shall not be used to meke determ¡nations êbout ¡nd¡vrduê15

B. A record from this system of records m¡y be dtsclose(|, ês ä roulnê u$e, Iô thô publrc âller crthcr publrcatron ofthe applcat¡on
¡o35u.S.C. 122(b) o¡ ¡ssuance ofe patent pursuant lo 35 U.S.C- 151 Furlher. ê record mêy lrê dlsclosêd, subFct 1o the l¡m¡talions of
CFR 1.14, as a rout¡ne use, to üìe publ¡c if the record wes f¡led ¡n en applrcêtron whlch Þecame ãbandônêd Õr ¡n wh¡ch the proceedrngs

37

termtnated and which applicet¡on ¡s referenced by etther ê publ¡shed appltcet¡on, ân âppl¡catron open to public ¡nspeclions or en lssued
palenl.

9. A record from th¡s system of records nìi¡y be disclosed, as ê roulrnê usG, to e Federel, State, or local law enforcement agency, ¡f the
IJSPTO becomes awere of e volatron or potenliül v¡olal.¡on oÍ lêw ot fegulâtlon.
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