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ACTI VTI ON GENE-3 (LAG 3), AND USES THERECF Background of the Invention
5Lynphocywe 28mid1y&i on Gene-3, or LAG 3 (al so know as CB23)S200085m05renber
of the i mmunogl obulin supergene famly and is structurally and genetically
related to CD4. LAG 3 is not expressed on resting peripheral blood

| ynphocyt es bHUMANeANT¢BOEI ESTHAT RENIR d. YMP# O € YAHIANHIVEIION GENE-3 is a
menbrane protein encoded by a el istal part of the short
arm of chronosone 12, near th@%@)ggﬁﬂ)%%ggmg&iﬂ# g that the LAG 3 gene
may have evol ved thr ough gene duplication (Triebel et al. (1990) J. Exp.
Med. 171: 13%& to C4, LAG 3 has been denonstrated to
i nt eract WI%%C B of the Inveh IlluI es but, unlike CD4, LAG 3 does not
interact5w t h th@yhlptrmyté Amjmmef(ﬁmeehoyLm Blsalgp]aﬁﬂv py GDér3dy, (s%nmbas et
al. (1992) J 76: 327-337) ... Studi es usi a, 15sol ubl e L
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Eur. J. Inmunol. 26:1180 in vitro studi es
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class Il interaction in down-regul ating anti gen-dependent stinulation of

CD4+ T | ynpHbE{AWS J(HpaMydel THIDX 834) Eur. J. Inmmunol . 24:3216-3221). The
intra-cytopl asm i f b trwWith a
protein termed Lﬁﬁ{'?%ht?c 194 IP\ ougE?getn a%g{ebngt%sllggﬁja ?e%%gf’&rltglnl\ggﬁll%gsnll
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(louzalen et al. ]gpom Eur . nol . 31:2885-2891). Furthernore,
CD4+CD25+ r &HH$ &R qute@e(ﬁagwfaﬁ e@yl AEPR) Belain- Medwhl G 733 e SB1dis@sBEFpon

acti vation aaRIAGAERk 10k AdanhBlch SHARL SRS LERgRhaclGe T S

cells, both in vitro and in-vivo, estin contributes to the
suppr essor gexcifud tigdiog oTLAG-3@0 h/H{(Esla@sl—[Iamghe &1l etfaat (Ha2d049.. (1986Nk1rY
21:503-513) till rt r, G 3 has been shown to negatively regulate T
cel | horreost’a@l”%””lﬁ’f/ e]glgﬁaﬁlg T cells in both T cell-dependent and
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174: 688-695). WD 2010/ 019570PCT/ 82809/ 053405 In certain
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cells stinulated an anti-tunor response é@trl qgerl ng anti gen presenting

cells via Mﬁ@u@tlag@qlgenn‘iﬂpé@@ﬂnééﬂf(ﬂﬂﬂtl@éﬁﬁ Allymphegey (Huard ey al. (H¥nol .

29: 3867- 387 , bl en shown
to stinulat ;%LE({tAﬁrg}ﬁ%}ﬁogr% h%ltln6d§%§e1?ll nﬁudﬁaswﬂe OIIlocgfq“vﬁde}nnj agrs%e%?st ered
to mce togaérheﬂistmddhoamelaaﬁwglelprdtﬂdlt@r&teﬂﬂgm hﬁﬁc}smlthmight b%ﬁﬁglgtan
functiop_ as a VaCCI ne adjuvant (El Mr and Tri ebel (20002 10 | munol .

164: 55832 5589ysdugtion Iﬁélreﬁ'rblPénVO%YﬂddBlﬂéﬁ R AR ghaG D3 aghaiAn t o

anplify the t t r ) oLy (Casati
et al. (2008§tﬂw\é>ﬁg%?Z£R§29’r%6&gg ?MZ{ZL%OWWEHE?%%%%[ cpél%tuw tr§/ of LAG 3

is revi ewedOD#€ChE6" fegulhitdre Fedellf QDQBha@lEndshd\mnwwdpresQLAﬁigﬂ@m In view
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vitro and in vivo, suggesting that LAG-3 contributes to the suppressor activity of Ty,

30  cells (Huang, C. et al. (2004) Immunity 21:503-513). Still further, LAG-3 has been
shown to negatively regulate T cell homeostasis by regulatory T cells in both T cell-
dependent and independent mechanisms (Workman, C.J. and Vignali, D.A. (2005) J.
Immunol. 174:688-695).



The present disclosure provides isolated nonoclonal antibodies, in
particul ar human nonocl onal anti bodies, that specifically bind LAG 3 and

t hat havewdesiww@ii7e functional properties. These proper PCcediseevolosades hi gh
affinity binding to human LAG 3, 20 binding to human and nonkey LAG 3
(e.g., cynonol gus and/or rhesus nonkey LAG 3) but not to nouse LAG 3, the
ability to inhibid cdytaﬁtdtinglnmtanb%l&@ﬁ afrejhas bednsthosartpanvedi ity (MHC) O ass

Il nol ecul es and/ or the a to sti ant eC|f el
Fesponces. - THEHRIBUAPBC Ly fo BraH RO xR L aamor i bdudiued o
detect LAG ZipsMRhécAlicd Qlo%ﬁeﬂ%ﬁrﬁécﬁ RN BR0cEREG bhplele f@hdssibgaponses,
such as in a 25tunor-beari ng subject or a virus-bearing subject. I n

one aspect, comearﬁdmemtrauﬁfep@dtuanwsceﬂa Saggqsgog &taéaAlﬁhﬁranpmmmmthaltumor
antlbody n..anti n or bi nds
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bi nds nonkeylabAEnilect st Prigd@e $r MOt 199ONHLNTUBLnbAE-13;:3867(38)76). nmchnbﬁall@ﬂ ndi ng
of LAG3 to major histoconpatibility (MHC) class Il nol ecul es

sth i mul at gsdaﬂu Ierhixa-3 rlgébﬁwsérotm@hme@p@hwmw@sw@@ylemglamdﬂ@ﬂ@ﬂébl) Y,
L. Lo Bl WhERThnd Bl PRROTLERER Ml iy (U AALIAS),

(b), (c) anedol(bile.LAfv-Sig dﬂ)ffﬁinmcﬁlf zaraa\kmk:yme ‘adiyavant(EbMd[yarﬂﬂhl&bel Qoed)lJ. f our of
properties In a preferred t he antlbody

sti mul aﬂ%sdgrﬁ%@amlbi;%gi%e%% cFérthegmpres 3olublg Hg@anmgi&”ﬁghes? PlﬁUm -2
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enbodi nent s ant | stinu an | ne response suc
antitunor réapomdtes(@:4450-4400).bThesfunanmral getowtytof iLA G 15 revidwed fuctharingr af t

nodel ) or anp.. t j r onse (e.qg., . promotes the devel t of

G abet oo i n THebs! GrE) FoidS UnaERch 250 6P o B BB S HRAE AR 86 9 nds
an epi t ope gfodfRE tHeMetidityl Of CRUPS hieidTGntbRRE. am no aci d sequence PGHPLAPG
(SEQ ID NG 76). In yet another preferred embodi nent, the antibody binds an

epi t opeldf human LAG 3 conprising the amno acid sequence HPAPPSSW (SEQ I D
NO 77) or BaARSBWG (SEQ | D NO 78) In still other enbodi nents, the
ant i body bi nds t | ess ?r binds to

KD of .1 -7 M.
s b I R R Oy 5p g ot DRSS o R 3
W th a KD ofumaX mbRodoRdl ahBB&dieQ thabiREFich By BiHABMN GAGNE tMitthyv@ddiRapke 1 X

10-9 Mor less. In one enbodi ment, the antibody stains pituitary tissue by
|nnunohlsto@h@ﬁpgﬂmyﬂwmhéréésﬁﬂﬁoaﬁb@$@¢méﬁb@hwﬂ@nbﬂmnﬁegamhwb@uyAﬂbés not

stain phtui sue b hem st r other as
vent L on poine @ HE R M LT L AR R T et BB B RS AG D g

bi ndi ng por bioibt thgoasy LAGHE Ited ablﬁﬂyao&nﬁlblbbﬁmncgro@is&@grm@ia@@ for binding to
human LAG 3 with a reference anti body, wherein the reference antibody

conpri ses: higjocampa@ilityciviilfy) (tass Bineleewes and/ardhprtikivig sumalaggantigencid
ceauence ot FERL Py oL e St 0 S0 58 SRR 179
regi on conpdesctigAGieprattimor tactichubec uaipea-spécifSED ceDrédponses, such as in a
25  tumor-bearing subject or a virus-bearing subject.
In one aspect, the invention pertains to an isolated human monoclonal antibody,
or an antigen-binding portion thereof, wherein the antibody binds human LAG-3 and
exhibits at least one of the following properties:
(a) binds monkey LAG-3;
30 (b) does not bind mouse LAG-3;
(c) inhibits binding of LAG-3 to major histocompatibility (MHC) class II molecules;
and

(d) stimulates an immune response.



38 and a light chain variable region conprising the am no acid sequence of
SEQ I D NO. 44; (c) a heavy chain variable region conprising the am no
aci d sequeoce1afl98EQ | D NO 30 39 and a |ight chain var pabltus2000953n5
conprising the am no acid sequence of SEQ ID NO 45; WO

2010/ 019570PCT/ US2009/ 053405 (d) a heavy chain variable region conprising
t he am no a€radfersblyuthecetibddySEQiti( aN®ast4@oaf grapeitieglid), dhaichandaid).abloge r egi on

conprising th ino aci.d se nce of SEQ | D NO 46; ) @ heavy
charn var aBREeras: B b SRS arBrs b o bRP R e ek Br S BRO 5 a1
and a |ight pehaprrarasly ahé Snd@ly QRhi®ATRN kSiirdd pFdpRrtRIHOBCJafe@yence of SEQ
I D NO 47; or (f) a heavy chain variable region conprising the am no acid
sequence of SEQ IiDr n@fersl eqmbdaméntgthe astieidy stiamilasgd an andigemspestiepl cell ng t he
am no acid sequence of SEO | D. 48. 10In a.preferred enbodi npnt, the
et or ench alfPHGay B AR Uiy redicfof i PEn TP epfaRe LB 8P hE t he
am no aci d geauenasbsfimeSRQ thOaNBods dtimnthted ahiigitune heipBnideantiabd & &gl on
conprising the am no acid sequence of SEQ ID NO 43. In another preferred
enbodi ment , (4R reEoBiR(¢ce iakibith BEROr EHPHHI 18 @8 74 viKe Suoraiaft mogdal caRt e regi on
conpri sing - am ' u f a b ..chal.n

vari abl e reéﬁghﬁﬁggég%g%ngg ?‘ﬁ% %g%é%tﬁgggg ?(@Hgéegaagﬁégé}gsflﬂéﬁ?)ﬁ P’B‘:ﬁoﬁhm. I n
anot her pr ehssthatprefiehodbmbodiment) eher @tiboénbiadami efiagy of buman 8A5-a heavy

chain variable region conprising the am ng acid sequence of SEQ I D NO 39
and a | {ht C%lﬁalilﬁng/aﬁ%P%aqléa?wn%%ﬁﬁ%ﬁﬁgiﬁ?&m@i b wégeiite of SEQ
| D NO 45. t - i t o nce. j

compr i ses. ol Raay O e
sequence of aBHE dcdl MQuent@ HRWIPRSIWJREQARENG: VarordiA APS SO EEDHpNGsi78y t he

am no acid se nce of, SEQ ID NO 46. | n another pr rred enbodi nent, the
ref erence ai‘f gﬁﬁ%‘@ercedﬁtﬁﬂ%i"g S’éﬁl??@gﬁﬂ?d?fhﬁ}dﬁ t%_?@%{bﬁéﬁ'i&il@& Ig'éﬁg?ix 'ndvlt he
am no aci d geRYEEBInAb tofhd NG 3 4dthand, ar 1 kabt M BRI, v birbkehdRe on

conprising the am no acid se yence of SEQID NO 47. In another preferred

enbodi méht , LKe3mefher Knoé Sank bddy lessngrtiedsso AumenibpA B3 voked Kowédixal) e
regi on conprj Si the_anm no aci e nge of S I D.NO .42 and a |ight
Chat nvari ol 8 Py r8 EhBPe g RAMERAR s las Piebg soRe 5 “SE i b MO 48,

I n anot her asp@6bhistbE@iBYE Rilets Pefitcihdrenibddidient, 3B¢ aitiddrabectd@Baln
anti body, or an antigen-binding portion thereof, conprising a heavy chain
vari abl e regiteifary Hatueiby ippainghisipgBemisfyor derived from a human VH 3- 20

gene, a human VHllﬁélﬁjﬂhegg ct %M??ggﬂ}{:ﬁfﬁ %nﬁé@ﬁhﬂgﬁ%dq{'&@gr}ﬂﬁggﬁgﬁt 1-24

gene, wherein the anti Speci uman L her
aspect, 20 he antibwely orcamtiged biating poeticartheisof, athectimthieaatidbedy cragstddngetyes for an
anti gen-bi ndjing portion_thereof, canprisin i ght chaipn variabl e region
that is the BﬁdHt&JEth“WnM(g’érW%ﬂ“Tf?rﬁﬂ‘ieaanﬁgﬁ%h wirqin ghegetraencs apiRAdy VK Le
gene or a hugmpiM& WO 2010/ 019570PCT/ US2009/ 053405 A27 gene, wherein the
anti body specitically binds human LAG 3. In a preferred enbodi nent, the

i nvention pr du) desvachiis ghadtdd ragomomingmaingahe¢ nowyacidseqaencamt SEENHDNAXI ng

ot on t e SR S e bl S e 130l YR0 Bl SR 1D o

25 43

(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

38 and a light chain variable region comprising the amino acid sequence of SEQ ID NO:
44,

(c) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:

30 39 and alight chain variable region comprising the amino acid sequence of SEQ ID NO:
45;



534 gene and a light chain variable region that is the product of or
derived froma human VK L6 gene; (b) a heavy chain variable region that

i s the prwoueto/aps7or derived froma human VH 3- 33 genePamaiSaoo0iogans chai n
vari able region that is the product of or derived froma human VK A27 gene;
10(c) a heavy chain variable region that is the product of or derived from
a human VH 3<{dRO0hggemehandanable gigiorcdramprisuey thabména agd saquetratof SEQ HeNEr oduct

of or deriveq fromn uman VK L18 gene; . . d) .a hegvy chain i :
Cegton t hat 10 and AR ShlorblegreialERoatiins g dnife s sonenee oSG NG
l'i ght chainggariable region that is the product of or derived froma hunman
15 VK L6 gene; or (e) a heavy chain variable region that is the product

of or deri vede¥amava chunaariate B:gi@acogeamsingribie amiriogieid ssqaéneewa SESDILENOegi on
that is fhe product, of or derjved froma .human VK L6 .gene; Ln.the

ant | body” spdtrn AuenS s RlsiEso kMg IR e e SElBae MR P NGt 1 on
pertai ns to4aord sol ated nonocl onal anti body, or antigen binding portion

t hereof, conmprising: (a) _ a heavy chain variable region conprising an

anm no aci d sébuditary slieriabls regipniRepgissgphe yRBoHCidygaeincspOS EQ INGYO:

2 i sof ST COOAR A P SR o

wherein the48nti body specifically binds human LAG 3. A preferred
conbi natj on conpri ses: a. heavgl chai n varj abl e regi on conprising the

amno at?d sequeﬁbépﬁ?ﬁe@%%@dmefnta e IefRIFNAIIPOQY FPgREISEE RAEAY X EHIitbl e

regi on conpg,i.Si 10Q: 3G} 13~ : :
preferred cg%rlt%)%mrll%{eitg% %(@r%? }@gggaﬁ%%gﬁ%ﬂgﬁn&%%%ﬁ /I@%g 8@22% thcgﬁama

heavy chai nvugatilatigenregiponingshpamsiongid fequente w6 SEQI 1D NOgdénbeamitheSEQ | D

SN(e)dugﬁé: eagg p%:%%ﬁrq%ﬁl%\%r}ltlm&?t,atlhg e erreinca:'fp lltl(atib%ﬁg Lgnr{pr%gersr%r}jegxifynglagnh\?arlaé -enr%gi%%i d

comprising the amino acid sequence of SEQ ID NO: 38 and a light chain variable region

15  comprising the amino acid sequence of SEQ ID NO: 44. In another preferred
embodiment, the reference antibody comprises a heavy chain variable region comprising
the amino acid sequence of SEQ ID NO: 39 and a light chain variable region comprising
the amino acid sequence of SEQ ID NO: 45. In another preferred embodiment, the
reference antibody comprises a heavy chain variable region comprising the amino acid

20  sequence of SEQ ID NO: 40 and a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 46. In another preferred embodiment, the reference antibody
comprises a heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 41 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 47. In another preferred embodiment, the reference antibody comprises a heavy

25  chain variable region comprising the amino acid sequence of SEQ ID NO: 42 and a light
chain variable region comprising the amino acid sequence of SEQ ID NO: 48.

In another aspect, the invention pertains to an isolated monoclonal antibody, or
an antigen-binding portion thereof, comprising a heavy chain variable region that is the
product of or derived from a human Vg 3-20 gene, a human Vy 4-34 gene, a human Vg

30  3-33 gene or a human Vy 1-24 gene, wherein the antibody specifically binds human
LAG-3. In another aspect, the invention pertains to an isolated monoclonal antibody, or
an antigen-binding portion thereof, comprising a light chain variable region that is the

product of or derived from a human Vx .18 gene, a human Vg L6 gene or a human Vg



44. 5Anot her preferred conbi nation conprises: (a) a heavy chain variable
regi on conprising the am no acid sequence of SEQ ID NO 39; and (b) a light
chai n varwakbw/megfoon conpri sing the am no aci d sequenc@CofUSSEQIFIIONO. 45.
10Anot her preferred conbinati on conprises: (a) a heavy chain variable
region conprising the amno acid sequence of SEQ ID NO 40; and (b) a light
chain vari alll2g geegivarrgotherinsibody tiiveifanilnbinde humgehbehselod pSEQHID NO 46.

15Anot her eferred conbi nati on cqnpri. a in variable

Fogl on conpFREPHEEh TSR g oA gT e e e aies eon HPSdF o 4B a 1§ gh
chain vari aB|Rid5H-06h GARE,icdhpdisinpe am no acid sequence of SEQ ID NO 47.
20Anot her preferred conbinati on conprises: (a) a heavy chain variabl e

regi on conpr i(8) m@awhéhamvwlé@realgﬁh@teﬁd@ e\ SEQS ¢1DleNi@ed fRM ahen{mhyud- | i ght

257ho ant i bosests Sk TRERERUR e REThAC, BF g RTPES Fulbe Famyt b

anti bodi es, vi.are gesenpl e of an 19d, IgCQ or g4 |sotype In a preferred
enbodi nent, the antibody is an IgG4 i sotype. In another preferred

enbodi ment,  t(hka ket 5BeiY vRgakip raggenthpsis tRgprrodiss iohgr derived ifivgn 2 BuprbVinde
LI, i S e
Vi A27 gene;
10 (c) a heavy chain variable region that is the product of or derived from a human Vy 3-
20 gene and a light chain variable region that is the product of or derived from a human
Vk L18 gene;
(d) a heavy chain variable region that is the product of or derived from a human Vy 1-
24 gene and a light chain variable region that is the product of or derived from a human
15 Vg L6 gene; or
(e) a heavy chain variable region that is the product of or derived from a human Vg 3-
33 gene and a light chain variable region that is the product of or derived from a human
Vi L6 gene;
wherein the antibody specifically binds human LAG-3.
20 In another aspect, the invention pertains to an isolated monoclonal antibody, or
antigen binding portion thereof, comprising:
(a) a heavy chain variable region comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 37-42;
(b) a light chain variable region comprising an amino acid sequence selected from the
25  group consisting of SEQ ID NOs: 43-48;
wherein the antibody specifically binds human LAG-3.
A preferred combination comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
37; and
30 (b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:
43.

Another preferred combination comprises:



301 nmunol . 30: 105-108), such that inter-heavy chain disulfide bridge

het erogeneity is reduced or abolished. Alternatively, the antibodi es can be
ant i body woagmenp¥p such as Fab, Fab' or Fab'2 fragnment eCTars2a0n0g§3465 chai n
anti bodi es. WD 2010/ 019570PCT/ US2009/ 053405 Thi s di scl osure al so provi des
an i nmunoconj ugate conprising an anti body of the invention, or

ant i gen- bi ndi(mgp sy ichain tvhieabde fegidn qvkgutising the timeroegeelitaqoerag@h SEQellyNO: a
cytotoxin or,a radioactive isotope. This disclosure also provides a

bi specific 1808l e conprising an anti body, or antigen-binding portion
thereof, of light@Rhin rialLlEN%&h ESRisHRLGE AFhiddAGd sQfidhceRISHY IIAG:Ng a
di fferent big ingggpecigﬁcity than sg?g§§§tibody, or(ghtigensggﬁdigﬁ?
portion theféof. Conposi tions conprising an anti body, or
antigen-?inding gprgkonr §gggpfly£{iigggpqggnjugate or bispecific nolecule
of the invention”aR 5p§ 5r§a€ghf|é3Ply gﬁﬁgptable carrier are also

provi ded. 10Nucd RiaCy @Rdifl vaRARE Higash @RgRRINEGhE hRirnicdidaduate 0P SEQ ID NO:

anti gen-bi ndi ng portions thereof, of the invention are al so enconpassed by
this disclodlr@d as well as expression vectors conprising such nucleic

or epar i ng ant?. LR GHERTREATE B GH I FIRLTRE B Aedenc MR IO R

expressi on ¥gctors are al so provided and can include the steps of (i)
expressing the 15antibod¥ in the host cell and (ii) isolating the antibody
from t hthost cepynother preteryeq copbination SSHBELES: t he i nvention pertains to

met hods of st i ! ] %?Hﬁ%ﬁﬁ?ﬁ i Lo J es of
t he inventioz%ﬂ%%%&%ggﬁ%ﬁgygﬁ% ne e ogyﬁgﬁg?&Qﬁgﬁ?%%ghéﬁ%%fg?g%?gggﬁa
met hod of s#Dmandati ng an antigen-specific T cell response conprising
contacting sgjd T cell. with an antibody.of the.invention su Oan
oot gen- opecitp g Shrin Vot R sl eordtvidh e amind e s BrE ST S rent
i nterl euki ngg production by the antigen-specific T cell is stinmulated. In
anot her enbodi ment, the invention provides a nethod of stinulating an

i mmune tesponse Aaother priereadtdogdmation cPMpyseh: cel | response) in a subj ect
conprising admnistering an.antibody of.the, invention to the i such
Chat an 1 g 4 S ShlA B A s lidnt Tt B s elcr o SERLRENT
t he subj ect 4isangiti nul ated. In a preferred enbodi nent, the subject is a

t unor - bearing subj ect and an i nmune response against the tunor is

stinul ated. (B ahghtisbrinpypepkie FeedonesryprRiisienthe 2o agighpespengerf SEQ Ky Gsear i ng
subj ect and an imune response against the virus is stimlated. In yet

anot her aspect, the invention provides a nethod for inhibiting growh of

30 tuno20cel | s i Anatheupjeéatedconmbinasiongom@iisadt Stering to the subject an

anti body of the jnvention sych that gromh of the tupor is inhibhited in the
subj ect. I'n i3 Mcayyopaeyark %&g}oqq?énnrﬁw@gﬁﬁ? 6‘1‘?1%56%)‘{%836%6@@2@55@ be:
treating vigal,jgnfection in a subject WO 2010/019570PCT/ US2009/ 053405

conprising admnistering to the subject an anti body of the invention such
t hat the virdb)a hfhechaiorvaiisble reza¢recbmprisitipeths ahijieracid sequence of SEQ ID NO:

48.

25 The antibodies of the invention can be, for example, full-length antibodies, for
example of an IgG1, IgG2 or IgG4 isotype. In a preferred embodiment, the antibody is
an IgG4 isotype. In another preferred embodiment, the antibody is an IgG4 isotype
having a serine to proline mutation in the heavy chain constant region hinge region (at a
position corresponding to position 241 as described in Angal et al. (1993) Mol.

30  Immunol. 30:105-108), such that inter-heavy chain disulfide bridge heterogeneity is
reduced or abolished. Alternatively, the antibodies can be antibody fragments, such as

Fab, Fab’ or Fab’2 fragments, or single chain antibodies.



In yet another aspect, the invention provides a nethod for stinulating an
i nmune response in a subject conprising adm nistering to the subject an
anti - LAGWSOantodesfy 5 and at | east one additional i muRrostisSaaasiIny

anti body, such as an anti-PD-1 anti body, an anti-PD-Li antibody and/or an
anti-CTLA-4 anti body, such that an i mmune response is stinulated in the
subj ect, for exafisalifcbosurshiliz providenan gnrowtdroojughte compnuingtae aanbatytafhe al
response. In one enbodinent, .the subject is admnistered an anti-LAG 3
anti body and™&RUYherF 2 t&eﬁ}ﬂ’éﬁl%Bﬂ?f’n |ﬂP“Fr%‘?’foﬁ‘Hi§ '@ AHSERRREHE 289 S ubj ect i s
adm ni st er edy@mpxaNbi 1 raddabie iSoBpd. | PIRCYi ek B A58 Prdviddld-altis el ¥cult N yet
anot her enbodi nent, the subject is adm nistered an anti-LAG 3 anti body and
an anti - CTLAemprsing boaytibody, errmatigervbididingmortianhibergaf, iof thadag:nginn, lbddg¢ té 8 a

human anti bod uch as an antibody.of the disclosure.. Alternatively, the
ot 1 LAG 5 Sebne B el e PingRreh ndih? SRRt i S MBRUE  pody.
I n anot her en®dibimihg pdfien &erdgfast one addi tional 15i munostinul atory

anti body (e.g., anti-PD-1, anti-PD-Li and/or anti-CTLA-4 antibody) is a
human anti body. AlmPepisenyeqnyprisingaangntibady or gptégeadinding pgytion thereof, or

i mmunost i nu I.hody . . . i i . ni zed
ant 1 body. | ohtedflaRRt GRRAE Tt e ENARN B S SRR GadbaBHIR" ZH 0
for prepari agepabrriaiicAGrealenpiobldy. The nmet hod conpri ses: 20(a) providing:
(i) a heavy chain variable regjion anti body sequence conprising a. CDRl
sequenc ggs el ect eQUEEEALhBOGCBISH e’i‘:‘if?ﬁlg}gstﬁ? ﬁ‘@)“@%le@ié@ PSR INANEPOrEONSpRY

sequence se f b St : el 5 or a
CORG. Sequentren] o R e e oo B s S oy

and 16-18; aeddwrcofipiiying shéhyhtclaahadids arglrlicabéedls cegipaming su¢haxgyessiog vestoes.
conpri sing sequence sele 25 from.th roup.consi st.in f SEQID
Mo 10 59 ek a0 S P B G Sttt Pt Fredtat s P EbTi e S Pse0 1
NGs: 25-30, e?}@ésﬁé{n @C%Q%B%ﬁq%@ﬁeecsﬁld&cmmﬁd&m kiRBs & @LX pERtiab $itd Ng of

SEQ I D NGs: 31 . ) altering at |east one anmno acid residue within
t he healy chefibpdyan theldiost ¢edlgindii akvelatiogithesetbedycleommiely st ¢l | i ght chain
vari abl e regi on ?nti odyél seguence to creale af 0l east.. or]e.al tered anti body
. n anotRer-aspec € 1N er%tlnon peftfuns to,me od%o stimulating immune
sequence; and Itc expressi n& e fal tered antrbody sequence as a

protein. WRsg6de4 0diRS HRRGH/ IUSES B3k 9bf the invenfbmeForf e&ainipleg tn @ied
advant ages of the instant disclosure will be apparent fromthe follow ng

det ai | ed de§@PPgHmesh i ventippiregdesmmethod Rbetipuladeg praKiggssperidc fsell
T o8 ! , , i o d
bubl 1 shad pBSRsElpR sl Bl S PP AP e A ihP i RRLCALE o

expressby i noantpehapedfibdreilnedppnriekemenae. IBaipadfeldasanbgatiment, of t he
Drawi ngs Figure 1A shows the nucl eotide -igﬁenc-e (SEQ I D NO 49) and am no

aci d sequendBeriesin-¢ prodestiofzy Be aphgemyg chillis ymplinde 10 8RBH of t he

25F7 human 10, pBRRGH e yat{dn RN ides T Be RIRLf (RRRatily NOmrhdne CRAsé %E@, | D
NO 7) and CDR3 (SEQ ID NO 13) regions are delineated and the V, and J

gernl i ne dennwatigeorpedifie Tiqgtlireoest) in a subjedEicgmpasifBadhonseritpamantibedy dile
sequence (Slf:fghil D I?IO 5&)8 aQ.d tam' ng acid sequence (SEQ | D I}IO 432 .fof Tt he
kappa |1 ght TEHATTUGAS Hi5i0iFelGieh T 2 HemBeEFs fitiye <> an antigen-specific
25  cell response) in the subject is stimulated. In a preferred embodiment, the subject is a
tumor-bearing subject and an immune response against the tumor is stimulated. In
another preferred embodiment, the subject is a virus-bearing subject and an immune
response against the virus is stimulated.
In yet another aspect, the invention provides a method for inhibiting growth of
30  tumor cells in a subject comprising administering to the subject an antibody of the

invention such that growth of the tumor is inhibited in the subject. In still another

aspect, the invention provides a method for treating viral infection in a subject



15 nonocl onal antibody. The CDRL (SEQ ID NGO 19), CDR2 (SEQ ID NGO 25) and
CDR3 (SEQ ID NO 31) regions are delineated and the V and J gerniine
derivati owe 2ar01937di cat ed. Fi gure 2A shows the nucl eot i e#eTaSque0sx0% SEQ | D
NO 50) and amino acid sequence (SEQ ID NO 38) of the heavy chain variable
region of the 26H10 human 20 nonocl onal anti body. The CDR1 (SEQ ID NO 2),
CDR2 ( SEQ | BoNrisiBg admuhiBHRE tO HGubi2cND) arftbpdy efjthensvearien dedhi thatahedirand t he
V, Dand J g{grrﬂine deriva i%%s are indicated. Figure 2B shows the

nucl eot i de aﬁlé’ﬂd%trfaéébnl _ IS19) and amino acid sequence (SEQ ID NO 44)
of the kappa |i gyt y&hlﬁbﬂﬁeﬁ’@skl%ét,bdh@ RSN pRNided 8 ntfdkOroh WiraMladre APRRGLANAI
anti body. The CDRL" (SEQ ID NO. " 20), CDR2 (SEQ ID NO 26) and 3 (SEQ ID
NO 32) regiwnensgrieadeledtsampdsingddmidsterinni the geyedt anentidAiGratantbedyar e

i ndi cated. Figure 3A sh t he nucl eotide sequence (SEQ ID. 51)., apd

o o actd SeodeLopER oM B SHELS S e A A PR o
the 25E3 hugRanB@DIDDekityaglanamt hb@sty CTIRe4 ehiiodySkh ikt NPimBlune ¢d9p8nse SEQ
ID NO 9) and CDR3 regions are delineated and the V, D and J gerniine

deri vat i ons isaitienylafeq spthegubject, for epgmagle éo BRIbiHERST Siavth gt foebi e dBgifénce
(SEQ I D NG ) i i i3 - - . ) i ght
chain vari atv)?%l i %g;ﬂ(s)é;’]”ﬁg]% %te %g{bggége%ﬁﬁﬁ%ﬁlbﬁﬁgdd?ﬁggegnt%"baglfalyﬁgﬁh%ﬁ‘%%%ﬁ( SEQ
I D NO 21), akDiRRar(tSPQ-1 ihtNody.2 ) araitttkr el¥Bo@iddkut, (HOSIHPHCE/ ddBR RIS d=340E- CDR3
(SEQ ID NO 33) .regions are delineated and the V and J germine derivations
are indi%at &&8-ﬁia§8?%lym3§ﬁ@ﬂg-%-élﬁﬂ&b%kytilaéfe%@?@@ﬁeglb() r,ﬁlm%mms and
am no aci d 56qAuRAGEd bPERiL R AP anffddyndtAQnll8aMYA ChaliBoR" Indiee T egi on of
the 887 hunan b monoc1$onél;L ant iagody.yoatflheal P %ESEQ by A COR2 (SEQ I D
NO 10) ande@DREN(eBEd MNOAGES yntitedly enshanan delbodgateld anadartivedy/of Beand J
germ i ne derjivations. are .indicated .Figure 4B.shows the nucl.eotide
Sequence ( SEFPBTROMERPK GRnfaGd wubedieE tecieb T Ne S SBer of he
kappa | i ght hghahited atibdRY eI S@tRD eRbodiiRnB Bl husmnodidamiypgl onal anti body.
The CDRL (SEQ ID NO 22), CDR2 (SEQ ID NO' 28) and CDR3 (SEQ I D NO. 34)

r egi onslar e ideuheosimubdorymntibhdy {¢. anantidPigelr phti-RO-Hépnd/at asn6ThAe4 nntihiodsit ed.
Fi gure 5A sho t he nucl eotide sequence (S | D, NO. 53) and.am no acid
sequence. (SBg TG T op Rt TR B Susm e Pl PR B AR 1
human 15 noaggicagahn 88ttbP&dYnpld hehihitc ¢rf@anRel@htilydy. COR2 (SEQ I D NO 11)

and CDR3 (SEQ ID NO 17) regions are delineated and the V, D and J germine
derivations are lhmt@apg aspect, the invention pertains to a method for preparing an anti-
LAG-3 antibody. The method comprises:

20 (a) providing: (i) a heavy chain variable region antibody sequence comprising a CDR1
sequence selected from the group consisting of SEQ ID NOs: 1-6, a CDR2 sequence
selected from the group consisting of SEQ ID NOs: 7-12, and/or a CDR3 sequence
selected from the group consisting of SEQ ID NOs: 13-14, GGY and 16-18; and/or (ii) a
light chain variable region antibody sequence comprising a CDR1 sequence selected

25  from the group consisting of SEQ ID NOs: 19-24, a CDR2 sequence selected from the
group consisting of SEQ ID NOs: 25-30, and/or a CDR3 sequence selected from the
group consisting of SEQ ID NOs: 31-36;

(b) altering at least one amino acid residue within the heavy chain variable region
antibody sequence and/or the light chain variable region antibody sequence to create at

30  least one altered antibody sequence; and

(c) expressing the altered antibody sequence as a protein.



Figure 5B shows the nucleotide sequence (SEQ ID NO 59) and am no acid
sequence (SEQ ID NO 47) of the kappa light chain variable region of the
11F2 hunawo2010mapsyel onal anti body. The CDR1 (SEQ | D NO PRI)US2@RR340SEQ | D
NO 29) and CDR3 (SEQ ID NO 35) regions are delineated and the V and J
germine derivations are indicated. Figure 6A shows the nucl eotide sequence
(SEQ I D NO 54) &rikrdedtmes and alveeqpendehd BEQ OsdGurd 11 bé appaecnh éauythehai n

vari abl e region .of th E5. human .25 nonocl anal. anti body. The L .(SEQ I D
Mooy © CordoIRRaRt o5t dea e SR DB T Nesh 4t W g ot g Gmifing

d_eI i neat ed gRdcbhentYof Ql?é?&eﬂc&?(ﬁé’ﬂﬂaﬂ@e%&& éﬁiein%rh%d%hﬁliéméipﬁéh@d- )

Fi gure 6B shows the nucl eoti de sequence (SE ID NO 60) and am no acid

sequence ( SEEplicBtiNg citd Yhrofighone thiagpdicatiqpre expieyslviacomblaged egéinbyof t he
17E5 hun?n fr?, rm(peocl onal antibody. The CDR1L (SEQ ID NO 24), CDR2 (SEQ ID
NG 30) and (SEQ ID NO 36) regions are delineated and the V and J
germine derivations are indicated. WD 2010/019570PCT/ US2009/ 053405

Figure 7 shewsetDeScrdbdierme Dihwi am no acid sequence of the heavy chain
vari able regrons o i 37) with the human germline VH 4-34

and JH5b ami no af&igirsédshergethenSEROli@ NOS:ncg (SEQIDAR0: 4Bspdemmineigd . Figure

8 shows the align ] 1.ho. aci d,sequence of. the,li chain 5
variable regrisk SRR NS P REneGh I GRNMERRE Rk A 2T RERER" LS ana

JK2 am no asichosiealenaesdy( JH DR NEEQEB NOd])6EDRESEELID X6J: V) and CDR3
Figure 9 shows the alignnent of the ami no acid sequence of the heavy chain
vari abl e retERIDANO2BHreripmEy dedingated 28y theg Y hDaRé | geimplnegierivgiions ayH 3- 33
and JH6B amne..ag d sequences (SEQ ID NOS: 65 and 66, respectively).

10Fi gure 10 shows the alignment of the amino acid sequence of the |ight
chai n vari abl e r &guon1Bkh@64HhO n(SEQideBetiizncd AJEQIDINONES ) hudamigesdid i ne VK
A27 and JK3 am no acid sequences ( NQ .67 and 68, respectively)

SEQ I D :
Figure 11 shoiNeneeEY) IQyNGEAD) of the Keprariehbeladn yakdiueson dthe d HEEAR chai n
var i abl g5t egiddsioRll afboti S d bk MXEGTH NI o)l APROUIRD GPKEL bafandH S- 20
and JH4b 15am no acid sequences (SEQ I'D NOS: 69 and 70,” respectively).
Figure 12 skhidi3 ¢S HP Ngh e htegofnstabeededmeatod and the Seaniehgamdbine dhevdtioghtrechai n
variable re idgcn of 25E3 (SEQ ID NO 45) with the human germine Vk L18 and
JK2 amino a aéeé]quences (SEQ ID NOs: 71 and 64, respectively). Figure 13

shows the al i gnmpply b AhSw 2ieRRCcREiEE $EEMRBESEQNDING: F®awy affidd iid0
vari able regions of 8B7 (SEQ ID NO 40) with the human %‘erm ine VH 4-34 and

JHBb ami no awiudnesd§EEhiEe RO SEYf the Nasy chainardiabi2 regies pede 20HIL( human

vari b1 &0 cfrbRe b sl IRES R (R TR PhE TREREREER Ry STl BB
JK4 am no acSEQ IBNGNLESediSEQrt BelMebied63d @irdv 713 and ¢ $pelidevrRkiydtiondakd gure 15

shows the alignnment of the am no acid sequence of the heavy chain variable
regions of X tgdSEQ ID NO 41) with the human germine VH 1-24 and JH4b

amno acid Seque@?g%?e é§§&&gh%éleg§de%gu&ge $ES Rﬁ%(bv %)%)ld amino acid
sequence (SEQ ID NO: 44) of the kappa light chain variable region of the 26H10 human
25  monoclonal antibody. The CDR1 (SEQ ID NO: 20), CDR2 (SEQ ID NO: 26) and
CDR3 (SEQ ID NO: 32) regions are delineated and the V and J germline derivations are
indicated.
Figure 3A shows the nucleotide sequence (SEQ ID NO: 51) and amino acid
sequence (SEQ ID NO: 39) of the heavy chain variable region of the 25E3 human
30  monoclonal antibody. The CDR1 (SEQ ID NO: 3), CDR2 (SEQ ID NO: 9) and CDR3
regions are delineated and the V, D and J germline derivations are indicated.
Figure 3B shows the nucleotide sequence (SEQ ID NO: 57) and amino acid
sequence (SEQ ID NO: 45) of the kappa light chain variable region of the 25E3 human
monoclonal antibody. The CDR1 (SEQ ID NO: 21), CDR2 (SEQ ID NO: 27) and



Figure 16 shows the alignnment of the am no acid sequence of the |light chain
variable region of 11F2 (SEQ ID NO 47) with the human germine VK L6 and
JK1 30 amvoaosmdilgs’sequences (SEQ I D NOS: 63 and 74, respeTiuse@opyi4os

Figure 17 shows the alignnment of the am no acid sequence of the heavy chain
vari able regions of 17E5 (SEQ ID NO 42) with the human germine VH 3-33
and 2-2 anm A®RI(SES HY DN 383 rgB8HEQ atdDidliGSated sndathe V7 And | ggpdiot ideievations a0
2010/ 019570PCT/ US2009/ 053405 Figure 18 shows the alignnment of the

am no acid §gﬁﬁ$ e of the light chain variable region of 17E5 (SEQ I D NO

48) with the humppugen RlshHgs ¥ nublediid\@RqAGicd (SEQUPNGO: §5ERIaRiNORi463 and
75, respectively). Figure 19 shows the alignnment of the protein seqguence

encoded by sémpenenOER B NAGA8) oA hedvyrrdapazsiable (GEQn POhRGB7d®mani t h t he

(Genbankc Ac SESSRIRBTOSY Bt RE S FERIRIE D, EERGSERLTvE: PLAF B8R
transmenbr aSEQIDN®: BY)eedibfiedrt db@tkatedRad @ev aDiafe J geintlindl dehiengntardet ween

the two sequences (ami no acid position 419) is highlighted in bold. 10
Det ai | ed Ded®¢ad. on of the Invention The present disclosure rel ates

to isolated nono I i réicul ar . | or .

anti bodi es, whic ig%? %%B? @‘g%%gr?ﬁi?"&%?‘% %h%c%é%ﬁ%gfée ééégl%%gglagl%?du%cé i onal
properties. séqueser SEQICENO0dbNEiths kajifadighnthdio diedlofegidnefitievdBit hanamr e 15
derived from particul ar heavy

corpr | 50 parietps by i hRA( RO MBS bR SEeR 8L R Ee! ng.

particul ar @Tj}i?(sga@ fh RRAUANERTons IR Fe1bHEH QRHE WPAQY] H8R1ing %ﬁﬁé}aﬁﬁlgs are

ant i bodi es, nethods of nakihg~such anti bodi es, | mrunoconj ugates an
bi speci fi c malietad. es conpri sing such anti bodi es and pharnaceuti cal

conposi ti ons contai ni he anti bodi.es, i nmu i t or, bi.specific
SomoLecul on of t ez 78 shets Be ROtd S eandlE LOERTE WE! £l ittt as o
using the a@édueﬁ&it (E'»EQ BYND: 3$) $0hd _ﬁ&ﬁg,tchhﬁ%ﬁaﬂe%gﬁmof @8 11} hu@gnt O

(0]

met hods of using e anti LAG 3 anti bodies of the invention to stinul ate

i mune t2spomgeslonalapeodyr The (AR I(PEQITBANWI Dh CORRISELhHRING tlil hrdaE BRy
ant i bodi es. FROIY,. this di.scl osure . al royides et hads.of using the
(BRIl Aoy ROSREREH P B, D3R ST IR AR tior

anti-LAG 3 e Thvention
growt h or tigRidatad.ral infection. In order that the present disclosure

may be nore readily understood, certain terns are first defined. Additional

definitions are Seue 2B ehownteayrlsetidassguase 4pFQ@ADIURcporl spinored t er m
L e P SRR, S AR TR LT o v
ant i bod2@s monoclonal antibody. The CDR1 (SEQ ID NO: 23), CDR2 (SEQ ID NO: 29) and
CDR3 (SEQ ID NO: 35) regions are delineated and the V and J germline derivations are
indicated.
Figure 6A shows the nucleotide sequence (SEQ ID NO: 54) and amino acid
sequence (SEQ ID NO: 42) of the heavy chain variable region of the 17ES human
25  monoclonal antibody. The CDR1 (SEQ ID NO: 6), CDR2 (SEQ ID NO: 12) and CDR3
(SEQ ID NO: 18) regions are delineated and the V, D and J germline derivations are
indicated.
Figure 6B shows the nucleotide sequence (SEQ ID NO: 60) and amino acid
sequence (SEQ ID NO: 48) of the kappa light chain variable region of the 17E5 human
30  monoclonal antibody. The CDR1 (SEQ ID NO: 24), CDR2 (SEQ ID NO: 30) and
CDR3 (SEQ ID NO: 36) regions are delineated and the V and J germline derivations are

indicated.

10



specific for a human LAG 3 protein may, in certain cases, cross-react with
a LAG 3 protein froma species other than human. In other enbodinents, the
ant i bodi esogpwailpi7e for a human LAG 3 protein may be comrplratsedop/osaesi fic
for the human LAG 3 protein and nmay not exhibit species or other types of
cross-reactivity, or may cross-react with WD 2010/ 019570PCT/ US2009/ 053405
LAG 3 from cert aFiguot heloveptbe iabgnrhertt oh dte aahiho atil eequepecolabe heavy.chain

e ors o it Eguenps o I R BT RE GOk e iR g ekPa S idhce o
human LAG 3,53 £%d @aﬂmgx%@%@gq@@ dYoandN3_QQB&(ilelyJhe term "nouse LAG 3"

refers to nouse sequence L ' such as the conplete am no acid sequence
of nmouse LAG 3 h&igung8 demirathk aligreent iod heNmingireid 3eBe8ce ofAt®: Behtschainso known

in the art as,. .for examl ~Ahe, human LAG 3 seque pffer from
uran . LAG 3 g1 s TR L ST DO R B Ss 50 sS GG Vel e B et ved
mut ati ons okmiAd &id HYTendds (SEQ COMIES Wthndad! aRpectiRdlyy.ne LAG 3 has
substantially the sane biol ogical function as the human LAG 3 of 10 Genbank
Accessi on No. NPE@ypo%vhoveghe abigtimpens of theringne a¢id apquenecef tbahefvyishpdn LAG 3
is having a i [ I AL % ' that
speci ficall 321 %&%%Bg)ﬁlS%Eglﬁ}(?ﬁ)éd@?%N 'h%)i“ﬁés?lﬁg%ﬁu[g%%g os%?e\h}b% 3%§B?ol ogi cal
function of JHOBamihdAeid sé@ehien d$PQ IDANOBI Thialss, kdspamivepyl es. The term
"nonkey LAG 3" is intended to enconpass LAG.3 proteins expressed 15 by Ad
vorid ahd New vwﬂaﬂlr%ﬁ%m,th? ﬁ%w%ﬁnﬁaf heanreg aqiq squerce 4 B Heshgls monkey
LAG 3 and r e at | 1 =1 O S or
monkey LAG 3 R R S e P B gure
19 and SEQ hbilQGiciB&quevtics (SEQ IRINGD: @epuldidt edpadsivEynbank Accessi on No.

XM 001108923. Anaqt her resentative ap,no acid.sequence for nonkey LAG 3
's the 20 al i er ki | HIGLhriRisyens ShHE Al rcid FOREn s s 4DEhERa it
Figure 19 anghiaprQesRnder 2843 (SERPIBNRG 35 vA@SEE hbxash bénfRrang] £2684nd JH4b

subsection 3. This alternative rhesus sequence exhibits a single amno acid
di ff er ehze, aminqasid sdqoencgd SEQID NP dandt™®, taspecBanlyank - deposi t ed sequence.
A particular human L sequence w |l .generally be at | t..90% i.denti cal
725 amino act oL Byt MR B P nan RES R S Phes S NGl
NP_002277 aRrghifdfcgionsofFEBQSBOIID NEsisiueish theatuniad@Birmline VHE1 dIKACi d
sequence as bei ng _human when conpared to LAG 3 ami no acid sequences of

ot her speci 8inaAcid sequgiicen 3EQ IR NQ@P 1 4 ad s especiivalyiran LAG 3 can be at

| east 95% or ev 9 9 % ' ' i ' aci d
sequence 1o LaG ST b HRMn ARMat o oPREunllo BRI ITh A BThR

enbodi nefit s vadatieiregionk AGSB7 $8HQADAEOW0)l widi thp lhayhan @ermlire Vipad4koddmiSho aci d
differences fromthe LAG 3 se uew 04:1 Gegﬁgnk Accession No. NP_002277. In
certain enb8HMEAHSSCARREER IP NO% HaanddfiZs (585N Yhor e than 5, or even no
more VI 2010/ 0195(0PCT(HISAANGARERANR of Heflutino bid Foquhicelorafil B2k
difference fromthe LAG 3 sequence of Genbank Accession No. ' 002277.

Per cent i demtiidbje cgronbd &Bat(SEM kN Oad6 desh thetteundnegeanhne Vi L6 andTBE4 tagrimo

"i mune respanse” refe t ~acti of , for_ exanple, |ynphocytes,
antigen pr eg‘élﬁtsF%nﬁeél(EEQ I@nﬁ@%c@??‘&é)g%lrf’%’f’“b‘i@ﬁul ocytes, and sol ubl e
macronobecul es SPIREUIERchdI thd 8li@Rae of 8k lathifd adillSedueN @ of(thRd a¥icRSin

anti bodi es, cytokines, and conplenent) that results in selective damage to,

dest ruct i on vafabloreguing of Aak3 oEQ HOMNQ:Hd) wuthdhe beaagn gfrmling 3oi g4 pad Hddens,
cells or ti ues . nfected w gens, . ancer ou ells, or, in cases of
aut oi nmuni téglgnro %:écp%eglfl%%ﬁe(s:ﬁé(ﬁr@ﬁ%@nggﬁ acl)lr(li,%hBer%ﬁeéﬁ W%'ﬁ?ﬁan cells or tissues.

10An "anti gen- sp&gpuld €6 Jhowdlthe hesesns 6f the @bRhi® adi@ séRBp@NFabe hiyhtahdincel |
that result fromstinulation of the T cell with the antigen for which the T

cel | is spe&ifigtde regmafi e (HgQARMBI €6 with the hyenas ggrmpineaV qle and Jighon

anti gen ecitlC ' [ h s . dor .olqie ' d cytoki ne production
(e. g.g, ?(Engfﬁlﬁ%)dalfﬁ %ﬂ%‘?&%ﬁ%’i‘?zﬁW%% %&73" feggéc(rag?lg?redyt o] here?n i ncl udes
whol e anti bodi esFaude §hyholbaht alggmdit nflihegnfin@grie sdquencesof,the vy gbainbi ndi ng

portion") or single chain reof . _Whagl e anti bodi es are gl ycqproteins
conpri si ng XtNGEEIIHS! ﬂm_i"ai Dy S ﬁbmm gff{fnl{nE?V %—35 fad 52
i nt er - connegfath Rya digakidel deEdeDde0s RAChdRA&EILE). s conprised of a

11



heavy chain variable region (abbreviated herein as VH and a heavy chain
constant region. The heavy chain constant region is conprised of three
domai ns, vEbRo10@H2s7and 20CH3. Each |ight chain is conpri ®€u/uskoog/obi«ght chai n
vari abl e region (abbreviated herein as VL) and a |ight chain constant
region. The light chain constant region is conprised of one domain, CL. The
VH and VL regi on¥ignanldehdwsrthéeligrsudnd o/ ihd @chinmiad segiencesofdhe light chain

hypervariability, ter rigy determning regign CDR), .

P er sper soduiitihreitt grd B TapOaPINE s Bt iatin Hab O B MRS 614 egi ons
(FR). Each ViR MEQ B ROSS8IRAS S Lipettive®. CORs and four FRs, arranged
fromamno-termnus to carboxy- termnus in the follow ng order: FR1l, CDR1,

FR2, CDR2, FR3, C€OR®; 1FrpwsThealgmicabbbtheggiteinsegienchendeced by thedndnkghit
const ant 1 eb'0ha ‘S HRASRETboar £ TR0 R ki B ol

i unogl obuhioakéPLACES ptdtéis Yesuedte (SBEY D NO: 995 (Gelibagk Katdsoids Nl | s of the

i Mune system 3(205}3.5., effector cells) and the first conponent (C q) of the
cl assi cal cOMLAHAATOSY.sTherextra loop papielerreginn apghtrpsalenBI g dpgNadRtei on” of an
anti body (o i . i [N rei . one or
nor e fragne%{@érggdénrrhgnﬁtnle%%g%o ?‘ﬁ%@f?eg?gg r?%eéﬁg%l tIi;lg%t S%?%”é%@?@? %l:"gfll y bind
to an anti geosifien ¢19) i@highlgldedindicdd.n) . It has been shown that WO

2010/ 019570PCT/ US2009/ 053405 t he anti gen-bi nding function of an anti body
can be i rformed by frag ts of a full-length antibody. Exanples of

Do od
LuhZ2IAANY

bi nding fra 261 bHIONVERRONR he t erm "anti gen- bi ndi ng portion" of

an anti body i ncl i . r . C i .sting of
fhe VL, Vi O andc el SRRyl SRS g PRl BRI AR
fragment cohpmas hagotlanal katibddieymbithdihd kedndayl. AGH s thaitdavbdedgbleat t he

hi nge regi on; éi ii) a Fab'" fragnent, which is essentially an Fab with part
of the hi ng&NCHEIYRIRSERES- ﬁam%mmdlmm@@@wmmf theginverdiog e 1 g ed.
1993); (5V) d@ifd é&@gaﬁ@hlapepﬁﬂg%a ﬂ%h@éhafrb%rﬁ{ﬁn@ ubhdks dRABE Bsinpked) a Fv
fragnent consisting of the VL and VH domains of a single armof an

anti body, ( paiceladfincturalgfiesmtes (W @b EDRabgipn( ddggisingatantie@ ] 4080 beid- 546) ,

whi ch consists of a.VH domain; (vi,i).an isol.ated conplenentarit

Gt or m i o SRgRG (A rovice ARRORBAGS. SRS T i et i ab e
regi on cont aihibdagksdinthiecBn ugditt A Ebi SRR s ELIEN g BB h AIBYIRS-and

Furt hernore, although the two domains of the Fv fragnment, VL and VH, are
coded for byhyapacuical epamesitionpegntaiamgiibe jibedits, iownungceuges erdnspeaichods,
by a sypthetic |ink t.hat ..enabl es.t hemto be 15 nmade a single protein
charn 1 R0 wnhiste-pl e BAr ahRSHE T Bl RTER EnEbRBIS D o
(known as shigdlieshaich ak (@€ VAG-SeRoteingas wBll hdltoahetdibds dfA8BB)thSatence

242: 423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA

85: 5879- 588BAG-Saatbagdierif she mapHicare S B A imPencAIesRPISHH AlRERET 1o be
enconpassed W f hi r iy L gennhbAdi thon' i . i . These
ant i body frz(iéé}%rr%irr%ltEl gogggthtgﬁeg} rﬁ%ﬁ“ﬁm nagggddggigs(g%%l %g‘g)lrdl? é@ﬁﬂ?ﬁ%@ﬁ%ﬁ%m to

t hose w t h skolploviidestnixeh@dstof vaing thdwntit L AGAE aitibodies of dredanadiofos, fot i | ity in

t he sarrg manner as are intact antibodies., ) An "isol ated anti body", as
used hef2i nSX3BplpripRhddYmpPdflrr ¥ XHaldRterBRUy that is substantially free
of other antibodiyesJopghi@e JidsbRr@RMosBRMILH mofPREdiTY Gldet®Sod( Berfhin  an

i sol ated anti body that specifically binds a LAG3 protein is substantially
free of 25atrinbedi st ddiaked s pdditionalaleffipitipng dreasat fogibriBrooghert thehdataileAG 3
proteins). én i.sol ated anti body that specifically binds a human LAG 3
protein may “YOREYEr , have cross-reactivity to other antigens, such as
LAG 3 proteins fmag@inheAGReses. o Mhpavsie AdfivdimalGingd. arte tbedyL sgn3be
substantially free of other cellular material and/or chem cals. The terns
"nmonocl hal inghidepsayants isoferproldroplags. arhplessyndpaploss. t Farexampleyaibod s
herel n ref er, L ov A P RRANAL QR QL @Rt Body Rl eettes, ol slpgh Mo geu! ar
conpositi on PR Horodronal 4n |t?ooty dopOosTT ron-di Spfays a singlé bi'ndi ng
speci fi ci ty panén @ifoin Nkpegick @thed tHaarHuheu| & o@pi ¢rAP&liments, the antibodies specific

for a human LAG-3 protein may be completely specific for the human LAG-3 protein

and may not exhibit species or other types of cross-reactivity, or may cross-react with
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WO 2010/ 019570PCT/ US2009/ 053405 The term "human anti body", as used
herein, is intended to include antibodi es having variable regions in which
bot h t he woammvwaskoand CDR regi ons are derived from humeaTgseen0i0s205

i mmunogl obul i n sequences. Furthernore, if the antibody contains a constant
region, the constant region also is derived fromhuman germine 5

i mmunogl obulLiAt-8 dopure paregn ofhhiespeties bhutart al othee speofes t(he., crose acowitlc ankexc| ude
am no acid i dues not enco by, hunman. gerni i i nogl obul i n sequences
Cor gt alPtd B p GRS G Ay ool By M ELARER | T LR ABEHSEHEREn Vi ¢ o
or by somat i @t @ich AR tHeboMipYdd amIRMRYESequéRe of Blufan DUTRD hatihk kRA¥ank as
used herein, is not | ntended to include antibodies in which sequences
derived fromctéseiogd¥niNF€0337 7anderienm iroowrarinsliianmelsysde inesise sagobneed-AGnouse,
have beep grafted gnto h n framewrk sequences .The, term " human
monoc ondl —AntEBANy PERLTE PH FIHTES HLEREY MG hadrheiiai ng

speci fi cityAcehkion NvawP_ 03z 50sh| [eA Gegis ans kinbwwin el apaishfdr Bearhplapemerk and
CDR regions are derived from human %er m i ne i mmunogl obul i n sequences. In

one 15 enbodhfnman LA-Raerteneromar Hbfealfroankypatl-85-apeGprtsal degetsionaNo.
hybri doma whjgc Bo%i’ﬁ'bg%%%mg, B S%l)ljlseﬁ;%h%ﬂgtgm{sro?%ﬁat}oqlgﬂ?%{]&&lsmg@%&ﬁ
animal, e.g., —a fransgeni Use, having a genome conprising a hu eavy
chai n transgedhehed G Has ghiistaaltially tHersams déslegitsifeaction aathd omrt A GZ2aof cel | .
The term "recopbi nant hurman anti baody". as used herein, includ all human
20ant i bbdi e§epbak %wessbqrblaar%&()@ﬁ eEQegamg eeétbéﬁo%Falif‘é‘EﬂtJQPQE%Wan

r econbi nant 1 : : : i i I ] fA () -ad .g., a
nouse) that L?&g?'? ?Sa}rllsge ?ﬁ}s%(roﬁ% %Ig{rgltssg ?gdﬁgggl%g&% %l%q#lf[n(gr?t?ﬁnﬁg@ggﬁ %glgfi n
genes or a hyird oameanpibegdyp £dhe tilmtang trsolws frd @s @ bidleglcfl inidtion o dlnman LA

anti bodies Lsal ate host cell transfornmed to express the human
ant i body, e}sa?l?glfl%g%@f&}ﬁéﬁ%@sﬁﬁ?&(p) anti bodi es isolated froma
25reconbi nant, copbidAt Ydrkby DAMRD" ANhicR@ioleh&5Ap s LATL3 (DicidB bk podbes
prepared, expressed, created or isolated by any other neans that involve

spli ci ngS of biGHANY ertdhanddyé e Beildimgekeyssiegudmedut nes lonitesk topregelguences.
Such reconbi hant anti bodi es hav, ari{abl e regions.in ich th
Fr amewor k. b CORICE BRUMSHE B AdeoTork Fubnan” Gareating e AR OR 1

sequences. hidbnkey LAIG3 eiho hedBNinSnkdyAWRGEY amihd aS1dCaqliehc i vitaint Figuaen
ant i bodi es can be subbect ed to in vitro nutagenesis (or, when an ani nal
9

transgeni c fef SRy s atiehisedso depagied as GenbankoAasshen tonut agenesi s) and
thus the amang @flfsead %{&Elge? réﬁ,{ﬁepgtiyyaﬁﬂ% da\%dr %aﬁlgég%gsf?l‘e)rfwgﬁ%g I%/?G%ni@'tﬁ%ant

anti bodi es are sequenceés derive 0 human
ger m i n20 VHah¢rdatidle rhdVis 205h@é 0 1200/ cldn2 pa23-05840b is Egusnemd SEQ Dot

naturally exjst within the human anti body gernljne repertoire ip vivo.
The term "i §6{:ypels0 i dercgibenen Grmale ¢ Eybgecdiongs. gihis fﬂ&rw%%veﬁﬁ%gfy that is

encoded by thgeheauyihRald dg@&ﬁkﬁfn%rhhdfcﬁﬁ‘él%ﬁc&%{‘ ssition 11®, PERSSSed @Mnhant i body
recogni zing an antigen" and "an antibody specific for an antigen" are used

i nt er changeé&ishlartkedepositedisequenhe term "an anti body whi ch binds specifically
to an antigen.” . The term?! n anti body derivatives” refers to any
rodh 11 60 for m of ABEIHIHIH TG cectge i a1 oG BBy "anc
anot her 289eani R acditseQRG¥e tolkhg LAGM ofUERANE AdcaRion s WP 082211 faded to
refer to antibodies in which CDR sequences derived fromthe gernline of

anot her mangelthian agpwcicebresislyenthatsidentify threaming weidiseeyenge af baag brman whemn
framework s n . ptional . fr ke r.eqi n.rmﬁgi at.ign .be made
w thin e FOLEREY rohator il AR, e AR BRGRPELY - GBI Ty BRRPS
i nt ended t oc#ef,erhintandAGIOEHnaR dt leawdDBh, drle@en at least 96%, 97%, 98%, or 99%
identical in amino acid sequence to LAG-3 of Genbank Accession No. NP_002277. In
30  certain embodiments, a human LAG-3 sequence will display no more than 10 amino

acid differences from the LAG-3 sequence of Genbank Accession No. NP_002277. In

certain embodiments, the human LLAG-3 can display no more than 5, or even no more

13



15vari abl e regi on sequences are derived fromone species and the constant
regi on sequences are derived from another species, such as an antibody in
whi ch t hewoaniodhbzzor egi on sequences are derived from a mowdsS2@atsizosly and

t he constant regi on sequences are derived froma human anti body. As used
herein, an anti body that "specifically binds human LAG 3" is intended 20 to
refer to anthantd, Bodlyortlhatind acid sliffeyedmerfeom thaE-8G g etja¢nte O QdnpoksAdrkeysien

LAG 3 protei 0 r _nor.e non-human species) but es . not
substant | at N SPREDER T Shickts Sy eal Bede SRRl S e ECHif body bi nds 1o
a human LAG 3 pr gheiddmMithunBi@Bodkr btk ¥o theR@ABA ¥f, YoidRam ﬁplﬂrﬁph%c%teél-o' 7'M
or less, nore preferably 5 x 10-8 Mor less, nore preferagly 3'x 10-8 Mor
| ess, nore pategearpadrenting sellsoplRgntytic ceBs grammcgtepr andesobibleymacrogolecales M or
| ess or gven nore preferably.1 x.10. Mor .less. .. .  The.term ;does not
subst ant 1 al PPBr® 0 SO 5E eh g ru FE anlbadisrer Aib S Ekhs “does not
bi nd or doesomplentehf)@hairdsnltaildeetiad famadetto! destrii@iodrdlt & dlinfhatisal frdm the €.
binds to the protein or cells with a KDof 1 x 10-6 Mor nore, nore
pref erabl y husan bedy of igyadieg pathegsne cglepietivpesyinfected pothupaghegensnsaecereisr e
preferably - . ferabl - [ re.
The termc el 8Pl b dRGium SYEL SRSl P Aol dochaf e bl o002
to refer totitdues.association rate of a particular anti body-antigen
interactjon, whereas the term’ Kdis" or "Kd," as used herejn, is intended
to refefOto the disaBigearipsitic i &!lgespenprrieauiodrspantss BydyL st thgeissuling
2010/ 019870RGH WAFARRKOSIIAOD LMLERARE hAben FEwhEh e Kb is speeitiseloer ei N
is intended to refer to tﬁe Ji SSOéLI at ?oggegonst alnt : evxi chlsiS %ﬁt allqﬁed from
the rati o ofinKdng exakeldsi of @espoiias Kap Tacdl umnempgasgedifastimubaioarinclude
concentration (M. KD valyes for antibodi can be determ ned using nethods
wel | est abl P_E‘Wg%pa'il?fl i”ﬁlecyé ne proflpeliog(F-&d Iﬁ%tH{B@JCEIBP)'det ermning the KD of
an antibody is 5k¥e uginnUnSbUdy26E Pt BB helfS HRAIICE whble@hBbSREYardSin§g a
bi osensor system such as a Biacore(r) system The term "high
af finityd fentigen bigghamfragmottyi ¢ efaatigen-bindmgaortidogr agle apias tiereof. 1 x 10-7
Mor |ess, gof s PIGLAIRARLY 1000 4008 M8 030, SYER L ERLE RLEL ST bl 1x10- 8
M or |ess, en’ hore prefegé%qpy E'% “TGPNI'OF 2 685 ng even'nore preferably 1
X 10 Mor | &gst (LYERdin@intealc@ffiectddt bygasulfillovends! Eachh&iyahdihidé éompriNeadrag can
vary for other antjbody isotypes. For exanple, " hi};?h affinity” %i ndi ng for
an 1 gM i sot PP yrcarararigble deeiamabbesaiatebhareig 2a Vikbaed 2 heave dIRigrcons3st nor e
preferably ~ I . . oref . ) erm
e et i A ol T EhalF Y S TE LR Bl S bEhB drhe Mofun 21, Chtanl
ani mal " 20 nclOudeEaell lightehhialis adregrisee of a lighweehail wariablt ragion n@bbratiged barein as
non- human pri mtes, sheep, dogs, cats, cows, horses, chickens, anphibians,
and reptiled Va %%m‘ga?t HAEPESIYH PRt The Reht CBYR FOBYH 78 At Bt Pobtles,
sheep, dogs ;nLabRainCONSTRNY,; AR $8€Segions can be furth@sLOHidRS BRS tids dehe
invention are describéd in further detail in the follow ng

hypervariability, termed complementarity determining regions (CDR), interspersed with

regions that are more conserved, termed framework regions (FR). Each Vy and Vy is

25  composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-

terminus in the following order: FR1, CDRI1, FR2, CDR2, FR3, CDR3, FR4. The

variable regions of the heavy and light chains contain a binding domain that interacts

with an antigen. The constant regions of the antibodies can mediate the binding of the

immunoglobulin to host tissues or factors, including various cells of the immune system

30 (e.g., effector cells) and the first component (Clq) of the classical complement system.
The term "antigen-binding portion" of an antibody (or simply "antibody

portion"), as used herein, refers to one or more fragments of an antibody that retain the

ability to specifically bind to an antigen (e.g., a LAG-3 protein). It has been shown that
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20subsections. Anti-LAG 3 Anti bodi es Having Particul ar Functi onal

Properties The anti bodi es of the invention are characterized by
parti cul awof2oratipsynal features or properties of the ant iPo@diSea9/oFzns

exanpl e, the anti bodies specifically bind to human 25 LAG 3 and may bind to
LAG 3 fromcertain other species, e.g., nonkey LAG 3 (e.g., cynonol gus
nonkey, r heﬁwsmnigﬂkbm)ﬁngtfunctﬂm afah astibstyanh ibalpbgfoﬂnherddaﬁ foagoik@tSoffa i cer t ai n

ot her speci re erab an anti bo f thenlnventlon
bi nds ¢ 6 hulFBT b RGO CHRGIAR (e oS cafmpyron i e Hits BERFTo
stinul ate ag; ddiﬂglﬁb@t ST @H 28 b&}fWH 188 B FA8Rent3PDRRAGI dldrt frhg fhd
response, caln be |né| cat ed / rcexféiépalle th %Ha%l lity of thre anti body to

stimul at e i newsistioglof theVi, I\h{,,gapdé?mtduclpn@mm a) arf(anbifpgmespedivalant T ceI |
response certain enbo b h ven bi nds

naran Las 3 BRSO Rl b e e B ok Y adlso R SRS A€ e AR o
response. | (iiiPh Feb’ Ridehi WRHILS s e@@:nﬁﬂl‘ly BOHYb @ithiphe of MeahifigedRghNGE, t 0 human
LAG 3 but does not exhibit an ability to WD 2010/ 019570PCT/ U82009/ 053405
stimlate aﬁUMtf\W%leéWHN@wY (P@éﬁénééupd%rwﬂ%)aﬁ@ pYdrgeRnt o

evaluate th fyt 1

i ncl ude theg%lgs?%t]}ng;o}!(t)}%%\{ gﬁda% g&ggﬁf @ %Elly g‘]id %&%ﬁtn‘%gmwhé S}E%ﬁaa§{ in an
in vivo tunﬁbmgfnafof a singdel arm&ﬁan aatibody, EX}azmiAe fapment (tvhﬁdaebul JU98DINdrive

ant i bod n_aut Qi ne response, such as 5 the ability to

pr onot ol Eﬁé@f éﬁ)éaew LCBrCORNSR G & ARl (S LB HLe TGRSR model
such as the I t n NOD nouse
nodel (see, d@t?hhhhﬁéx&%pp(ém)eantdrt@uﬁ%‘h%ha gl %159% @g%ﬁgz‘ﬁ{%lélg ?eftl %‘f t he

i nventi on toomm@u@ acamnglb eadmdedwrainusd hgo ometant dommine. Fethwmingues slthweigh

established . in the art. [For_e le, ..in referred. 10 enbodi ment

oot T ooty catiee ool oyRaFY faameth Yot Y e Shidiop Ry Sharie S 5oy 1 s
reacted W t BapbERded! hdify FbShbEMR BSHESs, BYABOnthée Baked Hale@blSHRE @ bs t hat
have been transfected to express LAG 3 (e.g., human LAG 3, or nonkey LAG 3

(e.g., thesomdens @ymemrgtam qmnklewhldr thnﬂﬁsaéldl_\éeﬂg)on@maltrhefqrmdemovg nf ace
(see, e.g. for.a 18 |ta her sui cells for use
in flow cyt o CrrR:S 1§nsoa /5% Srlln ug&" an ?Scﬁgé& §“3Bﬁﬁleéf’gé}%$a§ré Gvated T

cells, whi ca@xm -a36; andtHusenlehar. 319880 Hrbd. ol hyacprsczamrmﬁmej&ss).tmth
bi ndi ng of the antj bodg i ncluding the binding kineti csﬁé}h , KD val ue)
can be test édglerhpngay @dlﬁs Haiaksg iaterdggdo P@é@cor@pagsed B APicenB " HBieesui t abl e

assays). Sti ddu&trﬂb?{l WA ?hﬁ%\%yndfhgge ﬁﬁﬁ)@%{z fﬂag&leﬁlgﬁreﬁga?ﬁéﬁs%iﬁ' o For

exanpl e using a eco rotern ;e.g., anpl e a

sui t abl 20 as sary&aentlatﬂﬁ’t@hmqaéﬂ knomoa]ﬁﬁslelmdyskdi irt the attnarelrithe Omgremslaret 0 a
LAG 3 protein vmtrfl of 5 x 10-8 Mor less, binds to a LAG 3 protein
with a KD ofcrgengd @Hgﬂ}\txmthpé%@e NRIRARFSSEF BAChROBiest ein with a KD of 5 x

10 Mor less, bingdsiiothd dfieod 'prag’{lénédrhe}%ﬁ hs ﬁ‘ltéﬂae@fto b5 td-On Mh@ody &8s is DI nds
to a LAG3 protein wth a KD o Mor less, binds to a LAG3 protein

Wi th a KD ofulitantidlly Weoof ¢th@sant1bod1d$hamgdlffA@nBalprgﬂnm spedifititiea(ekd) af 1 25 x

b nos o o PRl RibRy fabiig iR Eh0s M s B sihstiodfi Red bR L B25 1 O

an anti body affibddi® that\pEtifiMyHimttntteend e dhhNLAP PRIténd) $51i86latedUCh as
tonsil, spleen or thynus, which can be detected by I mmunohi stochem stry.

Addi ti onal | 9nt1@§ydb@,ép¢®e@llwlbnnds@rhumn$@(&ﬁ ro@in way theiwevenhpvd gigss3
ant i bodi es (Pe &Vl‘te %Oolﬂ’?é{'eaﬁélg(%l@ ssutc as L&Id 5' Ip}oa%e%s tfroﬁls(%lﬁer s%ecges I@I[)Feovgrt g' ned in

t he p|tU|tarya')C measure
isolated antibody can be substantially free of other cellular material and/or chemicals.

The terms "monoclonal antibody" or "monoclonal antibody composition" as used
30  herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding specificity and affinity for a

particular epitope.
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i mmunohi st ochem stry, whereas other anti-LAG 3 anti bodies of the invention
do not stain pituitary tissue (e.g., are not retained in the pituitary) as
measur ed W9 20rmugvhi st ochem stry. Thus, in one enbodi nelrCI/ush@9ionssent i on
provi des a human anti- WD 2010/ 019570PCT/ US2009/ 053405 LAG 3 anti body t hat
stains pituitary tissue by immunohi stochem stry, whereas in another

enbodi nent, the iTheemnm tomanariikhely” sashsedineraint is-intAaicd tamdlisedntibbdies does

not stain pituitar i ssue by i nghi st.ochem str referred anti bodi es of
The & nvent | B Sl dLrBRBIDO R oG SHaPR ERG §esthved o

al ternativehymah Q&nﬁﬁfe'iﬂﬁﬂin‘é?loﬁ@% RRued Q5. BXMRISre, ﬁﬂhé‘?ﬁti%dgkoﬁ‘dﬁﬁﬁal zed
nonocl onal anti bodi es. Monoclonal Antibodi es 25F7, 26H10, 25E3, 8B7, 11F2
and 17E5 Prefstant exgiemthaxasditant region ksoiindaned drpnahemamhgeriiiman nonocl onal
anti bodi;s 25F7 éO%ngo 25E3, .8 711 11F% and 1 tIES.i sog.at ed .aélld .

struct urdl | JIEREPHEYEIY SRy TEES S B HRO e%%% SUMVENURLCHE NGHde Y0 no
aci d sequeng&d réidudd hnét endbitlby R g@Bline imdnédlebulitEeq@neesteayn in SEQ I D
NOs: 37-42, respectively. The VK ami no acid sequences o_? 25F7, 26H10, 25ES,
8B7, 11F2 antitatpps ingraduedigihrapdonspositpsiiedic maaganesis @8 peetar PE(sgmatic G ven

t hat each o ' [ C My ] L N

sequences ¢ gnﬁl tt%g)%gﬁ’?ﬁ%é blg%gﬁ%t t@ﬁ(ta ?18}1%? g g@hg t ’?(%}ruggdr]{i%}:afﬁgn%?g}ten I (r11g

nmol ecul es ofo inbede arhdiarin whief @DRBEyyuenvéwaderiVet aiodh W gelndimesofanethai xed and
mat ched, a VH sequence froma particular VH VL pairing is replaced with a
struct ut@l | Wérirﬁ%chaarsp?ﬂlrsssé%f&&%@émﬁpwé’s?n %f@@?@?l&mhynan\ﬁ@r%e@v@ﬂénce from a
particul ar VE(MRairing is 20 replaced with a structurally simlar VL
sequence. Accordingly, in one aspect, this disclosure provides an

i sol at ed nonocl oifat teamt 'hiooedy mamoclansli ageéhodyi ndfiersgfo potibodies dispdaygnd a single
conprising:,. (a) a.heavy chajn var.iable.region.co i.Si an am no, aci d
cequence sePindt@srs bRy netor bl BoRER st b R R S A SnE SHELS o)
a |ight chaidpifardedre et 8&nPRuf rhﬁin@gmﬁﬁnagbwi@&qge&@gurﬁm_ sel ect ed
fromthe group consisting of SEQTD NGs: 43-48; wherein the antibody

speci fi ¢al | ymbpdigenh diralrmanGngnodipnat entitedicl @epvyrodungd by ghtybeideina which

ol Nt | O R, 2 obggined Bmd (RIS NATHARY % £ SOl LOTRILSL N0
the anino adld sequence 0 T8 'NOE ang" A" g*rﬁ‘g‘t: arwEAritAn e

regi on conphih§e gbM@n@sdmprised dheQGUBASS chhin Hakkddie Bkl a fight chaldfamgdigavy
chain variable region conprising the am no acid sequence of SEQ ID NO 38
and a | i ght fesgéinan/appamlized gfi-on conprising the anmino acid sequence of SEQ
| D NO

The term "recombinant human antibody", as used herein, includes all human

20  antibodies that are prepared, expressed, created or isolated by recombinant means, such
as (a) antibodies isolated from an animal (e.g., a mouse) that is transgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared therefrom
(described further below), (b) antibodies isolated from a host cell transformed to express
the human antibody, e.g., from a transfectoma, (c) antibodies isolated from a

25  recombinant, combinatorial human antibody library, and (d) antibodies prepared,
expressed, created or isolated by any other means that involve splicing of human
immunoglobulin gene sequences to other DNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are derived
from human germline immunoglobulin sequences. In certain embodiments, however,

30  such recombinant human antibodies can be subjected to in vifro mutagenesis (or, when
an animal transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and
thus the amino acid sequences of the Vi and Vi regions of the recombinant antibodies

are sequences that, while derived from and related to human germline Vi and VL
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44; WD 2010/ 019570PCT/ US2009/ 053405 (c) a heavy chain variable region
conprising the am no acid sequence of SEQ ID NO 39 and a light chain

vari abl e wegomviexynpri sing the am no aci d sequence of SEQTIUS2002053453

(d) a heavy chain variable region conprising the am no acid sequence of SEQ
ID NGO 5 40 and a light chain variable region conprising the amno acid
sequence of s&mendel) MNAy ndtGiatyrelly exikterithin diediumanantibbd yegarmdine repednipe irsi ng t he
am no acid sequence of SEQ ID NO 41 and a |light chain variable region
conpri si ng f"r‘fa am no acid sequence of SEQ ID NO. 47; or 10(f) a heavy chain

vari abl e regi on GRARIHNS|MPyPgeh Serailitd thedmtioHEARENES., QéM%@%d}ﬁ)ﬂ'l\le &ioddd a
light chain variable region conprising the 'am no acid sequence of SEQ ID

NO 48. by therheany clhean cwm@reglqm@eﬁl scl osure provi des anti bodi es that
conpri se.the hea in.and | ch

26H10, 23E3, 857“3?@?5%% A By YrSCOgE%%Hﬁ %la%“%&ﬁ% %W?e?%&?tlb% Sp%lcﬁflc goram d
sequences Ohn hit@reMMafeIsdS indércRdnlnéably GERD: widlb B2, tei®BTan ahlibédpwdich Hkisar e
shown in SEQ I D NOGs: 37-42, respectively. The ami no acid sequences of the
VH CDR2s of spsiicallpgramantss3, 8B7, 11F2 and 17E5 are shown in SEQ I D NOs:

43-48, respectiv he '
26H10. 2583 887%% "8 %mi%%@o%r‘/ giegﬁ%\%n%% ‘ﬁe%é{é& e‘ﬁ%@ﬁ%ﬁftﬂ%ﬁ@@ and
16- 18, respa@tﬁbodgfj 8g., Thenjagitaof deiadtibetyumdaasthef agehEOMIﬁUBEIBZLS of 25F7,

26H10, E3, 8B7,_ 11F2 and 17E5 are shown in SEQ | D NGCs;
res pect.l ely. Thdh afﬁ%%aaaalzg aRfthed¥sisdntepgrd twewtlsf)dlg%mwh%ﬁ%

25E3, 8B, %éltf %n&QQCﬁJ@fr&ﬁﬁég&‘mﬁnE Bf m&%d}%ah%pgges h& aM Iﬂguéc' d
sequences o 0] SF 26H10, 25E3, 8B7, 11F2 and 17E5 are

shown in SE@N@d&@raf@iﬂoﬁﬁ) hmp@mhewmﬂqscqﬁlémeeﬂSLGEIRmmgframswaﬂereg@hl neat ed

usi ng the Kab St em ((Ka Sequences of Proteins of

| mmunol ogi c3l° ffﬁﬁa P%ss“tan(‘flnf‘ﬁ? VI‘:‘E]]”E fll?nh %’Bﬁgﬁ?ﬁﬁfw%f Heal th and Human
Services, N H Pulthi ¢t @RinRic AlibeRA23 intended to e ahdi®as neth thbese
anti bodi es can bind to human LAG 3 'and that antigen-binding specificity is

provi dedS pr ivaiable segion seiyeencpRIe dGDRA, frem @nmiets @gdl dresconsthet 1I8giolyH CDRI,
CDR2, and CDR3 sequen n can

"ni xed and iat ched™ ferged ?réﬂ%noﬁrg% ATt Se‘ir‘*e‘r‘i‘ af E%’déi TR SR and
mat ch, al t hedpgdh ﬁ%gﬁ&hoaﬂhﬂebEQYecmﬂSﬂn aqgaﬁﬁlaﬂtlsodﬁn@%cmﬁaﬁem htefhdideand a
VL CDR1, CDR2, and CDR3) to create other anti-LAG 3 binding nol ecul es of

the WO 2010AGKSSTOPEeMISP oD otbeds | nvention. LAG 3 binding of such "nixed
and mat ched” ant 'Alg%géfﬁerglﬁparpﬁltfb%a§ ﬁgclt us%'ea@lcally binds human LAG-3" is intended

20  torefer to an antibody that binds to human LAG-3 protein (and possibly a LAG-3
protein from one or more non-human species) but does not substantially bind to non-
LAG-3 proteins. Preferably, the antibody binds to a human LAG-3 protein with "high
affinity", namely with a Kp of 1 x 107 M or less, more preferably 5 x 10° M or less,
more preferably 3 x 10 M or less, more preferably 1 x 10™® M or less, more preferably 5

25 x 10” M or less or even more preferably 1 x 10 M or less.

The term "does not substantially bind" to a protein or cells, as used herein, means
does not bind or does not bind with a high affinity to the protein or cells, i.e. binds to the
protein or cells with a Kp of 1 x 10 M or more, more preferably 1 x 10° M or more,
more preferably 1 x 10™ M or more, more preferably 1 x 10~ M or more, even more

30  preferably 1 x 10> M or more.

The term "K oo or "K,", as used herein, is intended to refer to the association
rate of a particular antibody-antigen interaction, whereas the term "Kgis" or "Kg," as used

herein, is intended to refer to the dissociation rate of a particular antibody-antigen
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t he bi ndi ng assays descri bed above and in the Exanples (e.g., ELI SAs,

Bi acore(r) analysis). Preferably, when VH CDR sequences are m xed and

mat ched, wbeo@BRIF70CDR2 and/ or CDR3 sequence from a par PCEOISa009NFB48R quUence
is replaced with a 5 structurally simlar CDR sequence(s). Likew se, when
VL CDR sequences are m xed and matched, the CDR1, CDR2 and/or CDR3 sequence
from a part itedaaionViTisaque€e " ps efedrhatdiy, is sitenelpll aceterwo the dssstiatuon ur ally

simlar CDR sequence be readi p t he ordi na ily
Sk | od ar  FORATEGR B AbiinA o T Eaqh kY Birm Ry dabd PPl ed st
subst it uti neghdMioREenfliSn M. aRGAMIue Mor RIS @R b ABLERHES u¥thf ethods
structurally 10 simlar sequences fromthe CDR sequences disclosed herein

f or nonocl omall eaablithed llleéleZBFﬁ PE@H@@ m@h@gfor@ml*mml@tham q_fmantlbody is
Accor di ngl Y. i n anot.her 12 ects di.s cliosure I.OVI

monocl ondl - 34ETBBAY G5 ISR "de Onﬁ‘ncr?dPrr?Ser%o?/t“F%‘ﬁ %SFE SES ‘FFBF f%?g

(a) a heavy Be¢draid? s\yatemabl e regl on CDR1 conprising an am no aci d sequence

selected 15 fromthe group consisting of SEQ ID NGs: 1- (1‘§ a heav%/
chai n vari abl e r &§¢ EWmChEZh HEmby | f@Fﬁ@I%a@FhQQMf%féTS@%GE@R% sing@tlegiof r om
the group c £ M%r 2; |

regi on CDRSQc?(ZiﬂI}/ISC? %Qs rﬁg@rﬁr&: |%zé}é %ﬁafggég?%ﬁg?%}?grggﬂbn%%ﬁd%0?
consi sti ng s 5&@1 hDrd\@ferélﬂy B4, 106 c&r]dss hd #8:n @Ofehrefarabiyghk IOﬁM or less

vari ablg regi on CDRL conpri sing :;}g an% aci d. sequence_ sel ect e% fromthe
group cotsi &Qidgrest anseey| HoReKer: 19sipa) fmlW(Bl)ndalgmagrmrycfﬁapwex/am 28Y e region
CDR2 _conpri §lofghe 8NEGE:ARpRC R SAHEHCH F S 1V Bk oG QORI GANBARL |

of SEQID Ncg%SS- : 8 8 %}’?‘? lﬁ%ﬁgﬁt’t& %ﬂaglcn va)Ed% E%e reglgll on

conpri si ng aaviagn ke QfdJOd’ M ey lsmoros @refetably @6 Mrapriess hevey noup pedarsblstiDifg of
SEQ | D NGs: MZ %6 wherein the antibody specifically binds human LAG 3. In
a preferred b6l ment, the antibody conprises: (a) a heavy chain variable
regi on CDRL conpirhgidis ' Uil ded anf Rlmah HediiusBRbRinkdl TROlegm! egi on CDR2
conprising SEQ ID NO. 7; 30(c) a heavy chain variable region CDR3

conpri sihg SEQhnpan@nimad; inchidesall veytebratéraryg. . veanapls end agi-0RnODRY, sogh{y i si ng
SEQ | D NO 19 ht .chai n varlable egi o si ng, SE IDNO
25> and (1) " e Pomat VEAT et ugron bE RS  eed At KBS

| n anot her @Rl&fl%hrr&dmﬁﬁﬂb@ﬁﬂ prefetred | sueh anhobREHiac PGS, 8heer, abg@cﬁteafowschal n
vari abl e region CDRL conprising SEQ ID NO 2;

and horses.
Various aspects of the invention are described in further detail in the following

20 subsections.

Anti-1LAG-3 Antibodies Having Particular Functional Properties

The antibodies of the invention are characterized by particular functional features
or properties of the antibodies. For example, the antibodies specifically bind to human
25 LAG-3 and may bind to LAG-3 from certain other species, e.g., monkey LAG-3 (e.g.,
cynomolgus monkey, rhesus monkey), but do not substantially bind to LAG-3 from
certain other species, e.g., mouse LAG-3. Preferably, an antibody of the invention binds
to human LAG-3 with high affinity.
The ability of the antibody to stimulate an immune response, such as an antigen-
30  specific T cell response, can be indicated by, for example, the ability of the antibody to
stimulate interleukin-2 (IL-2) production in an antigen-specific T cell response. In
certain embodiments, an antibody of the invention binds to human LAG-3 and exhibits
an ability to stimulate an antigen-specific T cell response. In other embodiments, an

antibody of the invention binds to human LAG-3 but does not exhibit an ability to

18



(b) a heavy chain variable region CDR2 conprising SEQ ID NO 8; (c) a
heavy chain variable region CDR3 conprising SEQ ID NGO 14; 5(d) a |ight

chai n varwakbw/meggoon CDRL conprising SEQ I D NO 20; Pex/us20009b340E hai n
vari abl e region CDR2 conprising SEQ ID NO 26; and (f) alight chain

vari able region CDR3 conmprising SEQ ID NO 32. In another preferred

enbodi nent , stimelagrdn dnviggn-spaeifid Eedl response. Odljerandaeaby whivhito evalnataltice regi on

CDR1 h h bl e. ' CDR2
compr | 1 ng SR B ey 5 iRy TR PRI o G EDRB (Bonpr | i ng
GGy, (d) a hhéhHdyGhainibiV ARl thedicARs %zn%h}%h%ﬂif@ﬁ@iél n@delé@ g21; (e) a

l'i ght chain varlable regi on conpri sing SE (f) a
| i ght chai nExampgis) er tl@gabdﬁygm@ anbhedyi thShgluSEQlIl DUNOIMBB: reg®nbh sagfoasher

" egi on DRt URomI &t by AR ge PR Tk 3Rt Rt REVLH AR BBl O Core

conpri si ng &idel, BudiQs tAPabili)to prdigcr¥ yheCdeatdpiehi ciligbeted gh @t NIDB3n&@EPr i Si ng
SEQ I D NO 16; (d) a light chain variable region CDRL conprising SEQ I D NG

22: 20(e) amddghises ai-rExaEabr e regi on COR2 conprising SEQ ID NO. 28: and
(f) alight cha 'Thgﬁfdd?r}%lo? aﬁl%gt)ﬁ’%hy eﬁ&%ﬁd 0'19%@—%(2&%1%6 ess?éﬁusing.o%m her
(a) a heavy chain

preferred enbodi nent
vari abl e regireqno@DR:’hnmﬂpmHlemgbBﬂiQi ﬁrDhN@h 57,0r example,(ibp peefhead’y chain
vari abl eg@gn CDR2 conprising SEQ I D NO, 11; 25(c) a heavy chain variable

r egi on jimeat. 3g aahydyrsanbe tefff:d by g idgw gYiomghy astiaith Whash the paribadyi on

CDRL conpri ?él@gct%thgc%@hngﬁmt é)?}_%reéaseéﬁl EJ&@ 3 shed h@@ig@) Jeﬂgklﬁ@hgw
corrprlsmg SEQ I D NO t chai’'n vari abl'e region

conpri si ng B&@ trdDsfdCed 36 ex prassd oG Hege. gp,rlerfrranrle‘ki(}ehbndlonm LAGhb(aagunhbmdy
CF)ITDI’I ses: é%} 1hesa chal n varel(ﬁg%%w %%R# r’i si., a(STE)% SE NO
6: (b) a he8UyY RIS RS RE] & TR ¢ 65" I8 NeFAIPS
for a suitable assay). Other suitable cells for use in flow cytometry assays include anti-
15  CD3-stimulated CD4" activated T cells, which express native LAG-3. Additionally or
alternatively, the binding of the antibody, including the binding kinetics (e.g., Kp value)
can be tested in BIAcore binding assays (see, e.g., Example 3B for suitable assays). Still
other suitable binding assays include ELISA assays, for example using a recombinant
LAG-3 protein (see, e.g., Example 1 for a suitable assay).
20 Preferably, an antibody of the invention binds to a LAG-3 protein with a Kp of 5
x 10° M or less, binds to a LAG-3 protein with a Kp of 2 x 10° M or less, binds to a
LAG-3 protein with a Kp of 5 x 10° M or less, binds to a LAG-3 protein with a Kp, of 4
x 10° M or less, binds to a LAG-3 protein with a Kp of 3 x 10° M or less, binds to a
LAG-3 protein with a Kp of 2 x 10° M or less, binds to a LAG-3 protein with a Kp of 1
25 x10° Mor less, binds to a LAG-3 protein with a Kp of 5 x 10" M or less, or binds to a
LAG-3 protein with a Kp of 1 x 10" M or less.
Typically, an antibody of the invention binds to LAG-3 in lymphoid tissues, such
as tonsil, spleen or thymus, which can be detected by immunohistochemistry.
Additionally, as described further in Example 8, certain anti-LAG-3 antibodies of the
30 invention stain pituitary tissue (e.g., are retained in the pituitary) as measured by
immunohistochemistry, whereas other anti-LAG-3 antibodies of the invention do not
stain pituitary tissue (e.g., are not retained in the pituitary) as measured by

immunohistochemistry. Thus, in one embodiment, the invention provides a human anti-
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(c) a heavy chain variable region CDR3 conprising SEQID NGO 18; (d) a

| i ght chain variable region CDRL conprising SEQ ID NO 24; WO

2010/ 0195vORCIVIWBZ009/ 053405 (e) a |ight chain vari abl e PCEJiS009CERAS
conprising SEQ ID NO 30; and (f) a light chain variable regi on CDR3
conprising SEQ I D NGO 36. It is well known in the art that the CDR3
domai n, i ndéﬁ@danﬁbqﬁyfthﬂmt&ihmpi@ﬂy @assdé by irﬁli)Rﬁo}dandiem(ist)ry, wdlecrae ican

determ ne the |nd|n ecificity of an antibod 5co ti en and
that mul i pPE SRR R R KRG B g gt g gDt fe Bin S

bi ndi ng Spegﬂafﬂﬁhﬁﬁi 84b P RAukSHTTBEL sequence. See, e.g., Klinka et
al., British J. ncer 83(2):252-260 (Z2000); Beiboer et al., J. Ml.

Bi ol . 296: 833- 84quf@®@t)an,tlb%jdeﬁf @r impentioPagdunign tthonoplpael angbpdiet), S, A,

95: 8910- 891 bas. et al.. .J. .Am e Soc.. 1 2161 2162 994) ;
ar bas et aPBRgRY onlepiiEly, Begpitoq A an B30k 525 ie S EaEAC GRS, o
et al., J. hivwyeiehal ahBBodieD- 749 (1996); Berezov et al., BIA oumal

8: Scientific Review 8 (2001); lgarashi et al., J. Biochem (Tokyo) 117:452-7

(1995); Bourgeois et al., J. Virol 72:807-10 (1998); Levi et al., Proc
Nat | . Acad. Wnoclotﬂ.al%mlbﬁmﬂéﬁm%mﬂg@ﬁm 8BAlL | Hedand S St ol | er,

| mmunol . 152: 521 329 9 d Dav [ unity 13; 37-45 ( 0).
el 152 22 B R 3P B B S TRk o an%'mf%‘ffﬁ e,
6,156, 313; 66820,523; 8§7 83829481765 ?sa&x&ioﬁld@ﬂdctﬁraﬂ@%&ﬁ&erﬁam dkcritegse
references is hereby incorporated by reference in its enti

Accor di ngl yin Exgmpleel ard 24T8¢ Vogirieo b@é\??(ﬂ’@@c%&ﬁ8éFBr¥§H19nﬁﬁ%§Bésl1F2
conprising gn mr.g heav g chai.n

ant i body derlc\?/é arlrgrbh 2 un%%égﬁ/]ﬁgnﬂuﬁ resge(:tlve%er f‘ml Ohaé:ldr)rsg 16% “Shal
anti body i sotapEhbeHoh, BOSPERT fi1¢alahy 1PERdienGokva inSEBNDLNGs343-¥¥t hi n
certain aspects, the present disclosure provides nonocl onal antibodies
conpri si ng &feedivelyor e heavy and/or |ight chain CDR3 domain froma

non- hu anti bo I‘l‘%? i h ocl onal
anti bogggl is capag;?{‘veeno;‘l gtgﬁgzlfmgpﬁ%%bgélﬁ%%gﬁ{m l@%@{? t |ﬂ£1%{s] ndi
enbodi ment s seqaigndesi |ca]1v et mired andl nlacthc €'StocoendE o&eﬂ@ntpng(}o} biiding rhelam;&emfd/ or
|l ight 25 chain CDR3 dgnmin from a_non-hunman anti bodé (a) are capabl e of

|an

conpet i ng f 81€ IBYSPAg PIGTeROLY( wher ¥uand Virrdaing At niRarE makheder Yt i cs; (c)
bind to the &ﬁ‘l@ﬁceeﬂ%ﬁlgqﬁrtlc%m/\%/Vﬁ ﬁﬁlrllﬂ Yssreﬁl\?\"é%d’% R4 st}h&gfaﬂg sﬁ‘fuflelrrv}f]y as the

correspondi ng parental "non-human a hi n ot her aspects
present di ss¢qmsn|¢ee kaewuscquefmhbcd ¥nat¢quandd fhodiagsrtBlar Vi pdirigg one or nore

heavy ap lor i ai CDRg froma human antibody, such as, e.g.,
a human nt F??&ﬂﬁg/ fﬁeﬂ @ﬁtulr"?l nﬁ”ﬁlqaﬁlb%ﬁ?ﬂ?ﬁﬁc ani mal , wherein the human

anti body is capahlcgo@fng®Peebhd £pkétyth AsHAGrd ﬁkobi&@?ﬁh ls6fared m¥dclinal ot her
aspects, the present disclosure provi des nonocl onal anti bodies conpri sing

one or nor eahigwdy, enpitigen binding portion thereof comprising:

(a) a heavy chain variable region comprising an amino acid sequence selected from the

group consisting of SEQ ID NOs: 37-42; and

25 (b) a light chain variable region comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 43-48;
wherein the antibody specifically binds human LAG-3.
Preferred heavy and light chain combinations include:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
30 37 and alight chain variable region comprising the amino acid sequence of SEQ ID NO:
43;
(b) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO:
38 and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

44,
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WO 2010/ 019570PCT/ US2009/ 053405 |ight chain CDR3 domain froma first human
anti body, such as, for exanple, a human anti body obtai ned froma non-human
ani mal , w~ereionipite first human anti body is capabl e of ep@aistéiooabi4gs bi ndi ng
to human LAG 3 and wherein the CDR3 domain fromthe first human anti body
replaces a CDR3 domain in a human anti body that is |acking 5 binding
specificity floralea@ 8haio vgertee etgeonecosguoing the mmmoeatid feqdgncela SESIENPRD] e

of specifically,bi.ndi to h n.LAG3. Wthin sone . rrbodl
Crvertive aabiteargt! ddinrehiCuRn St ka0 B Ranenre i S B Wiors
donai n fromyshe first human antibody (a) are capable of conpeting for

binding with; (b) retain the functional characteristics; (c) bind to the
same epitope; (d ey chaip vaagtde segsomadnagrisiyi gnbie agpirf 2fC'ﬂ¢1$€tqyeIaJ§ of EREID NO:

Gor i ne> seqtahEa el o IR AOLRATRY PO R S Bl i TiRa®d! ™

invention cagprises a heavy chaln vari able region froma partlcular
gernine heavy chain i munogl obulin gene and/or a 15|ight chain variable
regi on from dS)aheavy ghaip vgartle ragion qoghrisitedhe ammeaasehicapence wf §ERLID NO:

For exanpl e e I Y ﬂ§§%

i sol at ed nnﬁ%gﬁ%%égﬂt&ﬁhbﬁgmgﬂgtggﬁggﬁPn&H%aEQh§ﬁ$888Sglggﬁaé er ﬁﬁIqO
conprising d7h@avy chain varlable region that is the product of or derived
froma human VH 3-20 gene, .a_human VH 4-34 gene, a human VH n or a
human VI 1- 240 @éﬁ@vyw@%reﬁbt%@gmqowa@mgogf‘p@mnﬂae% %egu%tCﬁagsﬁéﬁgw AG 3.

I'n anot her EQ% gﬂt SHROPHABR e gi Bﬂ'cémghﬁﬁ;lg %%ﬁn&ﬁ&&'@nﬁ;% &t S8 A XD:
nonocl onal antl or an antlg bi ndi ng” portion the ? conprising a
l'i ght chain48ar|able region that is the product of or derived froma hunman
VK L18 gene, man VK L6 human VK ene, wherein the

At body Spect T 1 ATy aers LT AR R BToNHEN i Oadieh s BT tetravy

enbodi ment , chdih andliisig! BEMEDR PR CHREGHIADR SO ft5¢d, mbmﬁlswqmpaﬁ or
ant i gen-bi ndi n on thereof, wherein the anti body conprises a heavy

chain va¥i abVEg,r@gpmhntahams tnhsrepheTlmamlu@taCdese@Jend@rqf\thdeﬁer?Rbs Hedbn, VH

3-20 gene a S h ariab regi s _the duct
of “or “der i va T onER Mamarromnt 1 8PS aR SHBLRET SBQ ERNGR TS op Pebl i B T
bi nds hunan abiMe aid $equiieies an@ihar CDRef of 25, Qm@dimt 8B1,hi1$2dh8 ¢VBS bfce
provi des an 30i sol at ed nonocl onal antlbod or antlgen-bindinglportlon

t her eof , wheéh®yhingHe FRNPs dy- A@@rﬁﬁpt%léglm heapne At reavaRqealsl Eerbgi on t hat
is the prOdE‘fiRﬁfog%Ft’%tM%d iﬁ?@h@ ﬁ]ii;?% :jE% anet 19)%61 asr?élé% H 548

l'i ght chain variable reglon uct of onta hunan

VK L6 geme, G@reasd n6-1Beresptciiady Thp e@idol & sleyjuéhcﬂdﬁf dnu I’VEJC]DRGS of 23H7, yet
anot her preferred enbodi nent, this disclosure provides an isol ated

monocl onal 20kl 2pEB088% 70 PETNUS3BY areohawn s SRR IBONQS: 6%2%ﬁ¥P%@WdH|H@Png
portion ther&ﬁnj%ﬂfﬁhﬁép %hF@% gﬂﬂésgP ’f§8ﬁlﬁﬂﬂﬁﬁv%gfgﬁ§g ﬁbﬁ?hﬁ

region that t erlved oma

conpri ses aghdvain Sﬁ@'ﬂD NEY: 23D0e TIRAIAR. hdldkeduenddd®f H{W#QDI@S oPQSF"ﬁr l ved
froma human VK A27 gene, wherein the antibody specifically binds human

LAG 3. | n yeébHanASkSr SBbrléFéranédWEﬁbmcﬁhmntm SERI® NDsc} lodimesppetoneldeBhean
i sol ate onal ant or. anti.gen- bi di i,0 eof rein
Lhe ant Phoabti Rt 3 dctigded SHng s SRR Risah EREH 4dod DS iRtrest B nct "ot

or derived Pt&@maohuﬁmmdrbgléalaﬂtegﬁnqslfangdﬁ@ﬁpmlss@@p@tﬂwrﬁf@t Hehidh indvar i abl e
region that is the product of or derived froma human VK L6 gene, wherein

t he anti bodyluspacieryieest NJHBuhbeation M 9LAZ43). | n yet another preferred
Given that each of these antibodies can bind to human LAG-3 and that antigen-

binding specificity is provided primarily by the CDR1, CDR2, and CDR3 regions, the
30  Vy CDRI, CDR2, and CDR3 sequences and Vi CDR1, CDR2, and CDR3 sequences
can be "mixed and matched" (i.e., CDRs from different antibodies can be mixed and
match, although each antibody must contain a Vg CDR1, CDR2, and CDR3 and a VL.
CDRI1, CDR2, and CDR3) to create other anti-LAG-3 binding molecules of the
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10enbodi ment, this disclosure provides an isol ated nonocl onal anti body, or
antigen- binding portion thereof, wherein the antibody conprises a heavy
chai n varwakbw/megfoon that is the product of or derivedPpCrarse@hssrah VH
3-33 gene and conprises a light chain variable region that is the product
of or derived froma human VK L6 gene, wherein the antibody specifically
bi nds humanidvA@i&. [5Gt bindmggidf eukihe’snigedaml watchab sasbodiaecanrbertested afing he

functional characteristics described jn defail above, ch as high affinit
i o ro ABTATREESY ERA o8 sk BebS ERm RS B, Ries® o rouse.
LAG 3, the ﬁf?ﬁl}réiﬁ)y Pr&efaBlyl, Rinkn BiEhRGeQfenbAGre Aitdd MinddiRashklcr] ecul es

and/or the ability to stinulate antigen-specific T cell responses. 20An
exanpl e of &PRhaiddodyDRAvequgnagHrama patticofar W ®q2ncamdrepidcedi gith a

respectiyel i.S_the 25E tibod l.es of tibodi es having.VH and VL
of “0hr -3 3a Yol Sl SO RO RIS vden Y croR BtshRan it *An
exanpl e of and aatchb@die OBRINGDRY @idtbr IDRS sédiderceForadAghatsu2 ¥ sequence
respectively, is the 26H10 anti body. An exanple of an anti bodg havi ng VH
and VL of Vprefergblydneepigced githastipeimdlytsindayCDRsequeaca(9 At wil boesagdily An
exanpl e of i y I ) - n res jvely,
s the 17E5 P eag e eri oo 3 tay tnaf ol i el VNN hck o GERERN
heavy or |i ghtulsshaiting\waeioahloge Vg@hd/os Vi IGDR reidrt fequarcedwith sotictunitly” der i ved
from a particular germine sequence if the variable regions of the,.

ant i bod}¥ ar S S HBBees st thed IR aruehss disiaseh sk igePonpeignag gntibodies

i mrunogl obubkf; 9RRES. 23PAC RS Y PR 4iAE5Ude | mmuni zing a transgeni ¢ nmouse
carrying human i mmunog| ot’)uFi n genes wth the antigen of interest or

screeni ng a hunmarctondingbyg liobadther ageaee this disalopudipsplidesaa isrlatpt agaoviond t he
antigen of interest. A human. antibody that is."the product of" or "derived
fronf a hunﬁ’ﬁ“@@%ﬁﬁ%ﬁ‘&%‘lr%ﬁ’&élPBmﬂﬁ e SO H'E9570PCT/ US2009/ 053405
sequence can (P h&d@Pthdih Qdridte fUtdh OPRERBRPILING ah AN s@EbibeSeRURACE Of
the human antibody to the am no acid sequences of human gernline

i mmunogl®bulfionsthagtbupedoseistingPEit Y HAMNDs: desm i ne i munogl obul i n sequence
that is closest_in seqguence .(i.e. test %identi.ty) .to the sequence of
the human anth ol S AENGRYs s SDRR sBhpstine i iy deih oo BBICT Ve
from' a par flogiithakrduprinsigaigdi I IMMNOWglidhul i n sequence can contain am no
acid differences as conpared to the germine sequence, due to, for exanple,
nat ur al | y- océ®raheayy sbap v pdabtietogiqndriklRé comptising B AEING #ai¢ srgyengesslested

SEEesdinect %W&g}duﬁ%nm V&*SEd@Iﬁ?\f(?sc.t1§-ci4héﬂﬁnar?d‘fd-?9dy. typically is at

| east 90% i n am nd acl sequénce to an am no ‘aci d sequence
encoded2by a (bunkghttBaigenrihblaecgiomUDRI| obiprisingg@ nenian acid eejuandssebaiado aci d
residues that identify the hu ant i bod s bei ng human when conpared to
the germ i ng® SEPPAOF NS gein%ﬁa'%éthces of other species (e.g.,

nurine gernligg, 1§Qﬂléﬁ£lﬁ%1)iablé Fbgi&{ ¢BRP c%ﬁ@ﬁ%ing%n*&ﬁﬁ&&a&@%é efde &RRthe at
| east 95% or ‘even at least 96% 97% 98% or "99% identical in am no acid

sequence t ofrohethagrawp @osistimgeafuiditg 80 dN20ded0bynd he gernl i ne i mMmunogl obul i n
15 gene. Typigally, a.hunman antibg erived froma particul ar huna

dor ot ime soasBadiEe it SRS el CRa o o o8 s B trrRe oPERERS 1 om
the am p9 agioth HEGHRPCRnENGRAFEHYY 1D heOHBMB®E; ger m i ne i munogl obul i n gene.
In certain cases, the human anti body can display no nore than 5, or even no

nmore than 4, v@iergn therantibegy spgcidichldy Binfls byape BAG-dm t he ami no aci d sequence
encoded by the agr il NS ddTHHROHE AR dd) ShpBgls. Homol ogous Antibodi es

(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 1;

(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 7;

30 (c) a heavy chain variable region CDR3 comprising SEQ ID NO: 13;

(d) a light chain variable region CDR1 comprising SEQ ID NO: 19;

(e) a light chain variable region CDR2 comprising SEQ ID NO: 25; and

(f) a light chain variable region CDR3 comprising SEQ ID NO: 31.
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In yet anot her enbodi ment, an anti body of the invention conprises heavy and
| i ght chain variabl e regions conprising am no acid sequences that are

honol ogowsoto10kties785am no aci d sequences of the preferredrastilosiies

descri bed herein, and wherein the antibodies retain the desired functional
properties of the anti-LAG 3 anti bodies of the invention. For exanple, this
di scl osur e pr andtie prefarredsahbedohent fecincbedy @amiprivesly, or anti gen bi ndi ng

portion thereaf, conpyi.sin in varia on and a light chain
Dari able regioH hSBrEHA s Bt REL s mERuE S IEHED: 6gi on conpri soe
an amno aci Qo PERMEPERaih Ratiatls ré@liod €BRL c%&ﬁh@fﬂ@@]ﬂ@ﬁﬁ@é ®;an_am no acid
sequence sel ected fromthe group consisting o QID NGs: 37-42; WO

2010/ 019570mem99h©53m®1e reein €RB3 |cpg1mr1smg§m IRNQuBke region

animo act o odfb it BuR EFRENEI (Rl sPalbE R NP s20 1D Nos
43- 48; and (é)Ca)hgm@h@ﬁtvahﬂﬂyrégixﬁpCDRQa;bhﬁpnbinngIDNa)r% ARG 3.

5Additionally or alternatively, the antibody can possess one or nore of the

fol | owi ng fulbrdlighhrhain sparbis %l%@é&%%@paﬁagéE%ER;NOa&m gh affinity
binding to H‘PFUE] 0 l.ack of binding to mouse
LAG 3, the gg &%&o ﬁr%(ﬁé[ﬂgéd}%ﬁ%tdfﬂr&%@gq_}%@ o ‘MHC d ass || nol ecul es
and/ or the ahja)lalﬁe;avyohzahlvamilﬂéﬁ:gamt(tgﬁmcsp@ﬁslthEQ H]eNIO Besponses. 10l n

vari ous_ enbodj ments he ant i body for exa a human antibody, a
humani z&¢ antPb%la%ﬂvasrc}l%inaﬁfl%@?recsl%{h@PﬁchmpﬂsmgS %N%r ‘enbodi ments, "t he

VH and/or VL @@ﬁ&vﬂ%bﬂn%@ﬂﬂﬁ@&%?o R@goﬁggg g%Y-%% 96% 97% 98% or

99% honol ogous to the sequences set orth An anti body having VH and
VL regi ons hddi m@gmwghm(wamdolc: r&086 OPRJreeatpeisingthdi@ o NO:t2d; t he 15 VH and VL

regions of t sequences set fort can i ned by mutagenesis
(e.g., site- E?e)r ﬁﬂ"BP V@H%W%gﬁ%@ﬁgﬁlé‘& %Qoﬂ:} ﬁlﬁﬂ?ﬁe?'{d aci d nol ecul es
encodi ng SEQhHR1 ehﬁ@véfﬂab@éregﬁm@mé%ﬂngﬂ@qglngﬁNongsof the encoded
altered anti body Tor retained Tunction (i.e the functions set forth

above) U%indp @Mhefrtpnﬂtfﬁlir@h@mb%bmaytstf@@@@b@d)e@mmrsm n. 20As used herein, the
per cent horml %?yheﬁl&v\ﬁam vl %apél 510% k‘i‘c %Hgiﬁg%%gr@)eﬁtﬂ}“ vaI ent to the

percent ident ween uences i'dentity between

the two SeqUQBﬁzﬁﬁealv§cﬁalfllsl'aﬁibl@fkg@én Cbﬁzlwmpﬁl@mngE@HDN@ab positions shared
by the sequences (i.e., % honology = # of identical 05| t| ons/total # of

posi tions x 100 heayyrhap vaiiatde %&%‘Lﬁ%@RﬁﬁémﬁUﬁ*ﬁéﬁE&l 16gnd the length of

each gap, V‘*‘K&J‘af@g%ﬁlﬁv&aﬁalﬁ?r egn&{éﬁ%ec%d&)%r eng rg%%\fi‘% gonent of the two

sequences. € conparison o guences an n - of percent
i dent i t 20 bet Weenlighvehsie gueide segb@nC DR 2 aoapniping STEEHIM SO @8aamdat henat i cal

algorithm as_described in. the non-limting ex | es_bel The
percent i dent pt%/llgg]éfﬂiﬁé‘éﬁarf%e %%OC%B?HO@BHE}%%% %oégdet erm ned using

the al gori t ymQfindeprdYB¥&d SmBHEm¥e, Me! dnibod fses:APP! . Biosci., 4:11-17
(1988)) which 30 hgs been i ncorporated into the ALI GN program (version

2.0), using daRMb29 chwen ghtiablesigdweCDRblcempasigg PEERYNW:penal ty of 12 and a

gap penalty 4. 1n additi. t he i.den n two am no acid
Jehubncas. anbhihoad shfif ettt e AERREBPENER SEAIRRLTT S na "B o
48: 444- 453 (197 ldav kﬂﬁﬁlvhﬂ'%w%gi‘d’h OBR3Re/Priking SEEPIRNES 1I7nto WO

2010/ 019570PCT/ US2009/ 053405 the GAP programin the GCG sof t war e package

(avai | abl e at(dha light/chewwiagelje eesign Cl?&lr?@frmﬂtsmersw BP O¥XP# 62 matrix or a
PAREO Rt R AR ey B SHR NGByt 20 3, et
sequences of (fhdigdhk eﬁe&ﬂba@tﬁ@fe(gﬁml’@l)liaﬁomprlsmg SEQ ID NO: 35.
In another preferred embodiment, the antibody comprises:
30 (a) a heavy chain variable region CDR1 comprising SEQ ID NO: 6;

(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 12;

(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 18;

(d) a light chain variable region CDR1 comprising SEQ ID NO: 24;
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5further be used as a "query sequence"” to performa search against public
dat abases to, e.g., to identify related sequences. Such searches can be

per f or redwogorigi1vite XBLAST program (version 2.0) of AltechaiS2ew/oa3405 (1990)
J. Mol. Biol. 215:403-10. BLAST protein searches can be perforned with the
XBLAST program score = 50, wordlength = 3 to obtain am no acid sequences
honol ogous t dexieghahaibodsiabte keaterl EBRAfcotrpeisib@ SHEWY BN NG BO; diel obt ai n gapped

al i gnment s fo 0 ri.son oses ed .BL tilized as
eseribed i n e Bhari patte ReRSgmRAERRErSTASEELTRNS 385 177 - 5289- 3402.
When utilizing BM@%eﬁ%o@ﬂ@@% BLARth® CORABmaih NRdGRh @l R amteRS Of
the respective prograns (e.g., XBLAST and NBLAST) are useful. See

waww. ncbi . nl mdAPhCHEZ. dotBunkeak, albod casdetprindOdan derdiag speeifivisgiof e antitody for a

chai n vat  agraaegran suhiel S gRhookniy BXGR bR -CRRaRE R BedRe Y gn

chai n vari abdrfe b@gingpEafitity 5dsbg@ ofRdmn{dafCDRBde . SRAUepcESimkaenki n one
or nore of 20 these CDR seﬁuences conprise specified am no acid se uences

based on t h&rigsled et/ latici 0% Betopies!al.n/.(Molg Biol 2296833
25F3, 8B7. 1000): Bulbrdea O SORBA XAl X6 PO T8 1008 5! PS5 Oharnd a‘i"”?re'”

t he anti bodi'es et al n onal “properti és of e anti-LAG 3
ant i bodi es din. themi Siatemtla’) an61-2162 (S994h)dBlaﬂia®@dall ﬂ’rbd‘lﬁNcﬂI]’ Achd . @Smm n
i nmodi fi cati on can be mad i_ch do not 25reno

ool n GRS HaRer (RS DieL el £ Tavge ! 101900y I A e Hossor phaLe: e

Crem 572" ot oS RHEF ROyt o Sl ST ey Phe Ao 2 2 6

and O Connel 19961998 gdBiogvény. wmlaama@a%ﬁ)bmomquy RocaVatl. (r888Yci.l nt .

notordi ngl y U4H L ATAFEEGR: T foinat EORONGL Y st ab 132 a AP 5 ALy Ol iy

or antigen baumﬁurtgavpsommgﬁz hﬁgmfs GUQ)'YT)SéeSdlﬂgUS PREWY Nebai, 95 vard; abl e
region conprisin sequences and a |ight chain variable

regi on tdnphidid 8(@9&0 382:)@2818:%6 @D‘F@%ﬁé@f@ﬁ&éé SRBaPEd; ;s 7@@05 and
2010/ 01957051) I{)gggo gcl:h00513t ese refe nl:es is %ere% Chaltadga%fg‘r% ce 1n 1 enplreg:)R3

sequence co an ailmn no aCI sequence se omt e Jgroup

consi sting of amareordfigly, $1%J[!F11€Me&1saf)sﬁE?’dvEﬂdN@ono&@nildantlweﬁﬁﬂn%ﬁlﬂgB and
conservative nodifications er eof the Iight chain variable region

CDR3 sequenfBe eompic iraxy and/enight chgip @%ﬁ%ﬂ@@s Bewiacmnehody iveRogt dup
consi sting g, gﬁ‘gpﬂofﬁﬁrﬁaéﬁﬁ}h? ;&&t ﬁefln gfﬁtﬁ?{l%B&Mﬁl anitibg §§3ls| qﬁ@ ggpservative

nmodi fi cations reotr; and y specl Piea I nds human
LAG 3. 2@ldi tpeeifidally bordirsd todiunahilveG8, Witkinartthinadyecearthepossasdisdoaror nore

of the follow ng functjonal perties described above, u h as high
affinity bi ﬁme»fgeStnam‘?ﬁ a6 ogies PMRPIIRE Ay Ocrdn%%ﬁw sr3igh chagn GPR3

bi nding to ppmss AHFa %onthmﬁlaﬁghhb&ﬁl LRhi AR Rbse BE R AGL Ay, AG:S, he MHC
Class Il nolecules and/or the ability to stinulate antigén- specific T cell

responses. naclpna_:lfaenb@;df ie nmwdtlermfrqu;mﬁtnélyﬁread/lyg chbAG-Y.aWMitix somegi on CDR2

sequence colpLl aes. AN ARG S ALHSNSE HRShEShed: FERRALNS a8

25  chain CDR3 domain from a non-human antibody (a) are capable of competing for
binding with; (b) retain the functional characteristics; (c) bind to the same epitope;
and/or (d) have a similar binding affinity as the corresponding parental non-human
antibody.

Within other aspects, the present disclosure provides monoclonal antibodies

30  comprising one or more heavy and/or light chain CDR3 domain from a human antibody,
such as, e.g., a human antibody obtained from a non-human animal, wherein the human
antibody is capable of specifically binding to human LAG-3. Within other aspects, the

present disclosure provides monoclonal antibodies comprising one or more heavy and/or
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15sequences of SEQ I D NGs: 7-12, and conservative nodifications thereof;
and the |light chain variable region CDR2 sequence conprises an am no acid
sequence wolzeavmes7hr om t he group consi sting of am no aciPdTAsSquensaes of SEQ
| D NGs: 25-30, and conservative nodifications thereof. In another preferred
enbodi nent, the heavy chain variable region CDRlL sequence conprises an

am no aci d sebudbnmeCBRB dotmach firororm firktehugmamugmtibodys issth asgfd2@xahplam homarci d
sequences of %%%IB NQ?i 1-6, and conservatjve. d'*jfi Eati ons.tHer.eof; and
the 11 ght cRIPAY SPIU oI ging TR SLTR N RIS A, ik BEmam anfihedy e o
sequence selgabRbIpaTitds WAAHP (FRANBASLAGS #d RALBR (B CHRSMHRRE 8onPf SEQ
I D NGs: 19-24, and conservative nodifications thereof. I n various
enmbodi ment s thetfiret mdnzmgipodarepbecs § PRSxdompsliein hiwman amibodp thaess, lacking

25humani zed, ant i bodi.es.. o hi ric antibodi es,., As us erei.n, t term

S onaor e B BRI o T T o e B A PR o P\ S e S0
nodi fi cati oggecifivally ®ehdit toSiugiainf1iAoar3t 1Withinfeffe edibodlhéits, shiéh ipvadiveg
characteristics of the antibody containing the am no acid sequence. Such
conser vat i vanthadissicerprisns onp er maee kasvrender dehy ¢hainiGRRS demaindepm thedist and

del eti ons. LE ' be i - J At 0, [

i nvention b?/{g %%l %%@g;rd&g;?@cﬁgf uglse ﬁﬁg%&;éﬁ?‘?&u{bﬁgldgﬁg W@Ec(ﬁﬁ;egﬁg%e@%?&rogg ed
mut agenesi s charact8GRepEd) bihé i thetsage ppisope; akdinS@) Watel ve@méni biadiagiatfinity as
substi tgéi ons are ones in which the amino acid residue is replaced with an
ami no at?d FESogGEPWANERIrAtalfisthymagiagdbedyai n. Families of anino acid

resi dues having WO 2010/019570PCT/ US2009/ 053405 sim | ar side chains have
been def i ned jgodibenalihe pIRRERr (AMhlihESedulflyde amino acids with basic side
chains (e.g-, tysrne, argrrrne, trstradrne), acidic side chains (e.g.,
aspartic acid, glhutatircerabodiinentyahaitipedy piothainvehden cdmaprives b @egvy, chglnyci ne,
asparagi ne, glutam ne,_ serine, threonine, tyrosine, cysteine, tryptophan),
nonpol ar si §&ERAFHLON(EY 2 PABICHHT §8TMIB\FAICRHEChA!: RMHROSIPRIGINEGTET ARY/O ol i ne,
phenyl al ani fey dRINV00bREeioR BbAT P{):ﬁﬂ&h%éﬂnﬂﬁe ﬁ%ﬁ'dﬂ%n(iﬁn&n’ogfolﬂﬁﬁﬁgéﬂ%.e’
val i ne, 1soleéucine) and aromatic side chalns (e.g., tyrosine,

phenyl al ani ne, t Fyptxepirde in hipsiférdédahbodlines, thond sdesunopwvales Ao isabia
residues within th egi ons of an anti body of the invention can.be

Fepl aced w IPTBERER Pt S i@ FEs PORPY HEreehre b ORI FRIR |y and
the altered vﬁ&‘iﬁﬂlé)ﬁé%ibn%ﬂ iDthetRsdiRbof & deiQE@ B INERLAMNCL BOID ddne & hurhdle
functions set forth above) using the functional assays described herein.
Ant i bodi es Muat-38eene. & bumhe V: EpictapduasinAng 1 -20Aeng wlierdip dwi angibodyn

anot her ,enbodi men this disecl r rovi des. ant i bodi.es at ;hind to the
e 185 eprinsTEAy olshy il LTS, RN IR S8R RRel B AR b oai o5 o
the inventi ﬁfbvﬁde,s@.n,iso@d’t&d Rodb&@sndl hadibdigyer dnhtigbi-bindihgt poreésosereognpet e f or
bi nding to human LAG-3 with any of the nonocl onal antibodies of the

i nvent i on) . CPMPHYiBE aligbrhaibsdiakienegion thagisthe arodheteof oh dphisgyfrem a human

Cr oss- conpetj ty i can n I i ; H10,
25E3, 8B, Yf&zl%g%e%[i%ﬁ%gﬁ%ﬁegg}rlggrs%'%ﬁn%g??%z%%bo e tﬁ%&%’é’@
identified bgé#itatin bitiehumabillAG-B. Toyeranster pefipeidemtodimab s Rehkdre 25E3,
8B7, 11 and/or 17E5 in standard LAG 3 bi ndi ng assays. .For exampl e,

st andar gg ELPSXIG: §_ays§18é%m8@0§%@$ ST Wﬂ&%&%&%&%@ﬁ@ﬁﬁm@n
protein Is 'tHE‘HﬂQbJ)&}lzi : el RBeRlyathgin RRGbIR e iR AP (ROBIRSCt 0% of h&ﬁ]egscent ly

| abel ed and the abi y of non-Il"abel ed anti bodi es to conpete off
bi ndi ng of fiee a human Vg 3-20 gene and comprises a light chain variable region that is the

product of or derived from a human Vg L18 gene, wherein the antibody specifically
binds human LAG-3. In yet another preferred embodiment, this disclosure provides an
30  isolated monoclonal antibody, or antigen-binding portion thereof, wherein the antibody
comprises a heavy chain variable region that is the product of or derived from a human
Vi 4-34 gene and comprises a light chain variable region that is the product of or
derived from a human Vg L6 gene, wherein the antibody specifically binds human LAG-

3. In yet another preferred embodiment, this disclosure provides an isolated monoclonal
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25| abel ed anti body is evaluated. Additionally or alternatively, BIAcore
anal ysis can be used to assess the ability of the antibodies to

Cr oss- compone1o/ikgoabi ity of a test antibody to inhibi PCrhus2dmonsiang of ,

for exanple, 25F7, 26H10, 25E3, 8B7, 11F2 and/or 17E5, to human LAG 3
denonstrates that the test antibody can conpete with 25F7, 26H10, 25ES,
8B7, 11F2 anuottmdyldiEmtifen-bindingi pogtiorothhreof riwHeAdh ﬁleaamdbbcﬂbueormbriﬁdsahca\tyhe 30
samne epitope on hu 25F7, 26H10, 25 7, 1 d/or 17E5. In
a pref er r ed BB ‘?ﬁegl(}nﬁgatdhﬁe%%}‘“fﬂ I%FWBE%P@ 35?.‘5“% 3ebi §968"n

human LAG 3:&$pdRE31ighPENain 8§7ab1621@?1)b thak 1 e ProdhibEst drieAvaIHTBR JMNRE Onal

anti body. Such human nonocl onal an odi es can be prepared and isol ated as
descri bed i VxtA/ Enarrwh@rsm thmtm&ﬁmmﬁmwglmﬁoﬂn yet anothig

di scussed furt.her B7 to human
1As 3 hat bl Rl GO, il e s g Shnmipnoering Fpoy or
extracel | ul aﬁtlgt@rtﬁndingbomm&rwmwﬁeremﬁe SRERHRIRCOMPFisdsheheaxy ERaih 98Rabl€gi ON
is set forth in SEQID NO 79. Using a peptide scan_ experinent, the binding
of 25E3 to f%émb%ﬁ*ﬂéﬂvedéfﬁdlﬂ‘é@f ehdglméﬁonaé@humh{ed VoLsentl sPMPHTId ani no
aci d sequen 7 to t he
extra | oop ?1 }étl %n @e(rgg% }Btgcql E I?)hlelcq‘@g;% g%%etdqgontﬁ n%qg{c%lgap KsL@gg
HPAAPSSW ( SeEQeteh ﬂd@anﬁﬁc)dmdmﬁbzﬂlymmdh Ingnaf LAG73.t n yeh encﬁb(etrqﬁefhﬂed) r egl on
has been pped to the fol] ow ng am no acid sequence: PAAPSSW: (SEQ I D NO
78). Actdr dpwgpéﬂmqnh thys BlfsélpéWP@&’Véﬁlﬁﬁd‘&ﬂﬁ%ﬁFd FoRecIpR aptibash: B BViEARs an 10

i -LAG 3 h
anti BIHdt idd'@kreBE pgvﬂferéiﬂ tl?eoc{ntUBQ@%%mmg hkﬁﬁec;?la fabfe!Bgoh Ne

am no acid sequence PGHPLAI I n anot erre
enbodi nent , thahe thapedictad opdenveddsommn haman -V:AG33 gamdt aﬂdaubyngrhai a bgintddaian

epi t ope of n LAG 3, ca r| Si acid se n HPAPPSSW (.SEQ | D
Mo 7Ty or Phomea Rt ey eyl B RS AR BT R P ot oRE (Bodh es
An ant i body affibddy@péd&ityipidsiHintanarAGa be prepared using an anti body
havi ng one or nore of thé VH and/or VL sequences disclosed herein as

startingd mat er i abuelhhasibgidige ean dsm@ﬁscasmeanmoma@ﬁhe Whictnatsbiakétedstient | body

ey have al ter egecP (](P alfabeo%e Zs(l)lclfl Lo flg?ﬁmt n 1ngto ”trhanoﬁ')(g 36‘% %POdy can
be engl neere yl ng one or re resi dues®w I'n on vari abl e

regions (i. mankéyﬂ-LAnﬂz Qick)bindifg tExainFel [CAGAS, bl t@rnhﬁmmnﬂzlagorf egi®Ns
and/or within one or nmore framework regions. Additionally or _alternatively,

an anti body 3 saMile Gayilhmelesdlengndipidihe ghifgy Pesimlae ayigenisietifie TasHst ant

regi on(s), én%%g(gnpl e to alter the effector function(s) of the anti body.
25l n certain odi ments, CDR grafting can be used to engi neer variable
regi ons20f anti b@nlneaampmrﬁﬂahmdtlamy tnlvrgal and Vi of ¥;:$e20 ant Vgens,

predom nantly through am no acjd residues tpat are | ocated |g t he si x heavy

and 1ight cKaPsrteshplsdhentiat ftipodet EFMPAThE #theEiss MeBRY )L anEon A s

reason, the 3@%&“2] 3%, gesﬁ Teiﬁ%% (M BV LA A olRE eA‘fl'eX%hgﬁ o@%hwee“
|nd|V|duaI anti bodi e than s guences outsi de of . 30Because

sequences anstibrogly honisg M rearfdoY . afo¥i 3aidtand by Adhtregpentivahy,es dmt%bh@ it is

Cpeci 11 ¢ natGRa y ASGRFT) il o B BVt SRLVF oL irlg” GBI E6Lkon  vect o s

that ingdudees v%EIQBQH@?FFi EfPoliNe AR RRE&MbleGf AR LI dyYhaPREW | A0V bt VRody
grafted onto framework sequences froma different antibody wth different

properties PsBande/iglo, iRipsetivyrnns gie 1gES antibody.

As used herein, a human antibody comprises heavy or light chain variable
regions that is "the product of" or "derived from" a particular germline sequence if the
variable regions of the antibody are obtained from a system that uses human germline

30  immunoglobulin genes. Such systems include immunizing a transgenic mouse carrying
human immunoglobulin genes with the antigen of interest or screening a human
immunoglobulin gene library displayed on phage with the antigen of interest. A human

antibody that is "the product of" or "derived from" a human germline immunoglobulin
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WD 2010/ 019570PCT/ US2009/ 053405 (1998) Nature 332:323-327; Jones et al.
(1986) Nature 321:522-525; Queen et al. (1989) Proc. Natl. Acad. See.

U S. A 86wood197033; U. S. Pat. Nos. 5, 225,539; 5,530, POT/US20058534089;
5,693,762 and 6, 180, 370.) Accordi ngly, another enbodi nent of the invention
pertains to an isol ated 5nonocl onal anti body, or antigen binding portion

t her eof , conguesiengndehdaniyied hasurhwgrdoatpasng dgi apnnge eoP segience GDRE huGbR2,

and CDR3 sequences conpr.i sing an am nq. acid sequence sel ected fromthe
oroup consi SRHREY dp T ppagiphscauphess ebpgsap eRpaine mmunoeiobyliapesd elegpae
13-14, GGY athukfm rmfiﬁW%&in%%&c& irabhfs fhadtin Y&fuisﬁ’&' €el g&h@g

conprising CDR1, : sequences conprising an amno acid 1
sequence seleslertty) toothe s¢piegeeseflphe bumasaitibgdpf ASE@anRnkbedy thet i3 4the SEQ | D

NOs: 25-_30 d SEQ I D. . 31-36,.. i lv. Th h.. i bodi
Nont ar o T naPRE Tt "B R gt p LR G EEmline R uns B BRE BidpeREL P o

25E3, 8B7, tdfdon@din il faddiERn@ENastohfparaint the aiBliae kequedic 8ee®, farom
t hese anti bodies. Such framework sequences can be obtained from public DNA

dat abases ofxaspaHiay b opEn RS sIRAiCIARAtioNsAr Rfentimakiniiaductionidb s gene
sequences. . I ) ad 1 ght
chain vari apne L ARRLEy, BRLTLLDE A ERAHET GRS (AR o822
sequence daidehdss if amaio @blsseqrentdi® dnningihoatidatquence encoded by a human

WWW. nT c- cpe. cam ac. uk/ vbase), as well as in Kabat et al. (1991), cjted
supr a; 1on ﬁﬁ%l&ﬁleéma}npg@@%@;emmé CRRYFEF @BIIRRAGH rqqmvﬁht}@éwﬁw dhgppman
Sequences R : i SeEN, J D f §:

Hyper var i ab?%é@@élgé‘égel? .Q%kl/%ﬁaﬁ%%eglc%g%?%%{@% and1 Cogn%&@}lgawfg%%& "A

Di rect ory ofeddanen oGether bpenies k. Segnea gernexveadeneesdt froregtaBi @ses, a hithwan r
Usage" Eur. J. I mmunol. 24: -836; the c eac f. which are
exprossly | ARUIHSIAR B HERL PR g Tiendl BECO A S JEer S pfibiesppgmine
gerntine DN&Ciﬁ%QL#L@H@@@)_ thO@AmHOMRY gaMte 3REbdel BRth<EHRMMNinY dhindRbAokb @/ On
genes can be 25 found in the Genbank database. For exanple, the follow ng
heavy chai ngee: ivipically eglemareanttbodnderi vedtfhan pEatticklavhbmap geianlmeseaneard abl e
in the acco i Genbank cessian . 1-69 G_001010 NT 024637 &
8070533y - St pRE S Q6 RETEL ARl racts Tnt REBOACHT8 sl ooacs7y
As anot her exadipd By thidtainil dedwinginiaaroplstidinzeger M deRginsRGieheesinfagund in
the HCol2 HuMAb 30 npuse are available in the acconpanyi ng Genbank

Accessi on Naatibody cgn disriay @9 100 $hanNyt opoves3P Y&OIBM%% , o5l aminoREgdp010109 &

NT_024637), - 3 : 3
TR s S R e S N
conpar e®0 aggemest a conpil ed protei n sequence dat abase using one of the
sequence simlarity searching nethods called the Gapped BLAST (Al tschul et
al. (1997), supra), which is well known to those skilled in the art.
Preferred fEmoegons Sagoe¢ses for use in the antibodies of the invention
are 5those that . i m . used by
sel ected anti bodi eget(s)a#1 @g%%ﬁ%/dé%lf Ii?t]b%g L@{bé)hg) 01;?1%1{1%?1@?}3‘8{[3%83%%%%&% SEQ I D
NO 69), VHIlight3ha{nSEQable régionHdompridhhg3ndido @SHQedUanNES: thftS)e homdlidgdusAd tifiSEQ

I D NO f k d/or the VK L18 ID N0, 71), VK L6
(SEQ I RO B 510 Wﬁgtgc§§?§_ﬁép?%eﬁg a%rP)e)dﬁ &ﬁ%%éfg%?@au%\@gera@ae by
preferred mpag)iQnatagithé Hé’s‘i‘ﬂeﬁ?u&ftioﬁﬂ%ré&éﬁ&v&@ﬁé -1 Ae3 YiiiddaR of gldR2, and

CDR3 sequences, and the VK CDR1, CDR2, and CDR3 sequences, can be grafted
ont o franewonkntiayilbnsxamalke, thavdsdoseird pomtdes ah issbdpdenceocimat watboflpumd i n

the germi ngntligen bin Illé) B(I)Jrltilorq (RFe0 ) <];orn9prpls\lln\'hgI iy }rlleatvgf] %hgirrl %gr?a\{ﬁé }(egion and a light

chain variable region, wherein:
30 (a) the heavy chain variable region comprises an amino acid sequence that is at least
80% homologous to an amino acid sequence selected from the group consisting of SEQ

ID NOs: 37-42;
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sequence derive, or the CDR sequences can be grafted onto franmework regions
that contain one or nore nmutations as conpared to the germine sequences.
For exanpWwe,20ik019%has been found that in certain instan®es/tuseomsdsizenefici al
to mutate residues within the framework regions to maintain or enhance the
antigen binding ability of the antibody (see e.g., U S. Patent Nos.

5,530, 101; 5,(bBhe 0igh chaic@BiaBle2eginnl cnpB8es 3 @nino acid seqandetbat it ypleasdf

vari abl e regj nodification is to nutate am no_.acid residues withi he VH
ondl o VL P hERseRR ) i MR g IR OO A B0y T BERBYET IS SHhor ¢
bi ndi ng propemNhE€a3B; §ad affinity) of the antibody of interest.
Site-directed nutagenesis or PCR-nedi ated nutagenesis can be perforned to

i nt roduce t hdcnthe antitmdy specaiieiltythéndsftp buman b AdnBi body bi ndi ng, or ot her
functional property.of interest,. can bhe evaluated in in vitro in vivo
hasays ot descr: bul st hUR 4 S0 s AN Eaish) 4 S mbdPel sl o
conservat i veolldhg fittib@ prdpeitiedidieusse dbakoMeh a8 hephl affifidgbiaeihg @ hulfen

mut ati ons can be ami no acid substitutions, additions or deletions, but are

preferably 5a858i binding e mopkeyebabr3. lagkpfdandipe womawed AGan thsrmbility i, t hr ee,
four or five.resi \fylgtIﬁ j | Pﬁ[@ [ 1 ingly,

i n anot her g@‘é@%‘fﬁgﬁgo reth ?’r%g an dcﬁsgclfglgﬁe;cgleg%%@{;%gg aFlélt %)tggig‘%g%t i -LAG 3
nonocl onal amdgenapedasic Tarellaadpogen. bi ndi ng portions thereof, conprising a 30

heavy chain vari abl e regi on _conprising; (a) VH CDR1 regjon conprising an
ani no aé:f51 d squeﬁbéarwséeﬁeelnﬁ?lgﬁﬁl%er?@%a?%tﬁf%néqrmrﬁ@eo% ey %%%é&;a 1-6,
or an am noyagh é?(ggﬂ%%opgwgg%ﬁg%ﬁbg 0, three, four or five amno acid

substitutions, tions  or additions as conpared to SEQ ID NGs: 1-6; (b) a
VH CDR2 regi on cdmpthesémigpdameitni the Vi\A0d/20 Vo/afifd 30T udB2009h 66 8385%0%! d

ted f i st f SEQ ID : 7-12
2o aci o Sedudhzed FEVING oL o ioudis sbthe Rpurngr 1 BEahHo AR T d
substi t uti oRgbdd§HaLingNg, Md VARbldn9Ravias hANRAT 80kt grliEtr) BBy o the; (C)

a VH CDR3 region conprising an am no acld sequence sel ected fromthe group
consi stilhg O aBEYLIEEINTsOf the sdpen@Syet forthabioves cahe ehtaiaed byrimvengandses

sequence hayi ng_.on ee..four or five am no acid substitutions,
et ons. ol Ratrrrtety e Bt o Ghreli R CllNe R4 Rl sheGh

(d) a VL CDBEQ EUNOR: 4B5POI 55-60, fellorsd bpteathdoShe vengied sréred hewhddyasn t he
group consisting of SEQ ID NGs: 19-24, or an am no acid sequence having
one, two, tKiteiecd fusgrionteritheefuasions sacioeth sheey using ithm3inctipmabassars or

addi tions ag.LPaRf&dt0 SEQ I'D 10 NOs: 19-24; (e) a VL CDR2 region
conprising an am no acid sequence selected fromthe group consisting of SEQ
| D NGs: 2@5- 30, oAsaRedhareia, theipdrcssichoamdeghisativaen reaminvacidishqeacesdiour or
five amno aci.d substitutions, deletions or additions_as conpared to SEQ ID
NOs: 25- 30; CaHyalpptyo fhoaerespRieplyibshv e it i rguaitteand MoPdesnd 15§élatyence

sel ected fr B_Qt?\%gf?t}ﬁrt%@e&&ﬂééﬁfsh@ﬁlc@ifon%l;@ellanh@'of RLaRB p&NiticH sfeAByacl d
sequence having 15one, two, three, four or five amno acld substitutfons,
del eti ons otheaddidncen@.ca$e bompaged # of iGFEQchDpdN®ins/Bdtal3bof positions EdfDneer ed

anti bodies of .the invention include those. i i ch npdifigations have been
made to fraffbis RHESPUUE WIS Y GAPsas OF AL & GO £t LR B
propertbes @ftrddi€edeldt bRadyl alibiRksdtltNe SHERqhEREEWOREKcImshifsbit 8 ic@hdncat € made
to 20 decrease the i nmmunogenicity of the antibody. For exanple, one

approach i sanddetpapretinaaf@erqgnieidentitbeevern e wsuRnees shigl be scoogplifeed using
correspondin rm. i eqguence, re.specifically, an antibody that has
Coder gone. st ey BERHEDECacs MG PRSI ARk BRI o f T, "Fr om
the gernine sequaagerctitaentdty betwehetveimodyid sqaeictyVe@. beQeemiRdiudings can

Pe et G R orfiRmot E. Meyersand W. NGr (Comput Appl. Biosci.. 4:11-17 (1988)) which
30  has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight
residue table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent
identity between two amino acid sequences can be determined using the Needleman and

Wunsch (J. Mol. Biol. 48:444-453 (1970)) algorithm which has been incorporated into
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25sequences to the gernline sequences fromwhich the antibody is derived.
For exanple, Table A shows regions where a framework regi on amno acid
posi tion Woshrgib&bat nunbering system differs from t hecgasedmnss4ahd how
this position can be backmutated to the germine by the indicated
substitutions: Table A - Exenplary Backnutations Regi on Franmework Am no
Aci d Posi ti dre GKBlpadgrivambdrei GGl sBiekrayiaakagera2blaBle\AHh#R://@fraRg25HEBn VH 95
YOSH 25E3 VELRg eithera Fdssuom 62 matrix o1 a BAM2S( matix, Gnd a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6.
Additionally or alternatively, the protein sequences of the present disclosure can
5  further be used as a "query sequence" to perform a search against public databases to,
e.g., to identify related sequences. Such searches can be performed using the XBLAST
program (version 2.0) of Altschul er al. (1990) J. Mol. Biol. 215:403-10. BLAST
protein searches can be performed with the XBLAST program, score = 50, wordlength =
3 to obtain amino acid sequences homologous to the antibody molecules of the
10 invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can
be utilized as described in Altschul er al., (1997) Nucleic Acids Res. 25(17):3389-3402.
When utilizing BLAST and Gapped BLAST programs, the default parameters of the
respective programs (e.g., XBLAST and NBLAST) are useful. See

www.ncbi.nlm.nih.gov.

15
Antibodies with Conservative Modifications

In certain embodiments, an antibody of the invention comprises a heavy chain
variable region comprising CDR1, CDR2 and CDR3 sequences and a light chain
variable region comprising CDR1, CDR2 and CDR3 sequences, wherein one or more of

20  these CDR sequences comprise specified amino acid sequences based on the preferred
antibodies described herein (e.g., 25F7, 26H10, 25E3, 8B7, 11F2, 17ES), or
conservative modifications thereof, and wherein the antibodies retain the desired
functional properties of the anti-LLAG-3 antibodies of the invention. It is understood in
the art that certain conservative sequence modification can be made which do not

25 remove antigen binding. See, e.g., Brummell et al. (1993) Biochem 32:1180-8; de Wildt
et al. (1997) Prot. Eng. 10:835-41; Komissarov et al. (1997) J. Biol. Chem. 272:26864-
26870; Hall et al. (1992) J. Immunol. 149:1605-12; Kelley and O’Connell (1993)
Biochem. 32:6862-35; Adib-Conquy et al. (1998) Int. Immunol. 10:341-6 and Beers et
al. (2000) Clin. Can. Res. 6:2835-43. Accordingly, this disclosure provides an isolated

30  monoclonal antibody, or antigen binding portion thereof, comprising a heavy chain
variable region comprising CDR1, CDR2, and CDR3 sequences and a light chain
variable region comprising CDR1, CDR2, and CDR3 sequences, wherein:
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(a) the heavy chain variable region CDR3 sequence comprises an amino acid sequence
selected from the group consisting of amino acid sequences of SEQ ID NOs: 13-14,
GGY and 16-18, and conservative modifications thereof;

(b) the light chain variable region CDR3 sequence comprises an amino acid sequence
selected from the group consisting of amino acid sequence of SEQ ID NOs: 31-36, and
conservative modifications thereof; and

(c) the antibody specifically binds human LAG-3.

Additionally or alternatively, the antibody can possess one or more of the
following functional properties described above, such as high affinity binding to human
LAG-3, binding to monkey LAG-3, lack of binding to mouse LAG-3, the ability to
inhibit binding of LAG-3 to MHC Class II molecules and/or the ability to stimulate
antigen-specific T cell responses.

In a preferred embodiment, the heavy chain variable region CDR2 sequence
comprises an amino acid sequence selected from the group consisting of amino acid
sequences of SEQ ID NOs: 7-12, and conservative modifications thereof; and the light
chain variable region CDR2 sequence comprises an amino acid sequence selected from
the group consisting of amino acid sequences of SEQ ID NOs: 25-30, and conservative
modifications thereof. In another preferred embodiment, the heavy chain variable region
CDRI1 sequence comprises an amino acid sequence selected from the group consisting
of amino acid sequences of SEQ ID NOs: 1-6, and conservative modifications thereof;
and the light chain variable region CDR1 sequence comprises an amino acid sequence
selected from the group consisting of amino acid sequences of SEQ ID NOs: 19-24, and
conservative modifications thereof.

In various embodiments, the antibody can be, for example, human antibodies,
humanized antibodies or chimeric antibodies.

As used herein, the term "conservative sequence modifications" is intended to
refer to amino acid modifications that do not significantly affect or alter the binding
characteristics of the antibody containing the amino acid sequence. Such conservative
modifications include amino acid substitutions, additions and deletions. Modifications
can be introduced into an antibody of the invention by standard techniques known in the
art, such as site-directed mutagenesis and PCR-mediated mutagenesis. Conservative
amino acid substitutions are ones in which the amino acid residue is replaced with an

amino acid residue having a similar side chain. Families of amino acid residues having
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D3A 17E5 VH 3 H3Q 8B7 VH 59 C59Y 8B7 VH 59 C59S Anot her type of
framewor k nodification involves nutating one or nore residues within the

f ramewor kwoegioan9s7or even within one or nore CDR regi on®CTiUS2000/083405 T cel |
epitopes to thereby reduce the potential imunogenicity of the anti body.
Thi s approach 5is also referred to as "dei mmuni zation” and is described in
furt her det aintilarnide)cBainPhavertteePdéfiinedat itlerartNoThe26 03Mili6BMdBde amino adids

addition or alternatjve to nodjfications de. within the frapework or CDR
regi ons,  antIBOHIESISERRIa (4 fry BRVF oFEEUF- BEIDRG| AR IS G f-fuasparti
modi fi cati opsiaWitihdic kh8), BRcHaBHIPBarts Wi haink e.é.,ogl@'kitn@,rasﬁgllﬁ%i(ﬁlé,i Rafine,

functional properties of the antibody, such 10as Serum h .
conpl enent  Bérawt fhagpnirkg tyredep cpsteiberitliptephanh dpepolarsidegdaindépendienimecel | ul ar

cytotoxigity,.,.Furt hernore, .an _anti bad t he ipvention . can b hem cal | y
i 11 ed ( e Hine: ISHETs SolEyiie pEine ptichy Rlapings melhioie e sbfhugfod it e

anti body) oehdies @ndithiedink Ovadink Sikolblicndg layé asyhadicis@R, cha@didg! 6réiiegr one or
nore functional properties of the antibody. Each of these embodinments is
descri bed i rh¢nylalyune, geptphamp dissiginerhEhuss opg papiergning agidsesidnes within the Fc
region ist i ' - I: .. the
anti body 15 CEIR 0B By ahelbeS of ey ARion oy e 81 LM SR AP R

nmut at i on at raidwes froindthe san¢ edpolndn fgnilyarpiohe hit@ad 2RAHAIHS228 P testddifdex) i n
t he hinge regi.on of the heavy chain constant region. This tati on has been
report o0 ¢ ortHBFd g{ﬁw@%(lﬁetﬂ&%@m@t iBrth 2 NHEg AP WASHIALRSTNS i de
bridges in yhe . BidQ&.i20 region (Angal et al. supra; position 241 is based
on the Kabat nunbering system). For exanple, in various enbodi nents, an
anti-LAG 3 anti body of the invention can conprise the heavy chain variable
regi on of 23mntibé6GEQhhCBNDto §if)Santic Pfitdhd af BmE-ILAGNOAnBBIdi¢s nked to a human
| g&4 constant region in which the Serine at a position corresponding to
position 241 as HeRIRBEHUCAIMGIGANsgisclgsure proyides antibedigythat it &2 B siye 25
Prol ineysTh Hgi&)flen 1L A6- PRFahy 2 th 2RO BEMNnEHEAAN HAEIRR! 7 tﬁeeia'vaﬂﬁmgwked
to a human | constant region, this nutation corresponds to an 5228P

mut at i on by antiteodigld thaidhexe the ability to cross-compete for binding to human LAG-3 with any

of the monoclonal antibodies of the invention). In preferred embodiments, the reference
antibody for cross-competition studies can be the monoclonal antibodies 25F7, 26H10,
25E3, 8B7, 11F2 or 17ES.

20 Such cross-competing antibodies can be identified based on their ability to cross-
compete with 25F7, 26H10, 25E3, 8B7, 11F2 and/or 17ES in standard LAG-3 binding
assays. For example, standard ELISA assays can be used in which a recombinant
human LAG-3 protein is immobilized on the plate, one of the antibodies is fluorescently
labeled and the ability of non-labeled antibodies to compete off the binding of the

25 labeled antibody is evaluated. Additionally or alternatively, BIAcore analysis can be
used to assess the ability of the antibodies to cross-compete. The ability of a test
antibody to inhibit the binding of, for example, 25F7, 26H10, 25E3, 8B7, 11F2 and/or
17ES, to human LAG-3 demonstrates that the test antibody can compete with 25F7,
26H10, 25E3, 8B7, 11F2 and/or 17ES for binding to human LAG-3 and thus binds to the

30  same epitope on human LAG-3 as 25F7, 26H10, 25E3, 8B7, 11F2 and/or 17ES. In a
preferred embodiment, the antibody that binds to the same epitope on human LAG-3 as
25E3, 25F7, 8B7, 26H10, 11F2 or 17ES5 is a human monoclonal antibody. Such human

monoclonal antibodies can be prepared and isolated as described in the Examples.
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WO 2010/ 019570PCT/ US2009/ 053405 I n one enbodi ment, the hinge region
of CHL is nodified such that the nunber of cysteine residues in the hinge
regi on i swalzbsvmEey70e. g., increased or decreased. Thi s appraseniosssdescri bed
further in U S Patent No. 5,677,425. The nunber of cysteine residues in
the hinge region of CHL is altered to, for exanple, facilitate assenbly of
the Slight and héawyscokrad figther it Bxamygle 86 thedrindieg pE28E3, RHE7 stdad®BT ity of the

anti body. In ano nbodi nent, .the Fc hinge region. of an antibo

it ated’ t o, SUERRLAT-3E Bresl B F Fs R ITE GrEOh S G todey Cxheeatiar
speci fi cal | Yom@RefAumAR AN ﬂ%e%@@&n&l&ﬁhb LkPa Hop rég%ﬂ RAUCRENIIRNSE ﬁB?
CH2- CH3 donmain interface region of the Fchinge fragnment such that t

ant i body ha¥Q:Pailisett Bpeptidy senoeylimpntotheibmding SpRE31O0 tiyi erdiarigop @Lgatnl ve to

Getalt ih USSR Er O TR R i RBRORECRLBRPATE (SO Rt by «

nodi fied t OWhefea@aﬁenmdlﬁg bf ZIFTgb aigd extal lbop telfon Mg be@iBagaIo A REoR
possi bl e. For exanple, one or nore of the follow ng nutations can be

i nt roduced: ampBxcid sepggre: THESAPSRY GECID HEY 77ha1191 the bipgingraf 3% to the
156, 277, 375 tﬁ% fo%][) ?%r%ﬁ/ fﬂsybeﬁﬁ ﬂla E&{ t‘éﬁ&g fotlf&&ﬁg %Rl%la%fﬁl segﬁ‘é ce:, ] P’AEPS@

ant i body can ed wt ain a sal vage
receptor bi (SEQIDNOD1 e Acakeimgly, @mq)Vﬂeﬂr@D@ﬁb@ﬁmmtaﬂz inhamebm pfvides afrC

f d bed t 5, 869, 046 d. 6,121, 022.
|r ﬁg'ygtn ¢ hggn%iﬁfassﬁﬁﬂgidcf bﬁﬁﬂlﬁ%nwteﬂe Péhlgm%ne#/gﬁ %gpm@pﬁ%ﬁhggmﬂo 1idst
one am no 29 bgcerlg?f{ﬁg W@S@Cﬁfﬂﬂlgg" %gnﬂn ﬁ&h@pPl%@érfédreﬁﬁdoqﬁﬁe&tqh@' ter the

ef fector function( he anti exa one or nore am no aci ds
sel ect ed frumeammmoardledam agi- dAélﬁzﬁtdbod&BBat bmﬁ ,an2Pitop2dhun®hd AGZH and 322

has an ol {eroarinpe MecytiropSdacarreLnBA PO RN FHEHS T o PhaviSwE ! Lo

anti gen- bi ngip@ 1pNDI 185, of the parent antibody. The effector ligand to
which affinity is 25 altered can be, for exanple, an Fc receptor or the C
componeh? of conpl enent. This approach is described in further detail in
U. S. Pat ent Engisecersd 62dtVRRifiealndintthodd8, 260. | n anot her exanpl e, one or nore

am no aci d_s sel e ted qu}‘fofatﬁj?noeaci df r@m du se 329r 31n andanz]ﬁ n Itl)e
replaced with a nr%‘“él% HY CREPTHIUF OS] AT AL Hy Pii?b Whas

al tered C qohd BeinbB& FIRY OF; aﬁ%ﬂ%%@%n&@@i%ﬁ@&ﬂh&@ﬁ&'ﬁ%ﬁﬁg ﬁ@@ﬁﬁ‘l%nt
30cytotoxicity (CDC). This approach is described in further detail in U S

Pat ent No. 6ngigeer3anodifiggoupipody.otlgsly ordifiedsn6bedy0Bayib%ve altered properties

20  from the starting antibody. An antibody can be engineered by modifying one or more
residues within one or both variable regions (i.e., Vy and/or Vi), for example within one
or more CDR regions and/or within one or more framework regions. Additionally or
alternatively, an antibody can be engineered by modifying residues within the constant
region(s), for example to alter the effector function(s) of the antibody.

25 In certain embodiments, CDR grafting can be used to engineer variable regions
of antibodies. Antibodies interact with target antigens predominantly through amino
acid residues that are located in the six heavy and light chain complementarity
determining regions (CDRs). For this reason, the amino acid sequences within CDRs
are more diverse between individual antibodies than sequences outside of CDRs.

30  Because CDR sequences are responsible for most antibody-antigen interactions, it is
possible to express recombinant antibodies that mimic the properties of specific
naturally occurring antibodies by constructing expression vectors that include CDR
sequences from the specific naturally occurring antibody grafted onto framework

sequences from a different antibody with different properties (see, e.g., Riechmann et al.
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I n anot her exanple, one or nore am no acid residues within am no acid
positions 231 and 239 are altered to thereby alter the ability of the

ant i body wo 2bico1esynpl ement. Thi s approach is descri bed Partusee09i0s34PCT

Publ i cati on WO 94/29351. In yet another exanple, the Fc region is nodified
to increase the ability of the 5antibody to nmedi ate anti body dependent

cel lul ar cy(BO8x Noiutry 33 ABXICP2 Eridhoret nb (1985 dasee BAE:5AR-HL M Qyeeafer the

Fol | ovi g o bid: NoaaRShed? IRA a00eldty W38 NEa02 256 D65 67,
268, 269, gggogg%535756@89275%93,2;%@,anggg,gogag,) 286, 289, 290, 292, 293, 294,

295, 296, 303, 305, 307, 309, 312, 315, 320, 322, 324, 326, 327,
329, 330, 331, 338cordByly, 20GBE; craB3WimeyRf UB4iDyeBBHO,peBTBs (BHBis0BRE, 382,

388, 389, 398 14, 4 419, 430,.434, 435 437, 438 or 439. This approach
s desor? el hgr PRY AT ROHCHT ISR TP ORGSR PE AR PRI by hd ng
sites on huraabl@felidnQonfpeRh, CHRYRIDR2 RFeMRIDR 3 sefhehedstohpyieinbag amimpped
and variants with inproved binding have been descri bed (see Shields et al.
(2 ggo 1)2 93 : Eggﬂ .S%@?é?ﬁ sm.d?%;wgyp ccsm?esémg o€ SE Iht N@ﬁ'_sl-g_t Sl%@éDtN‘aﬁstl- |1i3
Addi tional ly,” at“hﬁ%ﬁ?élﬁg%ohgm |d(S)n %traﬁfgt%éﬁgﬁé@n{ {%lﬁ%prgg%ée
S29BAI 333N KaGAA - her eabadi mont: {be Gl Veoeyl ati on o
: n sti anot her inent, e cosylation o
an anti i@dyS?%{eﬂ%ﬁe%%f&.fr%Fheegzalﬂﬁ;wl_,maﬂg aﬁ%@&?@%&%ﬁ, SESUP MR B made
(i.e., the gptifaaho il?‘?d@s:@?}%%%%!ﬂ;&h'v&?) Thgﬁglér}f?%%béite's Chi&idinde, ahd § ed
to, for exanple, Increase the affinity of the antibody for antigen. Such
car bohydr at €DRshiquenas bbmenednndd en@loeibesISES NI Wy 25SESr8 Bk a2 e 1A% @ni ng
one or nore sites.of glycosylation within the antibody sequence. For
exanpl e, onéolbt?mr?ﬁ&%regtr# e‘%%r?de@l?ﬂgetsi Ut F}Eﬁga@g’r‘?dﬁé made that result in
el imnation of OREcIPfrafBErkVREhcHRECCIAR IBihihddENRLELIDKEOSMhRE QS Sites to
thereby elimnate glycosylation at that 25site. Such aglycosyl ation may
i ncr easéd t heullishEdiafsrendes thné inphdetgsdylifoantiety gere segemicess. Iipr exungle, Pat ent
NOS.' 5, 714, 3? 0 haflrf]:q)olgA%Sol%e%GéLs' for hum ﬁ‘gaqu taI 8 Iﬁa tI aP [ aafilagl%rrg aitOIII ertllléé ’caaBe
ant i body caf be frade that  has canairt &red Pyp 0 d]IX/cosyI POS"S R8s a
hypof ucosyl ahed iae hBlke hiauth&iggdretie eshuan@unitadd (ak 2it®%ydn theIhE@HREat0r an
ant i body having increased bjisecting G cNac structures. Such altered 30
gl ycosyl at i SiV'paTEEPHSURaGEkiybass) e msHss inKabattep af. A9 asited erabCC abi lity
of anti bodi . CAr e} - £ i . I y, for
exanpl e, exg?”é‘%@ ?ﬁgettaﬁe(?gér%ﬁi gg%l)% CP%gJéJehoggdng%S?&?uﬁ{nﬁe\,ﬁa%%@% elé] ygg%§| ation
machi ne2q. aeddtFifey Growpk béVadeghigansyitteDiftenemidbipenariyblhdvepdiele Moddiok. i bed

in the art d_can be used as st WD 2010/ 019570PCT/[ US2009/ 053405 cells in
whi ch to exgizé&g?%@cﬂﬁlﬁﬁe%ﬁf aégf?%agfé%ﬂe&rorwzﬂumﬁé BV ¥ RE$BHRS produce
an_anti body pi & @E&@ﬁgﬁﬁia@hﬂl&f@r‘rﬁs@ &8y O SlRIRUR27Ld38: B8lcbnlchI®s A7 04,
Ms705, and Ms709 |ack the fucosyltransferase gené, FUT8 (a

(1, 6) - f ucosyf whehsieexgsesply iscmhortedthesmm b cdéresces by a®sted ckamplhethivs 704,

Ms705, and lg\;/gr%l %e(iﬁl\le sleéllPe%gesl g ur];lgrg: esa%y%gd thgﬁ"tl dhain variable region genes can be

25  found in the Genbank database. For example, the following heavy chain germline
sequences found in the HCo7 HuMADb mouse are available in the accompanying
Genbank Accession Nos.: 1-69 (NG_0010109, NT_024637 & BC070333), 3-33
(NG_0010109 & NT_024637) and 3-7 (NG_0010109 & NT_024637). As another
example, the following heavy chain germline sequences found in the HCo12 HuMAb

30  mouse are available in the accompanying Genbank Accession Nos.: 1-69 (NG_0010109,
NT_024637 & BC070333), 5-51 (NG_0010109 & NT_024637), 4-34 (NG_0010109 &
NT_024637), 3-30.3 (CAJ556644) & 3-23 (AJ406678).
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5 carbohydrates. The Ms704, Ms705, and Ms709 FUT8-/- cell lines were
created by the targeted disruption of the FUT8 gene in CHO D44 cells using
two repl awerero1v¥ot ors (see U. S. Patent Publicati on NoPCZAG4@2083081 and
Yamane- Chnuki et al. (2004) Biotechnol Bioeng 87:614-22). As anot her

exanple, EP 1,176,195 describes a cell line with a functionally disrupted
FUT8 gene, which Amtibod:l}e}sro&:iﬂ sEgjosydes area:rmsfpar@%ainstmtompitetd pO@mt sieqwices
expressed i

a cell Line exhibi.t hypofu | at | d
ol Pt mat 1 ng CRRBN g Sp AU arGHate G Rt rmehdBiealipd Fedisbi bos cer)
| ines whi chphawer @iteMu19RaY MRS LMD Ywhieh iAgal RebvHeAB8sel Rilled8n the art.
N-acetyl gl ucosam ne that binds to the Fc region of the antibody or does not
have the enzyme Emfemd@amfﬁwrkesmmb@s foheseriathaynaibodies ebihe nllvemeorvm/ 0 (ATCC
CRL 1662% ItD Fp X :f t5 15descri bes a {) ant ., |
line, Let13'tSsf & s CPEaéléicsérﬁl%{bmet af{lewo&?tss%‘ﬁn? “S%‘Z Y 8" ASH 97)-I|nked
car bohydr at @gtibodlies @f kRSl éntidg, &5, BiypRE uces W a8- !zo (lsm IBINO LD Vﬁ 4e3¢pisesped
in that host cell Ssee al so Shields et al. (20 . Biol. Chem 277:26733-
26740) . Ant IBOHP: )Y A-32 (WEE D RE: §Py@o¥y |(§ﬁQp[Fprl E3fErmenas be
produced in i 0 31.
Al ternati vefgé:/(f,ﬁeg%?igg&g?glg@ L%@%%%cp nng EHE ﬁfgf{lﬁ’ﬂgn rogsf Ig%%an be
produced in ($1£Qr]iD N@i 673 frasnesloriasequendea usé‘fzﬂi}hpld&nfed rrnqofooldmaltannbomfss of the

antibodies in a plant systemare disclosed in the U S Patent i cation
correspdhdi HY RGO Bheo ST b § 1R 25 (thesranetre antdie Y oY) gﬁ%fn dfiled

on August 1 @Dl%ogﬁueﬂ: g cENBL ?Pa?tteh Bhto Mrﬁfg{/&ﬁ%é%o&etﬁ% HaRE ﬁleclgéﬂtlclal nes

engi neered to express glycoprotel n-nodi cosyl transferases (e.g.,
13(1,4)-N Eﬁalced;wdsghattfomaimrﬂyd garehine emameoglbbul(@eﬁb Iﬁto)n) whisbhthe framework

ant'bod'es e ressed. int neer ed c | L nes bit increased
B seor e R E b B B A gD b b A G KB OB BT Uy of ¢ he

anti bodi es é&ﬁﬁlneﬁné%r Ko aueiiiond as dohfBd dake gBhPine Sequeides] For &8Rple, it

Al ternatively, the fucose residues of the antl body can be cl eaved off usi ng
a fucosi@asbaeheeyveundghef.in cetan ﬁmwgemw@aeﬁ_cmh}e ositeta sesiduspmnidisn thacosyl
residues from 30anti bod| T rent| 6-23).
Aot hor - modf ATERENbirept (i BLtBacs P apsetrtiptin BB i deint "l o
di scl osure is@eRgIWl.8t PABat M. aﬂBa)boﬁys $EH09e 51608y b2atedl6,1180, 317@»r exanpl e,

i ncrease the biological (e.g., serum half life of the antibody. To

pegyl ate an anti B@aiper fe 0£ﬁ@m%w,glon\wc2@%m@mp@w@szeeglﬂas%m or
fragnent th t I e L& P such
as a reacti \%&g{: hgr\y Hgérn%g({ c}yéhéléeﬁdgrﬁlkgg‘tn %% &Mgo%nd@r&egw%? I{Oiv(g)nggl)nﬁ

whi ch ope orndmbﬁdm@qarqmws(elge@fﬁmtﬁbf gehadbody dfHisteast. |$1cnd<j{1r@tedanti body
fragnment. Preferably, (Ei pegyl ation is carrled out via an acyl ation

reaction or RSN Atk i mediited BHAEFRaIIS£8 b eeifeinrd PEYMHFetS e (or an

anal ogous r ?fﬁﬁa{tio\'l?s)‘ﬁﬁ& Ble-eRLUR] £idBly BRI &Sotﬁéefqnaﬁ{n‘?ll }510 élﬂeoitlﬁ{e'i@s
"pol yet hyl ene glycol™ is intended to encor%pass any of Forms of EG hat

have been usaubd evatietédviatin zierocirhevivp ra@etags asdessuilodal Iazsemamd)pl(oﬁzided:llﬁ))heal koxy-

or aryl ox et h | ycol or. | en col ertal n
Orbod) mont s PR Bl PRESAI EENsn e Proliatio S G i Set el B indvbist

Met hods)4 or T‘B@%ﬂta&{anGaﬁL& RhRbe S uBtRuksNRWMNditbords e daletio®N BuCa %%‘Fer@lﬂl?' i ed
to the anti bodies of the invention. See, e.g., EP 0 154 316 and EP 0 401

384. Anti boa'gbspmtl@n& aMomayps ttriieadly no more than ongntwd dhipedowfortfiviegesdduss| osur e

can be chara b i ous physical 15properties, to detect
and/ or dlffegttgﬁ ?q{r&%%oﬁleree?ll '€l asses thereof. Anti bodi es of the

present discl OSUIA&c@ﬂfth}Qnﬁ mmh@@mb@ﬂmimﬁ&h@imms&ﬂs@lw@é\pﬁiv&&s idoMat&d t her
the light or avy chain variable region. Such glycosylation sites nmay
result in i ﬁ%tﬂéé’s(é d meReslwalHitbPdis. of aptigendhndipgBYtoRs disreaf.COMRLHS 20f t he

pK of t a | 972)

Annu Re\h)@ Bi g%%‘&%ﬂglfqg%ﬁgé%lggﬁgp %ﬁ%qm ptﬁs}{)hgre%%oci?%? Sip grt%l%g}lﬁ&

172: 5489- 94 aciMkbduecake eflecadd frdB 8B grdufrxgnsideidg of SEQ ID NOs: 1-6, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or

additions as compared to SEQ ID NOs: 1-6; (b) a Vg CDR2 region comprising an amino
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168: 1099-109; Spiro (2002) dycobiology 12:43R-56R;, Parekh et al (1985)

Nat ure 316:452-7; Mmnmura et al. (2000) Ml | munol 37:697-706).

d ycosyl avpanidmgssbeen known to occur at notifs contai niPOT/USR00BH034EF T
sequence. In sone instances, it is preferred to have an anti-LAG 3 anti body
t hat does not contain variable region 25gl ycosylation. This can be achi eved
ei ther by setidctquegcasdidchumidiras thhabup comoting of SEQND NOsgl-y2.osyahatmion not i f
in the variahle region or by nutating residues within the glycpsylation
rogi on. In AOBETERFER Yl R It HEuEN o Be g Sehd el AT oY osur e
do not cont aidasPARHIPARItS SEY IFNCRI 1-93: (c] W&/ JeBRB d&dibPforRpridsPat agi ne
may occur on NG 30or IRG sequences and result in the creation of an

i soasparti camgichadsiqiensetshigeted ftonpdia e pcokibinkng et SEQ hle Nfos: yigelt GEEY chai n
and decr;asggdi1 3 s@traabi I i.t%( (gii s0as aerta{c aocI{edt ef ftercft:). ¢ or fi Ealcgaggti body
wi |l have a uniéug’lsgeﬁngg Fllg pol )i lh)vfl}g Whi'th SﬁgPlélqufeaaIHIg A% he pH
range bet weeibstindiods, Ueketiod6r faditfods adborhgfdd NSEQIDWNOY ABCK, GGY ahd $6-wi t hin
the pH range of 7-9.5 and the pl for an Ig&4 antibody typically falls
within the pf ©@aade (PR WBIFOIDADBIRAIROTNQKICGON BB Sacadroniiks gropp
specul ati on . i 621?‘? I tdh I -S| r r MRYave
sore unf ol dfé\%?stélﬁgglkﬁgt I P}tédyi&u%%eolr% afl%&&ﬁ/%&%%ﬁr@f (%oﬂr;glglng'lcﬁlggt%v It Fg
preferred tfodray&vaamait dicid ABsGtudnhd, deldyionsataddiviohaasongpapdd teHHE ID hat

falls in the normal range. This can be achieved either by selecting

ant i bodi®s Wh 151361 (e) A MreD R reriPn FRRIEIRE Ah§MIRGrRAH g SR A7 el KBMf ace
residues. ¢ fhé BRSO NoRaMes® of RRb AR SldgGeR hhl g one, t

t enper at ure, K r?‘ﬁgg&ﬁﬁgh%r neP}tIPPlng terrper’(gture |ﬁ{r? |Ccate=qn% grealtgron%’vgroéll
stability i thred, four(dfivs hmamaadidhyutRtiamidniveialetings dMAJIRDOL )s Qumparéhmr FHQ

Bi ot echnol 3: -71),.. Ge ally.~Lt is preferred that the Tm (th

Cenper at ur o 3RO EET Sfof S bR bECegr ATt ot SPrararab it or
10 than 65Csroav@R offipoRiSihfy SHEBO b dahLB1138adr AldmindReid By tdnBOnRGhNt of an
anti body can be neasured using differential scanning calorinetry (Chen et
al (2003) Phag.twRethrezofono spfiGami@eiacidanbistitetions dglatdgg)or paditipm aslcetpared
68:47-52) o I I di.chpoism (Mirray et al. (2002) J. Chromatogr Sci
40: 343-9). Fonggégbeﬁg?'?jeld%enbodi ment, antibodies are selected that do not
degrade rapi dl y. Ehbiregtadaitodiesf ttaninddttion aaliudeai odecin MaGHMedifidstidig
capillary el ectrophoresis (CE) and MALDI - M5 (Al exander AJ and Hughes DE
(1995) Anal hyfehpes mage seirampwork residugspivighis tMetndfir fie pLet® BB thent |

ant i bodi es - N i: t ich can
ead 1o & hellramert HE dahbdty. oy ShoPl AROL AR AR R ARGl 25 7
unf avor abl e dphradseaicoikimaidgenipity pethtiae8bodye Her akdryple aoneidppabaeisisave 20
acceptable wth aggregation of 25% qr |ess, preferably 20% or. |ess, even

more pref er abACTMHEYG e 08 &0re BHRGWRET ESIBREY @I T]yTepRidbe $E0ding 3fUsVSn nor e

preferably %r@%pécﬁﬁﬁﬂyﬁﬂlgdnﬁgaﬁ§ 8t GRMUNBE PRAHAR RYta&YEmAont&E NI ques,
i ncl udi ng si ze-exclusion col um’ (SEC), hi §h performance |iquid

chr omat ogr aphmeveN €piduemttiad diffbt fremahd gerinhige s@fieivat fnodd svioéh Gagntiestyiing
Anti bodi es derived. Such residues can be identified by comparing the antibody framework
25  sequences to the germline sequences from which the antibody is derived.
For example, Table A shows regions where a framework region amino acid
position (using Kabat numbering system) differs from the germline and how this

position can be backmutated to the germline by the indicated substitutions:

Table A — Exemplary Backmutations
Region Framework Amino Acid Position (Kabat Numbering) | Backmutation
25E3 Vy 72 G72R
25E3 Vu 95 Y95H
25E3 Vy 97 T97A
25E3 Vu 98 T98R
25F7 Vy 69 L691
25F7 Vy 71 L71V
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As di scussed above, the anti-LAG 3 anti bodi es having VH and VL sequences
di scl osed herein can be used to create new anti-LAG 3 anti bodi es by
nodi f yi ngwohe10uivzind/ or VL sequences, or the constant regirasga@p/osisached
thereto. Thus, in another aspect of the invention, the structural features
of an anti-LAG 3 antibody of the invention, e.qg. 3025F7, 26H10, 25E3, 8B7,
11F2 or 17HE5,237eVgsed to create struct8fally related anti; LARSS
anti bodi es [t hagFrefaiin at | east one fungtional property of |the PR bodiles

of the invgnt ggﬁ,véguch as binding to hujgan LAG 3. For exanple, jojgyor nore

CDR r egi ong B ‘26HI0_2§E3_8B7_7]¥F2_0T_17E5 or_mutati Oﬂ§ ! nereof,
can be co i IIEEZL}FIEUI birant i i

Hy—wd
CDRs to crdat A+ ilanal \AD PCT/US2009/ 053405

’
ITOV I I AITevVWJ1 l\ reyr ults d.IIUI t IICI
a N33S’

+ ]
L 4N
010/, 01
T Tormar—, VWU T U O IO ST OO0 \CAS Aw iy A A

reconbi nantUd \J/Bgzyfhppr ed—anti-LAG 3 ad 11?:hnri| es of the |nventi .PA12Q<
di scussed dbo¥H2 ¥uher types of modifications include those desPBdbed il
the previoys EB&tVoen.| The starting mateBial for the engineeri ngHa& hod |i s
one or norg oBB7Ng; VH and/or VL sequenc®s provided herein, | or adn®®Yr nore
CDR r egi ong thgv%f To create the 5enggneered antibody, It Is o84S
necessary to act ua prepare (I. ., EXpress as a protein) an anti body
havi ng one or ne or
nore CDR regi ons g{ereg&g Ogga% R{]ﬁl}e{&lﬁ%& or n%t? ?13?]&312@%1%@? glel%&r &bﬁ{ggﬁu&
sequence(s) wmlm&edraa&:wtolﬂer@i@r br egnetien bad ot mor@aReegoliss ec@ntbve T cell

gener ati on" uenc ived fromthe original uence(s)..and then the
"second genéPléﬁ CH ¢ @é&éﬁﬁl@% e RosenyrbigUPERes waltze raé'él%%‘fi’ ASIHIRFRAEi N,
Accordi ngly is 1% RALLENEH 2 & RALIIB I htiod Mnd iJiSCHOSLhGuREQWeB8Sn ¥ §BERAH for

preparing an anti-LAG 3 anti body conpri sing: (a) providing: (i) a heavy
chai n vari aPBukliqaggn dio. am3056b@43sequence corrpri sing a CDRl1 sequence sel ected

fromthe group consjistin ue cted
from the group cgrhgc’dg??nn% agﬁer‘gg% ogn Lcat*?onf?laadﬁ ;hdl? a’isf%@' E nglr'?gze

sel ected fr %Eléﬂﬁearﬁib%tii%s ePiheligvdnfien e4n REQ difdeNGo 113&1%0@&%@ wiinl 8;
and/or (ii) | ight chain variable region antibody sequence conprising a
CDR1 sequen&@ Isakgion elgpicrlbyria Hier grooipmesfyngionagpropergefi the nagbodygsuplh - g
CDR2 se e fr
andor - 9 cois e ate o R IR RS 8Pl AEel Pl BB D ns

31- 36; ( belhadtgtdtogciay. FeaRtmoReaBMtibodRol theli@sndue civ béwnmhbwyheavy
chai n variabl e regi on anti body sequence and/or the Ii g}ft chain varijabl e

regi on anti Bb’d}flf‘éle(q $e 988 Of BoEG erfracal Mmaigties cap he atigched Bxthg antibaslay oskequence;
and (¢c) Stb Qﬂ%ﬁ@ géfts?]él El'nqg %b(e ALE e fithcBofl ghgieﬂle of the

255t andard cu ar ues can be used to prepar express
the altered amhddboﬁycmeﬁuhembodlments Brcﬁ‘sc&"rt&bliryfurtﬁ&edamiﬂ blody TBrecoded by

the altered anti body sequence(s s. one _th sone or all of
the fun |0H5‘F1Lffﬂ‘b‘=’p rEfigeesdp ﬂf@rﬁé%&op 1 thes taﬁﬁ@ag Eribed herein,
whi ch functional g Bi%%r}édee?nﬁda%ékﬁethe QH&bcﬁ‘i"y%s Qr?i a4 ﬁbﬁyﬁé’aﬁt?ood?%hbn'é‘ihg
affinity binding to human LAG 3; (||) blnlngto nonkey LAG 3] (il ack

of bi ndi ng adermueePoA@ Gutation at a position corresponding to posmon 228 (S228P; EU

index) in the hinge region of the heavy chain constant region. This mutation has been
reported to abolish the heterogeneity of inter-heavy chain disulfide bridges in the hinge
20  region (Angal et al. supra; position 241 is based on the Kabat numbering system). For
example, in various embodiments, an anti-LAG-3 antibody of the invention can
comprise the heavy chain variable region of 25F7 (SEQ ID NO: 37) or 26H10 (SEQ 1D
NO: 38) linked to a human IgG4 constant region in which the Serine at a position
corresponding to position 241 as described in Angal et al., supra, has been mutated to
25  Proline. Thus, for the 25F7 and 26H10 heavy chain variable regions linked to a human

IgG4 constant region, this mutation corresponds to an S228P mutation by the EU index.
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(iv) an ability to inhibit binding of LAG3 to MAC C ass || nol ecul es;
and/ or WD 2010/ 019570PCT/ US2009/ 053405 (v) an ability to stimulate an

i mmune r e8PaANBA19F0g., an antigen-specific T cell respomrEE)US2009/05340Fhe
functional properties of the altered anti bodies can be assessed using
standard assays available in the art and/or described herein, such as those
set forth in thelibokexanipddisent, the hindenegien bACH le rbwdifimdrstish difat theaumbehofds of
engi neering ant.i bodies o e inventio tatlons e intr c
natonty oF cEREE R UGRy Mt RGeS gl ot Salioted AR R (1Bhy. codi ng
sequence angdyBgcH i€ abdctibB@ il fl €Y. abhr N&\G,Fr7amisi bedingtmbeAdr BRiedfer eened
for binding act|V|ty and/ or other functional properties as described 10

her ei n. Mt sasidomaln thehingdsegiawef GHéns dtesed fobk emnplhefaalrlmaté e@embky qf.the PCT

Publ i cat i on /092780 and WD 03/0746 cul es

Encodi ngé ot Sl\ég ﬁ}SaVc% CHAIRS GRS BT GAEROT “f?ﬁ%eta f ﬁheﬁg%g ¢t © fgﬁ“" A" 4 Rvent i on
pertains to nucl @i gnolitdr@nibotiRGHk @Re FORIngE RGASIEOldn atnlﬁeo@ylislmalewo of the
invention. The nucleic acids can be present in whole cells, in a cel

| ysat e, or fecreasp s biglogicabhplf fifieed ﬂm angihpey. aMiorasregifisaile ong PHMOE #HOEPei ¢
acid is ﬁ&ﬁﬁrﬁﬂatlo% arer 1%E}Q&Ec%ﬁ Y R é{i& L@t ¥ Bhﬁ%%nte}‘rﬂ&’}eg%'off'afe (f""ay from
ot her ceIIu ar co ot her Ani nant er ce

nucl ei ¢ aci dmgelfragmhtenulls thabmeSahabﬁhayrlﬁhshmpmmtephylombydqjmgmaék k$pAne/ SDS
treatment, CsCl bandin col utm .chr omat ogr aphy, a arose

20el ect ﬂ@phb%némgsrelélﬁae RS TR REIRAN PRAHElBg ¢ | hlsé%promea%%mbei ing) .

ed. (1987) ﬁHH&?H&aﬁ%PUQ?@%Em&NoN?h?§?&?r Bi ol ogy, Greene Publishing and
Wl ey Interscience, New Yor A nuclelc acid of the invention can be, e.g.,
DNA or RNA and rrityarmthammbndtmamrth@amlbody nmomflséqcumnmesa ity MOh)gwaelﬁaéf red
enbodi nent hb nucl ei ¢ a is a gﬁNﬁrnDIec Nucl ei ¢ qi

i nvention cH arbobltsépl?ﬁ?ac §|alf?gp°§fl g€ &ﬂnﬁrormoc?? 85@ €39 %"&lﬂﬁl ques

For anti bodif%atRRPEASEEHtBYudMPT2 5 MED 548 . T 56FhyIek lsH¥aSn BF. S RRESE Nol Om
transgenic mce carrying human i mmunogl obulin genes as descri bed further

bel ow) , 1ZDNAe7é:3dodigrmatigelyi tghncraa@d thﬁ‘ela\)l)@gt?hhlilaiéhbf the laatilastyi @0@9 alfeigé by
the hybr I do hcatr}]lelaﬁ—go%;[ rr]ece%g? gl K4y %%n d szgxéarge rﬁc%%%rporb néiﬁa c::p%)ge take Cl oni ng

frisre
t echni ques. OI’ ant rom nog ene Ti rary

(e.g., usingvphageoti epl2ajonies BNiBERpiondf3A 1HQCAsaieScraiziddn eNS. qthkdhg New.C h
anti bodi es can be recovered fromthe gene library. Preferred nucleic
aci ds nol eci1868.046 apy6.12h{P8At i on are those encoding the VH and VL sequences

of the 25E3, 25Ff, \§fc 208l hAFB AR JEES, TR0 RlcRTL) At R RN

sequences encodlng sequence Aand
17E5 ar 20 shawid residisEQtH Ddiffesent 48vibdacid esjalee to viedryhe NAtE daueioass obtheodi ng
the VL WO 20 0/019570PCT/U82009/053405 sequences f 25E3, 25F7, ,8B7,
26H10, 11F22BRPdY7EST SARGGRA OF AOEERNING aKies selsgied gr@m PRERAEI; rGRiflyes 234,

Once DNA fraggengsreneoding z‘?h'achfﬂeﬁ S8 BM R4}t LAFRIALEMinpNeRE B
fragments can ‘be turther ‘mani pul ated by st dard reconmbi nant DNA

t echni ques, stidhrthat the antibody has an altered affinity for an effector ligand but retains the
antigen-binding ability of the parent antibody. The effector ligand to which affinity is
25  altered can be, for example, an Fc receptor or the C1 component of complement. This
approach is described in further detail in U.S. Patent Nos. 5,624,821 and 5,648,260.
In another example, one or more amino acids selected from amino acid residues
329, 331 and 322 can be replaced with a different amino acid residue such that the
antibody has altered C1q binding and/or reduced or abolished complement dependent
30  cytotoxicity (CDC). This approach is described in further detail in U.S. Patent No.
6,194,551.
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5exanple to convert the variable region genes to full-length antibody chain
genes, to Fab fragnent genes or to a scFv gene. In these manipul ations, a
VL- or VhwernowodiipgJoDNA fragnment is operatively |inked t®@Cause0905IIDHA
fragnent encodi ng anot her protein, such as an anti body constant region or a
flexible linker. The term "operatively linked", as used in this context, is
i ntended to neanlin tlm:ttharm&ampb, @réﬁorfm(agrzmMmacad easjdmiemvdihﬁmhn&@ciﬂhmﬁitibma

am no acid encod he. t nts re in-frane. The
ol ot od ONAS EREDEE Py S ARSETTo Miba it BV bt B PRtk SRk SpimbleBat Ty henvy
chai n gene l?hs%ﬁfo%&lﬁ iéQieXcﬁHeH"fhl@lﬁbrEﬂi‘PC’Y‘"P&B@QQJanMﬁQQ%1an0t her DNA

nol ecul e encodi ng heavy chain constant regions (CHL, CH2 and CH3). The

sequences of hu nﬁnyftt@av@nelcmkc dhestaregionagymodifpdrie sncagage kheabity of thee art

(see e. Os 9 upr nc assi ng
{hese r oyt onto T aRistcbity e SRSl BCR ARGeId PRBE RO InoRr RS
chai n const mtafﬁ@gy 6Mthé ammﬂyaar Aoy, red gzt byl rﬁ@fynhg&ih orl Béke ahﬁﬁa adlgthor
| gD const ant ﬂl on, but nost referabl%gel S an 4 const ant

rogi on. For the fPHowmeagmsRns ot g SRABN kAR, %5He§iﬂ#é%@égi%@ BRA 2680 be

operatively d e d 1% chain
CHL 20const %E? rEr(]g %%%25‘61%7@ 2 e :5 %dgwgh%%%?gg Lagg\gé?égh can be
converted ta0Aa 3fOGl 364, 60@t3|0)9! 3@1815:,?8@0[13@(38@4 (3as, 3&, 829,5339 Balb3Bi$ gm chain

b t ki th di th |
ancoti nd0 Ches T s Hat D Bt Rre g 5 S0 S S aBl Bkl hdn 1 gh
chain const ans 4399k W, 980e THAl %RF&QM dfchha fﬁftﬁer(lﬁ e TP Blicatton Wapat et

al ., supra) and DNA fragnents conpassi ng these regi ons can be obtai ned by
st andard PCRO/éﬁﬁT 1. fMosetowcm thelmnging fiexsroachuermindgGirdort I yRil hEcy[RiIg cyRHhaml

const ant n be a ka | anbda. const ant . r [ a sckv
oo e VRERE GRS rwl PP B RO e g B e Qe bRt

anot her fragRRMs £0EQEINGIaBH]. @HeRl 274:65U4€66048. Ipacifedmahibgs iR s@ishho aci d
30sequence (Gly4-Ser)3, such that the VH and VL sequences can be expressed

as a coh?ig 6@529&%@3 83%ait ang B9 aiere, shaiwvnito improve bandengve HeaeBllbns j oi ned by

the fl exi bl i.nk e et al 1988), Sci.ence 24

Huot on ot arddiibghy \BEELSuRig corttifufhn nd SRR IeVESIRBREFRHLL O | o
al ., (1990) bhiaﬁngr E23@18/S@58A,5§298A/E\332AQJSQD@AHS?MR@H&@@QQEWK&PAOdUCtI on
of Monocl onal Anti bodies of the |Invention Monocl onal anti bodi es

(mAbs) of the pr &bt angities cadbadimaahiheglyprotitioadt as prigpodmds mefificknban
ti | i di zat | | et
(1975) Nt uf S506: G0l KR A e R 0L e Bt R Bl et 7

anti bod2@s Gigdodgletion ¢zl bemitemalaogfen emrmpfla,nﬁcfreasasahe affinaty oBtHeyunpibabyfoes and

phage di spl ay t echni que Chi meri ¢ or. humani zed anti bodies are al so wel |l
known in t hatgep @ ghydrge godgigagings Roe WCHN 1Y 85 y-50beenply altering

5,530, 101; 5n§§ﬁn9§%ute§o§@2¢(ysg?ﬁu@ﬁ‘%1@11&@19 1a§tZ190d theument Bot S prlé"’?/h&gr are

specifically 1 ncorporate in by reference | n Otheir enti
a pref er r ed rembadinvetd subktetuaonsi dao de esadefthat hesultny eltnimanom pEofrurranore
nonocl onal antl?odles Suc noclon

o A 5 S e e e TR O aR] e by BRhER e hiion 2RE™"

carryi ngs pakiks Sifchtal gﬁycbwm[bnl Wﬁ@reﬁé@%@ﬁffhﬁ@yhﬁ&hé J}ﬁ%o&l‘ﬁﬁarfﬁﬁﬁ Keetem
These transgenic and 15 transchromosomc nmce include mce referred to

herein as t KeS.Hiskamb Nobise(4:35Cand GMWHlse(r), respectively, and are
col [ectively ref EArdﬁﬁl%ntal?y Qre zﬁ?ernatw&y, hﬁJ %%od? carlﬂ &€ made that has an altered type of

glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl

In

residues or an antibody having increased bisecting GlcNac structures. Such altered

30  glycosylation patterns have been demonstrated to increase the ADCC ability of
antibodies. Such carbohydrate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glycosylation machinery. Cells with

altered glycosylation machinery have been described in the art and can be used as host
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The HuMAb Mouse(r) (Medarex(r), Inc.) contains human i nmunogl obulin gene

m niloci that encode unrearranged human heavy (1A and y) and lIc light chain
i mmunogl owol2or/Eetfaences, together with targeted nutati @eas/ush@w/oszratti vate
t he 20endogenous I A and |Ic chain loci (see e.g., Lonberg et al. (1994)

Nat ure 368(6474): 856- 859). Accordingly, the mce exhibit reduced

expressi on ofllsnowdech gMxpresaredomhinassgntibedicst of thmmumentdart toatherebheradnte aduced

it at on-{ G GUAGYAT Hgh STRRY nCRe G (rSRC DR OB
(Lonberg et Mi709 (kR ﬁuc§ésy@&ﬁﬁsfe&§s\éi§€ﬁ\s¢m‘3 (lagm,hsﬁlf ﬁlc&s%l%%ﬂéfe%e)t%ﬂﬁ?mk of

f
Experimental Pharmacol ogy "113: 49-101; Lonber and Huszar, D. (1995)
| nt ern. Revantibpdigseikpres@d 16 8hedds7GnIsFEY.dind M08 celd hbes lgck fugos) onpthair N, .

Acad. Sci. 764:.536-546), I £ he, HUMAb M , dth
genon ¢ ot tee e i B AP LR ke Tl AL SR QR R ey or
et al. (199?a)rgé%b&hi@fu?ti6§ bfithe ReSEREGD 12 OHRND (482905 usthe fvetepiicembdtQR30rs

I nt ernati onal | nmuno o%y 5: 647-656; 30Tuaillon et al. (1993) Proc. Natl.
Acad. Sci. (A LbY: Py Pbboptionts. 2094041107 mgay amgnedPnuis petli @04 117- 123;

Chen et al. 4 61257821 83% ., Tuah bl 0Bp 6t 8! munol .
152?2812?2958";]’9%2%{ ks ﬁa?%i)‘?{ggﬁﬁ A Helhpisot ?11@%33%%36%? Pl
and Fi shwi | eita fahctiqiaB9@)sriyasLIFET Bigerice oiitdl ogydeb4: fuBd§t Bosfertdeesicanhant s

of all of which are herehy sp%cifically incorporated by reference in their

entiret VU SARIBRBISSEBIEHEITlY WHJossEbbEAyRofugetion hy redugig vt Nos.

5, 545, 806; énéﬁ%aﬁ%ﬁie éa,%%%n&.%@ateé,eﬁg&né% 1,51,7§,8@5 8RO derBéd edPilnes which |
5,661, 016; 5, 814, 318; 5,874, 299; 5,770,429; and 5, 545,807; PCT Publication
Nos. WO 92/ 63&18lownz9Bk h2@dH; fonmididg AEB8St0 tIONIeh3gbysaMineaBatABB4p WO

99/ 45962 an 01/14424, the, contents of ich are incorporated herein by
ref erence Sﬂf?.vl\focﬁgglron(? leTeraé’f'g‘?dy or coes PRt %’KS\lﬁ?f’e‘?nZXWBBB?YJrE’nf‘Q eﬁﬁlﬁﬁf‘? tg‘?‘lf%?bodi es
of the invegijeRimLaN 1BR YRE/HEATUSI ORLA GBRUIRT Pablicaabh WS 0B13BE35

i mrunogl obul i'n sequences on transgenes and transchonbsones, such as a nouse

t hat cat?i edessrihesmvarimab(Ylcendl linet FaqissHe vaitidredugndrability itghitach Hagase to

t ranschr onnso This nmouyse i.s referred.to.herei.n as a " use(r),"
b o das oy kSRR it B s b R e A Al BRdR T ot or m
of this nousgprewbil ahthbttidshedll GenglEd SKislda eh@IMIAWIPAS3idi. Ehbmnt 20 Ef33t he
endogenous Fc7RI 1B receptor gene, is also described in PCT Publication WO

02/ 43478 andot4heAngliodies with @impdifiedglyeamyRtarpry e 6aeilsg be proguesddnt i on,

mce with eig. rqk . I e acan be
used. "15adat b S te A fafted HE Rt F K R O b P Al T AR
(Abgeni 20 | mdth,a do&fie®gtyeotyldtias. profil® 39n 58 Brodacd/in,plbit cel6s, dich, 5IBimnb, 150, 584
and 6, 162, 963) . rther enbodi nents include "TC mce" (Tom zuka et al.
(2000) Pr ocMeNé‘T‘g.L%o%Ef%‘?CUQEiO. an}éndg‘:ﬁ:lvzz)faﬁmst%are&d%éosegm @F%Shﬁﬂm heavy

and i ght CQ@M&B@@&%E&KH@%&@%%% B 185 a@dne l SQRLINNAT1H080/314911,
Bi ot echnol ogy 20: 889-894; PCT Publication WD 2002/ 092812). The contents of

t hese pat enfidedamdApgist 1 £RA006NBCArRubEpaminf WO/ §4 348 cesquibeatdtlitmer ei n by

reference in their,entirety. . I n.one enbodi nt, hunman nal

o bodr oo Brditeatd kIS sprotsinsat B e ER e e g, LR e or
screenipg | h&rtﬁ@h@@sa%nmmeﬂamnggmnw Jubh BRPESibodRE exfrelhed th e Pat ent
Nos. 5,223,409 5, 403, 484; 5,571,698; 5,427,908: 5,580,717;: 255,969, 108;
6,172, 197; sng@asrqball igieseihibyancresedinisgame (FcHNBsstargireswBRh reppls imnd
6,593,081, th f.whi.ch ar.e i.ncor par her ej eference in
their entir éﬁ?aﬁg&mﬁ'&ﬁ@cﬁgﬁy%ﬁl&aﬁéﬁ% 1633%? ?@gglb%gan% {?fhglgigmélﬁ{‘ %@ﬁe@an al so
be prepar ed]199769 36C! Atdrhaevel e fbdbehedidism pf kivanfiBodetdnsende® e 6fsing

reconstituted such that a human ) ) )
a fucosidase enzyme; e.g., the fucosidase a-L-fucosidase removes fucosyl residues from
30 antibodies (Tarentino et al. (1975) Biochem. 14:5516-23).
Another modification of the antibodies herein that is contemplated by this
disclosure is pegylation. An antibody can be pegylated to, for example, increase the

biological (e.g., serum) half life of the antibody. To pegylate an antibody, the antibody,
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anti body response can be generated upon inmmunization. See, e.g., US
Pat ent Nos. 305,476,996 and 5, 698, 767, the contents of which are

i ncor por aweaotvamesTn by reference in their entirety. WO PCT/US2009/053405

2010/ 019570PCT/ US2009/ 053405 I n anot her enbodi ment, human anti-LAG 3

anti bodi es are prepared using phage display where the phages conprise
nucl ei ¢ acidsﬁegnaﬂhhgaﬁhthmﬂyésegaﬂbwah@dbkdwkma@$gBhH&K®nMEhMSa

previously immunized w ferred nbodine t. the transgenic
Pl s a R abiEe den et P oty Graloas i ighenmg: ot

56, 794, 132, pEbes6Qp\ RRbSe AftachRl Wth@raﬁtlbmr&ﬁfl%cﬁﬁifr@ﬁ&'t NpRYerhigf, ehence in
its entirety. Immuni zation of Human Ig I'n one enbodi nent of the
i nvention, pegmationgs parcied anievip paraelatean Imqthpnapr purlkylatign aeactnn Mﬂ‘tﬂi@d
preparation of .a 3.antigen combi nant LA tein ells
prasei g EopAEs G EN A83n shGSER e Me MaRTBPR @iua Aslisd

Fi shwi | d et hédein, (HE28@) ; "pcﬁgmnﬁendDgycd?unlmtéaaemsaanf&ﬁé aAﬁSﬁtheEoM@&yEm424

the contents of which are incorporated herein by reference in their
entirety. | thaghpyediean pead tedsuativgother grofgngysaeh ¢ mor Cel-al@ dlkeriynzed with

5-50 i _tg o - t o] a
non- LAG 3 p% pgpiqlgfgﬂilgﬁyu%lgéh ?@Pﬁ%@&g&x ﬁ’%ﬂ dr m%%]e r(Imitehf(l,n !{r aﬁlge%ﬁ§(§glﬁ1h§e

i muni zed i ﬁteraalpebdy orteglekylaedR) ansglyadsyawenmtibbdy. (Myfhods fdn pb.gig@at&gant i gen
in conplete Freund' s adjuvant, followed by subseq . IP.or IV |

i muni z&? i 0RO %Fei(ﬁPWQé% therqrg %é&ﬁﬁb@?@lﬁﬁéaﬁw@ lﬁaﬁha%/% ¢ inygntigthetee,
embodi ment s, agjpy §16§&¥EF6Q@P3E feund' s or whole cells in the absence of
adj uvant are“used. The plasma can be screened by ELISA and cells frommice
with 20 sufficient titers of anti-LAG 3 human i mmunogl obulin can be used
for fusionsAnﬁba@wﬂhﬁmmlbﬁmkMﬁsidonas Produci ng Human Mbnocl onal Anti bodi es

of the Invention enerate hybri donmas rodUC|n human nonocl onal
ant i bodi es of thénflh Rt PldAls dislesHEsSARdS © ﬁraftswzquwpqhemfa%%myglcalrom

| muni z g4l mgFo?eﬁi%@ tQ%eie%PArﬁI’cﬁQh@é@Mté Hfffcijentt Qlag{ds ?f%?éd?{”! ate imortalized

cell Iine, as a nouse nyeloma cell line. The resulting hybridomas can
be screened for wmngMQﬁthcpnmuﬂd&mkmgenmspemnmumeamMKm@gh@smmﬁbneﬂaiion

f hybrid t.h d L 1988
ot bodt oo il B O ot arin sariaarany S s o BHRTCES RS PSR vor k.
30 Generati mr&fsedenﬁﬁﬁ%@h@ﬂy%f R QB Yo MANAEHBBRbE ARLIKOOCHE Sn@ody e

| nvention nti bodi es of the invention also can be produced in a host

cel | transf txaltied mlgn@bmﬁmg (&daashalles ab(108AbA rrat RayrPiotherretlbobi-neditGabNA

Lechn! auss AR 88A%BAR 9O IB AU ASVLRCIE) i (99D ) il art (-0
168: 1099 109, Spiro (2002) Glycobiology 12:43R-56R; Parekh et al (1985) Nature
316:452-7; Mimura et al. (2000) Mol Immunol 37:697-706). Glycosylation has been

known to occur at motifs containing an N-X-S/T sequence. In some instances, it is
preferred to have an anti-LAG-3 antibody that does not contain variable region
25  glycosylation. This can be achieved either by selecting antibodies that do not contain
the glycosylation motif in the variable region or by mutating residues within the
glycosylation region.
In a preferred embodiment, the antibodies of the present disclosure do not
contain asparagine isomerism sites. The deamidation of asparagine may occur on N-G
30  or D-G sequences and result in the creation of an isoaspartic acid residue that introduces
a kink into the polypeptide chain and decreases its stability (isoaspartic acid effect).
Each antibody will have a unique isoelectric point (pl), which generally falls in
the pH range between 6 and 9.5. The pl for an IgG1 antibody typically falls within the
pH range of 7-9.5 and the pl for an IgG4 antibody typically falls within the pH range of
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WD 2010/ 019570PCT/ US2009/ 053405 229:1202). In one enbodi nent, DNA encodi ng
partial or full-length |Iight and heavy chai ns obtai ned by standard

nol ecul arwbi2oloagyswechni ques is inserted i nto one or nNDIPETANPIRDSI4ON
vectors such that the genes are operatively linked to transcriptional and
transl ational regulatory sequences. In this context, the term "operatively
| i nked" is bithtBrded specubsrn thitantibodiesnwiti e gy ogteide thesndringbtaege may bae vect or
such that transcriptional. and translati.onal contr sequences Wi thin the
vector  ser v aioRihg S PUERIGA TbY o By g ea b PEIGE BIREnhnd
transl ati on,@f 1 Ate 3aRlbORAYaGRGns a pI valubNBarfBIld M theBothl Slnge STAMRALBe | S
intended to include pronoters, enhancers and ot her expression control

el ement s ( eachicvedaiithetanselesting antdhogiealvah a plain teomermal range o1 0y matesioei pt i on
or trans% atign é)Jsut e aen%f' bspdy chai n genes. Such regul atory sequences are
descri bed, 8.255, iR 4EEd F'(Gene Expressi on Technol ogy. Methods in

Enzynol ogy 185, Aaad@itibedPels haveSachakRicegBtic GdInkA8Mpratdrs,6fié 4 Bi@gheegul at ory
sequences for manmalian host cell expression include viral elenents that

di rect hi ghmeding temgeragugindiqating greates puerall stahidityrdd iigh(keshnamuglye R aad
pronoters a ol - ) S, € i, an
0 rus a0 (SUHsnedCRo0en AP PR Bl R e GTPR R Al WMreed o
(ADMLP) and thedly Q. tebtatunadf mélay unfotding)rtel greaguhat 60°C, prbtreblgeseatan be
used, such as the ubiquitin promoter or 13-globin pronoter. Still further,
regul at 5 y &%@n?seveaﬁ%g 8@%@@%&@ TP 6m PR RO BRI Bl as
the SRa proppf 6! meyt&iMsindUifBrehfARhdisn CHARDY LN@OBYA) SR Rk
pronot er and tlﬁ"}lﬁremZO Fongsuit@éﬂrlm r?af2 rsepeatggo u%gy?l(Tecrep(P (I%eu eﬁlha vllkrus
type 1 (Takebd9osl-6aj Ghiflabd8yr dito]l 299Cehbundilet:.688t74%5H-ot ¢RyularTdichreispr essi on

vector and ression t sequenges, . hosen to be compatible with
the expressﬁgﬁ“ﬁﬁgiﬁc@ﬁ%g&mm%og’”‘g@fl%(g'aiz’ilﬁf?%body | i ght chain gene and the
anti body heavy chaj Bre88RQ GbdRBedNSRILLERS hilselebRE tIRANB nBf SRR AHiAly.
expression vectors. In preferred enbodi nents, the variable Sri&géons are

18
e
used t oler edegradation ¢lemgmtibeght ¢andwymepsnied vsing gapillant dléntepphorses (k) dnd

const ant “anir NGRS FARKEREL AT sl b A L P BRI P B DEC cen ¢t

the VH segnent i $n oglietprafetryd éhmbddaheh afitit®d{ds] agL@Rpdd(tBt hakvé Riifinfane vect or
and the VL segnent is operativelf/ linked to the CL segnent within the

vect or. Addpegregaionefigets ayhigh ga legd o the tiiggerias ofBR HAWENtek PRIBYAS SAPBOY ect or
can encode i ﬁg}*ﬂg Iy >[ et nt i hody
chain from gmﬁ/glggtd?eceeqo : er%ﬂzﬁj %%%3&%%%%%%30 negﬁécsatrge%gra@&’oﬁndgﬁoglﬁ% (%ltét he
vect or 2@ chatdeptablcheitis agpradatipapt RSB drdesk) prifechbln20% antest, @vehenoan no

term nus of the anti body chain gene. The sjgnal WD

2010/ 0155 70PEEAz086) 053508 Pepe T RECRHRLE7ART lehiioeB AT Aressrghla P %
peptide or g fet ?AQ@@Q@R}&% cah 80@leaRBRA b§i§ev_@:lra;l fechniqudy, Mdinﬁ’%ﬂké-gﬁlﬁsﬁ&{” a
non-i nmunogl obul i N~ prot ei n). In addition to the antibody chain genes
and regul at oolymag§tiendegh perfemaescoindiit embmesqerahyi(BRLEe.cindrlighofcattbeng.
invention can carry additional sequences, such as 5sequences that regul ate

replication_of the vector.in host . cells (e.qg., origins of replication
P ES N?ethO(Ps of Engineering Ant(l)bodies (e.g 9 P )

As discussed above, the anti-LAG-3 antibodies having Viand Vi, sequences
disclosed herein can be used to create new anti-LAG-3 antibodies by modifying the Vy
and/or Vi sequences, or the constant region(s) attached thereto. Thus, in another aspect
of the invention, the structural features of an anti-LAG-3 antibody of the invention, e.g.

30  25F7,26H10, 25E3, 8B7, 11F2 or 17ES, are used to create structurally related anti-
LAG-3 antibodies that retain at least one functional property of the antibodies of the
invention, such as binding to human LAG-3. For example, one or more CDR regions of
25F7, 26H10, 25E3, 8B7, 11F2 or 17E5, or mutations thereof, can be combined

recombinantly with known framework regions and/or other CDRs to create additional,
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and sel ectabl e marker genes. The sel ectabl e marker gene facilitates

sel ection of host cells into which the vector has been introduced (see,
e.g., U SvoRato/oidgrs. 4, 399, 216; 4, 634, 665 and 5, 179, 017 PCTRSR009%053IPS €,
typically the sel ectable nmarker gene confers resistance to drugs, such as
(418, hygronycin or nethotrexate, on a host cell into which 10t he vector
has been i nr¢cod1bdxmdtly4@ngiheem@dmﬁdﬂb@thztﬂtbodias kEthe grerraton, ras disdesstdhabove.

di hydr of ol a reduct for use in dhfr-host cells wth
et hot ¢ exat DUSETGER obARAHA PACaE g fros et Hadht irds o tens aht

sel ection). starting mzﬁ@ﬁaﬁEﬁpﬂhgéﬁglﬁ&rﬁf th&iBod IsIE oRBHrOSBRY VGt v, t he
expression vector(s) encodi ng t he heavy and light chains is transf ect ed

| nto a host S@Bllenceb@r@n@ﬁddw@nx@mmoqme Ciereg®nathicoaes. fTocratathet he t erm
transfe§t|on are Q%@a g to enco ? ﬁade vari.ety. of technlg

conmonl y° us SAEPETE HEOOHEAHE IO &8 B Eé SREPARA PSR SRR A or

eukaryoti c bfsodg@haling®ng or mokest the N’%M@Hlo@ Vi, seque@besPr Qhﬁécpfi@bﬁa or one or

precipitation, DEAEdextran transfection and the Ilke Al though it is

t heor et i cal MPrpEBR Isewns gheesasr Bader e WIRMBEEN eentained Hethe AYARRGeHN | 1$ hseéu t her

prokaryotic a?f}ﬂe%&lfél{r%&geeﬁglqg Hreatd I'ﬁ%w‘ﬁfn&%@a‘%ﬁwnﬁgﬁ?&g@?w\%@

eukaryotic ce fer ab e nDst

preferred beﬁgm@Bwqmﬁhe@NMaf&Bﬁﬂm'@akmageﬁﬁdmnﬂsﬁ@khtﬂﬂh&@nﬁﬁﬂﬂﬁhdan cells,
are nnri i kely than prokaryotic cells to assenble and secrete a properly
fol ded &hd Fﬁﬂﬁﬁﬁ@éb?&%ﬁ@? active antibody. Preferred manmmal i an host cells

for expressing t de
Chi nese Hanst er %Sgﬁgﬁ%%adp ngk??ﬁg+§§nﬂg(%£?¥§§Ei8¥§§%%§eﬁggg@flbed in
Ul aub and ﬁh@aﬁm;m(mQBD%CPBanumk@mbnmmwm@ Sci . USA 77:4216- 4220, used

with a DHFR sel ect ab). e described in R J. Kaufman and P
A. Sharp (1982(1)3) BrOVK)Eﬂg EFaVyl‘gﬁ‘gb L 5153%10&% | SEREIERFPIEPIIE S cel | s

and SP2 cel ((bR1 &q ﬁafc%lsae&tea frofiDthe 'gﬁfﬁ WohlsthieQ mreh A Gl Le a @Rt her
preferred expreSS|on systemis the 30 GS gene expressi on system di scl osed

in WO 873 04menme@redfmtmrgxommetlemf ShadR Nesohbi.ragfor expieE si on
vectors. enced g AN R SRISaRH & IHELAHERY 1INGLATEIGY 195k 6ol | o

the anti bodie8' A% produce urln or a per

time sufficagdbr i adig hO&haﬁrOVar%Df@%l%hQﬁtlﬂcfdyt%?ufﬁllaé chagysihfa OBR hagtewel | s
or, nore WD 2010/019570PCT/ US2009/ 053405 &, rably, secretion of the
anti body i nededterbirem the eumsansishnePl R NQs: heraé, %GDB@ safeenge srAprted

Ant i bodi es rotein
purlflcatloﬁ%ﬁngﬁgdﬁﬁqﬁﬁéﬁ:3%cte gﬁ%% EﬁAﬁga%odyBEB%g? a?g%%H?Fgen

Ant i bod2@s ﬁfonidhegrmnpemhmmngc@erH@HDMQdH%r bi nding to human LAG 3 by,

for exanple, andard ELISA. Anti-L 3 Gs can be further tested
for reactivi tﬁameﬁmé 3 tsonamma%wg‘wv@@%ﬁﬂ Biedke gkl eteg

speci ficity Qb9 s @dg}e'npé)%ﬁ/&f thé h%t'dﬂ!ﬁ%h%e?%?o@ﬁrﬁﬁ)o@?s AffeRENONEG DY

moni toring bindi hg 0f the antibody to cel expressing a LAG 3 proteln
e.g., flow tpstometattyred Bhebalynsetimods; ade known in the art. See, e.g., Harlow

ond Lane (1950 ThEi el BB BLAIRLS il Do e o i
25 Standard molecular biology techniques can be used to prepare and express the
altered antibody sequence.

Preferably, the antibody encoded by the altered antibody sequence(s) is one that
retains one, some or all of the functional properties of the anti-LAG-3 antibodies
described herein, which functional properties include, but are not limited to:

30 (1) high affinity binding to human LAG-3;
(i1) binding to monkey LAG-3;
(1i1) lack of binding to mouse LAG-3
(iv) an ability to inhibit binding of LAG-3 to MHC Class II molecules; and/or
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15 i mmunoconj ugate such as an anti body-drug conjugate (ADC). Suitable

t herapeutic agents include antinetabolites, alkylating agents, DNA m nor
groove biwdern/ 0124 i ntercal ators, DNA crosslinkers, hi sCons2aeasabyl ase

i nhi bitors, nuclear export inhibitors, proteasone inhibitors, topoisonerase
| or Il inhibitors, heat shock protein inhibitors, tyrosine kinase

i nhi bitors, dntannbolityds stimnkitecant immmarteatsponsgent. san anhigéhepeddE, T tdle ant i body
20and t herapeuti c agent preferably are conjugated via a |inker cleavable
such as a pgeﬁP?Ib%?', di sul fide, or hydrazone linker. Mre preferably, the
linker is a peptirgykydctiokar r@éﬁlfbsaﬁtﬁéadlfegdtantlﬁb(ﬁey@s{n:be\ééke'ségdaus\tf@ starleM&t LYS,
Pro-Val -d y- Vval - Vval (SEQIB Asn-Val , Val -Leu-Lys, Al a-Al a-Asn,
Cit-GCt, Vahssa%avauylsle irghe, artgeld/ordﬁscabgd hehi, ARhss dlaave Iset fprtbpmﬁled as

descri be E SIG Patent Nos. 7,087,600; 6,989,452; and 7,129, 261; 25 PCT
Publ i cat? on§*#BPE2/ 096910; WD 07/038658; WO 07/ 051081; WO 07/ 059404; WO

08/ 083312; and WH 8#{ad0888imkhS.of BRtBéthoddTlehgiabé@itsantiBOGOOSABL 7;
20060004081; and 20060247295; the disclosures of which are incorporated
herein by r&MeRee @utTEEs spebs mtodnsdaandasaly or selectively o Hber psiyden, the
present dis f S I

Bt body | 1 SLERAE AL ARl RE Ll Cpd e el HEMEEA TR s Mhbadell
peptide or pambeiceehed for, buahmg kt&mtgrahd/oodmeofunbn@mmﬁrofpelrtleaa:r éssepibar ) to
generate_a bispecifi | ecul e that binds _to. at |east two different binding

sites ofVtangetn: rMP‘éEH‘Pnagéneth% hova bren 1557 Re T Bs3eidsr 058405 ThiRlicausused
herein, "bi 55’@(9‘%)'270997%@!1 %3/01%@7951% mol ecul es that have three or nore

speC|f|C|t|es I'n a preferre odi'ment, the bispecific nolecule conprises
a first binding specificity for LAG 3 and a second bi ndi ng specificity for
a triggeri niWueiiccAcidMblbailey BietodinigsAmiodies vt hedhf@tioar cel |l s that can kill
a LAG 3 expressing target cell. 5Exanples, of sw table tri g%erl ng m)l ecul es

are CD64, CD89, EMeHer apgcighdhe igygntion pyrtaing e ycleie agid mol paaticcode

Bi ot echpol ogy., an%gocﬁlég of #8 & ffiod. Zﬂ%@uclelc acids dat 1R r@s’gﬁﬂw K celR, hispacific
nmol ecul € has, in addition to an anti-Fc binding specificity and an
anti-LAG 3 ltysatél ognsyedidlyquryied ar sibistadtislpepur faint. yA niibleictacid id "spkédf'i ci ty

can be for an,,a nhancenent f.actor F)., e.q., a.nol e that binds to
S osur t ace Shrigpsre THRaBrGAY e oy bt ediielastiy Jrory bl SolPieidoes
the imune cgepeRisinAdakNSt. biier deliudehusiBiclacids@F p@(@iﬁpb?:statnhﬁd techm es
anti - enhancenent factor can bind a cytotoxic T-cell (e.g. via qCD3

CD8, CD28, @Dhudn@adbaln@fsmmwm)enb £s6t bandingrmelneincadrématpgraphy, |agg0sengfén

i ncreas [ ne .res ain the.t eI e ul es can
core. | noiang RIS SR P orieat el U s SBF AwnBTRE pndi B THRE
spectrum a PEHtS@ﬂQinfMﬁleBﬁlhﬁB 1dl &y Slrédnd Pubhighing adi Wiilen dtedeithd20 Ny wl Yorkat |
except that, instead of having two binding arns of identical specificity,

it has two B HEsigacd pftheartenian caybe edif AeOrﬁtRI%fb@eﬁimamowlamot £P1HAIBt her
extrene are body
Fragmont o ( ARREFh Rl HERRE RN Rl ol LTS, SR ApEPlE
construct. Interh@ﬂkﬁiamﬁkﬁd&nhh&ﬂemkﬁnbembhamdhssgmﬁmﬂmﬂen@mmﬂﬂﬂﬂmbggrent

F(ab) f grren . linked eptid | i nker,. peci fic nol ecul e of t hese
and ot h iques. 4ipr pat fgﬂdé%aﬁxe@%ey‘ é’r?/é’flfi%mé% e BTGNS BivRPE from

hybri di zat| @9nsgRhicGHeaL LR 1ot 9: genéUfs&les&lbed furtfdr bER WS UPT &;
Cao and Surespkllsggl?,llcoconj %?at%ﬁmem sr{lfsg@go (6 )genG35S 524 (6191519%) ! an(‘jxévan

Spriel et a_bDNAsmmumbhg)gy lighd anyd heady 8haingefithe 3RATbod MDRIe byahezihjzbreionerfcanences
cited ther €be 'obt%uSned by standard PCR amplification or cDNA cloning techniques. For antibodies

obtained from an immunoglobulin gene library (e.g., using phage display techniques), a
30  nucleic acid encoding such antibodies can be recovered from the gene library.
Preferred nucleic acids molecules of the invention are those encoding the Vi and
V1. sequences of the 25E3, 25F7, 8B7, 26H10, 11F2 and 17ES monoclonal antibodies.
DNA sequences encoding the Vi sequences of 25E3, 25F7, 8B7, 26H10, 11F2 and 17ES
are shown in SEQ ID NOs: 49-54, respectively. DNA sequences encoding the Vi,
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Phar maceuti cal Conpositions I n anot her aspect, the present

di scl osure provi des a pharnmaceutical conposition conprising an anti body of
t he presew0 2diogabzysure fornul ated together with a phar neceatse@alos3aos
acceptable carrier. It may optionally contain one or nore additional 30
pharmaceutically active ingredients, such as another antibody or a drug.
The phar naceeduenals of 3P ASEHT 08187, @bHil el ih\vaadtli’Eh asd downan SBEQ HAMOs: §i-er ed
in a conbln%hlon therapy with, for exanple, another inmunostinulatory
agent, anti- ARREFIYd%nt . an anti- viral agent, or a vaccine, such that the
anti-LAG 3 anti begye @N’l@ﬂ‘égﬁeﬁtﬁl ‘énéd@iﬂg”@ hEENORSENABANBDbLRA, HR&CDRA VO
2010/ 019570PCT/ US2009/ 053405 he pharnaceutlcal conposi ti on can
conpri se anyrapmehiscappe ébr&lbpir@nimlat@m pinglatdsreedrabingz PB4 tehedvendbude

[ f hi ckeni | s
b nders. > o Spurar shoar S BRI AR ERR 1P S B 3001 g

agents, coatiap@ent géhsd (b”HtG@l’saFV BéheaBehtse maPlilhCaR! & Vi S¥Eel @R&idng DNA
preservatives, 5isotonic agents, and conbi nations thereof. The sel ection

and use of &S@EMER isopstatiysil¥Helsed; te apefighp Nidn{TGumeA £Bcodie AanoReRPIEIBIUCThe
Sci ence and Py ﬁdb%ﬁ%%qs?ﬁﬁ&%&}’or %Héﬁbl@%nk%%gﬂgleeg@?%bgé\%él# RlfBogx W 1 kins

2003), the élsc osur I'S I ncorpora erence.

Pref erabl y, usedihaliivacettitt] Bahtesdmiro sieah olmt ittse tsuol DINAI feagheantd 41é janahads,

10i ntranuscul ar, subcutaneous, parenpteral, sp or epi der nal

adni ni si9 at fsh tegnyno agig spqereqsiearodse byripg &y P}\& RS Fradh i idMeout e of
adni ni stration. ihe;ehddBNAMEURE akAN D GPAIAK dofivédib &lrhflersth Pr ot ect
it fromthe action of acids an er natural conditions that nm

i nactivate htavy'léﬂnempgnznabg opqaanmiy hnhhg&ldwﬁ’ﬁiatco@hg@NA&sanmlmi D¢Aei n nmeans

nodes of administrati ther than enteral a tration
Loual 1 v by Titestlreadne Bint St e dgaSengrenenici At Sae ) n Feiraote:
i ntranuscul af hurhit ﬁ@a@&fcﬁﬁlh@bnsmﬂ&ég&ﬁg&@h arel KHobRAGARSM Blsee b.BT KABANI LAl |
intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,

subcut i €l af {99 htsrvan eid DN fragmbusa peasnmas sing hgreaisBions dan ben@bt@mpd hal ,

epi dur al and | ern e n_and i nf usj Al ter atl e(ll:'
ant i body of ehEH REETMBinlh ol TR ey ChotRl el GBS p S0 LoDy ot e

such as a togms:agma@ap[gimgmorqur&uﬁaaﬁlregleluttﬁt goselateribsy fsahi 189G og. g. ,
i ntranasal | igﬁor al ly, vaginall 3{:, rectally, sublingually or topically
The phar mac 4%%(15t3@b¥%61§1n(f§f6f abﬁr@gmﬁwmamﬁh%ﬁe@ethen% ﬁ@?oﬁmﬁrﬂ?]ﬁf\ can

phar maceut i Béhk%aﬁegfﬁﬁﬁéﬂ i aﬁ@%ﬁD A mgﬁgﬂlg?gf%%ééﬁlyé%ef}%\%?fgﬁ%%% alt”

refers to a sa retains eS|re e parent
conpoun@0 andomthoes rapddn. i rrpart 25any undesired toxicol ogical effects.

Exanpl es of such_salts ipnclude acid addltlon sal.ts and base ition salts.
Aci d addition sall gl%Of?éfrfﬂla@ HESLINgdRS Ve PN RSIfrBYS ted .tﬂar‘f@gfﬁn@t%ws

such as hydEﬁ%ﬁﬁ'gQﬁé Gs w1t h Fab ﬁ’i@ﬁtsﬂﬁﬁf ée‘he) %bﬁ&ﬁtﬁ\%l AR O MOT_Encodin
hydr oi odi c, phoSphorous and the™li ke, as from nont oXxI C organic

aci ds such &NAkae mmma@m mmalecalﬂrdemtpdmgbhbdyghtchamcdsatam megign, (JubBhd t ut ed

o el o 2o SR R BB S PR AR SR 0 LA PRI o

25 Kabat et al., supra) and DNA fragments encompassing these regions can be obtained by
standard PCR amplification. In preferred embodiments, the light chain constant region
can be a kappa or lambda constant region.

To create a scFv gene, the Vy- and Vi -encoding DNA fragments are operatively
linked to another fragment encoding a flexible linker, e.g., encoding the amino acid

30  sequence (Gly,4-Ser)s, such that the Vi and Vi, sequences can be expressed as a
contiguous single-chain protein, with the Vi and Vy regions joined by the flexible linker
(see e.g., Bird et al. (1988) Science 242:423-426; Huston et al. (1988) Proc. Natl. Acad.
Sci. USA 85:5879-5883; McCafferty et al., (1990) Nature 348:552-554).
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addition salts include those derived fromal kaline earth netals, such as
sodi um potassium mnmagnesium calciumand the like, as well as from

nont oxi ¢ wogarwmsm nes, WD 2010/ 019570PCT/ US2009/ 0534 @6 TAISCH94S3405

N, N - di benzyl et hyl enedi am ne, N-nethyl gl ucam ne, chl oroprocai ne, choline,
di et hanol am ne, et hyl enedi am ne, procaine and the |iKke.

Phar maceutical conpositions can be in the formof sterile agueous sol utions
or di sper si grsluciiheyf Manodbisd Aneibbdiesf tat &dventio® m cr oenul si on, |i posone,
or other ordered 5structure suitable tag high drug concentration. . The
anmount of acti ve MUGFIOARERtILHPEIM AR bRt heaci e can beaprpilesed paingr i al
to produce | §?ﬁ§-f g Iyl @gﬁgi ject being
treated andaFﬁgﬂggﬁ?ﬁgu armﬁ%gg%g?h%g%?ﬂﬁggﬁatloﬁ&gﬁgﬁ%?FﬁgggﬁggglIy be

t hat anolunt Milstdilh €l 0 PYosire Romn 48hi Cthgyreothedimsends foh eragipeing intonetoealt .

CGeneral |y, out, of on undred percent, 10 this unt . will range from about
6 0300t o aptlibadic dngudh et S PR TE krangPrabiop, i TERMAPey 5 AUt | 1T oo

about 0. 1% HRpRDEhNR%. ORslerRehemanyd AdiouRb ekt ald?a 1Pk AR RO ¥ptOf
active ingredient in conbination with a pharmaceutically acceptabl e

carrier. Doseg®gs &lgh.fatent Bioe a8l ux17ed.226.59P 0uPHk1A1he.58pt08RUNDPUB L6 el
response (€ggqn 330 Lpt NEHARCUE L £ich GRPQEE) 11 QLo SRR Boeifl 15 OELGDQ US can
be admi ni stgr §8 g’evera P V1 460" dos @S Can & YA N StEF eV Vet e or the
dose camobetmmm&%onally reduced or increased as indicated by the

exi gencies of the therapeutic situation. It is especially advantageous to

formul at e par ent 8t apreéyradosnhadinent; the gahagies pithe inyentiongie bymean of

adm ni strati i formt LE g 'Htslﬁﬁ erein
refers to 28%&9@?@%%%5%@6 rge{ltcgfhﬁﬁl?ﬁ g%glaf@%aaggb%ﬁ %ﬁ@o@g&s oE[r?l t he
subj ect s t oL&-Breembe denceaeduting tramsgaiiaion sradschroacsbmidmivedagyimgtpatty obf

active conpound calculated to produce the desired therapeutic effect in
associ at i onhGRPANHEREE Y HEd PR Rk BGTNULE SEUFPi dReseAIasTH 305 v,

anti bodys cap,AehAfHBsBid Si&InaidémidsbRleg ﬁé’rEi‘ﬁaa?: hd BLMAAMORR® dnfl RY Ch

case | ess freque@pt admnistration 1s required. 25For admnistration of the
anti body, tMoweosagpectarte snd nermodboivelyOreGOGd to bereBasrihntgn Igmicerior e

usually 0,01 10 Sl ifho Rk Bk 50O R SO RTERESES con,
body wei ght nﬁﬁﬂ&e@tﬁﬁﬂéﬂfc%d@ﬁﬂﬂéaﬂ-@ﬁ§tlthuﬁfap%£\f}i@L dn€) hAD @ Eighf chhinl0 M/ kg. An

exenplary treatnment regine entails adm nistration once per week, once every
two 30 weeksnmygneglokwlaysgqudnces tegeties widrieigeted enufatiang thajeesietiyatethee a nont h,

L LT

wei ght or 3889 kgechatlyslwah@ RticadxdibintedascarapiesaoibNmdtided M6Y; «,\Whd n t he
anti body bei ng given using one of the following WO )
2010/ 019570 FsPPnisS2e gompsizaten, the introduced human heavy and light chain transgenes

undergo class switching and somatic mutation to generate high affinity human IgGxk

monoclonal antibodies (Lonberg et al. (1994), supra; reviewed in Lonberg (1994)

25  Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D.
(1995) Intern. Rev. Immunol. 13: 65-93, and Harding and Lonberg (1995) Ann. N.Y.
Acad. Sci. 764:536-546). Preparation and use of the HuMAb Mouse®, and the genomic
modifications carried by such mice, is further described in Taylor ef al. (1992) Nucleic
Acids Research 20:6287-6295; Chen et al. (1993) International Immunology 5: 647-656;

30 Tuaillon et al. (1993) Proc. Natl. Acad. Sci. USA 90:3720-3724; Choi et al. (1993)
Nature Genetics 4:117-123; Chen et al. (1993) EMBO J. 12: 821-830; Tuaillon et al.
(1994) J. Immunol. 152:2912-2920; Taylor et al. (1994) International Immunology 6:
579-591; and Fishwild et al. (1996) Nature Biotechnology 14: 845-851, the contents of

all of which are hereby specifically incorporated by reference in their entirety. See
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dosi ng schedul es: (i) every four weeks for six dosages, then every three
nonths; (ii) every three weeks; (iii) 3 ng/kg body wei ght once foll owed by
1 ng/ kg bwoyowaiigito every three weeks. |In sone net hods, PaoABg@9i0S34a8lj ust ed
to achieve a plasnma anti body concentration of about 1-1000 tg /ml and in
sone net hods about 25-300 tg /m . 5A "therapeutically effective dosage" of
an anti - LAGh8thentl.SoBatedfNdash 8,51 88, 59,825 b 62aHR§; 7,633425 5i7189450ecr ease in

i sease. symtamDTeeoyer 6 ag 4o st BT Eah s B P M Rpar Tl P e o
due to the dosewgponbhidiscwoOns/10087,axaml/B55850W A be 188 2aW@k/2aB84; WO
tunor-bearing subjects, a "therapeutically effective dosage" preferably

i nhi bits tufRBK580DbardWID0 Y4444, theaonteats @i whidiogre msoepqpated beraiyl by teference| east
about 40%’/0 evt%n.rréo{.r%g{)r eferably by at |east about 60% and still nore
preferably Ely St T'85St about 80%relative to untreated subj ects. A

t herapeutical |y ef iieghdr\eenbatmntit, Himad dhiBsERLIthe indeRfaLAE beahiselEadinas e
tunmor size, or otherwi se aneliorate synptons in a subject, which is
typi cal | y anysshabsargemhiseandnsreglobahrasquensrion thnagaracaist i cal

i | ) . e : ts,
Cr ahsder mal UAneaABoRrATHR 8 dnd L AP CuES SR oy BN ABLOGAL TR B b o
bi oconpat i bhempolighehainaemsddeomssahne. STith nasseis hyfeaae to/maryih aaadkKM e,

I h i des, | yal | id, coll , pol h , 10
ol yi acitc geme™ Gt Bogrbeaudealibaa b fodibirp i d Aat st BbgebErmver y
Systems, J. B th%hﬂs%?@hicﬁc%umh%gog%ﬁg&! a Qousl cﬁg‘mgti&?ﬁ t§9 E]}fdog\]:gglﬁ

Ther apeuti C comnposl trons can m ni stere vVia nedl ca evi c€s such as
(1) needl el EsRINY padptomgend, iy aat deacritebehin @€ BubligationU8 (b0B994 7RGy r&eB3838, 851;
5,312, 335; 5,064, 413; 4. 941, 880; 4,790,824 and 4,596, 556) (2

m cro-i nf usfohepampe " KOEFE IR gouye - (&) afidrﬂa%aé?wrth&éb@réé%%% or

4,486, 194) ; Heb12inREHsiioh ARRSERS or bMB dn 68 (233 25and 4, 447, 224); and (5)
osnoti c devi ces US%Z, 439, 19%5 an8r4, 47(:51:1196§; t he di sclosures of which are

i ncor pot@at ed her @idditlopak tefreg@anc enimahernbodisients émdhadd the Xesomoilre (Abgamx,

i st i buti ot bgen e S93haPE bR et et T HE Ehra B  cbmpounds
of the i nvephidt HRAENEMEINBLEACITONRIE" BRhfiL &G o HNEW00RP-AE NBY. A& nglat ed
in |liposones, which nmay additionally conprise targeting noieties to enhance

sel ective t (AASHOFA2-12/) apdedws cartyeng buroan araysasd liSetecham, ttansehGomogaresg1];

5,374, 548; 416, 016: 399, 331:, V., V. : . O Ph | .
Do ee5. UmelSiE Nt GO Rk SERRESA R T Ryplicated Bio, Mg S Er o

Bl oeman2@t 8b/09081295 ThE ERSentV6F ROk AEARIRD LB A OPp3difiballyeintorpd@tedl 40,
M Owais et al. (1995) Antimcrob. Agents Chenother. 39:180; Briscoe et al.
(1995) Am herepripsiefrenceagtheyrgptiratehr ei er et al . (1994) J. Biol. Chem

208 9050, el v K S BRSO ML g
The anti bodusisg phadel digdyy wethpdsior sapeniandbiraethotiainad ireurpigkbatih gemegent i on
ot action obetcAs 3or Pufa¥enens- 108 I hAE sl onte By s idNar Lac .
I'n a prefersefo 108,6,172,197; 5,885,793; 6,521,404; 6,544,731; 6,555,313; 6,582,915; and

6,593,081, the contents of which are incorporated herein by reference in their entirety.

Human monoclonal antibodies of the invention can also be prepared using SCID
mice into which human immune cells have been reconstituted such that a human
antibody response can be generated upon immunization. See, e.g., U.S. Patent Nos.
30 5,476,996 and 5,698,767, the contents of which are incorporated herein by reference in

their entirety.
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10 enbodi nent, the antibodies of the present invention are human

anti bodi es. For exanple, these nolecules can be admnistered to cells in
cul ture, Wo20itmes7or ex vivo, or to human subjects, e.gPCTIUS2000¥06340% O
enhance imunity in a variety of situations. Accordingly, in one aspect,
the invention provides a nmethod of nodifying an i mune response in a

subj ect conpri si hyaradmrrendiodmiang Humanhatidub(ecantibhéiea atei foemlygd wing phage

anti gen-binding pqortion 15t hereof., of the .invention such that the inmune
osponae | nobnly BTG shetcarpis it APy ee Pl E e Bnhanced,
stimul ated @hndgRnicadihal ?&Viou_sly imnithefe@WigAL RG0S et SpiefteleHdRBENRMN AL | ent s
in need of enhancenent of an irfmune response. The melg hods are particularly
sui t abl e f otransgeniciangnHunahlupybebi BM.oriaun mpuse.dberor.del.S: Ratencho. be treat ed

Lsponae) . PO AR RS BRRREN Al MeorphBSoalieiBhly SRS BBy "

suitable for treatnent of cancer in vivo. To achi eve antigen-specific
enhancenent afuhiyatied byHuhbkeIaNtidée LAG 3 anti bodi es can be adm nistered
together with an antigen of interest or the antigen nay already be present
in the subject t & bee emlastimant(cad the inventtonnbemiyelgrmieg agr invinigedowidh 2 ng
subject). Wen.anti bodjes to LAG m ni st ered together, 25w t h _anot her
2gent. e euprenn BEChERprurara TR MReR Shirah b malL Ay

The inventi ealsfdpidising RIOWG3gsoREL §ad$. of AlonBerlsas bl NP Ih & uPFL FRMGEIdY, chuman

LAG 3 antigen in a sanple, or nmeasuring the amunt of human LAG 3 antigen,
Compri si ng. CEMEAcHPIHG PLE blawIcas VR@SRASEAEF BIO ShA#24. tha comteatsrigricn

apeci 1 cal | FaRihcrth Bl ARR Py R bay 1ER AR ANl 516,
formati on ofveak okinpicexrdieinmeeared wigh A50) ueosiyL AG-Jmbdteiro nNAkdrasteed y, anpedrdanran
LAG 3. The formatiaon of a complex is then detected, wherein a difference

conpl ex for RELAGH3 E‘@F@éﬁﬁn?rhé%%ﬁpgpéﬁtﬁ%?&f BeFd o the control sanple is

i ndi cat jye the ppesencey,Ofimbiiae tllaﬁ_g:geﬁicarﬂfc'e%é‘i_n{rﬂuﬁi?&i iﬁéﬁ%@rﬁone'étm g@yef. the
WD 2010/ 019570PCT/ US2009/ 053405 ant i=LAG 3 anti bodi es of the Invention can
be used to puravénouslyndW) WABLA GH3aniigerumaafiplete Fieupds adjugatti oHowed by G ven

the ability of anti-1AG.3. anti.badi es.of the invention to inhibit the

bi ndi ng of E%zgé@l%ﬂ*mg\éng&wamﬁa Wé@mnégerbm%n@ﬁerﬁﬁw adjuvant '}n_

ant i gen- spegitkl émbodifilchts! RFPRAREESherhAEFLMVENG WiblaLSR iRTIQVAHESeidt Vitro
and in vivo nethods of using the antibodies of the invention to stimulate,

enhance or agiveglam wedniThgelaswpeai b screeneeby ELESHand eells fron nugawpthe, t he

i nventi provides.a neth timul.atin n antigen-specific T cell
responsed confeeRniRetR el A S R Re R AT EHEBCHRREG B e

i nvention such that an antigen-specific T cell response is stinmulated. Any
sui tabl e i ndjcaah@6n Of HAYidMdsFeBduckSHeshi Monbclofhll AktBoRRESE HedRvdioHsed t o
measure the antigen-specific T cell response. Non-Timting exanples of such
sui t abl e i ndi cat dpgengreteduybrifepacpioderine behin proddleral antikadidspfthee presence
of the anti hodyy andhanod ASGARE | SXPKIG R AAUGHISN I LE B 638BGR O the
anti body. In a préfsgrre enbodi memt . I nter! eukin- prodﬁc 'on eby e

ant i gen2speeand fused ol dpprcpriaitd imh@tided 38T, kidhei’tal rBdusa Indy@l@ahOvdl tigse. a

met hod of stinulating an i nmune response (e.g., an antigen-specific T cell
response) if har@umn@%wbeéﬁmaﬁ @nhs sgiganadi for BeimiedusHonat aBiRgY-sBecifihe

i nvention tq the.subj . 2 | (s )

ant 1 gen- spea Ty eefiffidl Gl s THKRROLERRARSR, 5% g gy and
preferred ehbod{1988)tAnrilodiesubj ebdratsy adnuah) CobkSprimygHabbi PdilicatichsaNewnmune
response ag@' Hgt the tunor is stinmulated. In 20 another preferred

enbodi ment, %" subject is a virus-bearing subject and an i mune response
agai nstaghe virus is stinulated.

Generation of Transfectomas Producing Monoclonal Antibodies of the Invention

Antibodies of the invention also can be produced in a host cell transfectoma
using, for example, a combination of recombinant DNA techniques and gene

transfection methods as is well known in the art (e.g., Morrison, S. (1985) Science
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I n anot her aspect, the invention provides a nethod for inhibiting growh of
tunor cells in a subject conprising adm nistering to the subject an

ant i body wb 20te19379ent i on such that growth of the tunor PCI/USROMOOFI4eE i n t he
subject. In yet another aspect, the 25invention provides a nethod of
treating viral infection in a subject conprising admnistering to the

subj ect an 2an%: ”lb(my Imbng érebodiment, DNA snodinghaitial lve full-leapthiligheand lnavy s
treatedint es % Thee?}ﬂ(ﬂ? ti‘éﬁ math ds of .the |eavention are

di scussed iﬁaflﬁsr? By sippdaid mgleutan Rioky gyéé RIS deNET L ABO PG 0T B bodi es
can enhanceem@ssﬁm&@ﬁ)ri GRANA ehd QnCANCVPOMBVAS IinRed B th8cBR{ongMnd | N ONe
aspect, the present invention relates to treatient of a subject in vivo

usi ng an antienylx@ngl @gtlhamﬂw%lamst ﬁaﬁllsgmm@txh thyf tepmnecparatinely inknds i§ s

of cancer oub B s TrpIeE Rt s bor cssB e G ere aiBi e RRgian

anti - LAG 3 amd irbeghtioa@ncoBoliseqderics Glﬁﬁinttl’i@ Vet sahlelthélt hdndedfuirage of C
agents, standard cancer treatnents, or other antibodies, as described

bel ow. Accoretukgng the ranseraptimyeditiapation pfethe Avehndy @anpr ovi des a met hod of
I nhi bi ting 5growp, of t&%@ﬁt&@ s}pﬁuén@e % SHPLRGko ik PR rﬂrnénﬁé_%{sA ﬂg&% ﬁ%ong to

the subject a therape ctive anount o dy,
or antigen- bthedemeq@mntdomoltd]ﬁnmi (e.Pr pdleadablytion hgnam)tth;ltt@dytrblsha human

anti-LAG 3 anti body (such as a Jhe human antj-human LAG 3 anti bodi es
descri b&d hgﬁ%%CHytloanbﬁr%qSkﬁﬂan I°§/¥h(’§ran8|g?®rﬂ]§fq §REFY, SYMCEHPHOIIIERRS BE a

e o ERATARL 16 kA oL A bR s o

may be |nh|b|ted usi'ng the antlbodl ers
typically r é@pdnmmPeess,oSanrmlugmt%l(bﬂ?@)) Nefelrednaguhgore seqrehes fof preferred

f t t | ud . t at
el anoma) . PERE Eaes X estre Ar R L opo e o Sl an o, g

hor none r ef Ez%;%@lidh iRRehALRaARB0 08K &) fORRLers RiBSSdnhaRReLdorive@ ot cancer
and lung 15cancer (e.g. non-snmall cell lung cancer). Additionally, the

i nvent i i nﬂbn@e@ovw&(&‘éﬂw yimranreiewsr HeehV 400 adgrranicis €S- swhss edegpowmsh may be
i nhi bited using,the antib of th i nve s of other
cancers t haf™ E:Oq latﬁgr%r?%tg QAdJ Ml;];?%andt%ey et h%%ma fvetbh 2o 1\r/‘r”'lerrlrgj(ll)aﬁliorlyncI ude bone
cancer, pangéfRehdcs caRBE Bled, Silchns ﬂféﬂﬁﬁcﬁultlﬁﬁﬂﬁﬁﬁeﬂﬁr Ql@bfﬁ%ﬁém@fer.nsﬂf, _

20cut aneous or intraocul ar malignant nel anoma, uterine cancer, ovarian

cancer, rectuthecangdatorycdpoents 9<Pmp¢ﬁ@d ah aftqup@@s cﬁwm difigramt kouwsegscsuch as the
nona _,of

teﬁ?it)lrrg'tjlr IaL mg ?(}gjgr ﬂt%?‘rraycs% ,?Bl'élc cé(?,n\;ziu§s squexgces rrorgl F§V46 ear(iI promoter andnﬁe
20  long terminal repeat of human T cell leukemia virus type 1 (Takebe et al. (1988) Mol.
Cell. Biol. 8:466-472). The expression vector and expression control sequences are
chosen to be compatible with the expression host cell used.
The antibody light chain gene and the antibody heavy chain gene can be inserted
into the same or separate expression vectors. In preferred embodiments, the variable
25  regions are used to create full-length antibody genes of any antibody isotype by inserting
them into expression vectors already encoding heavy chain constant and light chain
constant regions of the desired isotype such that the Vi segment is operatively linked to
the Cyy segment(s) within the vector and the Vi, segment is operatively linked to the Cr.
segment within the vector. Additionally or alternatively, the recombinant expression
30  vector can encode a signal peptide that facilitates secretion of the antibody chain from a

host cell. The antibody chain gene can be cloned into the vector such that the signal

peptide is linked in-frame to the amino terminus of the antibody chain gene. The signal
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t he vagi na, carcinoma of the vulva, Hodgkin's D sease, non-Hodgkin's

| ymphona, cancer of the esophagus, cancer of the small intestine, cancer of
t he endocwOnelmngi’zem 25cancer of the thyroid gl and, camCEmUSed090RH0S

par at hyroi d gl and, cancer of the adrenal gland, sarconma of soft tissue,
cancer of the urethra, cancer of the penis, chronic or acute |eukem as

i ncl udi ng apetteleropebonul irhfrmhegtbbulimdilgrmmpept@eiraihdtelrcdug@misiagnabpnmide (ie.,a

| ynphobl astic | eukem chroni c tic | eukem a, solid tunors of
chi | dhood, P*ﬁﬁﬂ@(‘?@?@?% ‘{O%élfx SRS bl adder, cancer of the
ki dney or ureter [ §RfiGd@Re %Ql%ﬁykﬂﬁnrg@ﬁ@anﬁ%gﬂlﬁm %Q@n@%ﬂ&f the central
nervous system (CNS), primary CNS | ynphoma, tunor angi ogenesis, spinal axis

tunor, brai rﬁcgn@magt ¢W810p|mgtprsaafyh¢am@nmm CaKgpOs ad@tlg@i@m‘mnee@pmbmﬁm d

ggzgg; ’s ? ﬂg?m)usce% act) g:&url]a (P‘lelaatbon 05 g%) Eog%aoh\(ﬁs W%ﬁeor}}g?ns of reprhcatc 013
2010/ 019570%{1&&@2@@@&@5&4@@&0@:: Belbdta)s ndlkes abhk RaileRESselethien pf B&ent
invention is also useful for treatnment of netastatic cancers, es CI ally

metastati c €dkdatosvhighthegiepios §as mpn jintrqduged (se¢. e U@zB@s}Vowﬁ% inol .
17: 133- 144)46%’@%'69'&@% 5 Y70 8%y, Bodi. Qﬁnu}glg tgﬁil%ﬁy ﬁl%@ﬁ]?gtaﬁ R4 RE! C%W%E&lfgl@

i nMmunogeni ¢ agent uch™as ‘tancero tunnr I'gens

(i ncluding ratatbe nadiigfsoiteanS4 1§ apgiodssin (ﬁnﬁleth(ﬁtreb;@h:ydlﬁ athestrell ¢otd wésgh
cells, and cells transfected w es encodi ng j mune stinul ating

cyt oki 00 (F]i}?Vé‘FtOéPaS(%@A‘}“‘?ﬂuc?mﬁgﬂmdf?lg‘?t&@lfgnaﬂé‘)f SRBHOFINAS theng exanpl es
of tunor Va‘aﬁf Bfotol %i&%d&c@dée ?%eﬁé"&&ﬂ{%% HPQHFr'hQi@tSceH@ with ﬁélf?&?ex%“ gens,
such as pepti des o , a ens, Trp- or tyrosinase,

or tunor 10&ﬂ&ﬂ®nkmqﬂﬁk@mm9dnddKBKp@EBGth@4¢&s@&nmm)GNFCSF (dlscussed
further bel ow). I n. hu t uno ve been. shown t

| Imunogen ¢ suish PSSR SRB AL T RAY BF413 ShRas dh SYROrEIgPerCyeoding
activation g andoli @t kRglgs 1sttfh%sﬂeblt@mntéa%grb%ﬁ% isthint@ thB@miquednThe
activated. LAG 3 blockade is likely to be nore effective mhen conbined with
a 15vact$ navamersgemesoefdhe temwa@%pémn@rﬁ;tlmenéqdrtate@gtvreBaSﬁ @Mldmme@apf on
agai nst tu have been .devi se osenb 0 nt_  of
Cancer  Vace rau BB Rh I B SRS SR BFT RE g Y8 e PR ey,

ASCO Educat bﬁmaayotﬁqwst &I, b.RY elew@péiﬁ)tzon Kiilamat phddp hﬁ@?ﬁbclpﬁsa@l @EJAEII onal
Book Spring: 414-428; Foon, K. 2000, ASCO Educational Book Spring: 730-738;
see al so Reé@)rt%l tragstegtien by likey Althoyehdt is soapseticals gosserie toa%preﬁgt e

3023- 3043 ' ﬁo%%tf n]?{fenltl()ﬁqﬁ ellh fr:b?(ﬁ% Syogl@%?% kar? tic%spcl:e% geSEIr ﬁ%%' ce of

Oncol ogy, Fllil n one o strategie a vacc e I's prepared
usi ng apb ol agitusliedrin ahltapgeicaiets, tandmiosc plefegably hmﬁ&nﬁmhlhmbtarellv,asmenﬁ«ssthave

been shown to be nmost effective when the tunor cells are transduced to
express Gw esterrageedse juch GEaro8R Saiks: fod Blepaétlﬁﬁ%réﬂ%m@elﬂwﬁ rABMO%4ht | gen

present at 0ﬂkélg\rthatngﬁgﬁarg@tﬁcdeﬁl@% bl AR E e Gt r@ﬂer (fARR3hndr oC. Natl.
Acad. Sci The study of gené\) exp|ye55| on and | arge scale
gene expresanmmncpiagltcelﬂy]actwnaualvodyus tunors has led to the defl nition of so
cal l ed tunor SpeIfIC nt i 0S berqg, SA.

o ey cases. Pt Rt umtENE: he SEINE! Bk ouPii! dfiedies Aty ohs
expressesl ilihv'éﬂ@or{ HORIHS CANEsé Aafb@r @Qléﬂﬁ(i!mﬂbml) cifcub®m %thffDCH@ceﬂrsose for

exanpl e mel anocyte anti ens pl100, NA antlgrens and Mor e

i mpor t ant | y desesihgd i Uxl %Sgleﬁé’S@hBrO@eNé oadt dribeSA Iié 4?&6682@; us¢d t urror
S peCI fic T &5 IhI h%ﬁn %ecp Pfehrgarp eSCI'IB ﬁlklgqle K%apmatfle %Sfe% arp
COI’]] unction WI t a Co 1on O nan protei ns and/ or pep es
expressed i (19825 Wab/. lBEle@%Olt@Zlg,emS@aﬁ@k&ﬁa cells, COS cells and SP2 cells. In
particular, for use with NSO myeloma cells, another preferred expression system is the
30  GS gene expression system disclosed in WO 87/04462, WO 89/01036 and EP 338,841.
When recombinant expression vectors encoding antibody genes are introduced into

mammalian host cells, the antibodies are produced by culturing the host cells for a

period of time sufficient to allow for expression of the antibody in the host cells or, more
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WO 2010/ 019570PCT/ US2009/ 053405 i mmune response to these proteins. These
proteins are normally viewed by the i nmune system as self antigens and are
t her ef or ewOabavEmi70t o t hem The tunor antigen can i ncl uge€Tiuseoopn634e5 n

tel onerase, which is required for the synthesis of telonmeres of chronosones
and which is expressed in nore than 85% of human cancers and in only a
5limted nuplxeradfy, soratibh of thesmtibedy(idionthe tulthre n{el@84 jn Bbick tloehdd66ells are

2011-2013). (Th ti ' b tected f [ ttack b
vari ous. meaBE . TARGIPERENYER SEAFCIER YTLBe SHES SHEGEHORE SHpYRLaB T

cancer cell gyhgcalaen&hosonatic mutations that alter protein sequence or
create fusion proteins between two unrel ated sequences (i.e., bcr-abl in
t he Phil adel phia chronobsone), or idiotype fromB cell tunors. 10Q her tunor
vacci nes5 cafhanclecudgidnhe Aotibbdy Bendimpm Amtrggses i nplicated i n human cancers

such a Human Papi,l |. Viruses (HPV), Hepatjiris.Viruses (HBV H and
Kaposi's Her pes ! g%ﬁs ?firt.ﬁﬁé‘w(: . a.n.bﬁﬁgstt‘ffle{m ?’H’rdﬂﬂgotf)%ﬂ)ﬂ](%i%@gj?yfgcp

anti gen whi g gaiB, defddSECLISA. C&m-m@mmrﬂ%tlgcgé&%& kaekaded for rdekiv i ed
heat shock proteins (HSP) isolated fromthe Tunor tissue itself. These heat
shock pr ot ewih adohbal mntizengrehessern bisftting. oths bisding spacifiratytaim rangleddysofahed

t hese HSPs are hi %fgel lent af yqr%(ln'lik’o%r ‘{ilidg@%%f ggnt%o%%f%%él?%;el ls for

hly
eliciting ¢ Jhspuy rﬁ:%ﬁlnailsty ( vot™ ri'vastav i ence 5-1588;

Tanura e akxprék@fh) LEGLBPffeir, Bs. dw t2@mete Mheid methe@ 4rs ko) idihe apot ent
antigen presenti ng%;:el | s that can be used to prine antigen-specific
responses. D¢ odharkey prbeaneddoB, sitedaumidd | oaded with vari ous 20protein
and peptide antigens as well as tunor cell extracts (Nestle et al. (1998)
Nat ure Medicine 4. 328-332). DCs can al so be transduced by genetic neans to
expr ess thei%@%%%q&ma%f%ggens as well. DCs have al so been fused directly to
tumor cells for MhebpdiEPSSES ifVentiBhdM BatdipatdiuglatheBpeutic agérdQO@rniNat ur e
Medi ci ne_6: 332-336). As a nethod of vaccination, DC inmmunization can be

ef fect i Vol yireoHBPsrasafe e AGBAURIbOE K AE ¢8I EBECHiRG: Suitable thrsprantic

anti -t unor | . I I Gt h

st andard ca%ge?reso{ﬂ?@g% Far%thr{l%t? béﬂﬁ% éuﬁaglgggg%t% gjry%éﬁ g?]?@g;&?é\jﬁe*@&g’oﬂn%%ned with
chenot her apaitrcalatoeq DA crdsslirtkless Ristons dameedaseiithibibys heicfpassigoktenhibitoeduce
t he dose of chenot herapeutic reagent adm nistered (Mokyr et al. (1998)
Cancer Rese&fUfse@e Imnyiors 3epaisomgiase,] hil) lélh%f-w@eh%qgéli@% REQIRIS TABIOIBR: i s an
anti - LAG 3 r?;;%éif?@ﬁi)ﬁaéeﬂnﬁi@ﬁ@ﬂs,nﬁ{db?dlic‘é‘;‘ 4nld aﬁﬁ%&&%g@ﬁsf ™ chENEDET @aLABIYdyOf

mel anoma. Arot her exanpl e of such a conbination i's an anti-LAG 3 anti gody

i n conb2hat andhthaiaphutinigent paferabl aeldonipated ivia hienker elgbivabid suwoh agelpaptodyd. The

scientific ratj.onal ehi nd..t he nbi ned use. of. LAG 3 blo de an

o hert her apdRHlR e TR Y B PR T R a yes Gakan peefh B Roh it 1 s a
consequence vaf- cih &1L VhDWaXiAGa- 6! I1QR- 18K, PROSYalahg P4 DA RPEOIDENOOIFY OAIAS,
should result in increased | evels of tunor antigen in the antigen

pr esent at i ofspaXahnasl:Laorlngr Adoidd-Aan.iOhCith¥ekbyed-ysHat. Seayor(dsuThe ADCs
synergy with LAG 3 blockade .fhr.o Il de radiatdon /, and
ormone depr G PERTRRLACEHOBLES. B REE LPePERu LR EERGEOE o
anti gen2s n POg Mudsitatiohd VOIS0 $0;1 Wi (07/038658 CHD @F/091(8¢; wWadrD7/089404:; t h
LAG 3 bl ockade. Inhibition of an%i S%[genesi s leads to tunor cell death which
may feed tuMdy 08MASBEEH AnAMORES056%T: i LGanPaiens Sehtieationn 2QRH0RWE3AY;

20060004081; and 20060247295; the disclosures of which are incorporated herein by

reference.

30  Bispecific Molecules

In another aspect, the present disclosure features bispecific molecules comprising
an anti-LAG-3 antibody linked to at least one other functional molecule, e.g., another
peptide or protein (e.g., another antibody or ligand for a receptor) to generate a

bispecific molecule that binds to at least two different binding sites or target molecules.

50



LAG 3 bl ocki ng anti bodi es can al so be used in conbination with bispecific
anti bodies that target Fca or Fcy receptor-expressing effectors cells to
tunmor celwe 20méa95700e. g., U. S. Pat. Nos. 5,922,845 and PC83/K2@4853405

Bi specific antibodies can be used to target two separate antigens. For
exanple anti-Fc receptor/anti tunor antigen (e.g., Her- 2/ neu) bispecific
anti bodi es Rhue abesml hessnl, "bopecfigetolevaby’ opdhadps sndlecuddsttba hafe thueroor. mdiki S

targeting na re effectivel ctjvate tuynor specific responses. The T
col I arm of SRHELATse dp B REHET P B e Pa e Tl SISt AGTS
bl ockade. AplRifpahbyaky fokTa0t 3080 s RYodabifght Vsicathidifbes Eﬂggeﬁﬁ)g Pefechi the

use of bispecific antibodies which bind to tunor antigen and a dendritic
cel | speci f that gshuitssyroterde eifeatiegells that can RillradeAGedexdeeshingttarigetmeHe

surveill ance b | ar ge, var.i ety of nechani : he chani sns may
e over cone ey pReof MY EFshegpo FRATERH S i, CHRY, CDLE RITIEE 55 i
tunors and Whifghe al ETREVMDS @5 B BESLYE 22 Thesss-2aclagba).anong 200t hers TGF-f 3
(Kehrl et al. (1986) J. Exp. Med. 163: 1037-1050), IL-10 (Howard & O Garra
(1992) | nmunol ogin Fbgrahodiment; @ @ispeaiic mplgsuiedins) ingdfigiop i AmanteFc Rinding] 996)
Sci ence 274, 3- ) tq I: 2 Of qthese .enti ti n be used

i n conbi nat F%er]?ﬁ%:fttyh]aﬁgg% ia?@Zé(g%Sd 5&?8% ggegrﬁ?gtty ’ { hhtéﬁesijg %@?1 fg,(}’;ﬁ%@%

i Mmunosuppr esRifidtyage bt fana dnéveahatdement faniou (EF); egpansascudy thhheindosta

25Q her _anti badi es whi.ch activate host_ i nmune responsiveness can be used in
conbi naﬂ-f51 on SYFaCR PEMEN-IRyRives! ingytalexic Aet Vi nrdesel 1Bsreasss thfe muppiedgePogse

dendritic C%%Ai@st‘é!?@étﬁ&e@@éﬂ.Vﬁﬁ%x%l%“ﬂﬂ@%h@-@nﬁd}ﬁ?ﬁ%tﬁg&& <Pa][ng)?§cp£ é&tlbﬁﬁhce ber

Anti-CD40 anti bo s are able t ubstitute effectively T ce

activity (Rradye.etviaCD2(TPIZYIDRAEDREE (G948: Cla40}-o4 F8AMahHorcaherhmnusedell.n

conj unction mﬁth LAG 3 antufodies lto et al.ggzoogﬁiyrnunobiology 30201
(5) 527- 40) FSABYART HF NG BYBTES CEROME RSt EEdEiRLUICHt ory nol ecul es such
as CTLA-4 (e. ., BUpeBat aledis can 8dhe AP hhny Offeflht ENGlapbAIdGiRL. Ak ond &RO0)

| munol 164: 2160-2169), 4-1BB (Melero et al. (1997) Nature Medicine 3:
682- 6851% 199f7the simedp¢ans:, aWDpROIIQ/MISBTORETNUBL 00diti053408b¢diuiormit extepal .
(1999) Nature, K 397. 262-266) | so._provide for increased |eyel.s of T cel
hotivati on. it inkeagitatne i OB R R MehGe RbeaBERERTRS cuEb g Tediom’ o
treat a var egdhha@fngtdditfeenodpebigivry O PO iRt dter@k trgind areWibpeeif@rmblecuiey sus host
di sease i s a consequence of this 5 treatnent, therapeutic benefit nmay be

obt ai ned f r 6pRstiagof (ko sipglgrhainggbedelagmonts Geby stlivtigd by arpepddgighvdn. o
increase th ' S h e - - r if cells.
There are a %§&%§3%¥%%nggggﬁﬁ%nﬁgﬁgEggg?ﬁgﬁf&%%%g%bo Smﬁﬁgﬁh%ﬁggg%e ex
vi vo acp@ vadifteneraidatyXpaneheninkéd Bnt ipgetidys fekdrf iBispEcitieiInhdeane ddigt aue
transfer of thegs cells 10 intg recipients in ordenﬁ;o st.inul ate

ant i gen- speieT ORI Se REFRAITLOYIFREIC (EGMEEHBRSTR IR 1200 9Y9)  Sci ence
285: 546 SLbnenfiofSRebd A05, £LANKAIFQ, ACCRBL CABLhY BUR MiBldnidgapONSes

to infectious agents such as vivo activation in the preSence of
ant i LAG 3 afblielnodiye (@adB33-tvek €88%); e v Syt mcyl. . dmeivaclogy ilvgayoR 1 ($)e391-

adoptivel y 55‘7&%}:08{, a5 th-lf_: r%&:lrfl:nscés cited therein.

25
Pharmaceutical Compositions

In another aspect, the present disclosure provides a pharmaceutical composition
comprising an antibody of the present disclosure formulated together with a
pharmaceutically acceptable carrier. It may optionally contain one or more additional
30  pharmaceutically active ingredients, such as another antibody or a drug. The
pharmaceutical compositions of the invention also can be administered in a combination
therapy with, for example, another immunostimulatory agent, anti-cancer agent, an anti-
viral agent, or a vaccine, such that the anti-LAG-3 antibody enhances the immune

response against the vaccine.
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151 nf ecti ous Di seases O her nmethods of the invention are used to
treat patients that have been exposed to particular toxins or pathogens.
Accor di ngw9,20evabiter aspect of the invention provides aPogtusea)9ns34nseati ng
an infectious disease in a subject conprising adm nistering to the subject
an anti-LAG 3 anti body, or antigen-binding portion thereof, such that the
subj ect 20 is tdeapkdnfaoeutichkecanmfostion@as canpessay Rndkepddcypietthe ant i body

is a human anti:human LAG 3 ti body (.such as any of the human anti-LAG 3
ant | bod e LASEITIANRGF Ry NG FBHEM YrBre AMECRSIERITERE ant | body
can be a ChipR[sifSimaghiIBRIdBthdRA HRPEYion or susperdidd 4id¥, sbRbilfzersaRRblag@t | ON
to tunors as di sCussed above, antibody nedi ated LAG 3 bl ockade can be used
al one, or aélaggringdjgantantoatings, domsegratingorgenist librieanty, nesctenass, Psseivativest e t he
i mmune rgsponse.to pat hogens.. toxins ng. sel.f - antigens. . Exampl es. of

pat hogent. § OPTM e rhrer Ry afsle PRresho s SHec bl wd SRS p AR RS Gher ui

i ncl ude pat hogests id Genvdib G, IRe@tiBgtos: T SRkl Wnd @r&lice ot PN nvas QOREEd.Or

pat hogens for which conventional vaccines are |ess than conpletely

ef fective. Thigpacothdillians dilline20(h). the discloguie of piigh ipisarnorated hareingy &
G, Influenzg, .Herpes, Gardia, Mlaria, Leishmania, 30 Staphylococcus

aur eus, Pseudononas aerugi nosa. LAG 3 bl ockade is particularly useful

agai nst est abl i sRederabliiyes phanschyicalgempmsisioals astableVot inatvgnoasent al tered
antigens _over the course of the infections, These novel epitopes are
recogni Jd HUraRIeH g SHRCUERECYS: RO 2018) @1@5‘%@@@@%2‘@89‘}‘%@@ Yof

ant i - human 3o A TLiSHf 3dRAdink BHIPIORUE Athifh s hoANe Tt donffRgnSe
that i s not danpene y negative Signals through LAG 3. Sone exanpl es of
pat hogeni ¢ var bsesitalio simagerialfte ptatan & ftone dtealstien bfyaqid dnddghayfhatung | nvent i on
include HV, hepatitis (A, B, or. erpes viru e.qg., . VZVv, HSVy-1, .

SHAV- 6. HovEPTRalisdeAY tessdpvafit sk PR, epen G GGty BEHER A r us,
fl avi vi r usegeaRERMBYES 3 RdmiM LR Odfor (EAHREKI Bd Vbt ad 0T QRRAGH] WSally by
respiratory syncytial virus, nunps virus, rotavirus, neasles virus, rubella
virus, parvoveaties, anddodiddsawithewdimigiioy, ntrayenousidpigareusgilaggntraarterial,
papi | | omavi t ys Il uscum Vi r.us l.i.oviru rabies wvirus, JC virus and
hrboviral - cHNGHIART ITRCH ML el Bifaafias B inHl bR r et er o

causi ng i nf @ghdt@BBeal sabéiadeoud) ¥ubtRitib@ids ifaatth@ldrvu@oigsonr,isisdric@orh) anydi a,
rickettsial bacteria, mycobacteria, staphylococci, streptococci, .
pneunonococ&traspigal pRjdeabd igHastgaplgaiseden and igfision; |Adterpptiyelyuan arfihodst i a,

pseudonmonas of ﬁ%gﬁ\%ﬂa})ﬁ fan (U :?cg%iiﬂﬁwr@d Viﬁ@llnmg)%%flnl@_eral%ﬁ%: Ydch a§ Q?@gééa"l‘; _tetanus,

botul i sm anthrax, plague, OSpIrosis, ynes sease b eria.
15Sone 2 anppidsrmadl opatuhogérduee dflmigiinicausin)g.gi, nfiteahiadlysoitatlgataghladiypy net hods
of the invention Iﬂgﬁl ud% Candi da (al bi cans, krusei, glabrata, tropicalis,
etc.), Cryptstayctrolingwllyrardpricalldsper gi I 1us (fumigatus, niger, etc.), Genus

Micoral es (nucor rhabghifaBendchi ZRRMIhds SARE ARRAGdh SHRNK o foBh @t oMy ces
dermatitidis, Paracocclidi olides brasiliensis, Coccidioides immtis and

Hi st opl asmapbapsotwicatly a@eSable seltanpl plsarohcpurichibgareptaplasalsi eéss mausitng

i nfections treatabl .ret hads. of t.he ipyention include t ambeba

st ol yi 1 ca B kT oE kst ary B RRat A HNEAEE TBh 0P ar di a
| anbi a, 2 y phpeRRkiret (6N cdRgicaPRREHIP CYsint flesCatsuEH balts PhASTRORI AV OB4ts
Babesia mcroti, Trypanosoma brucei, Trypanosoma cruzi, Leishmania

donovani, Texbpisaadditigondtsi Aqgl pibben spllgynaadephase depigpd from nontoxic
inorganic acids, such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic,
hydroiodic, phosphorous and the like, as well as from nontoxic organic acids such as
aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy
30  alkanoic acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base
addition salts include those derived from alkaline earth metals, such as sodium,

potassium, magnesium, calcium and the like, as well as from nontoxic organic amines,
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25In all of the above nethods, LAG 3 bl ockade can be conbi ned with other
forms of imunotherapy such as cytokine treatnent (e.g., interferons,

Gwvt CSF, wQsk1o/d12s72) , or bi specific anti body therapy, wrcCghuSpeoowszes for
enhanced presentation of tunor antigens (see, e.g., Holliger (1993) Proc.
Natl. Acad. Sci. USA 90:6444-6448; Poljak (1994) Structure 2:1121-1123). 30
Aut oi mmune sedictsiN NS dibenzylethy@abédidndiGe IN-amdth yighlicasingaghlgroprioskiae achdliaerpl i fy
aut oi mune responses. |ndeed,. i nduction of anti-tunor responses using tunor
cell and pefit Of?gﬂ%‘?’ﬁajé'? B%QFI?’PW&I“H&HSI/%APﬁCLtUWDr responses invol ve

anti-self reacti Y’h&ﬂnﬁa@et(tiéﬁpcﬁéjﬁﬁio%g c@l be 112008rmof st aqueous solutions or

2010/ 019570PCT/ US2009/ 053405 Exp. Med. 194:481-489; Overwijk, et al. (1999)
Proc. Nat | . daperdiongchheyidasalao bgGornpdaed in2ogirrodaulnpr.2iposQ0E0) othep pedered
Rosenberg & Wi te 6) J., Lmunot her .Enphasi s Tunor | nmmunol 19 (1):
81-4). Tﬁer tfr%crt'ér,e Sﬁ%%?%zop}ggléfiﬁgézofl%en 1BHS-der usi ng anti-LAG 3 bl ockade in
conjunction W t hTvaamous: sfakfiveingicdiens whith@asl 8 co@bHieY wS@ MAeGdriaitedd S
protocols to efficiently generate i nmune responses agai nst these self
protei ns f of° Biodeeesesipgladospgp fornFyill wary dppending uneajthiesubiecibeipg geated gl ves

i nappropria q | at . ] ' [ ' [ i.n the brain;
ant i body reg}ge ngtgéémélélgédﬁg? ag%‘ﬁ%t?aélgg%hg@ﬂg@?egmé{ Qéa@afﬁ’g@kg% “oi d deposits
(Schenk et abmpoditl@PRhichipiatdueeAOberapd@diclefiert. Gevesllys el ofphethendied pamem| SO

be used_as targets such as IgE for the treatnment of 10allergy and asthnma,
and TNFES 1 8RS RevH Dienss frk Abes 0. Gty Jhput @ﬁ?@%}&fypqr%aﬁé%get 0 vari ous

hor nones wnpgfe@diérﬁ, feghuby srb 45 E0.0% @b G, i icRAty sRRHALGH 17) B0
anti body responses to reproductive hornones can be use fgr contracepti on.
Neut r al i zi ngbant3Dffoa\acties pgrsient o tronbroates witida phdreracavicaldy eccepobler s t hat
are required for the gromh of particular tunors can al so be considered as
possi bl e vat¥'fiati on 15t argets. Anal ogous net hods as descri bed above
for the use of amosadeMpieadhicR@Aftcan pRRids@E op@numiuBed RBp&se ther apeuti c
aut oi mrune responses to treat patients having an inappropriate accunul ation
of ot het5 sellferapspiigrenponsslidfprgsamply| vbidglddpbisicas be pdminiderad, satdal divided

Al zhei er” s i S8a56: ( EXLOKLDES SRR AT NER L RRY L OG FOnVRGELDES,
Anti - LAG 3 &ntT 0oured CAR BE” UEed 1o st htil“at'e aﬁflgen-sp%m I'C I mune
responses bynce@8emsingichRd b9 thodxig@hcRRbT theAkerdpaalit sh@ayn Wit b egiecRlyi gen of
i nt erest (el.qg., a vaccine). Accordingly, in another aspect the invention
provi des a ABYAHEECRHS taAPrANEA §usAterdheomeoriBJA slesags vaK faim fejeasa of a

subj ect, co [.Si i N gy 5 j: (). tihe. i ; and
(1) an’ ant o GRcRH BhEh TG doihee TSR Al of e R BN AT, | e
an i Mmu@ r ebyivudle dierdihieniaduitge s umitai-Neosagdy fec theisabeol anbedeatét;ehar adit vy,
the antibody is a human anti-hunmp uch as any of the human

n LAG 3 anti body (
anti - LAG 3 a‘h‘itf‘l%aiPéf‘jéleETé‘%‘E}efllﬂéEPtH%P_tﬁ%V? Cﬂaﬁ;apvlilfg%@v%w RIPEeeriBt f5PY, the
ant i body  cahdpeRiC R fsQlialt B aﬁ%ﬁg;ed%qﬁnacléh&a@eaﬁigﬁ NAR&fadly, f Or

exanple, a 30tunor antigen, a viral antigen, 'a bacterial antigen or an

ant i gen fr oantébgoztchobendmastered nsmi sustgnakaigpse®rofilagoc hn amidhgrasslesncl ude
t hose di scussed in,the sections .above, such as the tunor antigens (or tunor

vacci nes) d'@ﬂ‘ﬂf‘é’é@@fn%%w on girequifSdyens from the viruses, bacteria or ot her
pat hogeps descri pgdadi@k@ation of the antibody, the dosage ranges from about 0.0001 to 100

mg/kg, and more usually 0.01 to 5 mg/kg, of the host body weight. For example
dosages can be 0.3 mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5
mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg. An
exemplary treatment regime entails administration once per week, once every two

30  weeks, once every three weeks, once every four weeks, once a month, once every 3
months or once every three to 6 months. Preferred dosage regimens for an anti-LAG-3
antibody of the invention include 1 mg/kg body weight or 3 mg/kg body weight via

intravenous administration, with the antibody being given using one of the following
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WO 2010/ 019570PCT/ US2009/ 053405 Suitabl e routes of adm nistering the

anti body conpositions (e.g., human nonocl onal antibodies, multispecific and
bi speci f iwOrmoiogaed7es and i mmunoconj ugates ) of the inveRrCirars2000/0s340H and in
vitro are well known in the art and can be sel ected by those of ordinary
skill For exanple, the antibody conpositions can be adm ni stered by

5i nj ecti on (lesigg schedtleavpreay four wedks fidrasve doraes, Bentcablyshdo sagéds; Gf) t he

nol ecul es used wi Il depend on the age an of, .t bj ect and the
Concent rat | EHEAPONCTOS it SMee BRAHEEE s Go e o SRR POtk it ous

described, Qg '&11@@%61&5’“@11 JoRB ARl Qﬁ)sﬁ’%}e it hgjuk iy %ﬁdh%e%%as% antlbody
co-adm ni stered with one or other nore therapeutic agents,

€. g.
cyt ot oxi ¢ agementrationifrabeitol- b&(}(bu&@relmld@m s@ne mmmdbsbfplpﬂééé)ﬂwe /@J@Jent The

anti body.can be l,inked t a

admi ni st2r ed sep?r Eeéa?e gﬁ?lpyhee@e%gé Salg %%‘%E@é@%@ % t&? éliwengon
adm ni st r at pfigrablyResudB in Paetretam KeeAGBMihe Sehpaahore mcﬁt&atselin or
concurrently with the agent or can be co-administered with other known

t her api es, éreguencaﬁnféﬁ@ﬁanelaﬁf:@ﬁeats%@rramym faeqyperiodg.dir arreentigy ehinMémepeut i c
agents |ncI r 5, orubicin
(adri amyci n?g&g?tg Eh% Jsease zﬂfﬂ&éu]oﬁ ? B @%arg{rp‘ie ?&ﬂgﬁe&m gtr(gfs g%%(l

dacar bazi nebedrdlg(syabjeoq@rwabétapamameffmyelﬂe@ge\mplefh,ratbylﬂhhlﬁm&em\begnowa]ne only
effective at |levels which are toxic or subtoxict pati ent tinis
i nt raveﬁ%usi’ya At Abett@0 g mage arefoet gyt lggsbon eﬂvéwl%me%xé@x Yand
adriamycin bSichdhb Hshy s@fHoRl SbRERy B9 1PIBQ S Bol el RS o BRGAAY er Y
21 days. 20 5 m&}rﬁ%g?r atclyts)n ofO Ilirfgfefrﬁun% §gn5?¥EAGtg@Znte}%ﬁgl es, '

anti gen bi ndmb]gcti r agiemiesiticdi br eftctivoimoire o;ﬁa@lwapeuhqvmnpmmd cwntdhcrease

chenot her ap i C.agen oVi d S two anti-canc age whi ch operate via
G T or ont - nERMTRng URF AT Bt SyRBPhR e SrHiEdr v st i A LU RBRTEe | o
Such co- adnmppéstveatnofRr GAMSA! ve probl ens due to devel opment of resistance
to drugs or a change in the antigenicity of the tunor cells which would
render 2% them uihe abaimaeewticehcantposienicbo dy a controlled Aplsaseviprrilatiathe scope of
the present . ntio r S € i sing t.he anti ositions of the
vent on (BN ol Sl ST PRGE iy BRI SEBIRY P ecul e

or i mTunocommgfaasbleatﬂdcdmtubmﬁdlﬁﬂasi:@ﬂ belg&d, shied akbﬂhyraae vinyl hdwgdte.cont @i n
at | east one additional reagent, or one or nore additional human ant i bodi es
of the i nveRPivamysodes pglyglysohe it colazaso 89lyREe s 2 2eb ARy BRBRREy Seret | vi ty

hi ch bl nds 40 SABRLLARE kAR ADIE DS DSk, L1 OB kAR r o, huran

ant i body) . ypi ca I nc ala |ng t"he 1 nt ended use of
t he conf@nt Maméelmmm inc. N@vh{erkrm%ﬁ)el |ncI udes any WO

2010/ 019570PCT/ US2009/ 053405 writi ng, recorded mat er | supplied on or
with the kit, orh aewtwtqqa}w@ensa@@dwém@gtef vigmed 16604%?%5@?%% (her apy

In another aspRQbs htyggden&wceﬁjecean BEQYASQES,, TR 91965 1 6F, scratsnag kemstserapy in
5 which an anti-LAG'3 antibody is coadm ni'stered wth one ofr nore

addi ti onal afoiBod; 43%4]t$*&1 4a7t96 8aff meit4,5%6,556)s@) midratinfugionpumpe (V8sponses to

Subj cot . For “SHARRI &) Ene it s PTG S oot e o aHhan

i mmune Q?Spﬁﬁ@$4ﬂ7'224)5hhm @bsﬁ@ﬁ@ﬂéﬁédﬂgUSdMﬂ Bl g 450 dohehS dibE18GireAN
anti-LAG 3 anti body and one or nore additional inmunostinu atory

10ant i bodi esf whishrarakceiportad happn byagferapedly, an anti-PD-Li anti body and/ or

an anti - In certain embodiments, the human monoclonal antibodies of the invention can

be formulated to ensure proper distribution in vivo. For example, to ensure that the
therapeutic compounds of the invention cross the blood-brain barrier, they can be

30  formulated in liposomes, which may additionally comprise targeting moieties to enhance
selective transport to specific cells or organs. See, e.g. US 4,522.811; 5,374,548;
5,416,016; and 5,399,331; V.V. Ranade (1989) J. Clin. Pharmacol. 29:685; Umezawa et
al., (1988) Biochem. Biophys. Res. Commun. 153:1038; Bloeman et al. (1995) FEBS
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CTLA-4 antibody, such that an inmune response is stinulated in the subject,
for exanple to inhibit tunmor growh or to stinmulate an anti-viral response.
I n one emwodnrAnP370t he subj ect is adm nistered an anti - PABAB2@a0sdd08ly and
an anti-PD-1 antibody. In another enbodinment, the subject is admnistered
an anti-LAG 3 anti body 15and an anti-PD-Li antibody. In yet another

enbodi ment , Leme35§uld0edt. Ovainemilnil 89 Briedindoyodnl g entsAGh@naner. Berd §0;dbrikcan et

anti-CTLA-4 ' . 1p,on [ t,. the [ - - 3. antibody 1s a
oI SR ORO: 305 RS EN e Lhie, AL G SRt ORRS 2, e
anti - LAG 3 &ridaRed¥nLBKkRErenf (@098FBY Eorr. 846D B KiRon AT ER18Ed 98t | body
(e.g., prepared froma nouse anti-LAG 3 mAb). In anot her enbodi nent, the at
| east one 2&awvdieringheds 4:2unostinul atory antibody (e.g., anti-PD-1,
anti-PD-Li and/or anti-CTLA- 4 antibody) is a human anti body.

Al ternatively, t at le ne additional inmunostinulatory antibody can
be, for exak%%@@hﬁﬂm%w ; 't. S ni zed antibody (e.g., prepared froma
nouse anti - PD- 1, Taahhdtdddidsi arRbEA P bodPbditiSablafid metitids RO hé) predeRt BREtion

embodi ment, the present invention provides a nethod for treating a

25hyper pr ol hivermmiereusdingéas and ie. vguo, utddige &rvplvieg dprdxeinmply. dewdtiinseldrAGg a
LAG 3 anti bady ,and a A-4 antibody.to. a subject~ .l 1 further enbodi nents,
the ant - LAG Sas Bt utuBhisnr et P RSkttt iar dpadtefibee. < he

anti - CTLa\- 4 eabbdibedy, thesandi®bilioh 61 G @eksailt idvdibh ARy APt dntibd@se, Fatexh@ple, ar e
adm ni stered at a_subtherapeutic dose. |n another enbodi nent, the present

i nventi on pfsye Beiecalepermbriadrainisiarediol GYs Encudiate i7s WITe\RE §F VB0, eisedemaned

with treat . pr.ol i RY{=ENeIE A i L pul at ory
agent, corrpn?%?ér?lgg e%d’w ﬁlﬁ{gt {eoréln%gaeﬁﬁlant |t§ﬁig%§ﬁ%m0{f El(t)%@ Oggr{gkg&%lgg%é?lapeut ic
dose of ant baéddpletdthariivanady ptavides autgthat of hodi€gng an im@nixogspeant & a t he

subject is hunman. In certain enbodinents, the anti-CTLA-4 antibody is human

sequence moAYYFDHAMPIALE SHPOF HITERAGHETIUSES B/ 05325 ChRt (i asBdyndrppizortion
(descri ped kﬁr&@of@?idv@ﬁﬁdn%pﬂ@la@Q}{e]iﬂiﬂ%ﬁ): r@s%gtl%%ehﬁ @ ubjde S0 ffitd body i s

human sequence nonocl onal anti body, such as 26H10; 25E3, 8B7, 11F2 or
17E5 descr i Pedetablyetha resPohseris amtane€l kshmdlagadt drbpeieggaedconpassed by t he

B TRt e R
Proc. Natl.  Apaske. Fhk metvhls AR( JafticutBPPOrichDR 1d; (r&eimB hlMaR hadnts hRMNA J.
Adin. Oncology 22(145): Abstract No. 2505 (anti body CP-675206); and Mokyr

et al. (1998kodsnther caRey. treg:d3a0WeEBOMUNS Mhins@pRaIcAP®ID OdE nbatlscelt he
oL T S BT TR T Sy e 2 e Tl o

bi nds t© hungn Do X |'ess,

CTLA-4 wi t hsgitdbl? f tratthedBoNabéerli@$H0. T abhibASaritizehypEoifiCdibAndentdri bf a KD of
between 1 x 10-8Mand 1 x 10-10 Mor less. I n one enbodi nent, the
present i nvERMUBHY.shoUtHEAGy3 pptihpdiesicap be pdminisigred tappBeF pithlanfaatisen ofe

di sease (e. SRNGE! Jnti oGP HRY il gﬂls% fGht Qe Ec%%é D ‘éy apg. a
) t 't t t, - .
PD-1 anti bo%lyerteo a su I} &ct. §'r21l Hl}g't% r errgoglhment's, t he %a%% {eng: 3 ant | body
i s 15adm ni bteimgdrairusbsarhigrabipeuWiendosibodith® [a0Gi3 #Badmaritteled dygetter
adni ni s&gred_%t a .. o ,
with another agent, the two can be administered in either order or simultaneously.

The invention further provides methods for detecting the presence of human
LAG-3 antigen in a sample, or measuring the amount of human LAG-3 antigen,
comprising contacting the sample, and a control sample, with a human monoclonal
antibody, or an antigen binding portion thereof, which specifically binds to human LAG-
30 3, under conditions that allow for formation of a complex between the antibody or

portion thereof and human LAG-3. The formation of a complex is then detected,

wherein a difference complex formation between the sample compared to the control

sample is indicative the presence of human LAG-3 antigen in the sample. Moreover, the
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subt herapeuti c dose, or both are adm nistered at a subtherapeutic dose. In
anot her enbodi nent, the present invention provides a nethod for altering an
adverse ewenpiwssyei ated with treatnment of a hyper prol i PeTatS2ag/08i48Rase

wi th an i mmunostinul atory agent, conprising adm nistering an anti-LAG 3
anti body and a subt herapeutic dose of 20anti-PD-1 antibody to a subject. In
certai n enboudki-hE{§-§ antibadisudd] the invegtidnurmarbe vked ©gnidy humabbdiGy@nias, t he
anti-PD-1 antibody..is a h n sequence nonocl onal anti body and the

anti - LAG 3 gﬂﬁuﬂ%% ity p E#r?ﬁ %8equence nonocl onal antibody, such as 25F7,
26H10, 25E3, 8BY Glaehl:tge 915111@y7cﬁl~3an@1%&@lj3ﬁglbaﬁfe§ bPMthe RRMRbE & RhivRUARBinaggUENCe
anti PD-1 anti bodies include 17D8, 2D3, 1, 5C4 and 4All, which are

descri bed i nf D@G 25PMHIC Edash Hrmkﬂ@tlﬂai @I@ltﬂszBmUlaﬁe vdizenispeafibd diheespanses.he
anti-PD- 1 anti.hod b| ds to ess

b1 nds. to® hamisrnEeet e e e Par i GpoRd el il hehitho o
with a KD otmléne;orm sthﬁﬂatJ: &sBance@lor Rpregslatetun ngam@pd‘e@xclTwl FesporSBY. Offorbet ween
1 x 10-8Mand 1 x 10-10 Mor less. In one enbodi ment, the present i nvention
provi des a REamRe: theinvepeen preyidas Boleiiesras sBMufaEna an gatignswagiac Tecel. |

dy t
o aubj eet - TryeRaPrG s SR 106 i e BRAATB A iVl SR, 0
at a subt henapetitencspadfie T deHeegpohse PR hilageat i Agdyithisle aldinmlsdfemeldtlgén a

subt her apeuti c. dose, or both are adm nistered at, a subt herapeutic dose. In
anot her TGO SepEH IOk Sy TPeTPEIsab bR 30 13ith Dt MURE-SRRKLST ELHEPTHTent | on
provides a K%Ifn*l?ﬁltﬂhg ex&th %£ b GicRRyi ?%Y@fnﬁﬁ:a%\‘sei%luﬂé ﬁf&?éa@éc?@' Uy hfbhtf &rgd@drent
of a hyperproliferalive disease wth an I munostinmulatory agent, conprising
adm ni steri [Igtharpr@ﬂmqe-dfkl@ &tﬂvndy hotyr iaodase tdkiieprageuiongn degeesshce of

anti-PD-Li anti to a s n certain_enmodi pents ect is
numan, 1 5 TEEPERYY- RO RS SnbpEheRh s AT S S Eey by BedfEtikn
sequence nmoggeimnpkeditstiiBRtdend the anti-LAG 3 antibody is human sequence
monocl onal antibody, such as 25F7, 26H10, 25E3, 8B7, 11F2 or 17E5 descri bed
her ei n. 1Exanpl es To¢ itvgntaen @eqm@mﬁes amqthqﬂBﬂfLStlnal&ﬁth@dll@munn@§¢Stpdlese€(@20
12A4, 10As, 5F8ti e:IIiOHlol J[Blé 7'6'1]1' e %nlas bj ec%c aI'lS %im terln an%b 3

in PCT Publ fCatT&H %B?/(ﬁ? 874" I)I cer?é T9PENBB A rrenst gt%e AR
anti body bi gg@sintentioni@meRbbjett otk thaaaﬂqmlﬁfmére)é pdde &. M a1 aﬂt%%ﬁqspéﬂlin&m‘ to
human PD-Li with a KD of 1 x 10-8 Mor |ess, b| nds to human PD-Li with a KD
of 5 x 10- 9CRH Epensekin the subyests stignuaipghninpoaeferigd embadikmsng theatbjgse i @ x

10-8 M and second
target anti gﬁe%%iro%%gﬁé as J%ﬁi\(—i ﬂﬁkg aﬁ%feoﬁgnﬁ%)—ﬁﬁs@%dt H%E— Srtl £t§nt| odi es
can enhafce ahdther prafened cabpdinget, tie whjrceis ausrusdehisng snlbjehearpjazin @nhuneCancer s

whose growth may be mhgblted using the anti bodi es of the instant

di scl osure F%E?I&Fﬂé‘g%la?fé ¢ ¥ I8 sURPAEd esponsi ve to i nmunot her apy. _
Representative exaRpugs aQfect MCHRE Sntl A provi8ad IRBIhoWrs N nkBRinc QIR a1 @R or
therapy of the instant di'sclosure incl ude t hose cancers spécifically listed
above i n t heelthis@aussbjecrconfprizhgradmonikteringyo the tshbjecttan-ah@dd efithe ingdites.

In certain e e conbin on.of therapeutic anptibodies di scussed
hor o - can B TRBHEPY LA waRE PBINEY b SSRGS YRt PH: e a

phar macesit i galehioRsieeRea R hR RN JtitRhtin®Vird PRrettidreinta MbRst SRR saice
conpositions with each anti body in _a pharmaceutically acceptable carrier.

| n anot her e@boditenare to thmelbmm prftbiodpi ob thedBydndion sedht that thavirpgdfeedorcisn be
adm ni stere For exanple, an anti-CTLA-4 antibody and an
anti-LAG 3 grﬁ%t&gyn tﬂ%s %lte adm ni stered sequentially, such as anti CTLA-4
anti body bei ng adnwelasltieﬂeﬁl niethgls ot iavdntioh Afe- & sculiddn dyitifee el beldky.

anti LAG 3 anti body being adm nistered first and anti-CTLA-4 anti body
second. Addidgresial | y or alternatively, an anti-PD- 1 antibody and an
anti-LAg3 antib anti-PD1
ant i body bei ng a%(ri:‘lé(rlf? g%]%gg%é?? gg%ﬁlg%gi%g%% éﬂﬁﬂg%&an%’%ge%&ﬁg%%g%d or

anti - LAG 3 amtcehadyelbxinnbe pdiehni latoae @sbekct, itist praseait H]Nt‘]lltid?]De]hteS to treatment of

i bed

a subject in vivo using an anti-LAG-3 antibody such that growth of cancerous tumors is

inhibited. An anti-LAG-3 antibody can be used alone to inhibit the growth of cancerous
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anti body second. Additionally or alternatively, an anti-PD-Li antibody and
an anti LAG 3 anti body can be adm nistered sequentially, such as anti-PD Li
ant i body wei2ny/0M372010/ 019570PCT/ US2009/ 053405 admi ni st eceaiskomwsszsand
anti-LAG 3 anti body second, or anti-LAG 3 anti body being adm nistered first
and anti-PD-Li antibody second. Furthernore, if nore than one dose of
t he conbi natumerst Adteaativélg, admiinlAGet adibeodyuanbé ededyn corjenadiod evithodtherhe
sequential adm nistration can be reversed or kept in.the 5sa rder at
cah ti o OGRS B dBRE 1o SHieF AR Rs: BrEE e

conbi ned w pfogoncurrent adm ni strations, or any conbination thereof. For

exanple, the first adm nistration of a conbination anti-CTLA-4 antibody and
anti - LAG 3 anti bddyordinglhén ephernbediment, theanwmtion gravades ainethed plonhibiingbe

sequent i $I W}Otf} ag%i Co-l;lz: S4 fisru%tecﬁng antsii - IﬁdAG 3 geco%dt gunbdetthe third
adni ni st at SoN B &h WROTSEU Bt | GRRPRS R A THARS S 1o, ¢ SUSF Ant i - CTLA- 4
second, et Cthefguti¢ O alfteyti @ andbinebnNat AL AG-8 ﬁﬁtilfddg,sér Atigbmbiidit podorof a
conmbi nation anti-PD- 1 anti body and anti-LAG 3 anti body can be concurrent,

the second H$ohi Braferablynthe antibrdyde g human anti-hiAGr Santipodpisucty asragy of the
i LAG 3 ALASEAR L T ' . ;
anti - LaG o Fiingg an@ ek ACS FAuBUENSLIRk AL EE DA AR SPLA B, o1

the first admantibdbdyatandre odhi@erlSociaminiaddianti-ladGi3 #Bbbdy.ant i body and
anti-LAG 3 anti bady can be concurrent, the second adm nistratjon_can be
sequent H&I wi t h RREFIgsCEanrers phoge %VHW%HW%EN@@%B}%PC anebodiss of Hier d
admi ni st r at R, GaNinBRdS BARRLd Bkalty felp ke 1 AfinandthEraby. 2REn AMikindD- L
second, etc. Anot her represen?@t?ye (Ejl%d’s%i@ng s@ﬁgn% canh(nvo ve a first
adm ni st r at exmplbasf prefeseduaneisdbr wedtmeanncludAGeBinbima$e. ganattatitic- CTLA- 4

(and/or anti-PD-1 and/or anti- 20 PD-L1) secpnd,. and subsequent

i ni St -t MBS Aot dEr sifeet (¢ deat i Giing o). PHETEMEAion of

anti - LAG 3 ﬂaﬁn&ﬁ%@actagp@g@aiéh_&é@@@kin@mab,b@@dse@ne&-, Bolon 3Mder Snding and/ or
anti-PD-1 and/or anti-PD-Li antibodies) can be further conbined with an

i mrunogéhi c cagente; - saetimal celhhingragneers efdditiopallyi fhiedaventimp inchyskeb grdrastory

(i ncluding recanbi nant. protei ns. peptides,, and. carbohydr at | e es),

Cel s, 2pand Eomren P eBh RIS ol oe BRRUBAED BB RRRL BN s 3o B Gt

cyt oki nes (Heegtioml . (2004) J. Inmunol. 173:4919-28). Non-limting exanples

of tunor vaccines that can be used include peptides of nel anoma anti gens,
such as pepti desEsrmplsi gbothgagamceyp thagesbe treaiedusingahg meshngs of theyipyiitigase,

or tunor ce I p - i i ssed
furthor bl i dARRS CEREE R A SRARET e GULLLHRE: SERAA S BP0 |

bl ockad20 canutagedus bt herocdatraéshaw mblagonaatéri@tdancer pivakiac ohnces uedalas any
of the vaccination pro{ cols discussed in detail above with respect to

nonot her apy CHECh AL © agalypRipRoeradch appFes o Efiy @SWH%'FFU%@@? 8405

A conmbi ned kMG,3inaRcks Hrédndma B HRenEbndtrRARE CALinBRXaldr ol QekirdeGAmabLEO be
further conbined wth standard cancer treatnents. For exanple, a conbined
LAG 3 and CileAsaginanchranolbof thenail oy Heekin's Iblissakaden-thd ghia'sdjmebemael y
conmbined with chempt herapeutic regies. | n these instapces, it is possible
Co reduce. t B G0RanDr BTRGH SERETDCHoy B ILTOnT GAERET RORPHPSPEr St th t he
combi nabs oncafcet BEthé AHkA g HdSEdnSUSRhd Pkl rRd gRhd, @93} (feallieaial Haggar ch
58: 5301-5304). An exanple of such a conmbination is a conbination of

anti - LAG 3 axdommpf safiTiissug capger 96 theasethridtancenef thepenis, ghrdnisoeli asyteand/ or
anti-PD-Li anti I: urther i inatign wi.th decarbazine for the

t reat ment o?e uﬁﬁ%‘%%%é%g?élﬁ%%‘?ﬁeerrnyglf g&r)rlpg}tﬁéerlglg ’ (glr%%lc |yr?a0tqcl? %Hpglplaan ulth LAG 3 and
10ant i - CTLAtyinptdbldaelicakerainad{i@onia Nyrpikddyfic fukemdidal @ndiosf chflthoddD- Li

anti bodies further in conmbination with interl eukin-2 ‘él L-2) for the

treat ment ofymRllosH#nRMPIREBIAseanest of tthebladdar iare ab& HanHY Wwefpbicrstoge of
LAG 3 a - ansy i C i g apy is

t hat ce??i gég@ﬁ%m\%q%lﬁ{sf }slaé%g%acsonsetg%(éér?n(?gi_%?r%]%e%g%ﬁo §<$cﬁ ac%{)énﬁ%f nost
chenot her apgubphonco nmoarradgiogeinsisl shina awisttumpr, ibrdn e@segioney pitsitatpof t unor

antigen in the antjgen_ presentation t hway. O her conbi nation therapies
t hat 9 adenoma, K posi‘g sarcoma, epidermgi% cance¥, squamous cell cancer, T-cell P

lymphoma, environmentally induced cancers including those induced by asbestos, and
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may result in synergy with a conbined LAG 3 and CTLA-4 and/or PD-1 and/or
PD-Li bl ockade through cell death include radiation, surgery, or hornone
depri vat iw0.20faabs70f t hese protocol s creates a source ofPCrarseeo9asi4vgen in
t he host. Angiogenesis inhibitors can also be conbined with a conbi ned
LAG 3 and CTLA-4 and/or PD-1 and/or PD-Li 20 bl ockade. Inhibition of

angi ogenesi sombmdgonsoftsaideaneed. | Tihgatdent invetioncanlsh @seukiou tregneht ofunor

antigen fed into host antigen presentation t hways. A. conbj i on of
1AG. 3 and CRISR S R prbe R R re s DR AP bb e 2075, be
used in conmbpingtde Wt s3bispeci fic antibodies that target Fca or Fcy
receptor-expressing effector cells to tunor cells (see, e.g., US. Pat.

Nos. 5,922,845 Optignalys a@ipdes3y LAG-Sseebé tombintcd bitiae smoamopenicisgat.t o

rugnent ed by BHe (e OF STeanprRe R i g e S B R RE St or
PD-Li bl ock@égideb mnaraibbRydretcandlbeulesd, @OEingabilOmarfecadtwith féaed eddding

anti-CTLA-4 and/or anti- PD-1 antibodies and/or anti-PD-Li antibodi es can
be used in &BAuOAHEHNBAtNE eYokines (HeagwbGO0ALL ilevmariol BAHHRE)-28) dfprgEmiting

Ri t . . | . ‘ ‘
(tos ¢ unomapy b, Giinor FEGRRRH:E b oo SeBT I TRBt e AL I anipens.
Lynphoci de( sych(spepticad o lgp ] 000WAA GErnti ger(sbExpa,i MARAHN) andam dyrdsingseya( tajnor

| otinjb), dthe like. B f | nd not wi shj to be bound b
gﬁ;o?yl, ?"er)ea%l nrﬁnSfﬁgteﬂlt%gxpgﬁ%itﬁ%ﬁ&&flg Wﬁ?ﬂ ?Ssaﬂggekég@%'tﬁgwg/ 02348§n Y

ti bod i ' ! ' d t
antibody or an al’i'lﬁ %urﬁ%?%m@&&ﬁo@?ﬁ%vg?ﬂ%%rpg ﬁegn%*g% I Lilc G&h 4sead to

cancer cell deat e.g., tunor ce I ch woul tirate an i nmune
response nedicktnechaby BEThiging theRBrekholPf [Ii cetiractivs@oB.byllAGB Eremde . ahe tumor
enbodi nent, a treat ni? of a hﬁgter roliferative disease (e.g., a cancer
tumor) can FHEPRIGRILEHC BAtticaR BReervaladt i body in 5 conbination with anti-LAG 3

and anti-CTLA- 4 andj gibigihde BRkdlyad e ford BitbetiRPviien 2BHibRREIVAE a CONCUrrent Iy
or sequentially or any conbinati on thereof, which can potentiate an

anti-tubdr Vageuréion eapored ddanyexpeainieotal strategies forypasimtion aganiidemoishaune

surveillance _by,a.l arge wvari.ety .of ani sns. af (t hese ni sms may
e over cons 5y e KRR oroff Bl o ML VGTES L REEEG byt he
tunors and WahéEdtiondileB dORBPHASUEP HESISd Qoehetid NE.$ 2000) ASER Ed @b gal BIdRSprind G- f 3
(Kehrl et al_. é1986 J. EXB Med. 163: 1037-1050), IL-10 (Howard & O Garra
(1992) | muABP-88%: Iﬁﬂ%ﬁi'aS/Dl@. 00,9859 diducationaldBeok SRy 4 {44bd oen. K1 20001 996)
Sci ence 274: Sf3 L¥RTR) L R eTeleV a ese
entities carl? S@éﬁé@ﬁgéa@o%%g%‘gﬁ% h "an %n%l?@%%éﬁgqgﬁd?i‘dtgg?& @}ngnéf%gnd/ or
anti - PD20 aMdtdnesahi 61,1p. RR3L3048rih De®dy ec olMedsaf 1997, Canceaunireifget anidhe

ef fects of i mmunosuppressive agents and fayor anti-tunor ipmine responses
by the host Pragfiiap! Qi T 4 TP R 088 oL e YEISEAS: §A1SIRIS PrPRiFtine

responsi Ve“ﬁ%ﬁ% ﬁ@t@lo%%ug & atlﬂ)%énéﬁ@ 8hdrite (O MREQALIART Vhdcthe@Ra @Bden kG 3 tand
anti-CTLA-4 and/or anti-PD-I and/or anti-PD-Li antibody conbination. These

i ncl ude nol bevlosseftastivhwheutifegdumonéel B @demarsiltded to ek presst Gisli-CSEL GVRECSF DS
function angd anti ge resentation, Anpti-CD40 antjbodies (Ridge et al.,

Supr ) Ccan DR RLRH IR OE SAPH I BARAL HROET AR DS 5 SO AEFTE A 4" and! or
anti - PD24 apdfa@bifapki. ( B9sk-pr&OMRHNREdL8(U 5. 8b: 339.435upra) . O her
activating antibodies to cell costimulatory nol ecul es Weinberg et al.,

supra, Melero et Thp studygf genelqxpressipn end large, scalgpend exmgssingattpme i vaidusr
A L e e S e
hemat opoi et (1B99) I1@iininA G Q8 DI7TNETh iy hsad) thecd bibndt spadfi@hntigens are
differentiation antigens expressed in the tumors and in the cell from which the tumor
30 arose, for example melanocyte antigens gp100, MAGE antigens, and Trp-2. More
importantly, many of these antigens can be shown to be the targets of tumor specific T

cells found in the host. LAG-3 blockade can be used in conjunction with a collection of

recombinant proteins and/or peptides expressed in a tumor in order to generate an
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PD-1 and/or PD-Li bl ockade can be used to increase the effectiveness of the
donor engrafted tunor specific T cells. Several experinental treatnent

pr ot ocol sworromw/oues7ex vi vo activation and 30 expansi on ofcCarnsegenszpecific T
cells and adoptive transfer of these cells into recipients in order to
antigen-specific T cells against tunor (G eenberg & Riddell, supra). These
met hods canimisoe Espausedo thesapbienat &'hEscpioteinsespomses]ytviewaf Bcthe omsuagent s

such as CW. Ex vivg.activation i.n the presence of .anti-LAG.3 and
anti - CTLA- 4 TRIR 85 S TIEBES AR Bietis 108 Ta b hemo J68 FUBSLARSEEM Mo r

anti-PD-Li  aRiiRIEE DGR BIRRe 8D $hi@ds tQuiBe FGAREs R sfs R @UsmEYXs 8Nd
activity of the adoptively transferred T cells. In certain
enbodi ment s chiohwspmesant whinly engxipeaysqsrioviate shaa 3564 bldthinhar caatdre pivdhin ety a

adverse gvent .associ at wi t.h trea nt gf er proliferat, j.sease
Ce o = cme Dy RaTRRL Grtollabit LB HORLE oy S DB b BN RGO LG HRSFer t ng
a anti - LAG 3oraaxid te0ds madbapstdRtdagrap atinute aea® b9fvadbtd meddsh- Fu@bd/ or
anti-PD-land/or anti-PD-Li antibody to a subject. For exanple, the nethods

of the pres@wigenitgeatspba "provitiesnt sixpeesastineancst collsdhgeausg of MMatisci dence of
| munosti mul,at ol % Eﬂb?%ﬁé}fpg&%ﬁl s%géénQQQ}’éﬂthg §6h ﬁal%ltéiﬁsl %tx%éenqwﬂ{n?e%eé?y .
adm ni stering a non-absorbabl e steroird to the patlent. Béecause any patient
10 who wi | | s¢qeendes €. arbdrrblimaké Philddatphia/cHrb@b sgmed)t orcidminfpelfedy Bi @llatimbiss k
for developing cglitis or diarrhea induced by such an antibody, this entire
pati ent ?%opul 2t i BIShST SUEGH YIRS §45 g Hde SS\PrAERS HeMhY s Rl GHECB LR ¢ he
present inv I j 1 {)h 7

T anmat or  ee e L e At DR S I ey
have not beend Kspabi's blefpee Berrbmadécrsd&SE ¥ h eAnatindrdemc ef wfor kBDificantigen ent s
15who have not ,been di agnosed wi.th | BD. significant side effects
hotbci at ed W €ndr sraEn BaR oAb Ao Il sRRBH Resd Shekat T ged
prophyl act i gg9BEisolated front theftihb @dsu® TR TRIE Reat Sh&RTPbRRE icOMtaln/aginaand
CTLA-4 and/or PD-1 and/or PD-Li blockade (i.e., inmmunostinulatory

t her apel? i c ohprotdverdirers thantuimor acklangriblesaiSRs a@Thighly edficicotrat dokiver P 1

anti bodi es and/ or_anti-PD-Li. antibodi es). can .be fu r 20 c Lhed with
the use of ANyEeRereRhans s e el PR Mt AluE  ubLh TS E AR Ll o
steroi d" i s289:05850888: tlag@itertdnall 9K Nchint 82 B¢ ENs$20je first pass metabolism
such that, follow ng_r_retabolismin the liver, the bioavailability of the
steroid is |ow Deadritiqesdls (PRAATeaNGN 2009 Nreseptiee ety dent sahbe peditp grime

i nvention, on- rai.d i i ide.is a

| ocal | y- act MEERBLARE REBARE  PERAh e pEoEPECR S ad BHGRERM IRio e,
primari 2§ byrdidie ahd peptidefaati pensian gvetiraa lturacindeli extraett i Mestle ENFIOCQORE) B¢
(Astra-Zeneca) .i.s H__and _ti nme-dependent, oral fornul ati on of budesoni de
devel oped té%@fﬁ’%@?@gﬁgb BQFF%?@O?&H@W@HW hSRRUC PRRBUGIRSREST HESSC ol on.

ENTOCORT  ECq[p)or! a%tigﬂﬁra@‘()\%@l. .U@sth_lage Hs&c‘beé(nl()fﬁsédktﬁretc{l? & AR cOfs 5 b ﬂu?poses

noderate Crohn's disease i1nvolving the ileum and/or ascending colon. The
usual oral dbsagenieftidENKOEERT EC(A0P0F Narutrdh# eBintere3i2ndi(). dfs aGnethod ef di sease

is 6 to 9 ng/day.. E EC(r) is, released in,the i.nt i hes before being
hbsor bed andesBtRadC R RE ot b SHEOEg sompiisd st CRR SRS gut
nmucosa bd&r gaétivatSHmbR, pdril SR &Geiponkss. ext ensi vel y netabol i zed by the
cytochrone P450 systemin the liver to nmetabolites wth negligible

gl ucocorti coi d WoAtH3blakedromatyolg2@modyinsi3uos staedard canger tfepsmettsr BAG-Re

bi oavai | abi Ibiotc)éa(lescaln%weffga?v%i (;L %?1 ihedThﬁh chf\:’f/ngthgr%V itfc%«? iilﬁliets.quotthQCUdespni .de
results in an’i ITDI'OVES erapeuti c ratli o corrparea u[O O% er g ucocorti coi ds

W th | ess exiseimsésy @ rhiy tsd pQ3sibRk toREdRe tHesdBse BlclRsMthaalgpaues tdagsnti N f ewer
adverse effects, including | ess hypot hal am c- pi_t ui tag suppressi on, than

syst eni cal | ydBEt§tegd SMebyiar €61 E (g cendnesh 28chBm¥+ham frkamplaof on of
nyper oot of St e A et *LapFAEEP Sneb i BRbBRli Sih S Bu ™o

In still funtiterenesfrodnneni.sAnatheioadampit ofonch ACGo@bantdorCElaA-adtidtdiGary PD- 1
and/or PD-Li bl ockade (i.e., imunostinul atory therapeuti¢ antibodies

anti - LAG 3 aw&oﬁga%f?m@vm@w&ﬂ]%ﬁe%mq?-<ﬁ~og>1%aﬂmtﬁﬁapra?ﬂtiof pElATP NP Rodi es)
I'n conj unct s QB Md AiEndkOBehind the combined use of LAG-3 blockade and chemotherapy is
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absorbabl e steroid can be further conbined with a salicylate. Salicylates

i ncl ude 5- ASA agents such as, for exanple: sulfasal azine (AZULFI D NE(r),
Phar maci aw@ 20mdabstp; ol sal azi ne (DI PENTUM r), Phar maci aP&TUSI@(053405

bal sal azi de (COLAZAL(r), Salix Pharmaceuticals, Inc.); and nesal am ne
(ASACOL(r), Procter & Ganble 15 Pharnaceuticals; PENTASA(r), Shire US;
CANASA(r), fatearll Soendhag aa mnsequcnce HOMASHO oK ftibow af/ Jnost chemothemmut’r@r danc e
with the net hods of th ] ent |nve£|%,‘r[1 a salic atehadm ni st er ed

conbi nat i onCWP‘Pm““é’ﬁ’t% OEﬂé‘? tdﬁdn“é?ﬁ‘s? EIA 4 tuypep apfieghin ¢ %@tigearP&?SS‘Ftauon
anti - PD-Li gdb@h"er%%b%aﬂ@ﬁ‘tlﬁ%%bﬁﬁ%'n@ay%’eﬁﬂ@ih@yﬁé@ y WG TUES3 BiBYkade
over | appi ng or 20sequential adm nistration of the Salicylate and the

non- absorbaﬁlreugt@ﬂloieathf&m rftdlrﬁémpu?l@gﬁge,mﬂh@énmfa@mgamm Eagbioférese of
colitis induc gsy t} i mul at.ory.aptibodi Thus &%r. exarrphe,
met hOdS or pI’ g%cu (%{Sa ?%%SOUHCG (6] H@gr I%tlgggIln E‘Le O-St I&%ECBCSI% Hl 1tors can'also

I mrunost i nubatemyinaditAddA @S Bieade] Nthilifod Bﬁaﬂgﬁ@‘éﬁéﬁis ]eﬁﬂlsetﬂttlhlﬁﬂr @Iceapass
adm nistering a salicylate and a non-absorbabl e concurrently o

sequenti al | %ecél rgay fegd pamergntigen wtehess antigenireseaiation pathways  af t er a

non- absor babl e o} Aok Hlockffs AlkodRIbLR ARG E8hun DR biBESAL AT 10 Lo

t he pr esent inven ate and a non- ero can be

adm ni ster edntﬁl)bdﬁd@&hzﬁ@szgetmt(ﬁ F&Izregeptobeim@[@ cdfbdtond wﬁnemrmr&bhwse@r by
different routes (e.g., a salicylate is admnistered orally and a

non- abs &P babige LéSel?asu Nos. 8. 9£ar%4ﬁ|a§@ arddd. 2L tRinpsgjfic aptibeicrean kA ¥£dfo from t he
t 0 i /

oot pD 1 2 S ec A gk A 20500 A sl kB0, Bler

further il agknpbigskcifyc dntidodios hmwbegn axalnpltasget M@hagéﬂulsdeﬂ‘mﬂtumer

construed as_further limting, The contents of all figures and_all
ref er ences, 1GSHMSAKNSBIY %%%ffe%lé(‘?]ér%g“’éﬁ al%wpﬁg%aesa%sem Thgypreplt aim ghs

cited WO 2010/ f&g 9?%61%%%9%{119 ?@? il @YY RA 3 ik @é’%hﬁ@&tﬁ%& ar e

expressly incorporated herein ence. In artlcu di s¢l osures
of PCT publ notagenomsy h&mdm@b@dﬁ%é‘tly M@@Qbﬁﬂ@ﬁﬁepf ViEp @i OatBhodics shcchWind

09/ 054863 ar e_ex ressly inc or at d her.ei ref erence. Exanple 1:
Gonerat  on BRSNS OB BT LA B6 AU HSE TTAES Bant - LAG 3 huran

nonocl onal anti badjRss WaHEhSE NEARNE durYsillBgtYyaREARN abief) enddAadis@XPr ess
human anti body genes, as follows. Antigens Reconbi nant human LAG 3

fusi on prot Many ofiitese mselthnasNs ey bermymiogen by therindctiwatien ot mgtims which @e

ant i bodi es. Inr cer ga'th“eth%%‘s“ ZaL at.l. %aﬁe .a fu%s on . rio'éeZEf ) r| sing the
entire extr&C&rt ?1 ¥ 8(& 1" 55 ST HRIREN L AES ?usedar{loga human

region

I mmunogb@bubihersFEGHB KA ((R&D(BB5) &8y, fRkial 639 16281650 3)L- (PIHEMartiRe) or a
nouse |mmnogl obulin Fc domain (D1-D4 nFc) was used as the i mmunogen. For

ot her i munPZaaraP2ulmmusiobgyphadeeld OSrdIN.sinddrapHegnd (hiahpg eistl. (1WBO)
t |1 ul bul F
dommi (i 0 hEa A DL T AnkBiR ol B8Ee et RS Ce TEREELE T L ot i ns

wer e prepar edmbisintion withnadaddG-S8aocbimeantt tbAfé@cbinhe iresmundsuppsegend ggent
Transchronosom.¢c KM MouseTM and KM D MouseTM Strains
Ful |y hunan2ibREET BRT IRAMNG SaPawset By LLAG 3 were prepared using mice

20 of the transgefhd ahfiFRRGVRMR ANt KM Maes M i KM ESHRDMys e T

strai ns,
combination with anti-LAG-3. These include molecules on the surface of dendritic cells

which activate DC function and antigen presentation. Anti-CD40 antibodies are able to
substitute effectively for T cell helper activity (Ridge ef al. (1998) Nature 393: 474-478)
and can be used in conjunction with LAG-3 antibodies (Ito et al. (2000) Immunobiology
30 201 (5) 527-40). Activating antibodies to T cell costimulatory molecules such as
CTLA-4 (e.g., US Patent No. 5,811,097), OX-40 (Weinberg et al. (2000) Immunol 164:
2160-2169), 4-1BB (Melero et al. (1997) Nature Medicine 3: 682-685 (1997), and ICOS
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whi ch expresses human anti body genes. In the KM MouseTM strain, the
endogenous nouse kappa |ight chain gene has been honobzygously disrupted as
descri bedwprro@maps7et al . (1993) EMBO J. 12:811-820 and rh@/use@oysisonlis nouse
heavy chai n gene has been honpbzygously di srupted as 25 described in Exanple
1 of PCT Publication WD 01/09187. Furthernore, this nouse strain carries a
hunman kappa (Hutgft ecdiailf99)r Mg geits; 2625060) sy des proviiedor mefeasdivievads ef T al .
supra. The strain also contains the 5C20 transchronosone, which carries t he
human | g he&?};a‘tt‘r’(éf?fll ocus, as described in PCT Publication WD 02/ 43478.

The KM FCGR2D Mogggd Ma%(watkﬂlsplﬁnttaﬂ@n aaEreAdy bh18g KMAYB WReTM et RbMu /b e Pt
that its genone al so 30 conprises a honnzygous dlsruptlon of t'he endogenous
FC7RI I B genefhé{fh%tomwmﬂhﬂvhddgm\m&@@s IegecTiVagonseqnencgrod thib so

d b I
2010/ 015570BEH Gae 55 abi RR S B o B, B TR - 1O

| muni zat i OBIi)ckade can bIQs@BtBQﬁ@E@efﬂlﬂd éf‘f’ecﬂﬂé@@s ODMe abistaingalftel hadbepedific
LAG 3, nmice of the KM MuseTM and KM FCGR2D MouseTM strai ns were i muni zed

wi th one of Tt9§8sthree different recombinant LAG 3 fusion protein described

above (Dl.' DA h.F c PIJe awalgg?evef’al Q%‘pe?%n@g:?r)eatm%%gﬁlro%co BEH&[ éfr% in§ hemes

are descri bed |n onber supra; supra and
PCT Publ i ca‘a&tmtlumaﬁﬁé;aﬁaﬁén ofl inetigerh epeciiy € cEHslhdvelefssveotamafye ofipere ¢dile fi rst
i nfusion of antigen. Mce were immuni zed intraperjtoneally (I1P) apd/or

subcut ah%oug}tw(cg@nts U o stippuiate MHEGRISPedli; \feslémﬂnfszammqr.@é%enwr&& 10 ug
of the reco@ddagrz&%ée‘}@cénzyﬁsoe4@r5@$ efiibse Eﬁkﬂo%% DY | bmga'tga a2 Tebige

with 10 20 ug o e’ sane |Inmunogen in as an adj uvant e | nmune
response wasespomsct oriatechyuy agensondi asa(EMb/I ekBdsivo Ihwapbmme\pmemméened by

ELI SA d i.bed, bel d th f f i f
o | oo P B an o b ind e B e b Sty D ent e Bt e o o)

of the splegns, the mce were boosted intravenously and intraperitoneally
with 20 ug of antigen followed by a subsequent 15intravenous boost with 20
ug of ahdi géieciigab dhiteusmy of KM and KM FCGR2D M ce Produci ng Anti-LAG 3

Anti bodies To select rodum ant i b t bou LAG- 3 rot in,
o o o R mdh el P RROHEBin 3 42 % e st PR R e RS Dy &

modi fi ed ELtsShrasnl@rtbgingat bath@ié%slgr Abestdidygly-usdtiéd dp@k ofithe ifveAB6) prodidesf | Y,
mcrotiter plates were coated 20 with purified reconbi nant LAG 3 fusion
protein at ﬂrreﬁglmflnof.tf?m%an Bleqyiophdispase im GEhies gomerigoe pdmgnteringienhe| ocked

with 200 ul 4 %‘%{Jt affan QihA'%}c‘% %nﬂbg)(gsor Bltggb—ebg[@ Ogﬁ%@gﬁ‘%ﬂ@e&rs%h lﬂ%g’ﬂ% BN zed

mce were a {0 “eac I'ncu hours’ at a
t enper aL@ir eis tiaedpbathe Snfaeti @ swished RAbefBbBBSﬁeTaMGDdﬁfsdl Hueam ankichub@ined wi t h

a goat-anti - n kappa |ight chain polyclon y conj.ugated with 25
Hor se Radi sﬁﬁﬂ?@w dsYqhRIsyany of the g agt- Ir f@??ﬁglpafiwe ¢ ﬁtr%lfﬂ)
washi ng, t he jal@hesy wem%r%w@ﬂ @l%qnm)éd} ARTS. a%%ﬁﬁérﬁ@é&u%&%z%ﬁ%hbf

spect rophot onet er at m ce imuni zed wth the D1- nFc or
D1- D2 nfc fusion Spnﬂnreonts;aplslmaaori todmrtohse&sehmuwdwbow \mtnlmdtyemdeaiecbyAG-

e S R R 5 S S e OURE P S, T o
nouse Fg5 pakgimulbfemie iMAuad MBp&isk ®\psihERs adxide 5@l 'sél@gn@é%(ﬂy.%%%ﬁﬁesq{fr ried
out- pathogens for which this therapeutic approach can be particularly useful, include
pathogens for which there is currently no effective vaccine, or pathogens for which
conventional vaccines are less than completely effective. These include, but are not
limited to HIV, Hepatitis (A, B, & C), Influenza, Herpes, Giardia, Malaria, Leishmania,
30  Staphylococcus aureus, Pseudomonas aeruginosa. LAG-3 blockade is particularly useful

against established infections by agents such as HIV that present altered antigens over

the course of the infections. These novel epitopes are recognized as foreign at the time
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WO 2010/ 019570PCT/ US2009/ 053405 M ce that devel oped the highest
titers of anti-LAG 3 antibodi es were used for fusions. Fusions were

per f or redwa0tsseimbed bel ow and hybri dona super nat ant s PEEMUS20008534d5 f or
anti-LAG 3 activity by ELI SA Generation of Hybridomas Producing
Human Monocl onal Anti bodies to LAG 3 5Proteins The nouse

spl enocyt es of agphaned LACefadinenisivtion, tKiv piCEHRANE risteng Weel rdsporesd thay iehact ri ¢

field based el ectrof usion usin Pul.se | arge chamber cull fusion
el ectropor afi?ﬁlp?"@gg’@ RCERNG S%a%ﬁﬁ@é%ﬁwj?' G en Burnie, MD) to a nouse

nyel oma cell |ingomERgahpRYbE bﬂﬂooééﬁﬁrxiiﬂﬁé@csau%%@nféaﬁﬁs #ChEERDY hQhodshE
production of antigen-specific 10 anti bodies. Single cell suspensions of

spl eni ¢ | yngitedoyangion fincdedel i hiepadistiAe B, wets hepsedirto(ecaneVEZVYuHBN-t.he nunber

f P3X63 /53 i myel I1s. Cell
ver e pl ai odrhty BoHP Sy PR DS o R T RO TR AVARS | tor pl at o

fol | owed by flabioltisdsWehveieks, iHifsal] @xsidkisahBCtdrvgavid) respigesiy aimuyrgl 10%
fetal calf serum supplenented with origen (1GEN) in RPM, L-qglutam ne,

sodi um 15py ViyatRIMMEPES, IOFEHUE MeFsles vEps. aphedldydiug, PageriamMaceinia WusAT  and
0- nercapto J ro - I r A .Y i ich
the HAT was Tap) s Suaef i AABRICTay R TllRa Ry SHLS HRBGLD, BB R s
(descri bed aboyvayd drbsvitall ereephditis-Jid& 3 nonocl onal 1gG anti bodi es. Once
extensive hybridgma growth occurred, nmediumwas mnitored usually after

10- 14 d&ys. The §ﬁmﬁﬁéavple§ef gaéla%éfmcrlﬂﬁwwww&}g?%%s V@&@%Bﬂ@e@@ﬁéeﬁed
agai n and, e ifitdrion PRShdd Miarf Rfia, PRERLI 9Gete AR trh ydobidTRABR|1IBAR

ant i bodi es We6rle sulbgl one(fcat r‘f}gg%t tw (1:e byeﬁ?’rﬁqi ng %ﬁrgt ?oir%. Tﬁle’ st abl e
subcl ones wetreptodveni, pudumamedoden meningwcocri gadh gomtcecs Nthsialapprotes:s oferratd,i body

in tissue culture nediumfor further characteri.zatjqn. . Hybri doma
cl ones. 2677 Posgpiiniologneli kb5 sintadhsBiufCebdaceuor srtsmlr  her
anal ysi s andn@equpReld) tptépatRb tind Lynics Wgkiea]acfelar act eri zati on of Human
Anti - LAG 3 Monoclonal Antibodi es 25F7, 26H10, 25E3, 8B7, 11F2 and 17E5

The cDNK sequencé&smengsanplegof pathogsaipfungicahsighinfediipnmtroatabla by enathagis 9his  of

t he mAbs expressed by th S5E7, 26H10, .25E3, . 8B7, 11F2.an 5 cl ones, as
descr bad | HSb il Citafie RN AR0 R RO G h S BRSO
Total RNA wasofpfrefal Acber&illny Humigh®B, higbr, e@0NGes @ Macotsien tmbhie, MYRASY M ni
Kit (Q agen, Valencia, CA). cDNA was prepared by the 5 -RACE protocol wth
t he SVART RATEORVONAPAIpHIIF schgitkipBlastamyaes denaditidisa Bypeacsidiides hragliensis,

Mount ai n_Vi @gcc@gdeg%m%oﬁ{d%@@oﬁia%grcﬁé% 0/ 019570PCT/ US2009/ 053405

Rever se Transcr ase nvitroge CA). V-regions of each
anti bodg0 wer e angbintieesimples bfjpahd@entryrmeaitspenising nfecitsis arhtabediyanethodsrer

paired with tr'g'Sl RACE unj versal prinmer mx. PCR products containjng the
V-regi on wePbt IBYragOR wﬁliﬂ@tw@ W@l%gﬁ@f“tlﬁlﬂuﬁwoﬁi% OgederiEaMEhad, ca)
and {ransf onugghnlibebafip, &RihABI CFORobBridiubd 9] BicaBiRBysREkiARad, CA)
Either miniprep DNA or Tenpliphi (GE Healthcare

Plasmodium vivax, Babesia microti, Trypanosoma brucei, Trypanosoma cruzi,

Leishmania donovani, Toxoplasma gondii, Nippostrongylus brasiliensis.

25 In all of the above methods, LAG-3 blockade can be combined with other forms

of immunotherapy such as cytokine treatment (e.g., interferons, GM-CSF, G-CSF, IL-2),

or bispecific antibody therapy, which provides for enhanced presentation of tumor

antigens (see, e.g., Holliger (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak

(1994) Structure 2:1121-1123).

30 Autoimmune reactions

Anti-LAG-3 antibodies may provoke and amplify autoimmune responses.
Indeed, induction of anti-tumor responses using tumor cell and peptide vaccines reveals

that many anti-tumor responses involve anti-self reactivities (van Elsas et al. (2001) J.
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Bi osci ences, Piscataway, NJ, USA) sanples were prepared, and subjected to
DNA sequenci ng ( Sequetech, Muntain View, CA). The resultant DNA sequences
wer e analwyeediofwaes7on-franme rearrangenents and ot her ant Po®A}82009/053405
characteristics. The expressed proteins were characterized by standard
protein chem stry analysis. The 25E3, 25F7 and 10 26H10 cl ones were found
to express &nmnp.avitd.18dyi3t-aidpr Osemgkaer d.g@9Ndavy. NdrhiAmadnidi.d/ KaApps: 298ght
chai n, wher the 8B7 17E5 ¢l ones i express an anti body
compr | i ng. ST G e pODr T Aretber Sy ties GRBCLh i anie FEPEaR ol one
was found t 9,8%PIRRAnAN AN iBROTY TREIRIrE St RPoRIbIk WX RRRY YsichahdL L AT 3a kappa
| i ght chain. The nucl eotide and am no acid sequences of the heavy chain
vari abl e r eflogkadgfin tenjRaRPnavith sdrews self pritgjoy i aderdndevise BRONRMONG, 49 and
37, respgctivel The.nucl eotide and am no acid seqguences of the k a

i ghtohai nPUSRRLPETI gt e s ey At e sl oy BEG o
NQ 55 and #datnief6 PRS Tk Xabk, ALRERR SRS int R eLREFprBpAMY aédidiulation of AP

i mrunogl obul i n sequence to the known human gernine inmunogl obulin heavy
chai n sequenegsle(iFagyhad Fposhpingtie braan; anhkoy5ETDOnees\agaimhainmylod ame able res a

VH segnent fyom human .germine VH 4-34 NO , 1 AN JH segnent
from hunan ﬁg?ﬁhFWearﬁﬁfg B SI(%CW&?Z.(’%E%%)ﬁlé’f”rggléby]sﬁéﬁﬁ' the 25F7 VH
sequence using t ghdfabi@braidin &M Dfo KRel QY tREetdalcARIFRIIreRe r€&mb dfhe

delineation of the heavy chain CDRl1, CDR2 and CDR3 regions as shown in
Fi gure 1A andergnasEgthma,Nnod: TNEO forgheimaoidpgptis t Fnelly andordyaespoosesdd t he

mmunogh obul M RO RN Sefetaed ERg I a8y AR BHOP R e HETSER, kappa
l'i ght chai nagtitiddyz€ponseYio fpestRbiivd Ksrmoned@in 1@alssd for@oMfadepti¢rSEQ | D NO 63)

and a JK segnent from human germline JK 2 (SEQ I D NO 64). Further analysis
of the 25F7 Ngrtralezgigetiibody rasgonsado Raiyaanes grd ethpipoolubbRiactays dat fetedumicfat i on

20 Lo, L. deli8abI0n: Ao kAR SBYy CRRR o SRR fighon 0 2

The nucligot talgetand ami no aci d sequences of the heavy chain variable region
of 26H10 are shown in Figure 2A and_in SEQ ID NO 5Q and 38, respectively.
The nucl eoti de andalogpromsihipds alfsgiRedabare torgha ysgrf 2ekAC v aptibesyeanegi on
of 26H10 ar 7 . i i in SEQ
D NOL 56 AR a4 1 f QOB oy CapacT o e P! R R

i nmunogl obulnappspgatencenmatidreofkatbeurse i geng esuch ian emiy Foididegpls ) ualudibg avy
chai n seque% es (Figqure 9) shovve%-that t he 26H10 heavy chain utilizes a VH
segnent fro AN GO (issqytekings sughds B8 YsE-and a JH 5 segnent from
human gesm wne. ]l 6B (SEQ I D NO 66). Further analysis of the 26H10 VH
sequence usi—n‘g_r#e Kabat system of CDR region determnation led to the

del i neati on of t RAatinesaty3 ahdodieCERlbe GR20 stindul@bRBitigegbmrEicasinsimewn i n

Figure 2A and in SEQ ID NOs; 2, 8 and .14, respectively. Canpari.son of the
26HL0 | i ght "CRAY ﬁﬁ%ﬁ?&ﬁpﬁsaﬁl%ofsa&m&l#c@f%afﬁﬁsﬁ&We) nAIRE YIS he

i munogl obuld a b Lakines hakRord e8I UEM SRR GEpe@tihe idvthtiSh MR et AMethdiEo26H10
kappa light chain utilizes a segnent from human germ ine VK A27 (SEQ I D
NO 67) and anliicemgguremmuine gesphuseetn agentiganria a3kbjgct SEApHiMNGIGB)steriagrto her

anal ysi 5. of .t he 26H10 VK seguence..usin abat .system of.. regi on
Gerer o ot g PR e e AR T JR-LRG- T A oot S e TS cora
regions as g, dubh Ha@bi En@ABn@Rdpdrie &EQRe lakidkSin tROsubflt Anhdred.
15respectively. The nucl eotide and am no acid sequences of the heavy

chai n vari aBreéderaklyi g apfibatyas a hpmag gaguman LiAfirbangpodndushassmpof theng 51
and 39, res | AT .eot | 1 C | he | i ght
chai n vari abrae S5-EACH BRI BN A PRI SRRRARRR. "N | 7
and 45, r espetiliddyvehy be Gohip@iicse husfanizbé atbod$ EThb eaigenchnbs, foreraagde,ebul i n
sequence to the known hunman germl i ne | nmunogl obul i n heavy chai n sequences
(Fi gur e341) tupastietharviphintzs e bastaripl aMigen onen patigss fromyppatgesintNet-om
human ger m i:ne;: - ( 3 : . i ne
3 ab (oEQ B SRl o M PR o Pt SR s s P e e
Kabat syst etheaimGDihtigegs @m twebdevactined)idivcuised abovel heardeennamitbaviodse®5 t he
heavy chai n, CDR1, and regions as shown in Figure 3A and in SEQ ID
Noo: 37 b A SRRRTR BRI I Son of t he 25E9 1§ ght. chai n

i mmunogl obul i n sequence to the known human germ ine inmunogl obulin |ight
chai n sequences (Figure 12) showed that the 25E3 kappa |ight chain utilizes
a Vk segnent from human germine VK L18 §§EQ I D NO 71) and a JK segnent
from human germine JK 2 (SEQ ID 30 NG 64). Further analysis of the 25E3 VK
sequence using the Kabat system of CDR region determnation led to the
delineation of the light chain CDRl, CDR2 and CDR3 regions as shown in

o ~r~ o N~ 1

—




10 CDR1, CDR2 and CDR3 regions as shown in Figure 4A and in SEQ ID NGCs: 4,
10 and 16, respectively. Conparison of the 8B7 |ight chain inmunogl obulin
sequence WBi2gura9rd) to the known hunman germ i ne i munogCohiskéoa/obi«ght chai n
sequences showed that the 8B7 kappa light chain utilizes a Vk segnent from
human germine VK L6 (SEQ ID NO 63) and a JK segnment from human germine JK
4 (SEQ | D NGO 72) Suftahl¢ hertesariatipgiisterifg e ahtieoddGidhpovitioseGuentoenansi ng t he
Kabat system of CDR region determ.nation led.to the delineation of th

Tont ohai niepaondanstadicr. BRMEPrubt andPisnslic felechiek fad MRS nG e 620 1
NOs: 22, 28ofh34nvdnBSRBELVY 8 in vitro are WAEKAWG] BQhd Qe oD chrdH s@fbc_@:ﬁ'b‘é_
sequences of the heavy chain variable region of 11F2 are shown in Figure 5A
and in SEQ HPsNof o8agnskild.1 For egpwds. ithesdnyibodheompositiseis ean beladmimdbterad hy aci d

sequences of .the |ight chain variable regign 1F2 ar.e sho i.n Figure 5B
and e ko e &8 G s LSRR Sl s D RSy,
chai n i mMmunegil absnd dnSEOMENEE WaghthE theabfechatiiiie 86idhirationi aaisnogl obul i n
heavy chai n sequences (Figure 15) showed that the 11F2 heavy chain utilizes
a VH segnenforfiation pitlie ajépady erenpasitionp4 (SEQ ID NO 73), a D segnent 25

fromthe human ger.n.ir - . > ) oM. ' 4B
(SEQ 1 D N 70) . *Burtnafy dRodBQ hindguREORTS AR ATIR, SSLHlEn b, o
system of CbBRadegiigeredetigronerabvilen noedtiempbinte dehisneat heptoadxid igenhaavy
chain CDRL, CDR2 and CDR3 regions as shown in Figure 13A and in SEQ I D NGs:
5, 11 ahd 170diot@¥isagentvepy IMBYRARRPPEEHY DI nhe  hegmsibpdyfin aaked to the

| munog! obubj & $RGHERGRIrS apush BN AR AELBh R ATHAGL DI a1 | T gt
chain sequen%eé%%lc:h?&gurenlg‘)Otnﬂﬁ%)J\?\ed%at @ﬁg 1{F2 aSpar?l g t%’%hai n tuti lizes
a Vk segneniatter caye isepamntegrinmmhistrationt thé aft8kQy lcin NOadiBiniderdd hefdle, sgnent from
human germ i ne JK S | D NO. 74 Furt her. anal ysi s of the 11F2 Vk
sequence usf“?fbcufrﬁ%&kg'btggles%%?ﬁ c&%‘béﬁ?( afl%l?létﬁrege‘%z} Wflﬁr&ﬂo&ﬁl PEAPYD 4he

del i neat i 0N a@fnNOLRLAEABY 5 O PEHLISROQALDBBAPE. A chisIhIudd) @indn COIRbss, COR2
and CDR3 regions as shown in Figure 5B and in SEQ1D NOs: 23, 29 and 35,

r espect i ¥el ynti-neoplastitlagents suchows iddeorahigin@inempand ciselgtio hteomysin subleteheavy
chain variable regiaon of 17E5 are shown,in Fi,gure 6A and in SEQ 1D NO 54
and 42, reopuueGEt Mook oRafer e o R erd BRlnaletThiR e 1 Toh
chai n vari alegnseRgs,are fly EHESiIv@ra€1esBRWhitHarkit@UE 6r SBtadieltd Npadied. | D NO 60
and 48, respectively. Conparison of the 17E5 heavy chai n i nmunogl obulin

sequence t o Gispdatiarsirrapenaslygdrpnissed antulPodne/Bu dpse enes gyeryHainvesksaehces

(Figure 17) sk kR At ] rom
huran ger m ool edfy s HpltEReta SE60 2 oA 3scrbnt PR T

ger m i n20 2- Zo-aindnatrdtikbrseghehimin atti-hAgas agébodidsner ahHgdBbinSm@ fidgntddrs70) .
Further analysis of the 17E5 VH seclﬁegce thi ng t he Kabat -%%stem of CDR

regi on det eflifFr3pht 9Ihe PEgent dnveRowIth RSP PORTABFUUCHESME AU ILH AV 2BHIRANCEDRY
and CDR3 r eggéffi'sswﬁéh_%gé)ﬂm Vifd dfefedif Sl LRicRERI14 P NFoxiBeffdet tiindS:
respectively? Conparison of the 17E5 I'ight chain i muhogl obul i n sequence to
t he known htumeer c&Bs.geuwal doreiminstraogl clowsblve protgémns diafordeselgpmactes ( Fi gur e
18) showed that th 7E5 kappa light chain.utilizes a segnent . from human
gernline VKrei_SBStta(nng% ‘%I”Bg?\ﬁi B3 "and’ tge JRigsagHR AL s Gmon ﬁ%’i&n‘”@ PHOPWereHﬁEErS
(SEQ | D2ANC: fiRln ultbidivehvitingd ¥sdsod9f the 17E5 Vk sequence using the Kabat
system of CDR region determ nation led to the delineation of the |ight

chai n CDR1, CDR2AdseowtiDRrR3he wgpoakthg Preshefinvantioraiits ®BPagithe Srboip
20NGs: 24, nd. 36, r.espectijvely. The. 25F7 H10. 25E3,. 8B7, 11F2
and 1765 vart AT LR BRREENESe o mump autBEi s BRHIUGRRS S o5 of any
desired i somypeulis] agnshidbdad|dedt@g andinmandtiddblfoti86 hThe ki@ San fivthe@tihat DNA
encodi ng the VH and VL regions can be cloned into an exgressi on vector that
carries thelaistang adigionplgpigeah &r AncoBrEmdditiogridhsnagaativediat oftthe isyten abl e

regi ons;@re oper at i Al - di - d :
S egar at ?é@v eé%%? gé ﬁﬁc%lﬁr? E%tldlfl g 2 lg‘ Qﬂgg gé&%?éeg%ﬁggﬁ?g#tl{lﬁgb@ﬁ F”@Le%‘g%‘ﬁ%ﬁeé’éggly chain
and t he ful LAGBA@htigdn djktince framnthe Nosthhiman tintilgpdgx alja gpicafly énghrdessliabed

vectors suitaple for use ip creating full- |eng ant i bodi es j ncl ude the
pl E vect or s Ye<¢ing s nferded wse Ogitee%#tqﬁmfith%ﬁt-oiﬂ?wnié&gelf Bany 30

Exanpl e 3: Characterization of Binding Properties of LAG 3 Monocl onal
Ant i bodi es
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In this exanple, the binding of human anti-LAG 3 antibodies to cell surface
LAG 3 (human, nonkey and nouse LAG 3) was exam ned by flow cytonetry. WO
2010/ 0195VORCIVIWEZ009/ 053405 Furt hernore, bindi ng ki net iPC3/USe00RAS485 wer e
anal yzed by BI ACORE anal ysis. Still further epitope mappi ng was conduct ed
using a peptide scan experinent. A Flow Cytonetry Studies 1. CHO hunman
LAG 3 Cel | Biriigigng re&kded msteribnbhepabied o1t gr with thekitnt whstliofertvoebi nd to cel |
surface LAG 3 protei t.he anti bodi es were incubated with a CHO cell Iine
that had bedff p&ﬂ’?ﬁﬁlﬁtlﬂﬁ to express human LAG 3 on the cell surface. The
25F7, 26H10C0%.§§,,,,0;3@7@mé;F2 and 17E5 nonocl onal antibodies were serially
diluted with col X buffer (I x PBS + 2% FBS, 0.02% sodi um azi de, 2nM
Na EDTA) . For t hén mmhﬁrngpqceamiinamti@@rbviﬁdis méthdfilﬂ thoembir@@inniﬂmw isol uti on
was adde 50 | uspensi on. inLng 2 x 10

Mt ur e s MREBHE-AG AP FOS R RELE hthedr s EEosd A BT ¢ wo
tinmes with knat Mebtlﬁefﬁl’stlrn‘&lalln%%nﬁinblﬂésp@ﬁ"se@fo fherbby f@laelr ephgalstiafillite human
kappa |ight chain anti body (Bet Laboratories, Inc., Cat. # A80-115F) was
added and t REUPFESY eﬁﬁérrwm@eir%@ewﬁ@da siect Fen grampde, die ingentiopIprexiges By

washi ng tw t

cold | x PFA (t:ﬁ(ggr?tfg{ %?}rlfﬂa @Lﬁﬁ[ﬁgyﬁeb%él%%};%}@m&%e&ﬁ g‘ﬁ“é%@n Mﬁ%ﬂ gqgm ence
Cat #1 348 mactmanadﬂﬁwtantibmmmmtdr@mrandﬂia‘medl yamsinedtinaniitobody bi ndi ng
was carrjed out by flow cy torretrhlusl ng a FACScal i bur flow cytoneter (BD

Bi osci efite) antﬁ?éherse%hta% ap Ant-HE-F oyt Pt YD Arlaanfidpdy %‘Fdéorsfﬁ]rﬁ?&rl zed

bel ow i n Taphg A%]A aﬁ@bd/égﬂ GRRSHAYE 11%%9efréé§o@e@9ktﬁﬁul &d%@fe@'ﬂﬂ%
denonstrating that 25F7, 26H10, 25E3, 11F2 and 17E5 bin ectlvely

to cel | - sur tsoeplh ltmmhlulwt@m’ér gwivtth oR &FTinhdste g anfyirekicsmined.yIneor20 f ol d | ower

EC50 t han 25 0 el ui val ent. t hat of 887 d 26H10
e Echor oBmppdniegt: M blelh At el Al 0 il bp i dn i B
25Table 1: Bhdwbdpg Ilpﬁnch‘:ﬁ@rlen{bfc\@n@em\nhe Qﬂﬁé&% ddnifdskerderdd stEXRGES §1'1tﬂﬂ>dl]|u man

LAG 3 Ant i body” Mdt 1V1 25F7 0.45 -
15 and an anti-PD-L1 antibody. In yet another embodlment the subject is administered an

anti-LAG-3 antibody and an anti-CTLA-4 antibody. In one embodiment, the anti-LAG-
3 antibody is a human antibody, such as an antibody of the disclosure. Alternatively, the
anti-LAG-3 antibody can be, for example, a chimeric or humanized antibody (e.g.,
prepared from a mouse anti-LAG-3 mAb). In another embodiment, the at least one

20  additional immunostimulatory antibody (e.g., anti-PD-1, anti-PD-L1 and/or anti-CTLA-
4 antibody) is a human antibody. Alternatively, the at least one additional
immunostimulatory antibody can be, for example, a chimeric or humanized antibody
(e.g., prepared from a mouse anti-PD-1, anti-PD-L1 and/or anti-CTLA-4 antibody).

In one embodiment, the present invention provides a method for treating a

25  hyperproliferative disease (e.g., cancer), comprising administering a LAG-3 antibody
and a CTLA-4 antibody to a subject. In further embodiments, the anti-LAG-3 antibody
is administered at a subtherapeutic dose, the anti-CTLA-4 antibody is administered at a
subtherapeutic dose, or both are administered at a subtherapeutic dose. In another
embodiment, the present invention provides a method for altering an adverse event

30  associated with treatment of a hyperproliferative disease with an immunostimulatory
agent, comprising administering an anti-LAG-3 antibody and a subtherapeutic dose of
anti-CTLA-4 antibody to a subject. In certain embodiments, the subject is human. In

certain embodiments, the anti-CTLA-4 antibody is human sequence monoclonal
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8B7 1.93 - 4.44 26H10 1.81 - 3.64 11F2 15.12 25E3 14.9 - 25.39 17E5 12.3
WD 2010/ 019570PCT/ US2009/ 053405 2. Activated human CD4+ T Cell Binding

To test twe2alwdip37y of the anti bodies to bind to nativePoWrnsro0As3485 on t he
surface of activated human T cells, resting CD4+ T cells were isolated from
purified 5peripheral blood nononucl ear cells and subjected to three days of
st i mul at i onamiitiddyd 0Ddriessabeddm RET BnblicaGb3 WaD @ 1 Adt24)GDEA 8heamtti-bAlH-8s af fi xed

to pol ystyren eads. The 25F7, 8B7, and 26H]10 noc a i [ wer e
ser ol Ty 4 FiltisdS s FHmublcqorice mRAECIStR 0P, PRS2 52s B8 U8 SBSoiod um
azi de, 2nmM NepEBITAES deQéridageRiindORE: 5@@@T‘L@U4 aR@bddids en@@()mgzhslséﬁ §§dth%nt i body
solution was mxed with 50 i.il of PE-labeled anti- 10 hunan

Bi osci ence neHtods ob BB IMHEpnt ingeritipatiedude, falexgmples thope @@@Q@édanQ he sane

protocol na| I b |nd|n ted as
descri bed a gﬁ%l?gfi V@BQ)\()%ASﬁéeygsg?% li?q{%m* Rty Forfty @98\%20 at;
sumari zed BehdWcl. WSHB(€7)2100601 1007 B ttgackEalaf @OOW) Nailmg Oheold, %ji m,(amd
hunman CD4+ T cell s, denonstrati nlg that all 15three anti bodi es

simlarly tébé@fllqt_l\%%%@nﬁmﬁé/rﬁ AGH0) Tl Molgyr eBph ¢l Hg) bt aities LAG 3
Ant i bodi es t5_§5§6f—'5)5/@46ﬁ11 J@Hgﬁ%n%lm&ltg ?lllé ﬁltl—é@LAbép gt}ltlbody binds to human

CTLA-4 with a Kp of 5 x 10° M or less, binds to human CTLA-4 with a Kp of 1 x 10
10 M or less, binds to human CTLA-4 with a Kp of 5 x 10° M or less, or binds to human
CTLA-4 with a Kp of between 1 x 10°M and 1 x 10™"° M or less.

In one embodiment, the present invention provides a method for treating a
hyperproliferative disease (e.g., cancer), comprising administering a LAG-3 antibody
and a PD-1 antibody to a subject. In further embodiments, the anti-LAG-3 antibody is

15  administered at a subtherapeutic dose, the anti-PD-1 antibody is administered at a
subtherapeutic dose, or both are administered at a subtherapeutic dose. In another
embodiment, the present invention provides a method for altering an adverse event
associated with treatment of a hyperproliferative disease with an immunostimulatory
agent, comprising administering an anti-LAG-3 antibody and a subtherapeutic dose of

20  anti-PD-1 antibody to a subject. In certain embodiments, the subject is human. In
certain embodiments, the anti-PD-1 antibody is a human sequence monoclonal antibody
and the anti-LAG-3 antibody is human sequence monoclonal antibody, such as 25F7,
26H10, 25E3, 8B7, 11F2 or 17ES5 described herein. Examples of human sequence anti-
PD-1 antibodies include 17D8, 2D3, 4H1, 5C4 and 4A11, which are described in PCT

25  Publication WO 06/121168. In certain embodiments, the anti-PD-1 antibody binds to
human PD-1 with a Kp, of 5 x 10™ M or less, binds to human PD-1 with a Kp of 1 x 10
M or less, binds to human PD-1 with a Kp of 5 x 10° M or less, or binds to human PD-1
with a Kp of between 1 x 108M and 1 x 1071 M or less.

In one embodiment, the present invention provides a method for treating a

30  hyperproliferative disease (e.g., cancer), comprising administering a LAG-3 antibody
and a PD-L1 antibody to a subject. In further embodiments, the anti-LAG-3 antibody is
administered at a subtherapeutic dose, the anti-PD-L1 antibody is administered at a

subtherapeutic dose, or both are administered at a subtherapeutic dose. In another
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ML2_11V1 25F7 0.27 - 0.45 26H10 0.41 - 0.84 8B7 0.69 - 1.80 3. Monkey
LAG 3 Antigen Binding To deternine whether the anti-LAG 3 antibodi es
Cross-reaw0 withosmonkey LAG 20 3, a cDNA sequence was eComsdodpsHIs PCR
froma preparation of pooled cDNA prepared by reverse transcription of RNAs
froma collection of cynonol gus and rhesus nonkey tissue sanples. The
sequence wasmbpdigtengmipd prEseadinvemnon previdBNAmedwold fusaltegingan mevesd S/enf or war d

primer: 5Mynl408; 5’ tca ttcct. reverse
i e avynongs v Tt SGeetEak A e Thenie e mieitng 5 25
GC-rich PCRyam] dobhiprdineQantyista EB%'IIE)AG'J‘-BQnmﬁnﬁﬁ%ﬂb!heﬁa%eﬂlé &Kk BF ent
TOPO cl oning vector (lInvitrogen) for sequence anal ysis. Clones matching the

reference Genb&bkLt heshedyrion Lselgoect_tA@ ger@elqa@hwn(etﬂénﬂba wkbjpgdebgnan No.

XM 001108923 e. subsequ romthe g vector
ONA Ut 1121 R SaeBaREE: R e ELs BRibed i a b rARed T eiot e on  enzy e
sites for dafitgeidy@nakhecdn®ni AG-3 ntibod) 1§Tlﬁﬁi|m1| degiterice hlonXlBhASHtiBodyY e€dhats. WO
2010/ 019570PCT/ US2009/ 053405 Monkey LAG 3 cl one pa23-5 was isol ated and

Sequenced. HE7.20BII At 23 SRR e Vi 2 JaRs dewxbPbheiatn. GBS Hma Seasensre
ol ence Coba, LIGRTIRNG R, asenpresryapmasheo £l thon 1o
(SEQ I D NO afdl)3(4,ovhicle miealeker(bdd ¢reBE T @ubNeation WO 07/005874. In certain
10  embodiments, the anti-PD-L1 antibody binds to human PD-L1 with a Kp of 5 x 10°M
or less, binds to human PD-L1 with a Kp of 1 x 10° M or less, binds to human PD-L1
with a Kp of 5 x 10° M or less, or binds to human PD-L1 with a Kp of between 1 x 10
M and 1 x 10"° M or less.
Blockade of LAG-3 and one or more second target antigens such as CTLA-4
15  and/or PD-1 and/or PD-L1 by antibodies can enhance the immune response to cancerous
cells in the patient. Cancers whose growth may be inhibited using the antibodies of the
instant disclosure include cancers typically responsive to immunotherapy.
Representative examples of cancers for treatment with the combination therapy of the
instant disclosure include those cancers specifically listed above in the discussion of
20  monotherapy with anti-LAG-3 antibodies.
In certain embodiments, the combination of therapeutic antibodies discussed
herein can be administered concurrently as a single composition in a pharmaceutically
acceptable carrier, or concurrently as separate compositions with each antibody in a
pharmaceutically acceptable carrier. In another embodiment, the combination of
25  therapeutic antibodies can be administered sequentially. For example, an anti-CTLA-4
antibody and an anti-LAG-3 antibody can be administered sequentially, such as anti-
CTLA-4 antibody being administered first and anti-LAG-3 antibody second, or anti-
LAG-3 antibody being administered first and anti-CTLA-4 antibody second.
Additionally or alternatively, an anti-PD-1 antibody and an anti-LAG-3 antibody can be
30  administered sequentially, such as anti-PD-1 antibody being administered first and anti-
LAG-3 antibody second, or anti-LAG-3 antibody being administered first and anti-PD-1
antibody second. Additionally or alternatively, an anti-PD-L1 antibody and an anti-
LAG-3 antibody can be administered sequentially, such as anti-PD-L1 antibody being
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5 XM 001108923) is shown in Figure 19. The two sequences are identi cal
except for a one amno acid difference at position 419 (arginine in clone
pa23-5 veweusiwhesoni ne i n the Genbank rhesus sequence) PamaISeeV0BI485 basi s
it is concluded that cDNA cl one pa23-5 represents the rhesus LAG 3 gene
sequence. The cDNA of clone pa23-5 was inserted into an expression
construct, whnofhstevad fitd ahd ams{Act-8cniibady €@ dSosugpEASI-d antdtEidy being

nucl eof ecti on ( Amaxa).. Rhesus 3 expressiqn by sorted, selection
drug-resi st afp ?tgﬁgilrﬁéggg%tifb?&ia%@ogxé%coé}ﬁal ysis. This clonal CHO cell

| ine over - expr es s\ AR &S ¥SmbARGhD ¥RSId4s 8fieRofibiatiah tefipS idad@issded t hose
descri bed above to neasure anti body cross reactivity to the nonkey protein.

Briefly, thecquemiallygge cadat of Gre1:0qwantiotadmmialstranien ¢racheasvareadeordepi ialthg
diluted 15 with cold | x PFAE buffe | BS +2% EBS, , 0. 02% sodi um azi de,
o N b andgie f ot e mg oL BminidrabBY F il pdGaRTREE 2ol wt i on
was added t @o@b@d iwithl cofi€lrten$ idRNk#ia€BnS ONAR} dUnitnadion tA&8ofC eldr exanle! he

m xture was incubated on ice for 30 mnutes. The cells were ]&rxtégfssed by

the same pr diedeol ARStSHIGRP gtRovebinatiog 2alil s wibady A15cRsgi-bAGcl n was
duct ed [ | - - [ - i bodi
vore 1 est ed Prn R ng n ey SR R A R R TP len GRS

cynonol gus aikey fifstaed hati-AG-Bisecandasid thathiahadifiinishesen canrteasygqienciel | s was
achi evﬁot hr ough anti-CD3/anti-CD28 treat nent o&kbhe T cel]s by e?ssenti ally

the sam? pr BEBCEH-dEc TBb e For t9980G- 16 ARy y paeltgRagyehiban T
cells. follep@dafini{i@ith oy h eURbIMIANIY PDSI ARIHAL MRIARLARPSLh ARG ARRVE T of

staining of 25in vitro activate uman CD4+ T The results of
t he fl ow cybenmiquyreat dleyssemdusimugistritenCld®be hequestiilAGHBargePDs] firstaiichanti-

activated c |l gus T cells.are summati zed bel ow i.n Tabl e. 3, i.ch shows
2050 o bt HRITG SEa ki Rt Fap BTy ae tareaumhi Wb ra A tEedy
LAG 3. Thesenti-ppul t&ofhQedAlidiabnaly oraftbinR@d1gshdfind a@hfegtdi¥gbyat 0 both
LAG 3 on the activated 30 cynonolgus T cells and the rhesus LAG3 (SEQ ID

NO 93) 13 r anehbigpéen ami-BD giblofly andrg-BAGs 3 antihagiyeas g compwrenie the of

binding affinities,.with clone 26HL1Q. show n i ghest affiRnit ichis
oo oxCmat ororobt Emintielatof e AR AN R P 18N8 B A Seol
respect i vel ynd Befrhied ena@iduatibn i Bidsefi@itiar ¢hty abewaess filbeandvwatigadlL1t ypes

may WO 2010/ 019570PCT/ US2009/ 053405 refl ect am no aci d _sequence
di f f er encesstsentesdn HhetheHERGse MY edpriBaBrisay A DIy diiest AdminTyrgtian 3:

.o O L SRS A DA 5
20  PD-L1) second, and subsequent administrations may be concurrent.

Optionally, the combination of anti-LAG-3 and one or more additional
antibodies (e.g., anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-L1 antibodies) can be
further combined with an immunogenic agent, such as cancerous cells, purified tumor
antigens (including recombinant proteins, peptides, and carbohydrate molecules), cells,

25  and cells transfected with genes encoding immune stimulating cytokines (He et al.
(2004) J. Immunol. 173:4919-28). Non-limiting examples of tumor vaccines that can be
used include peptides of melanoma antigens, such as peptides of gp100, MAGE
antigens, Trp-2, MART1 and/or tyrosinase, or tumor cells transfected to express the
cytokine GM-CSF (discussed further below). A combined LAG-3 and CTLA-4 and/or

30  PD-1 and/or PD-L1 blockade can be further combined with a vaccination protocol, such
as any of the vaccination protocols discussed in detail above with respect to

monotherapy with anti-LAG-3 antibodies.
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5.19 4.684 25F7 14.18 22.72 8B7 30.45 10.01 54. Muse LAG 3 Antigen

Bi nding To determ ne whet her the anti bodies cross-reacted with nouse LAG 3,
simlar fwowooymiesmetry studies to those descri bed abovePagrs2@entanied
using as the target cell a nouse T cell hybridoma cell line (3A9) that had
been transfected to express nouse LAG 3 on its cell surface, followed by
FACS anal ysi s t o AdetngdutedanA Ghbayd OThdrhgnd/dGihED-1indés PID-E1 bhdkadet@d atseat , i n

contrast to,a_.cqntrol AG3 contr ol i body which sho rong
Stai i ng, | nERETO EHEb RSP BT rb T BSEEenS P CHETPIEy s SEIROCbRACSH { oq
bi ndi ng aboygq ba¢iagn are:r PBVIEdRY/SrPIseh |blo%‘kﬁcﬁ@% HERUREt b8t r ati ng
that none of these antibodies cross-react with nouse LAG 3. 15B. Bl ACORE

Anal ysis Thkerbdtheliapeptigfregimes. ZBEQCSGBZBSFC%?nceaBVIS P@&ili-llle taredude7@8 dasa ¢folkires t o

e haEa Helbo HuSb Al g o BN i o SEREHb S QP i "o

anti-CHl, a(mergedntal an99)@lyicérRdsed Sh ssesamLssoupMﬁdﬁarh}Iie ohe@hya chal n
constant region 1 of human antibody (Zyned, 20 C one HP6045, Stock conc.
1.0 ng/ nlL) . cpmbina@p is\jecombization op Aty 3@ﬁd;§ﬂ@1§iﬂ&6@@@@l@%@éﬁrﬂ@ﬁ G ade)
at high den 7 T 0, t he
standard i m%lptblyfugt%é);a ?eg%ﬁé@%%ﬁgﬁp&?gnt%%ﬁ esglgréﬂ%% ?ﬁ%ﬁﬁ%gou ‘% g?%rﬁgdz%%

25E3, 25F7, f@BHe tr2ahitnx cﬁfrmeleIEﬁnap uAndthﬁtbxmpleh@dxcomwﬂahom ofmanAat B and

ranglngfrom053| then ¢ ptured on the anti-CHL coated
sur facel@t ﬁﬁ%%%ﬁ@&?@%@%@f DB | Refborlies agios ank P} hgpratibasitsent r at i on

of recormbi ngy EheP LN L G \5@1‘d§in‘9é}lelaf<ﬁ’it:f{1ﬂ 4)20r dﬂMre%@ent Qf[fgltaﬁ&n Véhe

captured anti body for 3 mnutes at a flow rate of m_.. The anti gen
was al | owedstientdicsstenadt eehit the cEmbrined tues of [TAG- tm@@uAffhmﬁi/wﬂ%D{le@dhm at ed

after each %}Sgtfbygcﬂgdezvéltﬁ (I:'hemotherapy 1St N&ag—'eﬁ 8eat V\\ﬁ%CI’P}/S aBC%%'sAélflugI];cel_é?%l
cytotoxic action of most chemotherapeutic compounds, should result in increased levels
15  of tumor antigen in the antigen presentation pathway. Other combination therapies that
may result in synergy with a combined LAG-3 and CTLA-4 and/or PD-1 and/or PD-L1
blockade through cell death include radiation, surgery, or hormone deprivation. Each of
these protocols creates a source of tumor antigen in the host. Angiogenesis inhibitors
can also be combined with a combined LAG-3 and CTLA-4 and/or PD-1 and/or PD-L1
20  blockade. Inhibition of angiogenesis leads to tumor cell death, which can be a source of
tumor antigen fed into host antigen presentation pathways.
A combination of LAG-3 and CTLA-4 and/or PD-1 and/or PD-L1 blocking
antibodies can also be used in combination with bispecific antibodies that target Fca or
Fey receptor-expressing effector cells to tumor cells (see, e.g., U.S. Pat. Nos. 5,922,845
25 and 5,837,243). Bispecific antibodies can be used to target two separate antigens. The
T cell arm of these responses would be augmented by the use of a combined LAG-3 and
CTLA-4 and/or PD-1 and/or PD-L1 blockade.
In another example, a combination of anti-LLAG-3 and anti-CTLA-4 and/or anti-
PD-1 antibodies and/or anti-PD-L1 antibodies can be used in conjunction with anti-
30  neoplastic antibodies, such as Rituxan® (rituximab), Herceptin® (trastuzumab), Bexxar®
(tositumomab), Zevalin® (ibritumomab), Campath® (alemtuzumab), Lymphocide®
(eprtuzumab), Avastin® (bevacizumab), and Tarceva® (erlotinib), and the like. By way

of example and not wishing to be bound by theory, treatment with an anti—cancer
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wash. |sotype controls were run on the chip, and the data used to subtract
non-specific 30 binding. Al the experinents were carried out on a Biacore
3000 surfwoeoplasimon resonance i nstrumnment, using Bl Acor @CTarsteoolossiof t ware v
3.2. Data analysis was carried WD 2010/019570PCT/ US2009/ 053405 out using
Bi aEval uation v3.2 software. The results are shown in Table 4 bel ow. The

Bl Acor e r esahtitodiyor aR Eﬁ&caﬁ&ﬁﬁntiw cofpigied ama tokiiEGarclomd foramc¢dreech Idca/th

t t lts th f ti hodi bl wi,t h high
Pt imty o bt Ay Mhigt e boisr ARG RHEE FRBOBT ARNET RECTLARYS body
Lo Recombi nppt | Wi AR Ak BadplfryerhfindM a neRfER @200 857 0.09

26H10 0.10 25F7 0.47 17E5 4.5
hyperproliferative disease (e g., a cancer tumor) can include an anti-cancer antibody in

5  combination with anti-LAG-3 and anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-L1
antibodies, concurrently or sequentially or any combination thereof, which can
potentiate an anti-tumor immune responses by the host.

Tumors evade host immune surveillance by a large variety of mechanisms.
Many of these mechanisms may be overcome by the inactivation of proteins, which are

10 expressed by the tumors and which are immunosuppressive. These include, among
others, TGF- (Kehrl er al. (1986) J. Exp. Med. 163: 1037-1050), IL-10 (Howard &
O'Garra (1992) Immunology Today 13: 198-200), and Fas ligand (Hahne et al. (1996)
Science 274: 1363-1365). In another example, antibodies to each of these entities can be
further combined with an anti-LAG-3 and anti-CTLA-4 and/or anti-PD-1 and/or anti-

15  PD-L1 antibody combination to counteract the effects of immunosuppressive agents and
favor anti-tumor immune responses by the host.

Other antibodies that can be used to activate host immune responsiveness can be
further used in combination with an anti-LAG-3 and anti-CTLA-4 and/or anti-PD-1
and/or anti-PD-L1 antibody combination. These include molecules on the surface of

20  dendritic cells that activate DC function and antigen presentation. Anti-CD40 antibodies
(Ridge et al., supra) can be used in conjunction with an anti-LAG-3 and anti-CTLA-4
and/or anti-PD-1 and/or anti-PD-L.1 combination (Ito ef al., supra). Other activating
antibodies to T cell costimulatory molecules Weinberg et al., supra, Melero et al. supra,
Hutloff et al., supra) may also provide for increased levels of T cell activation.

25 As discussed above, bone marrow transplantation is currently being used to treat
a variety of tumors of hematopoietic origin. A combined LAG-3 and CTLA-4 and/or
PD-1 and/or PD-L1 blockade can be used to increase the effectiveness of the donor
engrafted tumor specific T cells.

Several experimental treatment protocols involve ex vivo activation and

30  expansion of antigen specific T cells and adoptive transfer of these cells into recipients
in order to antigen-specific T cells against tumor (Greenberg & Riddell, supra). These
methods can also be used to activate T cell responses to infectious agents such as CMV.

Ex vivo activation in the presence of anti-LAG-3 and anti-CTLA-4 and/or anti-PD-1
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5 C. Epitope Mapping In the LAG 3 protein, the imunogl obulin-Iike
first domain of the extracellular region contains an exposed "extra | oop"
havi ng t woamom9zmei d sequence: GPPAAAPGHPLAPGPHPAAPSSWEPRRREMWI(OSH | D NO
79). To exam ne the 10 bi nding of 25E3, 25F7, 8B7 and 26H10 to this region
of LAG 3, and map the epitope bound by each anti body, a peptide scan
experi ment aedopanti-BPrAeldamibodss cithbesexpegied m indregsr the freqfient® and ecthafypifng
peptides that scanned acr.oss the full length of the extra | oop sequence
wer e prepargEEQHHU%%%Fﬁ@%?”ﬁYiSSETotin. For ELISA analysis, mcrotiter

pl ates pre-coat egh Witadh Shb&Rm@Nis dhB pleb@TiveMtioh beRidecatmdhdP3 AheRY & used
to capture the 15biotinylated | oop peptide-conjugates applied in a 100 i.i
vol ume at aadwngerventaspesmted withitreppiant obmblypemprabterastve idsehspules..aanak®, aft er
whi ch thg plates .were was 3 _tinmes and. bl gcked at roomt erafure for 1
nour i th braar e R sl Foe R mdat Ritefhe | ARG SR Gara
anti bodi es genbtBéayerdicldesesr ahtif OTDALNatd/@ckiimeD Duhd/6ef arfti-PDV110artibo@y fa Wer e
applied and the plates were incubated at roomtenperature for 2 hours and

20 then washetiedthFaeexampte theryehedeef the pigsent iniyeaHoa ptdviisdpr amaed«dnj ugat ed

" tih ‘ iy ) . ‘ S ;
#A80- 115P) JancRRRoblaPhle SR B DRy bEFa PRRBIZIRIEE o | sccay
well's for 1dhoteabphdminedering 4 ivresbsoattbestaoid tap patiaii. Becodse BB pstidist r at e

(eBi osci ence, Cat #00-4201-56). Optical density readings. at 650 nm
wavel end? h WPV IHEERE St MEPRIOS R HIOTS MSPtD ey BE Bk és%%trﬁﬁé?ﬁevemnécm ar

A e T B e S D R
Ant i body Bi fiditherapyadeeptingle tBe aretholls bABe Présxntriavdntiop. AMNBoBgtEtemoalslhnop
Peptide Scall?)ee%Ea%ministered to treat inflammatory bowel disease (IBD) and prevent exacerbations
of IBD, they have not been used to prevent (decrease the incidence of) IBD in patients
15  who have not been diagnosed with IBD. The significant side effects associated with
steroids, even non-absorbable steroids, have discouraged prophylactic use.
In further embodiments, a combination LAG-3 and CTLA-4 and/or PD-1 and/or
PD-L1 blockade (i.e., immunostimulatory therapeutic antibodies anti-LAG-3 and anti-
CTLA-4 and/or anti-PD-1 antibodies and/or anti-PD-L1 antibodies) can be further
20  combined with the use of any non-absorbable steroid. As used herein, a "non-
absorbable steroid" is a glucocorticoid that exhibits extensive first pass metabolism such
that, following metabolism in the liver, the bioavailability of the steroid is low, i.e., less
than about 20%. In one embodiment of the invention, the non-absorbable steroid is
budesonide. Budesonide is a locally-acting glucocorticosteroid, which is extensively
25  metabolized, primarily by the liver, following oral administration. ENTOCORT EC®
(Astra-Zeneca) is a pH- and time-dependent oral formulation of budesonide developed
to optimize drug delivery to the ileum and throughout the colon. ENTOCORT EC® is
approved in the U.S. for the treatment of mild to moderate Crohn’s disease involving the
ileum and/or ascending colon. The usual oral dosage of ENTOCORT EC® for the
30  treatment of Crohn’s disease is 6 to 9 mg/day. ENTOCORT EC? is released in the
intestines before being absorbed and retained in the gut mucosa. Once it passes through
the gut mucosa target tissue, ENTOCORT EC® is extensively metabolized by the

cytochrome P450 system in the liver to metabolites with negligible glucocorticoid
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activity. Therefore, the bioavailability is low (about 10%). The low bioavailability of
budesonide results in an improved therapeutic ratio compared to other glucocorticoids
with less extensive first-pass metabolism. Budesonide results in fewer adverse effects,
including less hypothalamic-pituitary suppression, than systemically-acting

5  corticosteroids. However, chronic administration of ENTOCORT EC® can result in
systemic glucocorticoid effects such as hypercorticism and adrenal suppression. See
PDR 58" ed. 2004; 608-610.

In still further embodiments, a combination LAG-3 and CTLA-4 and/or PD-1

and/or PD-L1 blockade (i.e., immunostimulatory therapeutic antibodies anti-LAG-3 and

10 anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-L1 antibodies) in conjunction with a non-
absorbable steroid can be further combined with a salicylate. Salicylates include 5-ASA
agents such as, for example: sulfasalazine (AZULFIDINE®, Pharmacia & UpJohn);
olsalazine (DIPENTUM®, Pharmacia & UpJohn); balsalazide (COLAZAL®, Salix
Pharmaceuticals, Inc.); and mesalamine (ASACOL®, Procter & Gamble

15  Pharmaceuticals; PENTASA®, Shire US; CANASA®, Axcan Scandipharm, Inc.;
ROWASA®, Solvay).

In accordance with the methods of the present invention, a salicylate
administered in combination with anti-LAG-3 and anti-CTLA-4 and/or anti-PD-1 and/or
anti-PD-L1 antibodies and a non-absorbable steroid can includes any overlapping or

20  sequential administration of the salicylate and the non-absorbable steroid for the purpose
of decreasing the incidence of colitis induced by the immunostimulatory antibodies.
Thus, for example, methods for reducing the incidence of colitis induced by the
immunostimulatory antibodies according to the present invention encompass
administering a salicylate and a non-absorbable concurrently or sequentially (e.g., a

25  salicylate is administered 6 hours after a non-absorbable steroid), or any combination
thereof. Further, according to the present invention, a salicylate and a non-absorbable
steroid can be administered by the same route (e.g., both are administered orally) or by
different routes (e.g., a salicylate is administered orally and a non-absorbable steroid is
administered rectally), which may differ from the route(s) used to administer the anti-

30 LAG-3 and anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-L1 antibodies.

The present disclosure is further illustrated by the following examples, which
should not be construed as further limiting. The contents of all figures and all

references, Genbank sequences, patents and published patent applications cited
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throughout this application are expressly incorporated herein by reference. In particular,
the disclosures of PCT publications WO 09/045957, WO 09/073533, WO 09/073546,
and WO (09/054863 are expressly incorporated herein by reference.

Example 1: Generation of Human Monoclonal Antibodies Against LAG-3

Anti-LAG-3 human monoclonal antibodies were generated using transgenic mice
that express human antibody genes, as follows.

Antigens

Recombinant human LAG-3 fusion proteins were used as the immunogen to
raise anti-human LAG-3 antibodies. In certain immunizations, a fusion protein
comprising the entire extracellular region (domains 1-4) of human LAG-3 fused to a
human immunoglobulin Fc domain (R&D Systems, Catalog #2319-L.3) (D1-D4 hFc) or
a mouse immunoglobulin Fc domain (D1-D4 mFc) was used as the immunogen. For
other immunizations, a fusion protein comprising only the first two extracellular
domains of human LAG-3 fused to a mouse immunoglobulin Fc domain (D1-D2 mFc)
was used as the immunogen. The LAG-3 fusion proteins were prepared using standard

recombinant DNA techniques.

Transgenic Transchromosomic KM Mouse™ and KM/FCGR2D Mouse™

Strains

Fully human monoclonal antibodies to human LAG-3 were prepared using mice
of the transgenic transchromosomic KM Mouse™ and KM/FCGR2D Mouse™ strains,
which expresses human antibody genes.

In the KM Mouse™ strain, the endogenous mouse kappa light chain gene has
been homozygously disrupted as described in Chen et al. (1993) EMBO J. 12:811-820
and the endogenous mouse heavy chain gene has been homozygously disrupted as
described in Example 1 of PCT Publication WO 01/09187. Furthermore, this mouse
strain carries a human kappa light chain transgene, KCo3, as described in Fishwild et al.,
supra. The strain also contains the SC20 transchromosome, which carries the human Ig
heavy chain locus, as described in PCT Publication WO 02/43478. The KM/FCGR2D
Mouse™ strain is the same as the KM Mouse™ strain except that its genome also
comprises a homozygous disruption of the endogenous FcYRIIB gene. The KM
Mouse™ and KM/FCGR2D Mouse™ strains are also described in detail in U.S.
Application Publication No. 20020199213.
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KM Mouse™ and KM/FCGR2D Mouse™ Immunizations:

To generate fully human monoclonal antibodies to LAG-3, mice of the KM
Mouse™ and KM/FCGR2D Mouse™ strains were immunized with one of the three
different recombinant LAG-3 fusion protein described above (D1-D4 hFc, D1-D4 mkFc,

5 DI1-D2, mFc). General immunization schemes are described in Lonberg et al. (1994)
supra; Fishwild et al., supra and PCT Publication WO 98/24884. The mice were 6-16
weeks of age upon the first infusion of antigen. Mice were immunized intraperitoneally
(IP) and/or subcutaneously (SC). The mice were immunized biweekly four times with
10 pg of the recombinant LAG-3 fusion protein, followed by immunization twice with
10 20 pg of the same immunogen in Ribi as an adjuvant. The immune response was

monitored by retroorbital bleeds. The plasma was screened by ELISA (as described
below), and mice with sufficient titers of anti-LAG-3 human immunoglobulin were used
for fusions. Prior to sacrifice and removal of the spleens, the mice were boosted
intravenously and intraperitoneally with 20 pg of antigen followed by a subsequent

15 intravenous boost with 20 ng of antigen.

Selection of KM and KM/FCGR2D Mice Producing Anti-LAG-3 Antibodies

To select mice producing antibodies that bound LAG-3 protein, sera from mice
immunized with the D1-D4 hFc fusion protein were tested by a modified ELISA as
originally described by Fishwild ef al. (1996). Briefly, microtiter plates were coated

20  with purified recombinant LAG-3 fusion protein at 1 pg/ml in PBS, 50 pl/wells
incubated 4°C overnight, then blocked with 200 pl/well of 5% BSA in PBS. Dilutions

of plasma from LAG-3-immunized mice were added to each well and incubated for 1-2

hours at ambient temperature. The plates were washed with PBS/Tween and then

incubated with a goat-anti-human kappa light chain polyclonal antibody conjugated with
25  Horse Radish Peroxidase (HRP) for 1 hour at room temperature. After washing, the

plates were developed with ABTS substrate and analyzed by spectrophotometer at OD

405.

For mice immunized with the D1-D4 mFc or D1-D2 mFc fusion proteins, sera

from these mice with were tested by indirect ELISA using goat anti-mouse 1gG to coat

30  the plates for one hour prior to coating with the antigen to eliminate nonspecific binding

to the mouse Fc part. Then the same ELISA steps as described above were carried out.
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Based on these results, it was determ ned that the 25E3 anti body recogni zed
a region within the extracellular |oop conprising the am no acid sequence
PCGHPLAPG WEBEBQOMHONC: 76), whereas the 25F7 anti body recogrse@meds305 egi on
within the extra | oop conprising the am no acid sequence HPAAPSSW ( SEQ I D
NO 77) and 8B7 appeared to recognize a region within the extracellul ar
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extra |oop SsefBiibL RLEREN Sckas tic et RIS N thdedyditing fCn o
GPPAPAPGHPPARGHRRARRU Y S\ BRI s (vair€ XHeb stieencdipr thapdoduCaon vhhntgnfpecific

bi ndi ng_ were determ ned for 25F7 and_8B7. The resul{s are summarj zed bel ow
in Tabl & 6. antRodicss ém%fe Efglrff“iSPf‘rﬂS{"I‘iéPf sENi bemRhec s EFomagmunized mise Were
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extra | oop peptide region. Moreover, antibo I nd to
t he rhesus bAGsSmgxlioma debopCelépyérd plateatapproaimhatly 1l x$6¢’/well In ftabpaomd t o

Lhis pol ypeBtHaBes pil. Falureabsaibot! St s Rror RoseBa MO meAE b YAy Senot |
capabl e of 30#e6@0PIIZidME! ﬁ@ﬂkﬁ%&d%tﬁ&igéﬂqmmmﬂ RBMI, L-EaRARInG; soBluagi ng
of Anti-LAG 3 Antibodies to Human and Rhesus LAG 3 Extra Loop Peptide

Ant i body5 HuprmvEgt HEPES openiedbio, freptanzycBx igeatamyoip, RA34T, and B-

mercaptoethanol. After 1-2 weeks, cells were cultured in medium in which the HAT

was replaced with HT. Individual wells were then screened by ELISA (described
above) for human anti-LAG-3 monoclonal IgG antibodies. Once extensive hybridoma
growth occurred, medium was monitored usually after 10-14 days. The antibody

20  secreting hybridomas were replated, screened again and, if still positive for human IgG,
anti-LAG-3 monoclonal antibodies were subcloned at least twice by limiting dilution.
The stable subclones were then cultured in vitro to generate small amounts of antibody
in tissue culture medium for further characterization.

Hybridoma clones 25F7, 26H10, 25E3, 8B7, 11F2 and 17ES were selected for

25  further analysis and sequencing.

Example 2: Structural Characterization of Human Anti-LAG-3 Monoclonal
Antibodies 25F7, 26H10, 25E3, 8B7, 11F2 and 17ES

The cDNA sequences encoding the heavy and light chain variable regions of the
mAbs expressed by the 25F7, 26H10, 25E3, 8B7, 11F2 and 17ES clones, as described in
30  Example 1, were sequenced using the following protocol. Total RNA was prepared
from 5 x 10° hybridoma cells using the RNeasy Mini Kit (Qiagen, Valencia, CA).
cDNA was prepared by the 5’-RACE protocol with the SMART RACE cDNA
Amplification Kit (Clontech Laboratories, Inc., Mountain View, CA) and SuperScript 11
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sequencing (Sequetech, Mountain View, CA). The resultant DNA sequences were
analyzed for in-frame rearrangements and other antibody characteristics. The expressed
proteins were characterized by standard protein chemistry analysis. The 25E3, 25F7 and
26H10 clones were found to express an antibody comprising an IgG1 heavy chain and a
kappa light chain, whereas the 8B7 and 17ES5 clones were found to express an antibody
comprising an IgG4 heavy chain and a kappa light chain and the 11F2 clone was found
to express an antibody comprising an IgG2 heavy chain and a kappa light chain.

The nucleotide and amino acid sequences of the heavy chain variable region of
25F7 are shown in Figure 1A and in SEQ ID NO: 49 and 37, respectively. The
nucleotide and amino acid sequences of the kappa light chain variable region of 25F7
are shown in Figure 1B and in SEQ ID NO: 55 and 43, respectively. Comparison of the
25F7 heavy chain immunoglobulin sequence to the known human germline
immunoglobulin heavy chain sequences (Figure 7) showed that the 25F7 heavy chain
utilizes a Vi segment from human germline Vi 4-34 (SEQ 1D NO:61), and a JH
segment from human germline JH5b (SEQ ID NO:62). Further analysis of the 25F7 Vi
sequence using the Kabat system of CDR region determination led to the delineation of
the heavy chain CDR1, CDR2 and CDR3 regions as shown in Figure 1A and in SEQ ID
NOs: 1, 7 and 13, respectively. Comparison of the 25F7 light chain immunoglobulin
sequence to the known human germline immunoglobulin light chain sequences (Figure
8) showed that the 25F7 kappa light chain utilizes a Vx segment from human germline
Vk L6 (SEQ ID NO:63) and a Jx segment from human germline JK 2 (SEQ ID NO:64).
Further analysis of the 25F7 Vi sequence using the Kabat system of CDR region
determination led to the delineation of the light chain CDR1, CDR2 and CDR3 regions
as shown in Figure 1B and in SEQ ID NOs: 19, 25 and 31, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
26H10 are shown in Figure 2A and in SEQ ID NO: 50 and 38, respectively. The

nucleotide and amino acid sequences of the light chain variable region of 26H10 are
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20 pelleted, and binding of hLAG 3-m g to the Daudi cells was detected
using a reconbi nant PE-| abel ed anti-m gG Fcy secondary reagent. Anal ysis of
LAG 3- nl gwbizndvngsas carried out with the FACScal i bur fPCowseswosmver (BD
Bi oscience). The results are sumarized in Table 7 bel ow, which shows I C50
values in nM Table 7: Inhibition of LAG3 Binding to VHC Class || by

Anti - LAG 3 sl?cﬁmA‘tmtIFigmdiQéisand iAﬂEQJHEN(EMZmﬂMM res@5&eelP. Gompbristth d%k/ 0. 12 -
0.92 8B7 Onéa g 6H10 O Vﬁ) 2010/ 019570PCT/ US2009/ 053405 The
results dendhed? BiwY élt‘llﬁ]lnF““PS{?P hESECHE B ko R ANEETHNS nhi bi ti ng

bi ndi ng of LAGuRod1IblY G ReRaih beBhdR Qldlgﬁl% 9)%@\%({2@1&? the 351410 Rea3HHAR
exhi biting | C50 val ues approximately 7 to - | ower than that of 25E3.
utilizes a Vy segment from human germline VH 3 33 (SEQ ID NO:65), and a JH
5  segment from human germline JH 6B (SEQ ID NO:66). Further analysis of the 26H10
Vi sequence using the Kabat system of CDR region determination led to the delineation
of the heavy chain CDR1, CDR2 and CDR3 regions as shown in Figure 2A and in SEQ
ID NOs: 2, 8 and 14, respectively. Comparison of the 26H10 light chain
immunoglobulin sequence to the known human germline immunoglobulin light chain
10 sequences (Figure 10) showed that the 26H10 kappa light chain utilizes a Vi segment
from human germline Vx A27 (SEQ ID NO:67) and a Jx segment from human germline
JK 3 (SEQ ID NO:68). Further analysis of the 26H10 Vi sequence using the Kabat
system of CDR region determination led to the delineation of the light chain CDR1,
CDR2 and CDR3 regions as shown in Figure 2B and in SEQ ID NOs: 20, 26 and 32,
15  respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
25E3 are shown in Figure 3A and in SEQ ID NO: 51 and 39, respectively. The
nucleotide and amino acid sequences of the light chain variable region of 25E3 are
shown in Figure 3B and in SEQ ID NO: 57 and 45, respectively. Comparison of the

20  25E3 heavy chain immunoglobulin sequence to the known human germline
immunoglobulin heavy chain sequences (Figure 11) showed that the 25E3 heavy chain
utilizes a Vi segment from human germline Vi 3-20 (SEQ 1D NO:69), and a JH
segment from human germline JH 4b (SEQ ID NO:70). Further analysis of the 25e3 Vi
sequence using the Kabat system of CDR region determination led to the delineation of

25  the heavy chain CDR1, CDR2 and CDR3 regions as shown in Figure 3A and in SEQ ID
NOs: 3, 9 and GGY, respectively. Comparison of the 25E3 light chain immunoglobulin
sequence to the known human germline immunoglobulin light chain sequences (Figure
12) showed that the 25E3 kappa light chain utilizes a Vi segment from human germline
Vi L18 (SEQ ID NO:71) and a Jg segment from human germline JK 2 (SEQ ID

30  NO:64). Further analysis of the 25E3 Vi sequence using the Kabat system of CDR
region determination led to the delineation of the light chain CDR1, CDR2 and CDR3
regions as shown in Figure 3B and in SEQ ID NOs: 21, 27 and 33, respectively.
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5 Exanple 5: Stinulation of Antigen-Specific T Cell Response by Anti-LAG 3
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Responses by Ant iThg A@lgotldqmd@gun@@ld sgiyuendss @y the heavy chain variable region of
11F2 are shown in Figure 5A and in SEQ ID NO: 53 and 41, respectively. The

20  nucleotide and amino acid sequences of the light chain variable region of 11F2 are
shown in Figure 5B and in SEQ ID NO: 59 and 47, respectively. Comparison of the
11F2 heavy chain immunoglobulin sequence to the known human germline
immunoglobulin heavy chain sequences (Figure 15) showed that the 11F2 heavy chain
utilizes a Vi segment from human germline Vi 1-24 (SEQ ID NO:73), a D segment

25  from the human germline 2-15, and a JH segment from human germline JH 4B (SEQ ID
NO:70). Further analysis of the 11F2 Vy sequence using the Kabat system of CDR
region determination led to the delineation of the heavy chain CDR1, CDR2 and CDR3
regions as shown in Figure 13A and in SEQ ID NOs: 5, 11 and 17, respectively.
Comparison of the 11F2 light chain immunoglobulin sequence to the known human

30  germline immunoglobulin light chain sequences (Figure 16) showed that the 11F2 kappa
light chain utilizes a Vi segment from human germline Vg L6 (SEQ ID NO:63) and a Jx
segment from human germline JK 1 (SEQ ID NO:74). Further analysis of the 11F2 Vi

sequence using the Kabat system of CDR region determination led to the delineation of
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3A9-hlle Assay I1C50 nM 25F7 0.14 - 1.94 26H10 1.45 - 6.49 8B7 3.25 -
13.90 25E3 3.88 - 70.78 11F2 81.50 - 240 17E5 No inhibition 5 The results
show t hatweanidei7es 25F7, 8B7 and 26H10, and to a | essecTast@ansABE3, were
able to stinulate IL-2 production in an antigen-specific T cell response
assay, whereas antibody 11F2 exhibited mnimal ability to inhibit and

ant i body 17Hfs lvghs clmon CDRﬂcODRihdtnd @DRABirsgiassayshoMo e Fighre 1@ amdhin $@illes
altered the a g’r%el'% L:ﬁD[Fproductlon by 10 control 3A9 T cells or 3A9 T
cells trans BeCtiXelys protein, denonstrating the specificity

of the stinul at ofye gfif186ide dFI ARS8 seaﬁeﬁ’dfes@fﬁi@tﬂea%neﬁam LAB1 e Rlr - LAG 3
mAb, Al one or in Conbination To test the ability of "anti-LAG 3 antl body,

al one or i nl¢Bhbiershoivonn figure %@ndthE.Q iIPiNOo%t mﬁﬁ?alﬂiﬁp?ﬁafﬂb’l pddy, to
| nhi bi t § hen cle Vyt(f'e a%](ci aBlLiII%) 2r1c1& sequences o¥ lheqighE Vﬁ)aln Varla%ﬁe region of 17ES are

shown in Figure 6B and in SEQ ID NO: 60 and 48, respectively. Comparison of the
17ES5 heavy chain immunoglobulin sequence to the known human germline
immunoglobulin heavy chain sequences (Figure 17) showed that the 17E5 heavy chain
utilizes a Vi segment from human germline Vi 3-33 (SEQ ID NO:65), a D segment

10 from the human germline 2-2, and a JH segment from human germline JH 4B (SEQ ID
NO:70). Further analysis of the 17E5 Vy sequence using the Kabat system of CDR
region determination led to the delineation of the heavy chain CDR1, CDR2 and CDR3
regions as shown in Figure 6A and in SEQ ID NOs: 6, 12 and 18, respectively.
Comparison of the 17ES5 light chain immunoglobulin sequence to the known human

15  germline immunoglobulin light chain sequences (Figure 18) showed that the 17ES kappa
light chain utilizes a Vi segment from human germline Vg L6 (SEQ ID NO:63) and a Jk
segment from human germline JK 5 (SEQ ID NO:75). Further analysis of the 17E5 Vi
sequence using the Kabat system of CDR region determination led to the delineation of
the light chain CDR1, CDR2 and CDR3 regions as shown in Figure 6B and in SEQ ID

20  NOs: 24, 30 and 36, respectively.

The 25F7, 26H10, 25E3, 8B7, 11F2 and 17ES5 variable regions can be converted
to full-length antibodies of any desired isotype using standard recombinant DNA
techniques. For example, DNA encoding the Vi and V. regions can be cloned into an
expression vector that carries the heavy and light chain constant regions such that the

25  variable regions are operatively linked to the constant regions. Alternatively, separate
vectors can be used for expression of the full-length heavy chain and the full-length light
chain. Non-limiting examples of expression vectors suitable for use in creating full-
length antibodies include the plE vectors described in U.S. Patent Publication No.
20050153394.

30 Example 3: Characterization of Binding Properties of LAG-3 Monoclonal
Antibodies

In this example, the binding of human anti-LAG-3 antibodies to cell surface

LAG-3 (human, monkey and mouse LAG-3) was examined by flow cytometry.
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syngenei ¢ nouse tunor graft nodels were used. The first nodel used nurine
Sal N fi brosarcoma cells. The second nodel used the nurine MZ38 col on cancer
cell |inevol2o10201p370st experinment, mce (AU J strain) wePeTAmetnionabant ed
with 2 x 106 Sal N fibrosarcona cells on day 0 and the tunor cells were
allowed to grow for seven days. 20 On day 7, day 10 and day 12

post - i npl anfFatthamord, bendmglanewersao LACH S ecbravaiidhyZEQ bygd g QRE endljes. Sunll
anti-LAG 3 alane (the.rat anti-nouse LAG S.d[gnAb C9B7W eBi osci ence, Cat.
No. 14-2231fUrthgh IR RiBPine ‘5?&%088‘6‘3}6&[;%%3‘?%9{1 AEIL FRGEEPD- Li mab 14D8)
the anti-LAG 3 and @plic&nbkiy §Ridikodi es in conbination, or an I1gGl isotype
control antibody. The 14D8 mAb Is a rat anti-nouse PD-Li antibody that has
been chinerized 25 t oCH{hninan { AG-GiedlBindiBE and nouse kappa const ant

[ : T/ /. . e '
wer e moabur et f of COPRLG THATL TROREORR R o ANASsdanC R eIy 1 urror

vol umes wer entileidess i die theubfedwith AETHOcOMIife kb hidd bde@nranecteaksenpaéed (based
on treatnent with the isotype control 1gGlL antibody bei ngEO%i nhi bi tion).

The resul t shpean bafi-3ongescelh susfagnt Bra D1 7atet Xuabisi et IDER evd i ETabl e 9:
STabl e 9: Nﬁ?o%oiﬁﬂgaranﬁ%gd’i&f\vé@@éﬁélw Alhedd Wb Na YBYARBERL, (1x BRY 4 241 LAG 3

PD-L1 Conbo
FBS, 0.02% sodium azide, 2mM Na EDTA). For the binding reaction, 50 pl of diluted

10 antibody solution was added to a 50 pl cell suspension containing 2 x 10° cells and the
mixture was incubated on ice for 30 minutes. The cells were then washed two times
with 1x PFAE buffer. A 1:100 dilution of FITC-labeled goat anti-human kappa light
chain antibody (Bethyl Laboratories, Inc., Cat. # A80-115F) was added and the mixture
was incubated for 30 minutes at 4°C, followed by washing twice with cold 1x PFAE

15  buffer. After the final wash, 150 pl of cold 1x PFAE containing 10 pg/mL propidium
iodide (Roche Applied Science, Cat #1_348_639) was added to each solution and
analysis of antibody binding was carried out by flow cytometry using a FACScalibur
flow cytometer (BD Bioscience).

The results of the flow cytometry analysis are summarized below in Table 1,

20  which shows ECsy for binding to CHO-human LAG-3, demonstrating that 25F7, 26H10,
25E3, 8B7, 11F2 and 17ES bind effectively to cell-surface human LAG-3, with 25F7
having approximately a 20 fold lower ECs, than 25E3 but approximately equivalent
ECso to that of 8B7 and 26H10. The ECsq results for 11F2 and 17E5 were in the same

range as for 25E3.
25 Table 1: Binding of Anti-LAG-3 Antibodies to CHO Cells Expressing Human
LAG-3
Antibody EC50 (IIM!
25F7 0.45-2.52
8B7 1.93 -4.44
26H10 1.81 —3.64
11F2 15.12
25E3 14.9 — 25.39
17E5 12.3
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68 74.9 95.8 Thus, anti-LAG3 antibody al one, or anti-PD-Li antibody
treatnent alone, resulted in tunor growh inhibition, while the conbination
of bot h awODi2bodilexol ed to even greater tunor grow h i nhiPoITttiSEe09/05¥40H
respect to the treatnent groups, by the end of the 10 experinent the
results were that 4 of 10 mce treated wth anti-LAG3 al one becane tunor
free, whereas only 1 of 10 mce treated with the control 1gGlL anti body
becane tunor free. 5i mchazlitbd/hurﬂaloCDltlTrﬂjelEBtnﬂﬁ&t ed with anti-PD-Li al one
were rendered tunor free. Treatnent_ of mce he conbi nati on of

anti - LAG3 and antiP-tespiheabjligy of theqinfibodjesyp bil@ﬂ %I@&V%E%‘ﬁlil kGG drBthg ree; the

remai ni ng r ent ed snal |
t hr oughout t efcse'?) 8 @tiééflgve\ibhuadagl?{ ?%%aﬁgtg%glggs@lfselggwﬁ&gg&?%%?on{gﬂﬁ vﬁa th cells
of the nliri peripied8 bbwidonomanclear a8k hnd subgectddrtottivee flayssif semplaatllotmnth,a C57B1/ 6

m ce were each inplante 1 h X. MC3 ells o da 0, an treated
on_day 7. agymeuRBoLay-abS dedet TR Ged bn i b canty Pir o oy e

anti - LAG 3 akpn&preaB AdHM oncd bt Abddiad B8R LHally figucddiditBl B PFAE
anti-LAG 3 and anti-PD-1 in conbination. An 1gGl i'sotype matched anti body,

at 400 ji g/ bode, (1ndBSuse® EBS.4).@hsednm arise, 2d] NaBD 1A )a Hoathednndingouse
PD-1 anti bod has iL.nerized to conta dm)use
kappa const aéln {:gl 50 "i‘of ed alﬁhb”% solugon ,as m1 \I’%lt]il E%@f\‘/‘%ﬁ &aﬁbg%n P

sur vi valo wasugled eDn (mdeaisa%ﬂceZ Badpgs5305t Abmaltafrr @&lﬂmere-ﬁk’&eﬁs%a%bttﬁe showed
that LAG 3 nonotherapy in this tunor nodel (MC38) showed little or no

activity i nsarn%pl&tqqogéesmhﬂa'@rvwifhe ady shiopfeangpodhlinging atas gondluctedsasr vi ved
the duration.ofip Oeyéperl ment. In contrast, anti-PD-1 nonotherapy showed
significant ac IVI With 4 of 10 nmice tumor free at the end of the
experiment. Moredue rcsuBs of thaflotvacytdrretryeatal s ane timinhgzedehelddwrind€lble he

conbi nation 30 thera of antj-LAG 3 plus anti-PD-1 was nore effectlvethan
either treatmehsh awa%ﬁso {ar dndingge astnﬁt%h%%GDﬁuMﬂl% demonitrating hatallor t he
exper | meat (40 20404R185A0RETANSRA0R 453340Rman 1 ACLY @ Second exper ment
with the MC38 nodel, C57B1/6 mce were each inplanted with 2 x 106 MC38
cells on day O, a”ademr&ndmeaf adtidpAdalyAbtibatles t8 Ae;ludatddthuMn CD4"' T cells
post - i npl ant at i on—wt+h—200—tgldese—oftestrantibody—andfor—4060—+tg/ dose
control 1gG antiHody, as fduithedy (i) an antl-IgGlEEmﬁBMl antibody: (ii)
an anti-LAG 3 mAy 5(COB7/W mApjF£ oget her with the contraj4dgd; (ifii) an
anti-PD-1 anti bocy (4H2) TOGRHAET W tTh the contr0|Q|4ngO$4|V) an

anti - CTLA-4 anti ody—tte SDYppoUSE anti=nopuse Crt s together with
the control 194 ;"wv—theanrt—AG3—mAb—together—¥ : D1 mAb;

or (vi) the antl-LAGS mAb together with the anti-CTLA-4 mAb. The 9D9 mAb
is a nouse anti - u%emm%s raised in a

To determine whether the anti-LLAG-3 antibodies cross-react with monkey LAG-

20 3, acDNA sequence was cloned by RT-PCR from a preparation of pooled cDNA
prepared by reverse transcription of RNAs from a collection of cynomolgus and rhesus
monkey tissue samples. The sequence was first amplified from the cDNA pool using
primers (5 forward primer: SMcyn1408; 5’-atgtgggaggctcagttcctg-3’ (SEQ ID NO: 91)
& 3’ reverse primer: 3Mcyn1408a; 5’-gtcagagctgeteccggete-3” (SEQ ID NO: 92)) using a

25  GC-rich PCR amplification system (Roche) and was cloned into a recipient TOPO
cloning vector (Invitrogen) for sequence analysis. Clones matching the reference
Genbank rhesus monkey LAG-3 sequence (Genbank Accession No. XM_001108923)
were subsequently re-amplified from the TOPO-cloning vector DNA utilizing a second
set of primers that incorporated restriction enzyme sites for directional cloning in a

30  mammalian cell expression vector.
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10 nmouse in which the endogenous nouse CTLA-4 had been knocked out.

Mean tunor vol une, nedian tunor volune and % survival was determ ned for
over 100 waysioasi7ei npl antation. The results were sim | CTiUusS2400053405 St
experinment in that LAG 3 nonot herapy showed little or no activity in

i nhi biting MZ38 tunor growth and none of the treated m ce survived the
duration of the &kmkey idri-3 clOhkAa23-tovcstiftdatapyndlEqbewed hdhe dolatddthenl@y no

activity in inhibiti upor. grow h_and n f _the treat i,ce

Survi ved t haesgeR TR OB LRkt erdiee SitFat mestienmer EAGRoL her apy
agai n showedegleAit, fA 6apardohioY tHeYaminb Eﬂd‘éefjené@oﬂ'@mAtcmrpaﬁﬁ—%QSE fthe end
of the experinent. Mreover, again conbination therapy was nore effective

t han nmonot h&QiHp) witbrrhesue emonkea b A&- SEQ IRNQoMDifreen Gonbank (AnedssioAll@ and

anti-CTLA-4 .mce were tumdrfree at the end,of. the experinment

and for 3 ne B Pozdi PR T RELOTE: w5, Rapdnthy e loelish 3R aSHRE 4 o
8 of 10 m cendemihotaidifferete atpositionand (akiniheinexidepadBHtversus threonthdlis, the
above-descri bed in vivo tunor graft studies denonstrated that, for at |east

certain tundic Gebanksrhegi sequoncehand ol hapis dtireencluded tat cBNA eloge pa23-5
si gni ficant r%?%s@ﬁtﬁsl?ﬁet 'hgglsqu(t}_%n%qleg&&% in vivo. Furthernore, for nmultiple

tumor nodel 5,7 the conbination therapy of anti-LAG 3 anti body together with
ei ther anti - PD- 1TaatDbiadyf clat pa2BE3 wis iapdriedanity anrexaressioCdbmtrdctamwhidhohs
resul te?@/i n even greater anpti-tunor activit eﬁ%han npnot her apy al one.

Exanpl el9:  BrovefiroRiOE HALP SPIRsTHPR 93}8@ CHOB{AMARD hREFHS Lyt i - 30
LAG 3 mMAD  oypressidh ﬁfﬁﬁte&,%le%ﬁ%t&/ Hﬁuﬁg@%stﬁﬂt@léﬂt@%ﬁ v ﬁé(PQ}?jFAt@ a?lﬁfy%{lgt ﬁC]a:)n

i mmune response, as ‘i ndicate evel opment of aut ol mmunity,” t

nmouse nodel Tofs aivrabEHES calblsnaudviel-expdssingGDesnisdeA Gi3ewdnowam it omiler BAGSe t o
devel opi ng aut oi mune dIdi a eheﬁ. VWO 2010/ 019570PCT/ US2 .09/203 405%%ogr essi on
of di abet es?EaK PG PTG 2RO YRS S 1ies" GBS RN Yt Yl ucose.

Thus, the ebfgR&h. BhiefiD!the RAE, IBRBDEEND mAHLRAaCIntibBdiELWRieN@EAIONdiMED
ei ther i munostinulatory antibodi es, on the devel opnent of diabetes in
femal e NOD miheroldabx BRahibnEdr (I3AgH a1 @ TNCBS -0 &owediam azide, M NaddyTh). day 2

TR L L IR A N RN
(iv) anti - Clispedsiotdonadiging 2(00F cafbiid the mikd whei¥aedbawibor 06 & Bor mitfutds.

anti-PD-1 mAb; or (vi) anti-LAG 3 mAb together wth anti-CTLA-4. The
resul t s dendhs£elktwere RradesssA by theapny proseldes¢ribed gheveo r Themmalyspof 10

t r eat ment ahgg&d&tﬂ)ﬁd&%ﬁgé&\g&dgﬁ@&gﬁ é%stcfiﬁ IR0t alone) increased the number
g |

of mi ce convertl et1 ¢ phenotype. Moreover, the conbination
treat mep® of ant Il Atepargnd evgpedinteint, Bl dntibodieantie tbAls Brpindingmtdynehbud, was

even nore effective jn converting mce to the djiabetic phenotype. Thus,
t hese resul ¥ %\Yﬂa&ft? 4t188 Pty garmgisus man @@@ﬁ%e’ﬂéﬂé”(‘? Bﬁl‘ﬂﬂﬁ%o{ se

15receptor ifynRES €lcefls Whi RendevRE BRbhMEadTOPRALEAUh S RENmEhATahe ThEfs &) | oved
for greater 1 nmmnol ogical activity Tn the NOD mce, and this greater

i mmpol o_gi c a$sentaaliyvthe yarjlmpltoh;gzoL@@Bbctdr@@Weﬂ)rrth@fez uz’{rw hctivheor nﬁhmadTby
com natt on 1. IR0 AR, i Bl Rt R ST BN 80 v
f 1 uor esgent yypil3ketiede AMihad A4 8Thep®N anti bodi es were
The results of the flow cytometry analyses using the CHO-rhesus LAG-3 cells
and the activated cynomolgus T cells are summarized below in Table 3, which shows
ECs for binding to the two different types of cells expressing monkey LAG-3. These
results showed that all antibodies bind effectively to both LAG-3 on the activated
30  cynomolgus T cells and the rhesus LAG-3 (SEQ ID NO: 93) transfected into CHO cells.
There is a hierarchy, however, of binding affinities, with clone 26H10 showing the
highest affinity, which is approximately 2.5 and 6-fold better than that of clones 8B7 and

25F7, respectively. Difference in binding hierarchy between the two cell types may
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used in inmmunohi stochem stry experinents.
anti LAG 3 anti bodi es were used: 25F7-FITC (F: P =
25F7- 4- AVOQo(0Ri1Ps786 2. 7,
3.4).

(F:P =
sanpl es),

spleen (two sanples) and thynus 25(two sanpl es),

The foll ow ng FITC-| abel ed, human
2.9; 1gGl version);

8B7- FI TC (F: P =P2TA)S2@0m05336510- FI TC
specifically tonsil (two

was exam ned,

| g&4 version);

A panel of |ynphoid tissues,

al ong wi t h piftegt araimy atidsegeencé differamapbaspen hAEGSus nxhsyneotobghsCALSel | s

al so were used .as a control.

Acet one-fi xed cryostat sections were used. The

sections weP®¥P%ined with FITC | abel ed anti-LAG 3 antibody (0.2-5 jig/m),
fol I owed by staining wibia 32 Hialkbof AMLEALTCARIAAdY Ménkdy brAGlge ant i body

and then visualization using the rabbif EnVi sionTMr System Kit (Dako USA
Car pi nt er| aAntibddy B(AcﬁbetetlflssuiotGDa’rT cellsTEEl’sd @) 3€¢H® rlibsi[ﬁDIAtGZ{lECso MO
2010/ 019570P - Ibllsz 309/ 053’- OO Id%i‘ J.U IIIIUIIUiIi o1 UL,IIUIII DL I y I Ilg
Ant i - LAG BRI bsye 25F7 FHFO-2r7 o4 FiTC 9B7 FHFC 26+ | 7C
CHO LAG 3L.Ce + [(str nng) + (QT 14 g)
8B7 30.45 10.01
5 4. Mouse LAG-3 Antigen Binding
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To determine whether the antibodies cross-reacted with mouse LAG-3, similar
flow cytometry studies to those described above were performed using as the target cell
a mouse T cell hybridoma cell line (3A9) that had been transfected to express mouse
LAG-3 on its cell surface, followed by FACS analysis to detect antibody binding. The
results indicated that, in contrast to a control anti-mouse LAG3 control antibody which
showed strong staining, none of the human antibodies 25E3, 25F7, 8B7 or 26H10
exhibited binding above background levels to cell surface mouse LAG-3, demonstrating

that none of these antibodies cross-react with mouse LAG-3.

B. BIACORE Analysis
The binding of the 25E3, 25F7, 8B7, 26H10 and 17ES5 antibodies to recombinant
LAG-3 protein was examined by BIAcore™ using a capture method. The 25E3, 25F7,

8B7, 26H10 and 17ES5 antibodies each were captured using anti-CH1, a reagent antibody
that is specific towards the heavy chain constant region 1 of human antibody (Zymed,
Clone HP6045, Stock conc. 1.0 mg/mL). Anti-CH1 was coated on a CMS5 chip (BR-
1000-14, Research Grade) at high density (9700-11500RUs). The coating was carried
out based on the standard immobilization procedure recommended by the manufacturer.
The 25E3, 25F7, 8B7, 26H10 or 17ES5 purified antibody, with concentrations ranging
from 0.5-3 pg/mL, was then captured on the anti-CHI coated surface at the flow-rate of
10uL/min for 1 minute. A single concentration of recombinant human LAG-3 fusion
protein (20 nM) was injected over captured antibody for 3 minutes at a flow rate of 25
pg/mL. The antigen was allowed to dissociate for 7.5 minutes. The chip surface was
regenerated after each cycle with 25 pLL of 25 mM NaOH followed by 30 pL. of HBS-EP
wash. Isotype controls were run on the chip, and the data used to subtract non-specific
binding. All the experiments were carried out on a Biacore 3000 surface plasmon

resonance instrument, using BIAcore Control software v 3.2. Data analysis was carried
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+ (strong) + (strong) Tonsil (n=2) + (strong; rare in scattered LC, 2/2) +
(strong; rare in scattered LC, 2/2) + (strong; rare in scattered LC, 2/2) +
(strong; wenreilwmozeattered LC, 2/2) Spleen PCT/US2009/053405

out using BiaEvaluation v3.2 software. The results are shown in Table 4 below. The

BIAcore results for 25E3, 25F7, 8B7, 26H10 and 17ES confirm the flow cytometry

results that all five antibodies are capable of binding with high affinity to human LAG-3.
Table 4: Binding Kinetics of Anti-LAG-3 Antibody to Recombinant Human LAG-3

Antibody Kp x 107 (M)
25E3 0.09
gB7 0.09
26H10 0.10
25F7 0.47
17E5 4.53

C. Epitope Mapping

In the LAG-3 protein, the immunoglobulin-like first domain of the extracellular
region contains an exposed "extra loop" having the amino acid sequence:
GPPAAAPGHPLAPGPHPAAPSSWGPRPRRY (SEQ ID NO: 79). To examine the

10 binding of 25E3, 25F7, 8B7 and 26H10 to this region of LAG-3, and map the epitope
bound by each antibody, a peptide scan experiment was performed across this region. A
series of 10 overlapping peptides that scanned across the full length of the extra loop
sequence were prepared and conjugated to biotin. For ELISA analysis, microtiter plates
pre-coated with streptavidin (Sigma-Aldrich, Cat # M5432) were used to capture the

15  biotinylated loop peptide-conjugates applied in a 100 pl volume at a concentration of 2
ug/mL and incubated 18 hours at 4°C, after which the plates were washed 3 times and
blocked at room temperature for 1 hour with blocking buffer (1x PBS + 10% FBS).
Next, human anti-LAG-3 antibodies serially diluted 3-fold in blocking buffer from 10
pg/mL were applied and the plates were incubated at room temperature for 2 hours and

20  then washed three times. To detect bound human antibody a HRP-conjugated goat anti-
human kappa light chain antibody (Bethyl Laboratories, Cat #A80-115P) was diluted to
1 pg/mL in blocking buffer and applied to assay wells for 1 hour followed by three
washes and application of TMB substrate (eBioscience, Cat #00-4201-56). Optical
density readings at 650 nm wavelength were made on a Spectramax 340PC

25  spectrophotometer (Molecular Dynamics, Inc.). The results of the peptide scan

experiment are summarized below in Table 5.
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Table 5: Anti-LAG Antibody Binding to Peptide Scan of LAG-3 Extra Loop

LAG-3 Extra Loop Peptide Scan SEQ
79 | 25E3 | 8B7 | 25F7 | 26H10
GPPAAAPGHPLAPGPHPAAPSSWGPRPRRY
GPPAAAPGHPLA 80 - - - _
PAAAPGHPLAPG 81 ++ - - -
AAPGHPLAPGPH 82 ++ - - _
PGHPLAPGPHPA 83 + - - -
HPLAPGPHPAAP 84 + - - -
LAPGPHPAAPSS 85 - - - -
PGPHPAAPSSWG 86 - ++ ++ -
PHPAAPSSWGPR 87 - L+ |+ _
PAAPSSWGPRPR 88 - ++ + -
89 - - - -
APSSWGPRPRRY

Based on these results, it was determined that the 25E3 antibody recognized a region
within the extracellular loop comprising the amino acid sequence PGHPLAPG (SEQ ID
NO: 76), whereas the 25F7 antibody recognized a region within the extra loop
comprising the amino acid sequence HPAAPSSW (SEQ ID NO: 77) and 8B7 appeared
to recognize a region within the extracellular loop comprising the amino acid sequence
PAAPSSWG (SEQ ID NO: 78). In contrast, no binding of the full length extra loop
peptide or any of the shorter scanning peptides by the 26H10 antibody could be detected.

The regions identified in this study are underlined in the full-length extra loop
sequence:

GPPAAAPGHPLAPGPHPAAPSSWGPRPRRY (SEQ ID
NO: 79) | | |
25E3 25F7 8B7

Thus, the peptide scan results indicate that the 25E3, 25F7 and 8B7 antibodies bind to

different although closely located epitopes within human LAG-3.

To further examine binding of these antibodies to the extra loop peptide region,
additional ELISA assays were performed. In an ELISA assay using the human full-
length extra loop peptide (SEQ ID NO: 79), ECs, values for binding were determined for
25E3, 25F7 and 8B7. Additionally, a similar peptide ELISA was conducted using the
full length extra loop peptide sequence from rhesus monkey LAG-3, having the
sequence GPPAPAPGHPPAPGHRPAAP YSWGPRPRRY (SEQ ID NO: 90), and ECs
values for binding were determined for 25F7 and 8B7. The results are summarized

below in Table 6. The results confirm that antibodies 25E3, 25F7 and 8B7 are capable
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(strong; very rare in scattered LC, 1/2) + (strong; very rare in scattered
LC, 1/2) + (strong; very rare in scattered LC, 1/2) Pituitary (n=4) +
(strong; wocamvapsd i n adeno- hypophysis, 3/4) + (stron@CTaSe@9ios33as in
adeno- hypophysis, 3/4)

of recognizing the human LAG-3 extra loop peptide region. Moreover, antibodies 25F7
and 8B7 also bind to the rhesus LAG-3 extra loop peptide region, albeit less well
compared to the human sequence, which may be due to the species sequence divergence
in this polypeptide. The results also confirm that the 26H10 antibody is not capable of
5  recognizing the LAG-3 extra loop peptide.
Table 6: Binding of Anti-LAG-3 Antibodies to Human and Rhesus LAG-3 Extra

Loop Peptide

Antibody Human Extra Loop ECsy (nM) Rhesus Extra Loop ECs, (nM)
25E3 0.55 Not tested
25F7 0.29-0.95 13.09
8B7 0.28-1.35 0.60
26H10 No binding No binding
Example 4: Inhibition of Binding of LAG-3 to MHC Class II by Anti-LAG-3
mAbs
10 To test the ability of the anti-LLAG-3 antibodies to inhibit binding of LAG-3 to

MHC Class Il molecules, an in vitro binding assay was performed in which a LAG-3
fusion protein, comprising human LAG-3 extracellar domain fused to mouse Fc (hLAG-
3-mlg), was reacted with Daudi cells, which express human MHC Class II molecules.
To test antibody inhibition of LAG-3 binding to MHC Class II, 25E3, 25F7, 8B7
15  and 26H10 were serially diluted from 20 pg/mL in PFAE buffer and to these serial
dilutions was added 1 pg/ml of hLAG-3-mlg fusion protein. This mixture was incubated
for 20 minutes at room temperature prior to adding to 2x10° 1x PFAE-washed Daudi
cells. The mixture was applied to Daudi cells and incubated at 4°C for 30 minutes. The
cells were pelleted (three minutes, 400 xg), washed once with 1x PFAE buffer and re-
20  pelleted, and binding of hLAG-3-mlIg to the Daudi cells was detected using a
recombinant PE-labeled anti-mIgG Fcy secondary reagent. Analysis of LAG-3-mlg
binding was carried out with the FACScalibur flow cytometer (BD Bioscience). The
results are summarized in Table 7 below, which shows ICsq values in nM.
Table 7: Inhibition of LAG-3 Binding to MHC Class II by Anti-LAG-3
25  Antibodies

Antibody 1Cso_(nM)
25E3 0.8-6.78
25F7 0.12-0.92
gB7 0.19-0.95

26H10 0.10
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+ (strong; occasional in adeno- hypophysis, 3/4; weak noderate, rare, 1/4)
LC = Il ynphocyte; + = positive staining;, - = negative staining As expected,
LAG 3 expwoessioamowas detected in the panel of |ynphoid PCTA$2009853405
Additionally, two of the three anti-LAG 3 anti bodi es exam ned, 25F7 (1gGl
and 1g&4 versions) and 26H10, exhibited retention in pituitary tissue,
wher eas one anti body exam ned, 8B7, did not show this retention in the
pituitary tiTssusultdieisenstthee thamilifotnd zaqttlbcdilesrmsteffyct@epﬁriﬂlhi’elmmg ibdelriﬁg’ éfi ed two
subsets of anti-LAG 3 antibodies, ein one_subset is retained in

pituitary tiedré Qe Féa%tlh@fFleGﬁ%’e‘Ylt}i S otBY apd A4l Pﬁh%lﬁgﬂ@mvaw

tlssue C%%Q{ D;;Q@g/fggqggggtggg&lggova OF SEQUENCE LI STING SEQ I D
NO.  SEQUENCE SEQ | H CDRL & a. 25F7

5 Example 5: Stimulation of Antigen-Specific T Cell Response by Anti-LAG-3
mADbs

To test the ability of the anti-LLAG-3 antibodies to stimulate an antigen-specific T
cell response, a 3A9 T Cell Peptide Stimulation Assay (see e.g., Workman et al. (2003)
J. Immunol. 169:5392-5395; Workman er al. (2002) Eur. J. Immunol. 32:2255-2263)

10 was used.

In this assay, a mouse T cell hybridoma, 3A9, specific for the peptide HEL.s >,
was used as the responder T cell. The responder 3A9 T cell was retrovirally transduced
to express either human LAG-3 or mouse LAG-3 on its cell surface. The antigen
presenting cell (APC) used to present the HEL4s 6> peptide antigen to the 3A9 cells was

15 the mouse MHC Class II positive cell line LK35.2. Separate studies determined that a
human LAG-3 fusion protein was capable of binding to mouse MHC Class II molecules,
thereby validating the use of LK35.2 mouse APCs in this assay. Antigen-specific
stimulation of the 3A9 cells was indicated by production of interleukin-2 (IL-2), the
secretion of which was measured by ELISA (mouse IL-2 OptEIA kit, BD Bioscience,

20  Cat #555148 according to manufacturer’s recommendations).

Ectopic expression of human or mouse LAG-3 on the 3A9 T cells, in the absence
of any antibodies, led to an inhibitory effect on antigen-specific responses when the
transfected T cells were incubated with the LK35.2 APCs presenting the HEL 456>
peptide antigen, as indicated by an increase in the amount of peptide antigen needed to

25  stimulate IL-2 production by the 3A9 cells in comparison to the peptide dose response
profile of control 3A9 T cells.

To test antibody stimulation of the antigen-specific T cell response, the APC
(2.5x10" cells) was first preincubated with the antigenic peptide (200 nM) for 30
minutes at 37°C and the 3A9 T cells (5.0x10" cells expressing either mLAG-3, hLAG-3

30  or control cells) were preincubated with an anti-hLAG-3 antibody (25E3, 25F7, 8§B7,
26H10, 11F2, 17ES), serially diluted in three fold dilution from 25 pg/mL) for 15
minutes at 37°C. The 3A9 T cells were then added to the antigen-pulsed APCs and the

culture incubated for 24 hours at 37°C. The supernatants were then harvested and
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measured for production of mouse IL-2. The results for the 3A9 T cells expressing
human LAG-3 are in Table 8, which shows 1Cs; values in nM.
Table 8: Stimulation of Antigen-Specific T Cell Responses by Anti-LAG-3

Antibodies
Antibody 3A9-hILAG-3 Peptide Assay 1C5, (nM)

25F7 0.14-194

26H10 1.45-6.49
8B7 3.25-13.90

25E3 3.88 -70.78

11F2 81.50 — 240

17E5 No inhibition

The results show that antibodies 25F7, 8B7 and 26H10, and to a lesser extent 25E3,

were able to stimulate IL-2 production in an antigen-specific T cell response assay,

whereas antibody 11F2 exhibited minimal ability to inhibit and antibody 17E5 was not

functional in this assay. None of the antibodies altered the measured IL-2 production by
10 control 3A9 T cells or 3A9 T cells transfected with mouse LAG-3 protein,

demonstrating the specificity of the stimulatory effect.

Example 6: Tumor Growth Inhibition by Anti-LAG-3 mAb, Alone or in
Combination

To test the ability of anti-LAG-3 antibody, alone or in combination with another
15  immunostimulatory antibody, to inhibit the growth of tumor cells in vivo, two different
syngeneic mouse tumor graft models were used. The first model used murine SalN
fibrosarcoma cells. The second model used the murine MC38 colon cancer cell line.
In a first experiment, mice (A/J strain) were each implanted with 2 x 10° SalN
fibrosarcoma cells on day O and the tumor cells were allowed to grow for seven days.
20  Onday 7, day 10 and day 12 post-implantation, the mice were treated with 10 mg/kg of
either an anti-LAG-3 mAb alone (the rat anti-mouse LAG-3 mAb C9B7W; eBioscience,
Cat. No. 14-2231), an anti-PD-L1 antibody alone (an anti-mouse PD-L1 mAb 14D8),
the anti-LAG-3 and anti-PD-L1 antibodies in combination, or an IgG1 isotype control
antibody. The 14D8 mAb is a rat anti-mouse PD-L1 antibody that has been chimerized

25  to contain the mouse IgG1 and mouse kappa constant regions.

&R



7 VH CDR2 a.a. 25F7 55 VK n.t. 25F7 8 VH CDR2 a.a. 26H10 56 VK n.t. 26H10 9
VH CDR2 a.a. 25E3 57 VK n.t. 25E3 10 VH CDR2 a.a. 8B7 58 VK n.t. 8B7 11 VH
CDR2 a. a.wORPR/@BWK n.t. 11F2 PCT/US2009/053405

10

15

20

25

30

Tumor volumes in the mice were measured for over 50 days post-implantation
and mean and median tumor volumes were determined. Mean tumor growth inhibition
was calculated (based on treatment with the isotype control IgG1 antibody being 0%
inhibition). The results for day 24 post-implantation are summarized below in Table 9:

Table 9: Mean Tumor Growth Inhibition in SalN Tumor Model

Day IgG1 LAG-3 PD-L1 Combo
24 - 68 74.9 95.8

Thus, anti-LAG3 antibody alone, or anti-PD-L1 antibody treatment alone, resulted in
tumor growth inhibition, while the combination of both antibodies led to even greater
tumor growth inhibition. With respect to the treatment groups, by the end of the
experiment the results were that 4 of 10 mice treated with anti-LAG3 alone became
tumor free, whereas only 1 of 10 mice treated with the control IgG1 antibody became
tumor free. Similarly, 4 of 11 mice treated with anti-PD-L1 alone were rendered tumor
free. Treatment of mice with the combination of anti-LAG3 and anti-PD-L1 resulted in
9 of 10 mice becoming tumor free; the remaining mouse not tumor free had an indolent
tumor that remained small throughout the study.

Two additional studies used mice implanted with cells of the murine MC38
colon cancer cell line. In the first experiment, C57B1/6 mice were each implanted with 2
x 10° MC38 cells on day 0, and were treated on day 7, day 10 and day 12 post-
implantation with 200 pg/dose of anti-LAG-3 alone (C9B7W mAb), anti-PD-1 alone
(the 4H2 mAb) or anti-LLAG-3 and anti-PD-1 in combination. An IgG1 isotype matched
antibody, at 400 pg/dose, was used as a control. The 4H2 mAb is a rat anti-mouse PD-1
antibody that has been chimerized to contain the mouse IgG1 and mouse kappa constant
regions.

Mean tumor volume, median tumor volume and % survival was determined at 80
days post-implantation. The results showed that LAG-3 monotherapy in this tumor
model (MC38) showed little or no activity in inhibiting tumor growth and none of the
treated mice survived the duration of the experiment. In contrast, anti-PD-1
monotherapy showed significant activity, with 4 of 10 mice tumor free at the end of the
experiment. Moreover, similar to the results with the SalN model, the combination
therapy of anti-LAG-3 plus anti-PD-1 was more effective than either treatment alone,

with 7 of 8 mice being tumor free at the end of the experiment.
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In a second experiment with the MC38 model, C57B1/6 mice were each
implanted with 2 x 10° MC38 cells on day 0, and were treated on day 5, day 8 and day
11 post-implantation with 200 pg/dose of test antibody and/or 400 pg/dose control IgG
antibody, as follows: (1) an anti-IgG1 control antibody; (ii) an anti-LAG-3 mAb

5  (C9B7W mAb) together with the control IgG1; (iii) an anti-PD-1 antibody (4H2)
together with the control IgG1; (iv) an anti-CTLA-4 antibody (the 9D9 mouse anti-
mouse CTLA-4 mAb) together with the control IgG1; (v) the anti-LAG-3 mAb together
with the anti-PD-1 mAb; or (vi) the anti-LAG-3 mAb together with the anti-CTLA-4
mAb. The 9D9 mAb is a mouse anti-mouse CTLA-4 antibody that was raised in a

10 mouse in which the endogenous mouse CTLA-4 had been knocked out.

Mean tumor volume, median tumor volume and % survival was determined for
over 100 days post-implantation. The results were similar to the first experiment in that
LAG-3 monotherapy showed little or no activity in inhibiting MC38 tumor growth and
none of the treated mice survived the duration of the experiment. CTLA-4 monotherapy

15  also showed little or no activity in inhibiting MC38 tumor growth and none of the
treated mice survived the duration of the experiment. In contrast, anti-PD-1
monotherapy again showed significant activity, with 4 of 10 mice tumor free at the end
of the experiment. Moreover, again combination therapy was more effective than
monotherapy. For mice treated with the combination of anti-LAG-3 and anti-CTLA-4, 3

20  of 10 mice were tumor free at the end of the experiment and for the mice treated with the
combination of anti-LAG-3 and anti-PD-1, 8 of 10 mice were tumor free at the end of
the experiment.

Thus, the above-described in vivo tumor graft studies demonstrated that, for at
least certain tumor models, anti-LAG antibody treatment alone resulted in significant

25  inhibition of tumor growth in vivo. Furthermore, for multiple tumor models, the
combination therapy of anti-LAG-3 antibody together with either anti-PD-1 antibody,
anti-PD-L1 antibody or anti-CTLA-4 antibody resulted in even greater anti-tumor

activity than monotherapy alone.

Example 7: Promotion of Autoimmunity in NOD Mice by Inhibition by Anti-
30 LAG-3mAb

To test the ability of anti-LAG-3 antibody to stimulate an immune response, as
indicated by the development of autoimmunity, the NOD mouse model of diabetes was

utilized. NOD mice are known to be prone to developing autoimmune diabetes.
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Progression of diabetes can be followed in female NOD mice by measuring serum
glucose. Thus, the effect of anti-LAG-3 treatment, alone or in combination with either
immunostimulatory antibodies, on the development of diabetes in female NOD mice
was examined.

Female NOD mice were treated on day 0, day 2 and day 5 with 250 pg/dose of
either: (1) an IgG1 isotype control antibody; (ii) anti-LAG-3 mAb alone (CO9B7W mAb);
(iii) anti-PD-1 mAb alone (4H2 mAb); (iv) anti-CTLA-4 mAb alone (9D9 mAb); (v)
anti-LAG-3 mAb together with anti-PD-1 mAb; or (vi) anti-LAG-3 mAb together with
anti-CTLA-4. The results demonstrated with anti-LAG-3 treatment alone or anti-PD-1
treatment alone (but not anti-CTLA-4 treatment alone) increased the number of mice
converting to the diabetic phenotype. Moreover, the combination treatment of anti-
LAG-3 plus anti-PD-1, or anti-LAG-3 plus anti-CTLA-4, was even more effective in
converting mice to the diabetic phenotype.

Thus, these results demonstrate that blockade of LAG-3 interaction with its
receptor interfered with a negative immunoregulatory signal that allowed for greater
immunological activity in the NOD mice, and this greater immunological activity in the
LAG-3 treated mice could be enhanced by combination treatment with either anti-PD-1

or anti-CTLA-4 antibody.

Example 8: Immunohistochemistry Using Anti-LLAG-3 mAbs

In this experiment, fluorescently-labeled anti-LAG-3 human antibodies were
used in immunohistochemistry experiments. The following FITC-labeled, human anti-
LAG-3 antibodies were used: 25F7-FITC (F:P =2.9; 1gG1 version); 25F7-G4-FITC
(F:P =2.7; 1gG4 version); 8B7-FITC (F:P = 2.6) and 26H10-FITC (F:P = 3.4). A panel
of lymphoid tissues, specifically tonsil (two samples), spleen (two samples) and thymus
(two samples), was examined, along with pituitary tissue (four samples). LAG-3
transfected CHO cells also were used as a control. Acetone-fixed cryostat sections were
used. The sections were stained with FITC-labeled anti-LLAG-3 antibody (0.2-5 pg/ml),
followed by staining with a rabbit anti-FITC antibody as a bridge antibody and then
visualization using the rabbit EnVision™+ System Kit (Dako USA, Carpinteria, CA).

The results are summarized below in Table 10.
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Table 10: Immunohistochemistry using Anti-LAG-3 mAbs

Tissue 25F7-FITC 25F7-G4-FITC S8B7-FITC 26H10-FITC
CHO/LAG-3 + + + +
Cells (strong) (strong) (strong) (strong)
Tonsil + + + +
(n=2) (strong; rare in (strong; rare in (strong; rare in (strong; rare in
scattered LC, scattered L.C, scattered L.C, scattered L.C,
2/2) 2/2) 2/2) 2/2)
Spleen + + + +
(n=2) (very weak, (very weak, (weak, mainly in (very weak,
mainly in red mainly in red red pulp, 2/2) mainly in red
pulp, 2/2) pulp, 2/2) pulp, 2/2)
Thymus + + + +
(n=2) (strong; very rare | (strong; very rare (strong; very (strong; very rare
in scattered LC, in scattered LC, | rare in scattered | in scattered LC,
1/2) 1/2) LC, 1/2) 1/2)
Pituitary + + +
(n=4) (strong; (strong; - (strong;
occasional in occasional in occasional in
adeno- adeno- adeno-
hypophysis, 3/4) | hypophysis, 3/4) hypophysis, 3/4;
weak moderate,
rare, 1/4)
LC = lymphocyte; + = positive staining; - = negative staining

As expected, LAG-3 expression was detected in the panel of lymphoid tissue.
Additionally, two of the three anti-LAG-3 antibodies examined, 25F7 (IgG1 and IgG4
versions) and 26H10, exhibited retention in pituitary tissue, whereas one antibody
examined, 8B7, did not show this retention in the pituitary tissue. Thus, the
immunohistochemistry experiment identified two subsets of anti-LAG-3 antibodies,
wherein one subset is retained in pituitary tissue and the other subset is not retained in

pituitary tissue.
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SUMMARY OF SEQUENCE LISTING

SEQ ID NO: SEQUENCE SEQ ID NO: SEQUENCE
1 Vu CDRI a.a. 25F7 49 Vu n.t. 25F7
2 Vi CDRI1 a.a. 26H10 50 Vi n.t. 26H10
3 Vu CDR1 a.a. 25E3 51 Vi n.t. 25E3
4 Vi CDRI1 a.a. 8B7 52 Vu n.t. 8B7
5 Vu CDR1 a.a. 11F2 53 Vi n.t. 11F2
6 Vi CDR1 a.a. 17ES 54 Vu n.t. 17ES
7 Vu CDR2 a.a. 25F7 55 Vk n.t. 25F7
8 Vi CDR2 a.a. 26H10 56 Vk n.t. 26H10
Vi CDR2 a.a. 25E3 57 Vk n.t. 25E3
10 Vu CDR2 a.a. 8B7 58 Vk n.t. 8B7
11 Vi CDR2 a.a. 11F2 59 Vg n.t. 11F2
12 Vi CDR2 a.a. 17ES 60 Vk n.t. 17E5
13 Vu CDR3 a.a. 25F7 61 Vi 4-34 germline a.a.
14 Vi CDR3 a.a. 26H10 62 Vu JH5b germline a.a.
15 PVGVV 63 Vi L6 germline a.a.
16 Vg CDR3 a.a. 8B7 64 Vi JK2 germline a.a.
17 Vg CDR3 a.a. 11F2 65 Vy 3-33 germline a.a.
18 Vi CDR3 a.a. 17ES 66 Vi JH6b germline a.a.
67 Vi A 27 germline a.a.
19 Vx CDRI1 a.a. 25F7 68 V¢ JK3 germline a.a.
20 Vx CDRI a.a. 26H10 69 Vi 3-20 germline a.a.
21 Vk CDRI1 a.a. 25E3
22 Vx CDRI1 a.a. 8B7 70 Vi JH4b germline a.a.
23 Vx CDRI1 a.a. 11F2 71 Vi L-18 germline a.a.
24 Vx CDRI1 a.a. 17ES 72 Vi JK4 germline a.a.
73 Vi 1-24 germline a.a.
25 Vx CDR2 a.a. 25F7 74 V¢ JK1 germline a.a.
26 Vi CDR2 a.a. 26H10 75 Vi JKS germline a.a.
27 Vi CDR2 a.a. 25E3
28 Vk CDR2 a.a. 8B7 76 PGHPLAPG
29 Vk CDR2 a.a. 11F2 77 HPAAPSSW
30 Vx CDR2 a.a. 17ES 78 PAAPSSWG
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79 GPPAAAPGHPLAPGPHPAAPSSW GPRPRRY 31 VK CDR3 a.a. 25F7 80 GPPAAAPGHPLA 32
VK CDR3 a.a. 26H10 81 PAAAPGHPLAPG 33 VK CDR3 a.a. 25E3 82 AAPCGHPLAPGPH 34
VK CDR3 aw@.208B1988 PGHPLAPGPHPA 35 VK CDR3 a.a. 11F2 82CHRISARGBSHAAP 36

79 GPPAAAPGHPLAPGPHPAAPSSW
GPRPRRY

31 Vx CDR3 a.a. 25F7 80 GPPAAAPGHPLA

32 Vi CDR3 a.a. 26H10 81 PAAAPGHPLAPG

33 Vi CDR3 a.a. 25E3 82 AAPGHPLAPGPH

34 Vk CDR3 a.a. 8B7 83 PGHPLAPGPHPA

35 Vx CDR3 a.a. 11F2 84 HPLAPGPHPAAP

36 Vk CDR3 a.a. 17ES 85 LAPGPHPAAPSS
86 PGPHPAAPSSWG

37 Vyu a.a. 25F7 87 PHPAAPSSWGPR

38 Vy a.a. 26H10 88 PAAPSSWGPRPR

39 Vy a.a. 25E3 89 APSSWGPRPRRY

40 Vi a.a. 8B7 90 GPPAPAPGHPPAPGHRPAA

PYSWGPRPRRY

41 Vi a.a. 11F2

42 Vi a.a. 17ES 91 atgtgggaggctcagttcctg
92 gtcagagctgctccggete

43 Vk a.a. 25F7 93 Rhesus LAG-3

clone pa23-5 a.a.
44 Vx a.a. 26H10 94 Rhesus LAG-3 a.a.
(XM_001108923)

45 Vx a.a. 25E3

46 Vk a.a. 8B7

47 Vk a.a. 11F2

48 Vk a.a. 17ES
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What is claimed:

1. An isolated human monoclonal antibody, or an antigen-binding portion thereof,
wherein the  antibody binds human LAG-3 and exhibits at least one of the following
properties:

(a) binds monkey LAG-3;

(b) does not bind mouse LAG-3;

(c) inhibits binding of LAG-3 to major histocompatibility (MHC) class 11
molecules; and

(d) stimulates an immune response.

2. The antibody of claim 1, wherein the antibody exhibits at least two of properties

(a), (b), (c) and (d).

3. The antibody of claim 1, wherein the antibody exhibits at least three of properties
(a), (b), (c) and (d).

4. The antibody of claim 1, wherein the antibody exhibits all four properties (a),
(b), (¢) and (d).

5. The antibody of claim 1, wherein the antibody stimulates interleukin-2 (IL-2)

production in an antigen-specific T cell response.

6. The antibody of claim 1, wherein the antibody stimulates an anti-tumor immune

response.

7. The antibody of claim 1, wherein the antibody binds an epitope of human LAG-3
comprising the amino acid sequence PGHPLAPG (SEQ ID NO: 76).

8. The antibody of claim 1, wherein the antibody binds an epitope of human LAG-3

comprising the amino acid sequence HPAPPSSW (SEQ ID NO: 77) or PAAPSSWG
(SEQ ID NO: 78).
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PYSWGPRPRRY 41 VH a.a. 11F2 42 VH a.a. 17E5 91 atgtgggaggctcagttcctg 92
gt cagagctgctccggectc 43 VK a.a. 25F7 93 Rhesus LAG 3 clone pa23-5 a.a. 44 VK
a.a. 26HMWO2d10RNesas LAG 3 a.a. (XM 001108923) PCT/US2009/053405

9. The antibody of claim 1, wherein said antibody binds to human LAG-3 with a
Kpof1x 107 M or less.

10. The antibody of claim 1, wherein said antibody binds to human LAG-3 with a
KD of
1 x 10® M or less.

11. The antibody of claim 1, wherein said antibody stains pituitary tissue by

immunohistochemistry.

12. The antibody of claim 1, wherein said antibody does not stain pituitary tissue by

immunohistochemistry.

13. An isolated human monoclonal antibody, or antigen binding portion thereof,
wherein the antibody cross-competes for binding to human LAG-3 with a reference
antibody, wherein the reference antibody comprises:

(a) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 37 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 43;

(b) aheavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 38 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 44;

(c) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 40 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 46;

(d) a heavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 39 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 45;

(e) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 41 and a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 47; or
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anti body binds human LAG 3 and exhibits at |east one of the follow ng
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mol ecul es; W 42 and a light chain variable region comprising the amino acid sequence of SEQ ID

NO: 48.

14. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 37

and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

43.

15. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 38

and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

44,

16. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 40

and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

46.

17. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 39
and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

45.

18. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 41
and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

47.

19. The antibody of claim 13, wherein the reference antibody comprises:
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 42

and a light chain variable region comprising the amino acid sequence of SEQ ID NO:

48.
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chain vari abl'® r edi ongco’rrpri sing the am no acid sequence of SEQ ID NO 45;
(e) a heavy chai (b)ValidaghkBaih @gfiable GG that iB Ehet gr6diREbNOr @Eiveld SfEnaRar0f SEQ
ID NO 41 and a light chain variable region conprising the am no acid
sequence of YSERP} gem@ndgighgghain variablg yegion thatdy thegredust ofer depved fragion

conpri si ng i n . d. sequence of SEQ ID NGO 42 and a light chain
vari abl e reé?@ﬁ@é‘n%?@“g’g the ami no acid sequence of SEQ ID NGO 48.

(c) a heavy chain variable region that is the product of or derived from a human
Vi 3-20 gene and a light chain variable region that is the product of or derived from a
human Vg L18 gene;

(d) a heavy chain variable region that is the product of or derived from a human
Vi 1-24 gene and a light chain variable region that is the product of or derived from a
human Vg L6 gene; or

(e) a heavy chain variable region that is the product of or derived from a human
Vi 3-33 gene and a light chain variable region that is the product of or derived from a
human Vg L6 gene;

wherein the antibody specifically binds human LAG-3.
23. The antibody of claim 1, which comprises:

(a) aheavy chain variable region CDR1 comprising SEQ ID NO: 1;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 7;
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14. The anti body of claim 13, wherein the reference antibody conprises: a
heavy chain vari able region conprising the am no acid sequence of SEQ ID
NO 37 arwlozolo/ghi7ochai n vari abl e regi on conprisi ng t hePamiuseoaosE0sequence
of SEQ ID NO 43. 15. The anti body of claim 13, wherein the reference

anti body conprises: a heavy chain variable region conprising the amno acid
sequence of SEQ (& N@av@8haindamatle gigionc®RRA compiisink SEQRH DO:ddnpri si ng t he

am no acid sequence of S I D. The anti cl.aim 13, wherein
the refer enceqanf t(‘fE&BrVF”% er%l%égﬁ‘lccﬂ%pﬁls\%%i%gﬁtgm&?bn conpri si ng
the am no acid S @Y UERGR cHim$§1@ﬂleré§Qn é@R@%@n%&sin%@E%hﬁN@ war @bl e region

conprising the amno acid sequence of SE The anti body of
claim 13, wherei ﬁ)tmméh@ném@lammp%(ﬁmﬂsms SEQ Hed 3dhai n vari abl e
region conprising the am no acid sequence of SEQ ID NO 39 and a |ight
chain variable region conprising the am no acid sequence of SEQ I D NO 45.

18. The anti bogly Taé agditidinol dlaitMiehviich dobiprik@f er ence anti body conprises: a
heavy chain variable region conprising the am no acid sequence of SEQ ID

NO 41 and a |i gk leavychaipivamibie regiindpDR b wpmipsping SEREILANGAE: aci d sequence
of SEQ I'D NO 47él)s)la9heag];2%hﬁﬂkf g@oqy re oncdélﬁkwcgjl:ﬁ nmg @Iﬁﬂ% r8ef erence

anti body conpris alnvrla ere Ising the am no acid
sequence of SEQ (D d\l@avﬁzhandaﬁaﬂld: galgiom(h]aRl cvalpnallngSEQsm NID:ddnpri si ng t he
am no acid sequegﬁe of SEQ N(F An | sol ated nonocl onal

anti body, or an t%lg%ﬁcmlﬁd?ﬁaa %EﬁgﬂqrbﬁDﬁﬂéPprlnéé%i& 1RNGY 28 heavy chal n
variabl e region kégaagl Ag}ﬁchéﬂﬁvgﬁ Fér%laicekz%fﬂ ﬁ@ﬂgfsmm@%na\é*

gene, a human VH ene a VH 1-24 gene, vvherel n
t he anti body speéﬁ)faihgitlcgtalbwaddalhwmnC]A&Bompnsmg.SEQﬂDN@ 3Red nonocl onal
anti body, or an antigen-binding portion thereof, conprising a |ight chain
variable region that is the product of or derived froma human VK L18 gene,

a human VK L6 yeqﬁegﬁtl@dpmmlr}m %%h%ﬁgm&herel n the anti body
specifically binds human LAG 3 22. An isol ated nonocl onal antibody, or

an anti gen- bi ndi () Pplanavy ehain verdd regearfplPRd icagpprising SEQ ID NO: 4;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 10;

(c) aheavy chain variable region CDR3 comprising SEQ ID NO: 16;
(d) alight chain variable region CDR1 comprising SEQ ID NO: 22;

(e) alight chain variable region CDR2 comprising SEQ ID NO: 28; and
(f) alight chain variable region CDR3 comprising SEQ ID NO: 34.

26. The antibody of claim 1, which comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO: 3;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 9;
(c) aheavy chain variable region CDR3 comprising GGY;
(d) alight chain variable region CDR1 comprising SEQ ID NO: 21;
(e) alight chain variable region CDR2 comprising SEQ ID NO: 27; and
(f) alight chain variable region CDR3 comprising SEQ ID NO: 33.

27. The antibody of claim 1, which comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO: 5;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 11;
(c) aheavy chain variable region CDR3 comprising SEQ ID NO: 17;
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(a) a heavy chain variable region that is the product of or derived froma
human VH 4-34 gene and a light chain variable region that is the product of
or deri vesof2zommigs7numan VK L6 gene; (b) a heavy cirairuse@wioadab® regi on
that is the product of or derived froma human VH 3-33 gene and a |ight
chain variable region that is the product of or derived froma human VK A27
gene; (c) &bhelaght chiaivaristde regidreCP8dicomptikiag SES) & (pr2dduct of or

derived froma h .VH 3-20 e and i,ght chai ' regjon that is
the product of oft deieehiin verie ramarCoR2Lomrgane SEETD Ryt G, 00,1 "ahai o
variabl e region {haflin chiif vRfigI &loi®f COR3BHIpYSRISFeMMEMNGImBN VH 1- 24 gene
and a light chain variable region that is the proéuct of or derived froma

human VK L6 gene; or (e) a heavy chain variable region that is the

product of or ived.from.a human. VH 3-33 gene and a |ight chain variable
Pegi on that 1 A6 BRUe B T B da i & human ViCLG gene: wher efn
the anti body Spe@d)fzilﬁ‘e’@kf%;)thzhhﬁdﬁaﬁ]&lf@[bnl-@@(&co&%ﬁsiﬂggwm Nody; of claiml1,

whi ch conprises: (a) a heavy chain variable region CDRL conprising SEQ ID
NO 1; (b) a heaW lavy chaipivambie reggindpDRBRoOMPEAHE SEHE BEOIED NO 7;

(c) a heavy chainp.variable.. i risi .143; (d) a

|l i ght chain vari g%lagﬁéraggfgaﬁﬁg%@ﬂ%o rl@?gg Cgﬁ%ﬂgﬂgﬁgd %N@(e}% a light

chai n vari abl e r édi DlightoRn caribile sigivth CBRI Icbmyesing SEQITING: 24a |1 ght chain
vari abl e region .conprising SEQ ID NQ 31. 24. The antihbaody of claim1,
whi ch conpri ses: @08511%“23%10%%%?W%?QEP&OF@@?]@HS@%DM%& dhg SEQ ID

NG 2; (b) a hea 148l o i GRBZ 5B YES ID NO 8; (c)
a heavy chain va}/t?a etr@}elég;l?ghﬁ%tl)%gégg(gin%?ﬁsi ngp%%%BIg[%%QNﬁ?% d) a light

chain variable region CDRL conprising SEQ 1D NO 20; (e) a light chain
vari able 1 oG Oy Cong oL S A S, i o5 D B 1
whi ch conpri ses: (a) a heavy chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 37-42; and
(b) alight chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 43-48;
wherein the antibody specifically binds a human LAG-3 protein.

30. The antibody of claim 29, which comprises:
(a) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 37; and
(b) alight chain variable region comprising the amino acid sequence of SEQ ID

NO: 43.

31. The antibody of claim 29, which comprises:
(a) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 38; and
(b) alight chain variable region comprising the amino acid sequence of SEQ ID

NO: 44,
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(a) a heavy chain variable region CDRL conprising SEQ ID NGO 4; (b) a heavy
chain variable region CDR2 conprising SEQ ID NO 10; (c) a heavy chain

vari abl e weghw1@DR3 conprising SEQ ID NO 16; (d) a |i @ot/ush@onsisesi abl e
region CDRL conprising SEQ ID NO 22; (e) a light chain variable region
CDR2 conprising SEQ ID NO 28; and (f) a light chain variable region CDR3
conpri si ng SEQ2. Dhdlantitdgly o2 6laini2@, whichlvoohprieds: cl ai m 1, whi ch conpri ses: (a)

a heavy chain variabl e regi conprising SEQID NO., 3; (b

chai n var T abl e 1 B, CRFELRRE SIS [P B 8 mock < Uy B RBPD
vari abl e regi®moCRRB conprising GGY; (d) a light chain variable region CDRL
conprising SEQ 1D NO 21; (e) a light chain variable regi on COR2 conpri si ng
SEQ I D NO. 27; afld glightghiinghtialdtedgioneanipatsing the gingre CBRSquereof SERYIBEQ | D
NO 33. 27 16, antl body of claim 1, which conprises: (a) a heavy chain
vari abl e re& on CDRl conpri sing SEQ ID NO 5; (b) a heavy chain variable
regi on CDR2 conprising SEQ I D NOC. 11 (c) a heavy chain variable region
CDR3 conprising SEQ I D NO é a light chain variable regi on CORL
conpri si ng SEG%I EhN@ltlt281y0€é}alfa2 lethCh@ﬁ@iPﬁS%arl abl e region CDR2 conpri sing

SEQ ID NO 29; a ri QID
NO 35. 28. The gﬂt%%éavgchéflﬂ%ngd?@%e@oﬁ]{o ﬁ‘??@%"%gegg 5\‘/’?}3@ ]%E
vari abl e rediGr3oChikL conprising SEQ I D NG 6

(b) alight chain variable region comprising the amino acid sequence of SEQ ID

NO: 45.

34. The antibody of claim 29, which comprises:
(a) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 41; and
(b) alight chain variable region comprising the amino acid sequence of SEQ ID

NO: 47.

35. The antibody of claim 29, which comprises:
(a) aheavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 42; and
(b) alight chain variable region comprising the amino acid sequence of SEQ ID

NO: 48.

36. A composition comprising the antibody, or antigen-binding portion thereof, of

claim 1, and a pharmaceutically acceptable carrier.

37. An immunoconjugate comprising the antibody, or antigen-binding portion

thereof, of claim 1, linked to a therapeutic agent.

38. A composition comprising the immunoconjugate of claim 37 and a

pharmaceutically acceptable carrier.
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(b) a heavy chain variable region CDR2 conprising SEQID NGO 12; (c) a
heavy chain variable region CDR3 conprising SEQ ID NGO 18; (d) a light

chai n varwakbs/meggoon CDRL conprising SEQ I D NO 24; (epca/useghioszhain

vari able region CDR2 conprising SEQ ID NO 30; and (f) a light chain

vari abl e region CDR3 conprising SEQ ID NO 36. 29. An isol ated nonocl onal
anti body, or a ifhemimunokonggpterdfictmmtIYe whefein tho tipragutigagent is a cytetpxia. heavy
chain variabl e region conprising an am no acid sequence selected fromthe
group consisting of SEQ ID NGs: 37-42; and (b) a light chain variable

region conpri siglg @&mpyuida BaiptsHe enaRusRbebAd of M Bban@roup consisting
of SEQ ID NGs: 43-48; wherein the antibody specifically binds a human LAG 3

prot ei n. 30phFhacanicibpasceptablglcaitiar29, whi ch conpri ses: (a) a heavy
chain variable region conprising the am no acid sequence of SEQ ID NO 37,
and (b) a light chain variable region conprising the amno acid

sequence of SEQ. TR NehufidconfikateldTeamt370 atyreaf the kidiripedfc aydhic Gh @AAEHES!
(a) a heavy chain variable region conprising the amno acid sequence of SEQ

| D NO. 38; &HREppe. (b) a light chain variable region conprising the am no
acid sequence of SEQ ID NO 44. 32. The antibody of claim 29, which
conpri ses: (a) a heavy chain variable region conprising the am no

aci d sequence 43 ASEHHQupdSitiN@codPrisiagahe immundcbpjugatk ofbihing Baiand war i abl e regi on
conprising the am no acid sequence of SEQ ID NO 46. 33. The anti body of
claim 29, wRNM¥maggHsAilgaceptable cartiesy 3 heavy chain variabl e region
conprising the am no acid sequence of SEQ ID NO 39; and (b) a light
chain variable region conprising the am no acid sequence of SEQ I D NO 45.
34. The anti botdy Aofisdhtad mdeic apkil roblecderpndcsler the antibody, or antigen-binding

portion thereof, of claim 1.
44. An expression vector comprising the nucleic acid molecule of claim 43.
45. A host cell comprising the expression vector of claim 44.

46. A method for preparing an anti-LAG-3 antibody which comprises expressing the
antibody in the host cell of claim 45 and isolating the antibody from the host cell.

47. A method of stimulating an antigen-specific T cell response comprising
contacting said T cell with the antibody of claim 1 such that an antigen-specific T cell

response is stimulated.

48. The method of claim 47, wherein interleukin-2 production by the antigen-

specific T cell is stimulated.
49. A method of stimulating an immune response in a subject comprising

administering the antibody of claim 1 to the subject such that an immune response in the

subject is stimulated.
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(a) a heavy chain variable region conprising the am no acid sequence of SEQ
I D NO 41; and (b) a light chain variable region conprising the am no
aci d sequeoce1afl9B8EQ | D NO 47. 35. The anti body of cl aPeraS2000t053h3

conpri ses: (a) a heavy chain variable region conprising the am no
acid sequence of SEQ ID NO 42; and (b) a light chain variable region
conpri sing t heSGarfitlvanetbodlotdgjues? eviaiciSE@ subjeNOs a48mor-beadig sAbjeampdsint i on
conprising the anti bod\e/ ar a]gti en- bi ndi ngdporti on thereof, of claim1,
and a phar mdBEULY EaPYY ABUB ARV iy tinaylat 37. An i mmunoconj ugat e
conprising the antibody, or antigen-binding portion thereof, of claima1,

| inked to a therapeutic agent. 38. A conposition conprising the

i mrunoconj ugat¥d. dhe mediQtThQﬁlaémdr9aWﬂ)h1§imth@uhi¢@é$ dyiracbepnabhegandiaer . WO
2010/ 019570PCT/ US2009/ 05340 2 [qunoconj ugate of claim 37,

wher ei n_t he THeFapalit'°s “ayént e‘élrus ig Sft“SP&m h. 40. A conposition
conprising the i munoconjugate of claim39 and a pharnaceutically

acceptabl e carrier. 41. The i mrunoconjugate of claim 37, wherein the

t herapeutic agent mgthadf@dn@hetng\géow@aféwaor cells pa sybless FPBETitINSN conpri si ng

the | mnoca{%h@&& Qb ofd &fbgécflaweaaﬂq @dﬂ}ac'iagﬁncﬁé{}ch?ﬁzlé vgtﬁga‘?%eatjﬁhl%r‘far rier.

43. An i sol el c acl ecu e ‘enco

ant i gen- bi nélihilgitedan theaubjeber eof , of claim 1. 44. An expression vector
conprising the nucleic acid nol ecul e of claim43. 45. A host cell
conprising the expression vector of claim44. 46. A nmethod for preparing
an anti-LAG S ant badka Whitehifio WA SRS R AR|cd gk henOSt
cell of claim 45 and |s\§fpat| r%g t elanttil ody from%ﬁgﬂh%{s% eﬁ?é. g 47.e A

met hod of stubgedtdlid angibady aintlaige hswsghabatfthe vitalgefebtiores peasd it depnbjscng
contacting said T cell with the antibody of claim21 such that an
antigen-specific T cell response is stinulated. 48. The nethod of claim
47, wherein imMen ﬁ%b@b?stﬁﬁﬂdﬂﬁ% hiPndind RS LALFREEohpGsidg cel | 1S
stinmul at ed. 49. A net hod of i mul ati ng ‘an i mmune response in a subject
conpri si ng a@miniﬁt@ﬁ@tprﬁ@ﬁ subgechan ﬂlbbﬂy\cuﬁ an‘lﬂmdﬁalldtable@ﬁe)nsaéqhél@nalsuch t hat

an | mune I’ES ons ect st i. mul
cl ai m 49, er élIIIOS JtnhuQatorl}/banzlgghx such t zht rar% rll’_nBle élf} Irens on il éhe sule)lﬁzat 18 g?muﬂlgedo

response against the tunor is sti rrul at ed.
55. The method of claim 54, wherein the at least one additional immunostimulatory

antibody is an anti-PD-1 antibody.

56. The method of claim 54, wherein the at least one additional immunostimulatory

antibody is an anti-PD-L1 antibody.

57. The method of claim 54, wherein the at least one additional immunostimulatory

antibody is an anti-CTLA-4 antibody.

58. The method of claim 54, wherein the anti-LAG-3 antibody is a human antibody.

59. The method of claim 54, wherein the anti-LAG-3 antibody is a chimeric or

humanized antibody.

60. The method of claim 54, wherein the at least one additional immunostimulatory

antibody is a human antibody.
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51. The nethod of claim49, wherein the subject is a virus-bearing subject
and an i nmune response agai nst the virus is stinulated. 52. A net hod
for inhi bvoizag/gezyet h of tunmor cells in a subject conpriPSTAS2@d053305t eri ng
to the subject the antibody of claiml such that growh of the tunor is
inhibited in the subject. 53. A nethod for treating viral infection in
a subject conprising admnistering to the subject the anti body of claim1l

such that the viral infection is treated in the subj.ect. . 54. A net hod
SE i mal at b e it e eeE s D e Wb ekt g b sl o ATt iRt o
the subj ect JafbqARtié a biiFedicdnhhasyePiidivally! east one additiona

i munostimul atory anti body such that an i mmune response in the subject is
sti mul at ed. 55. The nethod of claimb54, wherein the at | east one

addi tional i stimulatory antibody i n anti-PD-1.anti body. 56. The
Tt hod of ¢l aida SaneORafei iRt af AU e ot ¢S munost i mul at or y
antibody is an ag)iprbadldg: anh hbAd)chain varialfle rddien BRitdaAd s@fuetaddmfrikingdher ei n
the at |east one additional inmunostinulatory antibody is an anti-CTLA-4
anti body. CDRgsequenice spleefed fiom i grappsensigiie & SEQ He NG il-0. AG2RAnt i body

is a human i T [ . rej ti-LAG 3
anti body is a ¢ %%%Ff%d&?%ﬁHﬁg%?@%%ﬁ%ﬁﬁP%é%§ﬁ@Iﬂﬁ@éﬁfﬂ?ﬁéﬁﬁ@¥hggn§? claim
54, wher ei nséquendt selcesedtfrann eheagtoiid ¢cmsting ohBIPQIDI MO4:at3ordy GIhY iabddy-18s a
human anti body. .= 61. The nethod of claim54, wherein the at |east one
addi ti onal  AHRGE Al et yarefﬁﬂq 15819 PULAYCKARECE COBPIHIHA LIRS AHEIBody .
62. A met ho?el&%d ﬁBﬁRﬂé %ﬁﬂ ABn G dFABBITRNOL P6Y 4 COFPROSE S nce selected )
providing: (1) a heavy aPn var|§ble regi on anti body sequence conprising a
CDR1 sequentmenstbE goivpdohsiemg dfeSHS) O N0 A5i36% amigorof CBRQ sk@ueNGs seldotdd] a CDR2

sequence selected fromthe.qgra | Sti of SEQ ID NGs: 7-12, and/or a
CDR3 sequen@@%@Fé&"_ﬁ“&?"fl%_ ?fﬁéfg@z‘} oﬁgi%éti ng of SEQ ID NOs: 13-14, GGY
and 16-18; and/ Ogb)(dlée}inéai Te8bnE RAIHD AT fedBlLE WiBE @B hadllyl dhaiyvasigbldence
conprising a CDRL sequence selected fromthe group consisting of SEQ ID
NOs: 19- 24, regi@DRRibedy) srspcecesaidios thedlight ghain Nerighlotggiaomsibedy seguerfceSEQ | D
NGs: 25-30, angd/ CDR% sequence sel ected fromthe group consisting of
SEQ | D NGs: C]ffilgfg?eagt Oneatfrbeﬁ%gﬁg%(%i WA aenéist one anmi no acid residue

wi thin the heavy(®habpresviap itehli@rddegtibod pddiqudiedys a@asieince and/ or the |ight
chain variable region anti body sequence to create at | east one altered
anti body sequence; and (c) expressing the altered anti body sequence
as a protein.
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