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recently been shown to be expressed on a nunber of nobuse and human
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The role of PD-1 in cancer is established in the literature. It is known that tumor

microenvironment can protect tumor cells from efficient immune destruction. PD-L1 has



BRI EF SUMVARY OF THE | NVENTI ON The invention provides isol ated
antibodi es and antibody fragnents that zaind to human and cyno PD-1.
In sonme eWBRGAMYSATI3, the antibody or antibody fragment BCEIIS00BIHEHg

of human d P . i S, .
Phe b 1 rEREHE BE WD b 2 brested ARG of mafe AT REP RIS ity
or nore Ghikziyaby D0 gumaeng teendjariiytof PTDR ek pathiengmide géiblisds) aed gct ed
fromSEQ ID NGs:~ 9, 10, 11, 12, 13, 14, 15, 16, -17, 18, 19 and 20;
and in f@eEHisteddaprsisie APBIUNE GXASiRRdWahY. Bralmbres gty dcedh arh Ushrs 9%

SEQ | D NR251247 Oy pome S B o B B B SR O ©

anti body or antibody fragnent is a chineric antibody, human anti body,
humani ze nti body or ,a f ment thereof. |In_one enbodi nent. the

i nvent i oﬂﬂ Evmwséprs%ﬁl%%{ %%O%Htwdaﬁ“@m%iﬁmwwﬁ} %rgﬁ%rrﬁ%ﬁi (en
binds to [rSH:AG: I ' i S §ggg%SEQID
NGCs: 9, E%H%H%égﬁgw%rgﬁ?gnﬁdghgh %Iﬁg@stggﬁg% s;%g%g or g heavy
chai n conpriuspmgtoCiReisBFQSIEN Nsies I2]udt Bammeds df4the dumgy dveranvayoferary
sai d sequgﬁfeca. Irf. anohp}gr eg‘oodi nt, the inventio grﬁvi des an

i sol at ed S5t FHOEligMaa RiadAgarePr aliiant SHRTERUDiSTRIOR] SO 4ol
conpri si Rgsth@all caNtana Pahdte L0015 A AIRRST tBER:dd i Réck IBrowkbr. ANE: 47 7,
or variants of any said sequences; and/or a heavy chain conprising
CDRs SEQImpuNgs 170:8.25T7d 260 d20E8); Beng Hr ptaals dasiMerhyB: 383-608 {@nc¥ntterln

one enbodi the 1Ipy i |.S an i body..or anti 1 R ndi
Fragment ckBmmrst e ey Bt ARG LT FapiE stat oy clor S BeadT 34 o0
vari ant {beo3¢oftiongiteh ®. Haed 419 Tanedrares. 5@ 133801562008), TRoMBEHN dtl.NOLREQ
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conpri si A BwrHyla 3@?)@%“&5@%7)}0 to 139 of 7 WD 2008/ 156712-

- PCT/ US2008/ 007463 SEQ ID NO 30 or a variant thereof; and/or a |ight
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i nvention provides an Isolate y or anti bod r agnent

bi nds t o gtuwth{TRBhimalBrgral. sOngy: OrecdhelRv 68224 (R0O6Mpr i si ng am no aci d
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l'i ght chain conprising am no acid residues 20 to 237 of SEQ ED NO 36

or a var ipghet Hedi€Q rahiFeOsh SMPRUHAE HastobNBnaNMRWIPBEDPI P)l 46 de@Based

lysis of the tumor cells when co-cultured with a tumor-specific CTL clone. Lysis was

restored when anti-PD-L1 mAb was added (Iwai Y. et al., Proc. Natl. Acad. Sci. U.S.A.



8 WD 2008/ 156712- -PCT/ US2008/ 007463 I n one enbodi nent, the invention
provides an isol ated antibody or antibogly fragnent whi ch binds to
human PD-WO8MYPER2Nng: a heavy chain conprising anmi no a®Cad/USHBHNESES

2,15 PO b O Cly AL {jn

vari ant tihesceszfthe hfﬁoaﬂjaoﬁmdwamlie )1 tidnefer me&qiyl iR Howvitoasr model (Strome
i sol at ed Etl body or anti fra ment ich binds to_human PD-1
conpri si n% & e hCRHE %&%ﬁhﬁé %éz%@)ngmé@?f&w%%f%éhez@@%f Piad 15
SEQ ED

ario- acid" gt SRR gl B nen A b P SRR ke SO 1
| n one erdxpdissmaptnyeldma cellsegrew@nlpimovildiegpeanimslo (@b@dng it fubas\grosth and

COrorr e b SRR Dubl B o LT o QBTN B o g e
vari ant theregfs 9@1’1%@’3 pzquqbéoﬁj‘lal n conprising amno acid residues

20 to 237 of SEQID NO 38 or a variant thereof. In any of the above
enbodi ments, the variant of the anti body or antibody fragment

fragment (of the inven 0 one V

conser vat VM S %‘d&aﬁ% eéérgfnégﬂ'ﬁbinf’btz \gﬁ%% Il%ﬂg@@o@f) shoyed ihay e
embodi NerHs.l Blékaad biiRedYuly hambh RACPDL | agmEy é&fgxﬁehéd'ﬂ%/ﬁﬁbl&@nmb'ers
conprlse a human heavy chain constant region or a variant thereof

wher ei n tHéupar-speatfi #ilseedls (5 TLe) in@x vomestinuiationedsyaysodingi vedciaen no

d sub h h
o R USRI B BT T bR s

conser vatRIvgll yesuddd fin eﬂ]aﬂﬂtm@t@@tld aBtiNaB! bt tiinofASsocafedeMiBen-specific
enbodi nents, the variant may npri seaj@ to 10 conservati vel

modi 11 ed CHFAIEC Tciels Subicreed exaking ar ROTElD BUneRsReE fic el fBlank C.
T e or et 8 MR 7L a8 AROPE MRS Y b6 D Fhl Lfifle AR ML that P11
substitutions. I'n sone enb he variant nay conprise up to 3
conser vatblooédagte mginéntsstﬂmmﬂspeclﬁc iTtcediubsontast ih 9frso when ased idkoinbiatibeve
enbodi rrent E?‘%on?g &é@' chain constant region or variant thereof
may be of*if @“‘I’é a5 sotype. In any of the above descri bed
enbodi ments, the anti body or antibody fragnment of the invention may

bind human PD-1 with a KD of about 100 pMor |ower. In another
enbodi rrerQ\:eralh@eaWDillﬁhﬂsprathwajf b;crdwclﬂwalgjaimm tangey fdi thel déueﬂrqnnd?lboﬂ

with a KD ut 30. | ower , r e i ment
ant i body aBﬁg%cﬁ'tthrgavmeggl crrfﬁﬁ?trﬂ?‘ﬁ tlEJ\h)1 ?@gg?%%%‘?‘ﬂ 2lsb B¢ useful in
- PCT/ US2QARMAOVIAA Infesid) MembryChiR* et éﬁb@até@ﬁﬁer’@ a%ﬁtea}?ra@mfbaquya e

havi ng a heavy chain conprising the am no aci d sequence of
31 and ahighdniunctienal an@ﬁpnstgmtngnnmoraantnorr@en@t@éqmleearhnﬁ;ﬁt@yl Im NO

32. | t he ant i bod tib f
nuran oo b TR ons BitCoR bdenhy PR Sy SRR O T Rinab¥ena n
conpri si igphikGcTeiuaton) G eHuespeifd T%E@ré ohkds, %ﬂdm&dieeeck is@hlsmcchﬁdln

conprising the am no acid sequence of SE NGO 33. In any o

above dedeasPhEY thepehiliveat e hopoghiminsel ed-’rersaﬁm&mﬂgogpnamﬁuglbf the
inventio |

or fast er@ rml?lﬁn%negfégngo | Igflgl’%e,lm aﬁlg}%%{.é‘rgég%n% tﬁl{)g%g'dség%r gf mQ%cttlonl\ﬁley
bi :c nd ) hunmgradaed i lose lﬁltr)ncaok dufing dfe cmlumatoﬁ B d@rd:ﬂ&gm(]jféd‘ﬁoa Bﬁrb&pgétzjae r(]?. atberenyt.,
(6] t he ahove nts teantloyor anti bo ramant
may bi nd%mggéééf &?ﬁ&gﬁgﬁég‘s ed thapmicejgfectesl With g labongtery stragy

|
PB— g_’n\?\ﬁ Sﬁ‘@g@iﬁﬁs@gg%ﬁ@ &fg&gﬂll}f}egj\h% m?gél:l Eg'gbérdcf S g?rmhe deinﬁ%t@f rmﬂles

enbodi medhesettise amitinby dgvedopedrt iobod ' dellagspemise, rtmyehanmmmyunmnnﬂladlo the
with a kdi

of 0 x . 10-5.1/s or sl ower asso,
| ccussoc 'U%fstl?é‘s@(?a?}b‘bei]t ‘f’f‘z‘ﬁgﬁ‘r‘)@d i%‘%ﬁ@% %‘?ﬁcr%w EFi@Bd In
pr ef er r equRABAGE IR fector MTecells $RAAGHRAN PThEIRPhREY coultl BERSLEEEL Y §j@ing
an antibody that blocked the interaction between PD-1 and PD-L1.



10 WO 2008/ 156712- - PCT/ US2008/ 007463 The invention al so conprises an
antibody or antibody fragnment which campetes for a binding epitope on
human PD-WORPEASEHY of the antibodi es described above, BAHURI08H07463

bi nds h RNY : ,
erbodi moReel e tHt PRAfR e thaltad s WAL hP AT el RARREHY e
KD of abéndividOalpbhdthat savepror dygedsiorestirietitesal 81 irapairdd B el Amcasi aabdy

or anti body fragnment which conpetes for a bindingagpitope on human
PD-1 wi t HiS§RS PEPEIEHEOTh PRY Bbitle Magee P Bol-HB80R).: Hrutmgmndh epplnd¥ar. Med.

human PD43. w h a i } g.hﬁ chain
conpringé'yﬁﬁhggﬁ%gbgﬁiglgggﬁgﬁgg’g @%E%F#B%ﬁﬁ%mg%ﬁgggs I|%ﬁ'¥iychain
conpri si igrédsed thelempamsiordoSHINIeperéfiaTFSEQ A Phadudiag cEhein wivent i on

al so conprises an anti body or anti body fragnent that conpetes for a
bi ndi ng epi tope on human PD-1 with any of the antibodi es descri bed
above, a e W oY j A : :
antibodyQﬁg%?ﬁgmggﬁggﬁvﬁgﬁ%ﬁﬂgggﬁ%ﬁ%%?88§§Eg)gﬁﬁ%o gcpggggaggggga%f
SEQ | D Nixfe@ibnarftD-4 Kniogkdut cine¢ exiabinpetieicontrélngd adenmdrua dnfedctseothemed dof
SEQ I D NO.  33. e.invention gl i n .anti body or ti
fragnent & TE’FEGBSY%Q‘& %lsr}% gfp'a{‘?ﬁ?‘ ﬁa g (r)fgp @p&ﬁ@%ﬁ %a&%ﬂ{x’ﬁﬂaﬁf\% 9&13:&?(67
of the agpdchndresidresHBRedaRReNe anfids MHigbd Héﬂ?ﬁﬁs 4eEdw A L th a
k.s. of about 7.5 x 105 1/Ms or faster. In one ‘enbodi nent, the

ant i body romuaify Pb684p31(28GHRnTherdipedse wtatchefithesePDirmalpiosdillatek ass consequence
about 1 x.106 1/ M or f.aster. The jnyention .also.conprises an
antibodyOngﬁﬁPP%%€93¥¥383@%9“%&?@ﬁtQXHBE@E@“PBiygvﬁﬂﬁ%an epi t ope on
human PD-1 with any of the anti bodi es descri bed above, and which

bi nds hurman PD-1 with a kdi ssoc of about 2 x 10-51/s or slower. In
one enbodi nent, the antibody or antibody fragnment may bind human PD-1
with a KB,. of about 2.7 x 10-5 1/s or slower. |In one enbodinent, the
anti body or antibody fragnent may bind human PD-1 with a kai ssoc of
about 3 x 10-5 1/s or slower. In sone enbodi nents, the antibody or
anti body fragnents of the invention are chineric antibodies or
fragnments of chineric antibodies. In sone enbodi nents, the antibody
or antibody fragnents of the invention are human anti bodi es or
fragments of human anti bodies. In sone enbodi nents, the anti body or
anti body fragnents of the invention are humani zed anti bodi es or
fragnments of humani zed anti bodies. In sone enbodi nents, the anti body
fragnents of the invention are Fab, Fab', Fab'-SH, Fv, scFv, or
F(ab')2 anti body fragnents. In sone enbodi nents, the anti body
fragments of the invention are diabodies. The invention al so

conpri ses bispecific antibodies conprising any one of the antibody or
anti body fragnments descri bed above that bind to human PD-1. In sone
enbodi nents, the isolated anti-PD-1 anti bodi es and anti body fragnents
of the invention increase T cell activation as neasured by typi cal
nmeans known to one skilled in the art (including, without limtation,
i ncreased imune cell proliferation, increased cytolcine secretion or
expression of activation markers such as CD25 and/or CD69). In any of
t he above described enbodi nents, the antibody or antibody fragnment of
the invention nay enhance the imune response after stimulation with
St aphyl ococcus Enterotoxin B or Tetanus Toxoid ex vivo or in vivo.
The increased inmune activation nmay be determ ned using nmethods known
to anyone skilled in the art, for exanple, quantifying proliferation
of immune cells (such as T cells) or cytokine production by inmune
cells (for exanple production of IFNy or IL-2 by T cells). The
invention al so conprises nucleic acids encoding the anti-PD1

anti bodi es and anti body fragnments of the invention. Included in the

i nvention are nucleic acids encoding any one of the amno acid



12 WD 2008/ 156712-- PCT/ 1152008/ 007463 The invention al so conpri ses
cells and expression vectors conpri si ng nucl ei ¢ aci ds encodi ng the
ant i bodi ewoanosaissTibody fragnents of the invention. Furt lperustignor4ss
i nvention conprises a nethod _of produci ng an_anti body or anti body
fragment of the inventi oGS RY(Q)QWN host cell
conprising a nucleic acid encoding an anti body or anti body fragnent
of the invention in culture nmedi umunder conditions wherein the

nucl ei ¢ ditiednemivepeevidss iexdpied asbodithmdadnyibpd pftagiegs palt Ypepbihdesn and
conprising t | i ght and heavy chain varjable regions; an b)
recover | r?%“? %g)‘b'oﬁﬁ@b"t ?IHE%CEP%BEI ?’ﬁé‘“ﬂgg‘iy ‘?fé“f‘bﬁgy ﬁgmﬁ?té’??fsé‘éi)bﬂfﬁm&‘%
i nvent i o3l PSSRt PRI tb hQPSn PRNR! IS ki é@mbtaﬂmaeh&%e%-l

anti body fragnment of the invention i1n conbination
phar maceuntibedy g atibegy fbtmentanfthemventioh incledes omehe more GIDR o (anabsdy

conprises, a met hod .of .| ncreasi the activj 0 imyune cel |,

compr | 51 N HURPANCE B, e N Eh o0 S kML e dBVeE: 5 16°11,12, 13,
t her apeutjucgs | 1%, ¢f f BC 115 Rd 20D in iR cAMoRAs, Aic1Ads| dAQ DY nfdr&BERA!
of the invention. In one enbodi ment, the nethod may be used to treat

cancer. [chaiafddRepf ERQJH NOntl2, thd 4mb8,NHOchndedp dye/ardlee tighticheiatCARs of SEQ

infectio i t i se .In_yet anpther enbodi nent, t.he

ot hod map Hebsdd LE13 SSEEFTE mnitmiom ool e Rt i bSine
net hod carighieRes o dhihbBeE adthddy] K4l H8ibddGERMNHhidASMAPE biCa BEAENIOT
treatnment nodality. In some enbodi nents, the invention conprises a
net hod ofthereefr easi ng the activity of an imune cell, conprising

adm nistering to a subject in need thereof a therapeutically
effective anount of an antibody or antibody fragment of the

i nvent i ofin oanemboditriear, teompentsongonidas wt 1soBited agibbdRot antlot 9 fragmedi VO
in a sanple deri vg}%fromthe subj ect, wherein an increase in T cell

activi ty e kade® hyman P qonpisiag: @ lighbehain pempdsing ks SEQ IBias: 9,
enbodi MenphSing i €od Mi¥RA An§ OBERRAA; TaY/BLLholy !éﬂﬁﬁ%ﬁ;}gir{%@pgs SEQ
activity of an 1 nmmune cell,” conprfsing adm ni steri ng to & subject iIn
need t hedBdfOs 12hé3 ape 4, awalatigntedf ey sardsapmeneds. of an anti body or

anti body fragnment of the invention, and further conprising nmeasuring
T cell activation ex vivo in a sanple derived fromthe subject,

wher ei N a0 ahdIRERFMDdiRert, &%Iihvaﬁbh?pwudéaraﬁqmaédfahgbdd lan G088, frlBhent

the treatnent will be successful. n one enbodi nent, he 1 ncrease’ I n

T cel | acthish bipds & hiwnas B rlexpripyising: g lighbshain ognSiEBng GRRsIEQ ID NOs: 15,

G T T DT LT RS

I L-5 andbING$S;18, 09 afd 20, o¥easbiith BPanylsdidghdeereaRr oduction of a

cytoki ne selected fromthe group consisting of: IL-2, TNFa, IL-17,

| TNy, GW CSF, RANTES, IL-6, I1L-8, IL-5 and IL-13. The invention al so
conpri se -0f nt i - Lbody . t fra nt_of
the 1 nvont PhreBiRien? kiR it A S A e s BRI T e
r esponsecompasinguéraviothait saiableiRpiHeSEQ D NG5 of a auiriain therddD: dnd/or a
anti body or antibody fragnent of the invention for the preparation of
a nedi calll‘ghtt"?la@‘f le Te8IRR £PMPTIRWESRFL HY DX QPsdvaimpiiessd. t he use of
an anti-PD-1 antibody or antibody fragnent of the invention as a
vacci ne adjuvant. The invention also conprises an irnnmunoconj ugate
conpri si hgomnerabedimei, theanvérbimdycoorpriaet arbadyody agamepen bihdinlgeragment

invention, linked,to a . thera tic, a s a bacterial toxin_or
L ol o BRI RER R ST v AR e Bion e I YT B Syeriint thermalf gadir  light

taxol , CYhAR A feofon BrhRBIY SEQADPROSREE 2 3AHaMIAGELSE i Ne or ot her
antinetabolites, alKkylating agents, antibiotics and antimtotics. The

invention also conprises a nmethod of increasing the activity, or
reduci NG gt gn% éjn%l\c/)ryf‘r%grlljtl, ﬁ;[eliggéntl%]; C%Pnpltirs]?e"gua%ean?ggcly &%ﬁgéénsﬁiggin%%p;g?n%%lt ng

comprising a heavy chain variable region comprising amine acid residues 20 to 139 of



WD 2008/ 156712- - PCT/ US2008/ 007463 r econbi nant 1FNcc2 for the

treatnent of nelanoma or renal cell car_’,ci noma. Reconbi nant |L-2
enhances wioegshs¢ui growt h in cancer pati'ents. Reconbi naptTikNagoo7463

i nhibits cancer cell growth but also increases expression of the

i nhi bi t 0S¥Q IYNRYS0f0s 2 vepant therephigad/or a dighkchagmvargéle [SEWRCMM§Ingel | s
and ot her i el 1. r i AN - e
conbi ned*W gﬁ&é% %@?nocé/ct%%lr(ﬁgh&éjggtz f)]é?%ﬁ?gﬁ'u?é@e[ﬁ gﬁ%s?g\g}r £(ia(\:I/B{%sntjatl‘[ lﬁﬁqg(ffgr t he
treatment of cancer or infectious diseases. In sonme enbodi nents,
anti-PD-1 antibodies or antibody fragnments can be conbined with a
vacci ne oy @pedimgpt, thedavensipncomnsises #f aubodbier antigen bimdingsfragment
non-1imtj : : j ' i,

pept i de SOERGE TR Er, AR ilhebif fisdn it Sl St RaRtcdioas of

r el evant SEQ HhE(Ccd80ae i varanttheebf, @ndiop abight ¢hairi ediable regionaoenpizing
conprising of dendritic cells pulsed with such a)_ antigen. Another
enbodi meRPMPHENG AB4NQ #ad frsiduss Bgﬁ? ket EQ,iIPrN@a%% ehy XeRat theserder

cell or whole virus vacci nes. One enbodi nent involves a conbination
of anti-PD-1 therapy with a whole cell cancer vaccine that is

engi neer &dotcoersbatigest, G i@8Entidnroggnseeabadbodyntrsantigert binBDglfragment

ant i bodi es or. .anti body fragnents can be conbi ned w th treatnent. .that
s consi QUPBHSINEABENG] ST E NS TR IR RHEAT 0P SFHAEE IO i S2dte.
Rat i onal gf N6 BoRARIaRakd RBSof, InbRRh HERNGA eabld e ERATRhJrH¥mENe
activation by antiPD-1 will induce or facilitate initial clinical

r esponsecompasingdeind afid cesidues 2040 hdhof SEQIDRIOUZH abh sardnit theredf.
response and | ong-terminmune control of disease. In one enbodi nent,
treatment with anti-PD-1 anti bodies or antibody fragnents may be
conbi ned ImbideribeiiRiehs Hapyved@nRinieisapin Afiboly Gnabexbiada@edgnent | |
result in cancer cell death thereby increasing release of tunor

ant i gens COrBpEsing Adeawsetninyaidbibiagiancomtprisingoin aminp gel seayence Saving ah
synergy w - P I L i mhd i eahS i

by he. S IRhbabloeh SRS e AiaRln b it bR G IBROS a0 Sl YIRS
mel anomaclkdgifl v@eatie fepidmeorhprisipamed saimmocahteuercs hanio gauiad I0Eht |,
treatment with anti-PD-1 antibodies or antibody fragnents may be
conbi ned hW“P]rPgb’é‘éiF’G‘E%"\‘%ﬁ%{@mqﬂéﬁﬂ?Bt‘q’l@(bﬁ@SEQ&Q@é@: 2areet el | deat h
and increasing availability of tunor antigens for presentation and
activation of immne cells. - is- W 2008/ 156712PCT/ US2008/ 007463 I n
anot her @énmbicdémiotdiment, dat imeeritioni grbvided an Ralatdantibéddoremtibod ya fiaginenty

fragments may .be cqnbin ith surgery to repove cancer cells from
Gubp et HHIFRRG OdIRh PRt OmHETE Bt e DO S S0 a5 biyidues 20
fragment g, 5%/ o SEQ IINOEY) W § Dari i oRd TS anMAbrCi i R ¥h iR SBInprik g IMRRS ¥4d
with PD-1 bl ockadée including targeted agents used for hornone

depri vat resrdues 20 th2H1 of BRQJD MOgBogeaesnant thmreafar get i ng prot ei ns
active in tunor cells, all resulting in enhanced tunor cell death and
availability of imune stinulating tunor antigens. |In conbination
with an gnbhe &bbddimehi, By verticairbiideyar feldanhtibbd\Cseasidddyl frégnknt
activation may result in _durable inmmune control of cancer. In sonme.
enbodi nefthich kipdgtetiumen BD-dmomgsising a hapy dwbycampipisthe pgyngacid residues
com ned wj a ' [ for 1. of
cancer o\r'%lwn?@%:]?if%%g Ig)iktg{e)aggg} i@ﬁ%ﬁ{tlﬂ?e% fi %%C%e%(gaﬁ%q é:h{nts‘l%BIrﬂ’ @?@gﬁﬂ%y

t he conbamaid mid adkidues 20 RD2I7 i SHQAD MOt Bbody virbing eickevg. Her 2/ neu or
targeting the EGF receptor. In another non-limting exanple, an
anti-PD-1 antibody or antibody fragnent is conbined with treatnent
targetin + : ) ; i : Jy o= 1
ant 1 body o oo pai, YRRl Rich profaBt it iFhic ARV Bl fknl
anot her mdundhi bimds todhuencarfiD-d, coanpirisifaDa heayy cairbéonggismg dmano aant sekiddss 20

that targelds 3 NG £ R vamant thercor andior alight chaim Somprbing amino acid

residues 20 to 237 of SEQ ID NO: 38 or a variant thereof.



Figure 2 shows the results of experinents denonstrating that
ant i bodi es agai nst human PD-1 bind to RD-1. Figure 2A is a graph
showi ng d¥é0ERéFéTident bi nding of anti-PD-1 anti bodi es tqTHSRE0BI0ETHG3

PD- 1/ Fc i t ej SA. Fi. 2B is. h, i ng_.d
lependent SR AR arerbs Mugrt SR bEara Lt e Bhrtivedy o BURAY Groemset
surface QfhichBInaghd Furhimppt p@érﬁgrsié%g:fh KRRy Ehaif cé?nggtkih?%nﬁﬁb 848 Sesidues 20

shows results of FMAT experinents denonstrating he anti bodi es
agai nst PD469 0bFBEX & N6 3biondivayaunifthé®ol. andfoda PBhtLchatrocaDisireg rsino acid

t ransf ect ed wi th h | 3A i h showi ng d
dependont TGO o OF SER NG ol %55 et 3nifieRh. 05A and-hPD L. 09A

and to a |l esser extent by J116. Figure 3B is a graph show ng dose
dependent inhibition of PD-L2. Figure 4 is a bar graph which shows
resul ts dn cagpebpdErms theimyasiempioniles haisobERbaritined aoeantitiody fragment

product i . r, blood.cells is enhanced .in the presence
bt ant 1 - it bi}81d B BOPELI QPR a el cFBR APEETS n] i Bl FRATSs 20
aver age fiold9 bNSEQADENDA 35 br 2 vafiiiaBerdon ahdof a BEM chalMuey&idd hidl acid
each bar indicate the nunber of donors represented. Mouse (mM1gGl is

t he i sot ypudies?0rte 237 of SER{ID NE: 8708 A veoemthergat i - PD1. 09A (09A) and
anti-PD-Li. Muwuse (m I1g&a is the isotype control for anti-CTLA-4.
Each IL-2 value is conpared to its own control to deternmne the fold
change ( fiolode elmbodienent,tBe mvertiorepinsidé Bfdsohnganibotn oMVaRitodo diagiriean
when Conp»ﬂéEd ,tg SEﬁg{a‘tl 01%115). None = SEB al one. Figure 5 shows results
of exper i'HEfT BIngs IR P Hocammpsinga heppy ¢hain coHBAIRS aptinghinid repidugs PO
prol T er ab 489 oAIAQIY RLEBE8: 3 96 Sl ifkted, hidioPdl Hghidih st dRihBLER
with the recall antigen tetanus tox0|8. Figure % shows conceritration
dependentredididg 28ac 287 pOBEQ IB YO 88@riasradagrthgrhofdepi cting the | cassec
and kai ssoc rates for anti-PD- 1 anti bodi es as neasured by bio-Iight
interferonetry. Diagonal lines indicate theoretical calculated KD

val ues. Thenpbf iheQdbRSerdb&imkisethedarihMethiftibBdy 5Parﬁtfbo@§?§1%g{eﬂg
order. Figure 7 is a bar graph which shows results of expérinents
denonst r dEgmgnt didhe SEBptOMIaNcethprise 2ngtwd we thremcdngelvetivel p ynadidiieal amino
bl ood cel | igti ncreased in the presence of 25 ug/m murine (09A) or
hunani 2ed°SHEPSRIGI hodi es (h409A11, h409A16 and h409A17). Bars
show t he average fold increase inllL-2 across three donors (+ SEM.
Mouse (rr)1 lgGl is the isotype control for anti-PD-1.09A (09A). Human
(h) 1 gGalnany plethe abeygrn ewis, theantiaerborantihadyofsagmen @f Heg9rarition may

ant i bodi z - S tQ .l trol .t .
det er m ngé?lﬁggfgr%éﬁ 2%%& %Rﬁlncé)%g&gérﬁ%%nooﬁg . Ja%fgt%%gﬂ whérein the variant
2008/ 156 Z4@priREH 520084 SI7AB 1 DIRb M HeBRRS GRl BT Bit(Ons T/ drMMENT A bt

Abbrevi atj ons and Definitions Throughout the detail ed d_escriéti on and
exanpl es BN CABSIHHEHPR Bha VATt herel WhewHbihe YRR SATIPRISEY U s ed:

Muri ne mapQchRd ﬂ{] 93&2 i N 5159% ‘9&‘?15‘ ti.z
ant i body {?/1:%:& igollﬂg?g%dl?%g%l D dg’gﬁﬁh%?:sd@m %94'150 a?lgtg’t ?g%%njfmay
hPD- 1. 084oiphsd wiptmal Oténsaehtatedy nfodefiedhd?iind abiAubsthnii chsdn Wme sol at ed
fromhPD-1.09A hybr.i doma Chineric .1gGL version of hPD1l. 09A anti body
Chi mer | 0 SREAHPEI i, VOGHSREY FRPEI WA DEobEReVreY aushiatrpgast
const ant sliRGLARBNEN IRk CehbnciRaing vafeMshaf éditpril UpUb3N@ne2 a1y
fused to human kappa constant region .

modified amino acid substitutions. In any of the above embodiments, the human heavy

chain constant region or variant thereof may be of the IgG1 or IgG4 isotype.

In any of the above described embodiments, the antibody or antibody fragment of the
invention may bind human PD-1 with a Kp of about 100 pM or lower. In another
embodiment, the antibody or antibody fragment may bind human PD-1 with a Kp of about

30 pM or lower. In another embodiment, the antibody or antibody fragment may bind



Humani zed 1gGl 09A heavy chain sequence with zero back nutations.
Humani zed |1 g&4- 09A heavy chain sequenc_eé_wi th zero FWR back nutations
Humani zeowO028eskEpa sequence with framéwork origi nal |y paviusgeosioiRlics

length of 11 H i 09A- ! v th f ork
oot nat a4 HBRPoE oA s B i Eﬁiﬁaé“@aa@g&?%c%mg
rioi g G . il
with frageues ki@ rsecgjgg@é bSO CPRINd EHgﬁththfn &Rﬁgﬁ%@ggmtﬁ%a g

versi on of 09A ant dy conprising a heavy chain c
sequence sefueACOaf SEQAD MOt Byhin wivalien eodwopmiesit,the titébeslyquantiodyf fragment

K®A-L-11 Hymanj zed & version of 09A anti bod onpri si a heavy
chai ncof Srg e EBelnifciont o8 suRs Rokidnani beshi MpiR A RCUMATAG ng
the sequepfBridhe OAninokRid é%u&@e%@@&blﬁﬁm“31%%/al1’§,¥.99§4199361§ﬁsing the
h409A17Humani ze% | g&4 version of 09A anti body conpri'sing a heavy

chai n conpringgig sedveneeofUdHdDATO4BDA- H and a |ight chain conprising
t he sequence of KOOA-L-17 hPD lhuman PD-1 protein CORConpl enentarity
determ ning region in the immunogl obulin vari abl e regi ons, defined

usi ng t heén Kapat the UBHRS ddderi SedsdiBlo diaems anE Rl Gl P AntiBSHY frhdtBert Bf RRY0
efficacy or binding ELI SAEnzyne-|inked i munosorbant assay FWAnti body
f r amewor knveatpwmaytied hymamBgr bwithiarkawaof apouws TrieyilonyMex of fadtenglnt dre

CDR 1 egi 2Mbodiment, the antibody or antibody fragment may bind human PD-1 with a Ky of
about 1 x 10° 1/M:s or faster.

In any of the above described embodiments, the antibody or antibody fragment may bind
human PD-1 with a Kgissoe Of about 2 x 107 1/s or slower. In one embodiment, the

antibody or antibody fragment may bind human PD-1 with a Kgissoc of about 2.7 x 107 1/5
or slower. In one embodiment, the antibody or antibody fragment may bind human PD-1

with a Kgissoc Of about 3 x 10 1/s or slower.

Kp, Kassoc and kaissoc values can be measured using using any available method. In
preferred embodiments, the disaaociation constant is measured using bio-light
interferometry (for example, the ForteBio Octet method described in Example 2). In other
preferred embodiments, the disassociation constant can be measured using surface

plasmon resonance (e.g. Biacore) or Kinexa.

Further, in any of the above described embodiments, the antibody or antibody fragment of
the invention may block binding of human PD-L1 or human PD-L2 to human PD-1 with
an ICs of about 1 nM or lower. The blockade of ligand binding can be measured and the
ICsg calculated using any method known in the art, for example, the FACS or FMAT

methods described in the Examples hereub.

The invention also comprises an antibody or antibody fragment which competes for a
binding epitope on human PD-1 with any of the antibodies described above, and which
blocks the binding of human PD-L1 or human PD-L2 to human PD-1 with an ICsq of

about 1 nM or lower.



HRPHor ser adi sh per oxi dase IL-2interleukin 2 IFNi nterferon
| C50concentration resulting in 50% i nhibition | gd nmmunogl obulin G

Kabat An iywpupRakeRyl i n alignment and ntfrbering system PhERRRIRE 063
El vin A Kabat mAbMonocl onal anti body

MES2- ( N- mor phol i no) et hanesul foni ¢ aci d NHSNormal human serum

PCRPol y ase chain reacti.on SAMsheep anti - se (I . pal ycl on

ant 1 oty 1S TRERBRTRE EOTRERE et BeeERehboun aRmpu ieh dphgedh fora
sequence bRk Yok bh aurAh PN IVAGHABSof th atitfoandYebQ@ibéalapbve, and dneh
109 in the light chain and 113 in the heavy chain. VH nmunogl obulin
heavy cha&indsviamiaaBil1 math okowKiehowind§Ipddar lowek.append ¢rghediviat, the antibody
vari abl e regi,on ":Antib "orefers.t ny 4 orm.of t i body t hat

xhi bi ¢ < °f AERy FAReR iy iaih Rt Pyt K RESRn 3PN ovle b nai ng
of aligand to its receptor, or by inhibiting |igand-induced
signaling‘of a receptor. Thus, "antibody" is used in the broadest
sense and hs feentipe alsp gompuggsan wgibody onatibpdyfregmentoyhigh sempeaafor a

anti bodi es «£ingcl.udi I nQLt- i ' ol I

et 50! St Bt e JRASHD g 88 AT

ant i bodi @g)ds human PD-1 with about the same Kp as an antibody having a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31 and a light chain comprising the

amino acid sequence of SEQ ID NO: 32.

The invention also comprises an antibody or antibody fragment that competes for a
binding epitope on human PD-1 with any of the antibodies described above, and which
binds human PD-1 with about the same Kp as an antibody having a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31 and a light chain comprising the
amino acid sequence of SEQ ID NO: 33.

The invention also comprises an antibody or antibody fragment which competes for a
binding epitope on human PD-1 with any of the antibodies described above, and which
binds human PD-1 with a ke Of about 7.5 x 10° 1/M:s or faster. In one embodiment, the
antibody or antibody fragment may bind human PD-1 with a Kgssoc Of about 1 x 10% 1/ M's

or faster.

The invention also comprises an antibody or antibody fragment which competes for a
binding epitope on human PD-1 with any of the antibodies described above, and which
binds human PD-1 with a kgjssoc Of about 2 x 107 1/s or slower. In one embodiment, the
antibody or antibody fragment may bind human PD-1 with a Kgissee Of about 2.7 x 105 1/s
or slower. In one embodiment, the antibody or antibody fragment may bind human PD-1

with a Kgjssoe Of about 3 x 107 1/s or slower.

In some embodiments, the antibody or antibody fragments of the invention are chimeric

antibodies or fragments of chimeric antibodies.



20 WO 2008/ 156712- - PCT/ U32008/ 007- 163 "Anti body fragnent” and

"anti body binding fragnment” nean antigen-binding fragnments and

anal ogueswefo@safizi body, typically inélading at |east dcRAIbARRREs
the antigen binding or variable regions (e.g. one or nore of

t he par erdtabmamwtribodiyentsitheamitibbdypr antegdy fitagmenaiaf sheain véreasit ars buman f

t he binding, specificity of.the parental antibody. Typically, an
ant i body apﬁg@ﬁ@wr f{@r%%/ Ofaﬁm?aé'gag‘t“%fé’%'of the parental binding
activity when that activity is expressed on a nolar basis.

Preferably, an antibody fragnent retains at |east 20% 50% 70% 80%
90% 95%lnsomeembedimemts thef antihedy ar amitedy fragimsotyof shaoinmelitivg ¢ himatiyed

for the tar.get.. | es of, antibady fragnents include, but are not
limted taBgIg‘ﬁi{%S,OEré\g We"%%gmwn'%?ﬁﬁﬁbocﬁg%gnent s; di abodi es; |inear
anti bodi es; single-chain antibody nol ecules, e.g., sc-Fv, unibodies
(technol ogy from Genmab); nanobodi es (technol ogy from Domantis);

domai n adn seBdeedodimenti teagyibpdy fragibeyia el thednventioh aresals iFab'c Fab’-SH,
ant i bodi ant | ho fragnments. Engi neered anti body

vari ants%ﬁfr %C%{Vgggg@égg}aﬁa%cﬁg%%wwg%d Hudson (2005) Nat. Biotechnol.
23:1126-1136. A "Fab fragnent" is conprised of one |ight chain and
the C and variable regions of one heavy chain. The heavy chain of a
Fab ol eé@uﬁ@néaﬁlﬁeélme@?%ﬁf& aptibody fragmepsh af et nveatien laes dipkediss: chai n

nol ecul e. An "Fc" region contains two heavy chain fragnents
conprising the d and CH2 domains of an antibody. The two heavy chain
f r agment Sharevenebnl also getipeisesthisgeoificoantibodies dorapitifinglen poonedsf thadndbody or
hydr ophobi ¢, i pteractions of the CH3 domains. A "Fab' fragnent™

cont ai ns aBWéO‘gﬁf meisdesenbedl aboye that Sindde hymenf&nly chain t hat
contains the VH domain and the C H donmain and al so the region
between the CH and C domai ns, such that an interchain disulfide bond
can be f dn sue bmbodigrentsh thetivwdated avy-Fhdiangbadfies avnl dasbbdy fragments sf the
forma F(ab’ %Z.rml ec;gle] A."F(al3l)?2 frg ment." conta'kns two |i hﬁ )
chai ns afty PHE" SRS Lieall ASH asinn £ MRy gwi’?‘%?ﬂ Rjyang %O‘E%F%?%??“ ed in
regi on befaraenndIB8inEHVitRNd ligitada MRt REsedS e 2Rtk ALBh CdleBsed

di sul fide bond is formed between the two heavy chains. A F(ab') 2

f r agnment cylekigieisscreboposerdressiond aFawitiohmagrkem sach #sd€D29 andiet @D69).
toget her by a disulfide bond between the two heavy chains. -21 - WD
2008/ 156712PCUUS2008/ 007463 The "Fv regi on" conprises the variable
regions i o4p Sk abdve desavbedansbddigbits AhakmsbodpWr ah frdien@ Bsihant
regions. A "single-chain Fv antibody” (or "scFv antibody") refers to
ant i body ifYeREAEAAY calanse thy inynunrareiaRse AtlenAt myd#dnnkith Staphyleaedcsdy
wherein i i .Si.nal .' Bn,..
Goner al | TR R D Folh PARRERL 8 & 1T WI8; SnEReISRl it adignpray
bet ween bbdetehhinad udhg danedds knohinab asyaiel skilledhe tiscdy, focexfaaipe, lqhentifying

desired strycture for antigen binding. For a review of scFv, see
Pl uckt huRry{grgugn fﬁt mmw&gie@@@\as AreaBhescyEnare piqeneom iygmmpe celly 3

Rosenbur } \ w York, pp. 269-315. See
al so, In 8?%%%%?&%?1‘?%%% %’8& I c%t\?é%q%ﬁg ication No. WO 88/01649
and U.S. Pat. Nos. 4,946, 778 and 5, 260, 203. A "di abody" is a small
ant i body Lral%rrent with two anti gen-bi ndi n% sites. The fragnents

conpri sed"&IMYEANSP HpAFompRtes MyrEicReEs srcedug thepnticRPelntibodies paght

chai n vap, | ol i i Vs .
VLovey | BRRLS (ERTRRD o inyEnddiE RERBepRl KRRk ifh SR Siolorbbaine
t he two emnanend tbeamhe sahseqobaien dischsed onSEQIDANEST B tac2@land3Pagk (with or

ith th I t donmi f. ..Chai d te two.
Bt 1 gon- BB EAUGLafSTRBAASo i B ASR SUI B TWOREET T PYclls sty
EP 404, O8mpr¥¥h gg_ﬁ%mm@ﬂﬂ) 4ohd O8] 293&%@}{ or WS iR Seic RGHS encdBRR

Sci. USA 90: 6 448. A "domain antibody fragnent” is an
the leader sequences).



function, and/or conplenment binding (for exanple, where the antibody
has a gl ycosylation profile necessary fl;c))r ADCC function or conpl enent
bi ndi ng) .ww&hgedREMY, " Chi meric" antibody'fefers to antibog i j
a portion oIT:2 tgf:le ﬁgavy and/or light chain is identical %b?@s%d}s)ﬁ@:n@
horol ogodhetinventibn ekpepdipagesseedjs @and espressiantdchas cespdsing viedeicraoisa

particul ar species or bhelonging.tg a particular antihody class or,
subcl ass EnGingthefatipedias ﬁfoegw%gfly ?rﬁ%m waioﬁtﬁ?)mv@qoae%wgal’ thi ipyengion
horol ogo d RS RBUAUREBodNorBhi %‘8 rdevRe

anot her g%‘é@ﬁé%%‘?“@@g%ngﬂ% tg anot h%rw%ntilllgg frggrgg@dgﬁﬁghfvéﬁgegs,

as wel | asmprisiggefa) sulofrirgtbh hasttdel edingsising@ rluoleir asd ehedirexdn ditibotiher
desired bi o] ogical activit, See,. for exanple, U S Pat. o

2816, 56 AP AERETES T the Myentionsa fiTtsE A Ender coak bog Mhergigane

81: 6851- G38RIc acid LR Ea8 ex{rB4sBE, AEreD) BrdMBRB ol HepGIR BN HrisHg!

ant i bodi es arceaccl:hi neric aﬁ)t(é bc;sdi es rtehg;3 cont gip% }?ﬁ%ﬁl mal m&%&ggﬁéht
derived fanghenyrchaimyaniablemagiogs;asd|(bhrecEaringlibe polypepiaes frohutehbstedl or
anti bodi es, are Qﬁman i mrunogl obulins (recipient antibody) in which
resi dues PPEH™CHYBer vari abl e region of the recipient are replaced by
resi dues froma hypervariabl e regi on of a non-human speci es (donor
anti body) such as nouse, rat, rabbit or nonhuman prinmate having the
desi red Jpednvanspe ¢lsospmphpescomneditionpaenpysing an setiodyres @anbedy, fragment

f ramewor i (FE i t h i nogl ohulin are.

repl aced %lg Eyh%gg?%gé) Bc’?r}\ 8{;]%%}11%%%? hwgtﬁﬁnpm%gg ?C”gg g%lm%érc ?ﬁg@%ﬁ:@&er R ﬁ‘&?ﬁ"ﬁ‘ed
anti bodi es may conprise residues that are not found in the recipient

anti body or in the donor anti bod%é These nodifications are made to
further rABFimentAR pls8E9MPEFTSG Mated of insregeimg by activiy of grdmmuag cell,

ant i body . LI k i al | I I . ,

Cypi al |50 pasiig TRl FReRHDE) At naptp i e RESRu ANG orBRve aoungpf
t he hypemawaniitadilyerrlaoopsdycivagrespofithe iovérioae Inbnacmbodimeng the method may

i mmunogl gbulin and all or_substantjally all of the M, regions are
Lhose. of DS shig eat FiFog GHONEL e BaiEhED therRe i s bed e An T gy
opt i onal hyfe@rhfebii GRMRESE Rlyek 8RGhernRdihon, G thod 0 88 Lol N
constant region (Fc), typically ‘that of a human | munogl obufin. For
further datcaid &ljuset hoves aokddimeNat the seBRitt GR@BERSfheBaJministering a

Ri echmann et .al . ture 332:323-329 (1988); and Presta, Curr. Op.
Struct. %?C(S’Pfi%’f?%gﬁc A8 1§54 .3H$H'8dglégm "hypervariabl e region," as
used herein, refers to the am no acid residues of an anti body which

are responsible for antigen-binding. The hypervariable region
conpr i sedn somsmembeditentssingdeention gpaiprisssainethed vaicraasidgitbe adtivity@f an

regi on" ) 7 fi.n . .23 . [.156712- - PCT/ LUS2008/ 007463
cequence ARtk ORI RE A Rhin Ertped ey M Ak ot ptmepae iy
89- 97 ( L3jfedtivetaiouht ghin altdody vashteddlde fe@RhNofiRe iBknd6n, anl FurtR- 65
(H2) and 95-102 (H3) in the he_avzf charn vari abl e domai n; see Kabat et
al ., 199%ompdgieAradrer heelt aqtivalion ex wa ibe synplgderivediramthe sythedtq.
Publ i ¢ HC.Ea i NBL - i f inudl:
and/or ¢ g SEEkA% i ELIPAR\RANKLIEL Rt B iRhoriohatil BE S4Bl o
st r uct ur atheyembadimer@mble épvanéish dompri2s-a3Rethbd of ifsteasiag(thictavitg of in 96
(L3) inthe li chai.n_var,i abl e . domai n and_ 26- 32 (H 53-55 (H2)
and 96- wﬁmep%?eqf’ FOPRESIAEAJIIUAETIAL {7 PUPITE Iy BFRsh tﬁ?r%eﬁéfhefﬂ%m%@sland
Leskl, 18@dotibe MHounBbiin an*i%@&?gllﬁraﬂbzyd%"f"ﬁﬁﬁf@ﬁw the ifVentibiiy anfl §hidy €S
are those vari abl e domai n residues other "than the hypervariable

regi on resnplissg asadheingi Theelbddtivation Ax Vike iraasample bodyéd fremahe sutjédbody
t hat possesses an am nho .aci equence carrespondi o . that of .an
ant | body VErea EeeBy e bRy aredies MBrTRaN M g greafyerd il e

t echni quagcéRful Makions ehibdBImaR! thl dtr&Se ¢ Pebrasshitiek abRmiRliBy: (i)

definition specifically excludes a humani zed anti body that conprises
measuring SEB induced production of one or more cytokines selected from the group

consisting of: IL.-2, TNFa, [.-17, IFNy, GM-CSF, RANTES, IL-6, IL-8, IL.-5 and IL.-13;



- 25 - WD 2008/ 156712PCT/ US2008/ 007463 As used herein, a sequence
"variant" refers to a sequence that differs fromthe disclosed

sequence @wh 20f159f12MOr e amno acid resildoes but which r E@uRS00k/6r463
bi ol ogical activity of the resulting nolecule. "Conservatively

nmodi f i ed ardi) meesiting T T" mdneesl pradiocrien afia ggtokiiedsedaglestt frem theogroup edmsising

t bsti o_t hose_o this
art and iy e iae- Seridy BT GMRr Tt ANTES: gSe et lof B Lat
activity of the resulting nolecule. Those of Skl Il inthis art
recogni ze that, in general, single amno acid substitutions in

non- esserkhedhvenighais aohlpmisps)ihypmpbf ateardbPDel astibvsly antin@ibddy fadgnemt of the
bi ol ogi cal activi t%ﬁ&see £ %) son, et, al., Mdlecular Biology o
the Gene MYHEORLRN BRPFAPE{AWIN PGS ks cangsgt o ipcresseimmyng EHIIEn 1987))

Such exenpl ary substltutlons are prefer ably made in accordance with

those set forth below as follows: Exenplary Conservative Amno Acid
Subst i t utThensvadtiogiatsal comgsisdudEans ef smantiyBEDsLibstibiodytor entitAidy fagmedt gf the

Ze; Arg (15\)renlﬁ\tl)§ ’for'ﬂnesz prespgragiI(\)l?'n oga%edi_'ci:a?ne%%% t&e@t c%cue;r. Asn Cys (Q) Ser;

The invention also comprises the use of an anti-PD-1 antibody or antibody fragment of the

invention as a vaccine adjuvant.

The invention also comprises an immunoconjugate comprising an anti-PD-1 antibody or

antibody fragment of the invention, linked to a therapeutic agent such as a bacterial toxin
or a radiotoxin. Non-limiting examples of cytotoxic agents include taxol, cytochalasin B,
mitomycin, etoposide and vincristine or other antimetabolites, alkylating agents,

antibiotics and antimitotics.

The invention also comprises a method of increasing the activity, or reducing the
downmodulation, of an immune cell comprising contacting the immune cell with any one
of the antibodies or antibody fragments of the invention. This method could be used to
treat cancer or infectious diseases (such as chronic viral infections), or could be used as an

adjuvant to a prophylactic or therapeutic vaccine.

The invention also comprises a method of increasing an immune response to an antigen,
comprising contacting an immune cell with an antigen and an anti-PD-1 antibody or an
antibody fragment such that an immune response to the antigen is increased or enhanced.

This method could be conducted in vive (in a subject) or ex vivo.

In some embodiments, an anti-PD-1 antibody or antibody fragment may be combined with
a second therapeutic agent or treatment modality. In one embodiment, an anti-PD-1
antibody or antibody fragment may be combined with cancer treatments involving the
application of recombinant cytokines or secreted imrmune factors. Non-limiting examples

of combinations include combining anti-PD-1 antibody with recombinant IL-2 or



Gn (Q Asn Au (E) Asp; Gn dy (G Ala His (H Asn; dnlle (1)
Leu; Val Leu (L) Ile; Val Lys (K Arg; 1Eis Met (M Leu; Ile; Tyr Phe

(F) Tyr; WBhoosk®12 PCT/US2008/007463

recombinant [FN&2 for the treatment of melanoma or renal cell carcinoma. Recombinant
IL-2 enhances T cell outgrowth in cancer patients. Recombinant IFN¢2 inhibits cancer
cell growth but also increases expression of the inhibitory ligands for PD-1 on cancer
cells, antigen-presenting cells and other somatic cells in the treated patients. Anti-PD-1
can be combined with other cytokines that might be considered useful for the treatment of

cancer or infectious diseases.

In some embodiments, anti-PD-1 antibodies or antibody fragments can be combined with
a vaccine to prevent or treat cancer or infectious disease. As a non-limiting example, anti-
PD-1 could be combined with a protein, peptide or DNA vaccine containing one or more
antigens which are relevant to the cancer or infection to be treated, or a vaccine
comprising of dendritic cells pulsed with such a) antigen. Another embodiment includes
the use of anti-PD-1 with (attenuated) cancer cell or whole virus vaccines. One
embodiment involves a combination of anti-PD-1 therapy with a whole cell cancer vaccine

that 1s engineered to secrete GM-CSF.

In some embodiments, anti-PD-1 antibodies or antibody fragments can be combined with
treatment that is considered to be standard of care in cancer or infectious discase.
Rationale for such combinations is that concurrent increased immune activation by anti-
PD-1 will induce or facilitate initial clinical response to standard of care treatment, induce

durable clinical response and long-term immune control of disease.

In one embodiment, treatment with anti-PD-1 antibodies or antibody fragments may be
combined with chemotherapy. Chemotherapy using cytotoxic agents will result in cancer
cell death thereby increasing release of tumor antigens. Such increased availability of
tumor antigen may result in synergy with anti-PD-1 treatment. A non-limiting example is
provided by the use of decarbazine or temozolomide for the treatment of melanoma and

gemcitabine for pancreatic cancer.

In one embodiment, treatment with anti-PD-1 antibodies or antibody fragments may be
combined with radiotherapy. Radiotherapy induces cancer cell death and increasing

availability of tumor antigens for presentation and activation of immune cells.



Pro (P) Ala Ser (S) Thr Thr (T) Ser Tip (W Tyr; Phe Tyr (Y) Tip; Phe
Val (V) Ile; L,eu As used herein, "%identity" between two sequences

refers taoygbhengtson of the nunber of “identi cal posi ti operaRA SRy
t he sequences (1.e % honmol ogy = # of identical positions/total # of

posi t i ondnxnatbey embegimary. ireatmeat wish antitBT2- rantibedienér aptibedy fragments may
| engt h of__each. - WhI d be introduced f.or optimal alignnent
s BN ey 28 fetnb b et fidBRA ey

of the t uences d determ nation
of percent identity between two sequences can be acconplished using a
mat hemati cal al gorithm For_exanple, the percent identity between two

ani no acild ofegeehedimestsnane Pl aptibarties arantijodhisaginerss mabibe ¢pmbined with
Me : . .. B gsC - 11- ich
asbeen HeribiebybichintREBE by syABRy T PEE blacbadkuctlgnd U MR ysea

PAML20 webgidriions depievatiahlog intabigian of engbgeriesio pbritirgefing rodditk &tigadmn tumor
penalty of 4. In addition, the percent identity between two am no

aci d sequiéhdal resingainsapicsi fanopeslideathandeat pibarofapanung sanlating
MoL Bi ol . : - . rit ihchy 1 ed
ot he W StEech LOAERbR AR A DL S NESy EALHBF RGPRER:

WWW. gcg. dnerpased 91 del] aetivdimn rmaBregsls il ablednmune@on@oRANEEERrmat ri X,

and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a | ength wei ght of
1, 2, 3, 4, 5, or 6.

In some embodiments, an anti-PD-1 antibody or antibody fragment may be comined with
another therapeutic antibody useful for the treatment of cancer or infectious disease. A
non-limiting example is provided by the combination of anti-PD-1 with an antibody
targeting Her2/neu or targeting the EGF receptor. In another non-limiting example, an
anti-PD-1 antibody or antibody fragment is combined with treatment targeting VEGF or
its receptors. In another embodiment, an anti-PD-1 antibody or antibody fragment is
combined with anti-CTL.A-4. In yet another nonlimiting example, anti-PD-1 is combined

with an antibody that targets RSV.
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As used herein, the term"about” refers to a value that is within an
acceptabl e error range for the particular value as determ ned by one
of ordi nagy 58d1sk7:thn the art, which w19 -depend' in par pbePRisheobNes
value is nmeasured or determined, i.e., the limtations o? t he

measur enent system For BRIERIESCREAGION OF SHEBPRAWINRISN 1 or nore
than 1 standard deviation per the practice in the art. Alternatively,
"about" or "conprising essentially of' can nmean a range of up to 20%
Fur t her mpgyre DArdnldCIH SHdwy théirkdul @8 BASdrinetdEhaBHaBhg BB ARIBbIRS
processes, the terns can nean up to an order of magnitude or up to
5-fol d ofimmobdizgd fromhbybridomd supeenatanid are ablarte restuge efngtiomby Jurkat

applicati d,cl ai nl.ess otherws te t he i of
bt &2 EDff Bt BRIl G Cof a5 e b B XRE ve i ¢ i n
an acceptable error range for that particular value. "Specifically"”

bi nds, when referring to a |igand/receptor, antibody/antigen, or

ot her bi Kiguwg2phews theqaswisted xperbneids dgmensireting thahantipdies against human
determ ngtd{ Y& t pre of rak el o :

et or oge s B LSS GIRER 24, S gk el Soseideflergelibifping b iptier-
under desh@hatietoqaritiet PON$/Fcan 3 pestein BIASIAL. JRipaeadB isgegtaph stdsvihgdése
particul ar receptor/antibody and_does not bind in _a significant
amount t GepRndERt Bipdingiohanty Pﬁ’sbﬁ’ﬂ“b%’f’@ﬁ@ POk prpressed oiths sirfageiod RFHQ peils
"treat meptcredsd WithHE 185 alc&@Raani el , human, experinmental subject,
cell, tissue, organ, or biological fluid, refers to contact of an
exogenous pharnmaceutical, therapeutic, diagnostic agent, or

conposition t he ani ral n, subject, cell, tissue, _organ, or
b1 01 g1 B Gehovs T PLEVLLE Srper Hisa s eimaio i hECiHe paardiigieghs
to therapeui compRab BRI EIPIELI f@h@@!’ﬁﬁﬁ kCCHP AR FsfeBRE with huma{; PD-

experimental nmethods. Treatment of a cell enconpasses contact of
reagent tlo Higwae dlik 2 gaaphwdiowing desodepertdent inhibikageitinding @f PPJL 4 by hPD-

where th lui d, 0.5 i ontact with the cell, TAdm pj,strati on’ and

U eat mod EATRER IR ER  BaretaR G146, Ffehiss Biebf thofhe fose
cel |, by depdn@agianhibittind®syi2c, bi nding conposition, or by another
cell. "Effective anobunt” enconpasses an amount sufficient to
aneliorate or prevent a synptom or sign of the nedical condition.
Effective, n S i Cl o . allagw o

Fac 11 ¢ 40 B oot R B RYR Mo e Bl ettt b
may vary steped g2 produagsiobe hedlthly dasot Bieod 6¢1th it einbed othe heRbed, of
the overall _health of the patient, the nethod route and dose of

adni ni st #BEFE L candt RIRd-ls@nasfir¢ LAf4 antihodiess Barsshoprthepyerags {add Hssase in
be t . ) el ‘ : ceT Ve

CFaeer B AT TR IRRE P LR LR Goky M aRAE) o gy & 90k

i npr ovengdfresehted. AIAGH Qﬁat)igmrsea}wealypé cHarA st aiti-Py-1208 A eBH), BUG-PD-

usual ly by at |east 10% nore usually at |east 20% nost usually at

| east 3096096r @P&Y apd yntinP-bAshougmimidgtda it e étoarnecontro] fog apti KeblA-4.

nost pre | l. i I 209 i

oast soseang? watse'iF ERhpRSa B2 oty b SRR s A SRRt oltnee
t he di agiiogtdfet mmeamarmBD& insteavintlyL-Aprodnoidn whdy) enhpdred®, SEB glone). None =
Maynar d, | . (1996) A Handbook of SOPs for Good dinical Practice,
Interphaﬁﬁsﬁi%‘?s, Boca Raton, FL; Dent (2001) Good Laboratory and
Good Cinical Practice, Uch Publ., London, UK). Monocl onal

Ant i bodi es Monocl onal antibodies to PD-1 can be made according to
know edgé&igunel3 skdwd results dfeexpetimeiitsidajneostiatiggtteattant tHip-é ansbedichpbole T

ot gen a0f 06D\ soL ok LA ioc ders &g a9 anly Do es eing
monocl ongl; ARLLARA B3 oS (Ffigﬂg's'sﬁow%ﬁéeﬁg?@d}ﬂde}%ﬁ&lﬁ.? Y3 difbn.
e7g., by I gonucl eot i de' probes  t hat

conventi ona pr ocecfﬁr es using o



29 WO 2008/ 156712- - PCT/ US2008/ 007463 generally foll ow ng the nethod
of Wnter and co-workers (Jones et al.,_ 1986, Nature 321:522-525;

Ri echmannyeho@liss713988, Nature, 332:3237327: Verhoeyen pgrakio0séPsS
Sci ence 239:1534-1536), by substituting rodent CDRs or CDR sequences
for the doguredponadiaph depigtiog thesk.qf. sadkunnmatas forbodyPD-Acantbodieghsy,
such "humani zeqd' anti.bodi es.are chigeric antibodies. (U S. Pat.. No.
2516, SoTIORIEN &Y Sl BCL BT RorY b el TMih el TSGR calbleii o
domai n hagidegerhesdnpisbdicshedishi 4 e ﬁg{trbgq@&nmse&m@@@meﬁe froma
nonhuman species. In practice, humani zed anti bodies are typically
human anti bodi es in which some CDR residues and possibly sonme FR

resi dues are substituted resi dues,from anal ogous sites

non- hurad 1557 128 Bastabt pR POk bl R R Bl e sm-
vari abl e st mimiteBIL-Dptdiuciigh by s tHyeRnpr blodd Re13is ettrédedBkihg rdsBice of 25
humani zed anti bodies is very inportant to reduce antigenicity.

Accor di nggira! mhans (0 or bymapigsg ap§-PD-antbatlies (RA0¥ebudACRA b andhe

vari abl e i O ' - cr i nst

{or ary” dPO7R . R hOT I afPhdIBRtink RS RRE o SR TUAR roblS ERENE
whi ch i s Mbweses) I¢G1 it iwtypelentrolfen inti-PT-DORAA0S AR FRMNAS(H) REGH W RS
framework. (FR) for the hupani zed anti bod Sins et al., 1987,1

| nmunol . isesypexegiol {or P9 AL b h49PAL6 aoghd09A Iatibogies| Each §b-2¢plye is
Anot her Lcul g JV L onsensus
sequencerég#l%gﬁ%flqﬁﬁ?rﬁ%n%% %%@gidgge%é%mggélth icgﬁrfégf ﬁ?ﬁ%ﬁ?gg&QgP&I i ght or
heavy chains. The sanme framework nay be used for several different
humani zed anti bodies (Carter et al., 1992, Proc. Nall. Acad. Sci. USA
89:4285; Presta et al., 1993, J. Inmmol. 151:2623). It is further

i mportant that anti bodi es be humani zed with retention of high
affinity for the antigen and other favorabl e biological properties.
To achieve this goal, according to a preferred nmethod, humani zed

anti bodi es are prepared by a process of analysis of the parental
sequences and various conceptual humani zed products using

t hr ee-di nensi onal nodels of the parental and humani zed sequences.

Thr ee- di nensi onal i nmunogl obulin nodels are commonly avail abl e and
are famliar to those skilled in the art. Conmputer prograns are
avai l abl e which illustrate and di splay probabl e three-di nensi onal
conformati onal structures of selected candi date i mmunogl obulin
sequences. | nspection of these displays permts analysis of the
likely role of the residues in the functioning of the candi date

i nrnunogl obul i n sequence, i.e., the analysis of residues that
influence the ability of the candidate i nmunoglobulin to bind its
antigen. In this way, FR residues can be sel ected and conbi ned from
the recipient and i nport sequences so that the desired antibody
characteristic, such as increased affinity for the target antigen(s),
is achieved. In general, the CDR residues are directly and nost
substantially involved in influencing antigen binding. Humani zati on
of antibodies is a straightforward protein engineering task. Nearly
all nmurine antibodies can be humani zed by CDR grafting, resulting in
the retention of antigen binding. See, Lo, Benny, K C., editor, in
Ant i body Engi neering: Methods and Protocols, volunme 248, Humana
Press, New Jersey, 2004. Alternatively, it is now possible to produce
transgenic animals (e.g., mce) that are capable, upon imunization,
of producing a full repertoire of human anti bodies in the absence of
endogenous i nmunogl obul i n production. For exanple, it has been

descri bed that the honpbzygous del etion of the antibody heavy-chain
joining region (JH) gene in chimeric and germline nutant m ce
results in conplete inhibition of endogenous anti body production.



t herapeutic and di agnostic agents nmay be prepared by mxing with
physi ol ogi cal |y acceptable carriers, efgipients, or stabilizers in
the formgh.o | yophi |l i zed powdersieslurries, agueo sty
or suspen‘glbggtgsll%g’gé, e.g., Hardman, et al. (2001) Goodrrg(ir\?ﬂgfrgl(kjdéh"()@n§3
G | man' s DE#A RIED DESORIFTaN GRIHE B VENdI@Peut i cs, MG awHi I, New
York, NY; Cennaro (2000) Rem ngton: The Science and Practice of

Phar macy, Lippincott, WIllianms, and WI kins, New York, NY; Avis, et
al. (eds. iwal Dosage Forns: Parenteral

MVedi catig)#sqré%hggégfgﬁl&e%g@?ﬁd&; Li eberman, et al. (eds.) (1990)

Phar mac e (thraghoDoba detalted descrifadn adexaiviplestdf thekiventjorNie fellehiegman,
et al. (eg% %{ {.1990{}b€>har r&raceuti cal Dosage Forns. D sperse Systens,
Mar cel DERREY'2MRRE WiAePHE®%and Kot kosl ci e (2000) Exci pi ent Toxicity
and Safety, Marcel Dekker, Inc., New York, NY). Toxicity and

t herapeutic efficacy of the anti body conpositions, adm nistered al one
or in colBDabk0BANn WlttneamonopenadsupbPBsk antébasiyent , can be det er ni ned

by stand mageut i cal procedur in cell cultures or

exper i rre%%gl'ﬂggiarral ‘,m%e.'EP?QQ%'}a?a%?'g?H’EPW‘é’Otdﬁe LD50 (the dose | et hal
to 50% ohgplreHPOPUNAY {PMkePREMIHFD-FIOBA KibARiodfase therapeutical Iy
effective in 50% of the population). The dose ratio between toxic and

t her apeuB&-¥Kf ect VK ésoldied frpmrhdBed 084 hyduiglerdnd it can be expressed
as the r%b‘i,\(gvﬁet vegpy LIp ec?ﬁg %%5)1 ngghé’%@,ltd% %bt ained fromthese cell
cul ture assays and ani el st udi es can used in fornulating a range

of dosag@ohovKuse VK iusimabirorhtPos9geh wirideamh conpounds i es

pr ef er abl a(ﬁ)vvl thin a range_of circulati ng concentrations that include
the EDSOCHRM |t t IiBeraiEGbhysreioppf PR .09asangibodhy vary within this
range de { RETUPRH; {0 - h

i ni ot Fo s P EhhOe 085 3Ra L R BY R SohT P Ao lect
par ent eral adm ni stcoastamnregisnch as i ntranuscul ar, intravenous, or
subcut ane inigtrati and. oral ,adm ni stratjqn m pi stration
of "ant | bERPAS: | ke Rl s g ke 05 K Poduedopre
met hod of the preseghshftyBgibhon can be carried out in a variety of
conventional ways, such as oral ingestion, inhalation, topical

ap|tol [ cat iia?lAlfH cut dhevargzedslighd (0dnksayy ,chillintsemmpér:m watheatq bashmertbeomsl

i ntraar or intravenous . niection. . ln one enbodi nen e

bi ndt ng. dBHBGAnd o rRETRRL B S hest s s Sfongh PR ERALERK 1
anot her enbodi nent ,;mith€odai ndi ng conpound of the invention is

adm ni st ered subcut aneously. 33 WD 2008/ 156712- - PCT/ 1JS2008/ 007463
Al t er nat $I0PA-brid ndjuraainzed Cekanmseavanchodip framew orbeaiginadly having KPR 1
system ¢ manner, f awvia injection of the antibody directly
into the site of agénlgglﬁ(lspg}f ?‘eAr? in a depot or sustained rel ease

f or mul at IKmOA-EU6t helurBirezed09A -REppaddfhdiics ieth friigevadtkiopigihalllyading CDR1

targeted drug delivery sgstem Gui dance in selecting appropriate
doses of anti bodi eé?“gé@f’ 1&88s, and smal| nol ecul es are available

(see, e. gnoAVawrzy . ) i i Sei et fi

i, oct SORanErT BRAR s Rt R WAl e Pl &gl A il o s
Cyt oki nes and Art hiengtlsof NaAéasl Dekker, New York, NY; Bach (ed.)
(1993) noc| onal ti bodies_and Peptide Therapy in Autoimmune .

Di sease!ﬁ‘“ﬁ&%"c‘gl iz d’FRs}O'ﬁP{%; %é?tfbo%@tcoapmwmvmw'zng| .
J. Med. 348: 601- 608omMikBig 8 sehieftle: of UDIRN 2HEW 1RO hain cdfifising the
341: 1966- 1973; Slanon, a al. (2001) New Engl. J.” Med. 344 783- 792,
Beni ami novitz, et atqueh®ODKONeWL-Ehgl . J. Med. 342:613-619; Ghosh, et

| . 200 Enal J. . . 48: 24-32:.. Li k ... (2Q00
By 429 el 5 0 rsanidide ARG Soad bRy RuBrissk 2 TrRky s
is made by the cli '&bﬁipﬁ@m ehegsequ&ﬁeraﬁ499Amh@ﬁ$i_gﬁfcﬁaﬂp&&ﬁ§?sh M3 or
C

suspected in the art to affect treatnment or predicted to a
sequence of KO9A-L-16



As used herein, the term"therapeutically effective anmount™ or
"effective anount” refers to an anount of an anti-PD- 1 anti body or

f ragnent Wa?‘ff’%ﬂﬁmi hat when adni ni sterEd-al one or in copjgj-,ﬂggob%bﬂgst h
an additional therapeutic agent to a cell, tissue, or subject Is

ef f ecti vB4dA Pt eveltunomizeddbGd vatstort (0N seitedy @eompasitigta heavy chdie
treated. A therapeutically effective further refers to.tha
amount of the corrp88%’8"?8%1{1?%‘?581'\?“%‘3(?1%@&}{1 avﬁaiz&m? %??W%?ga‘e
synptoms, e.qg., treajsRtd of KePAIINgy prevention or anelioration of the
rel evant nedical condition, or an increase in rate of treatnent,

heal i ng, hBPelent i ohuwwn &kl iposteini on of such conditions. Wien applied
to an indiy dual agtive ingredient adm ni stered al one . .

her apeuCEihi Iy ef FOEPRRILY FRrafing Bemp I areunisio o>l ien
applied to a combi RakibRNdefinddNRIANEY K6 dumiRiingcling dose refers to
conbi ned_anounts of the active ingredients that résult in the

t her apeuEC&0ef f ect conventraion mawiting ¢ 80%cficacyonbinding on, serially or
simultan y. Aneffectiye,amount of therapeutic will decrease the
syrrptorrs%g;%ikcal I yEﬁﬁylgf’"t]’l“g%%{mfﬁ%soggﬁgﬁsﬁyby at |east 20%

pref erabFw at | easiaAnabedy fr3@&vofOieioRf fediinogRibulif 38iiatoMgidRd nDSt
preferably by at |east 50% Methods for co-admnistration or
treatnent with a sesdnéingmer@QPBueEi®nagent are well known in the art,
see, e.g rdman : Nea(2001) Goodman and G | man's The
Phar rracor%{g#i_'gal Bag_llog% I%eﬁg%gé% cs, 10th ed., MGawHi ||, New
Yor k, NYILRool e anthtéretukirsdn (eds.) (2001) Pharnacot herapeutics for
Advanced_Practice: A Practical Approach, Lippincott, Wllians &

W I kins, Thi | a., PR&f8Bner and Longo (eds.) (2001) Cancer
Chemot hegaqy and BLgBee AR robliBRl REQI% imikiohams & W kins, Phila.,
PA. 35 WD 2008/ 156712- - PCT/ US2008/ 007463 The phar maceuti cal

conposi tlgth of thelmmueoglbldim@y al so contain other agent, including
but not limted to,a.cytotoxic, cytostatig, anti.-angi ogenic or .
ont i ot alaPt o ageAn MRDR AYRTEHT 4G ARE oSS MARIL DAY ERiGH R Eg"
or imune nodul ati pggggent or an anti body conjugated to a cytotoxic,

cytostatic, or otherwi se toxic agent. The pharnmaceutical conposition
can al som@éd enpl oy¥natlohalgntibedy her apeutic nodalities such as

surgery, not her and.radiation. .-Typi cal veterinary,

experime%e, or r2‘2@5}“8??*‘8ﬁ‘b@&@‘?geﬁuﬁeﬁﬁ&&%nkeys, dogs, cats, rats,
mce, rafpig s, gui RRampl igmanfREE8S, and hunmans. Therapeutic Uses for
t he Anti body and Anti body Fragnents of the Invention The antibody or
anti gen BERdi ng fr Bglrerase shaineadtispent i on, whi ch specifically bind
to human 1, can i C stinulate or
up-regulg glan i mrﬁl%gp:éggg%énds%g.d%}%ﬁqtl?rgaggﬁéebsﬁ nd anti body fragnments
of the iWuegibhon aTke pRfdencof BG yhand Which és fotable iaatqueaics bijp@eh different
having a di sorder that can _be treated by increasing the T-cell .
medi at ed i nmune r e&YE0SES Breredsde Kahp redidue i(?ﬂ:ml}g‘éhﬁli}frﬁé’ﬁmpﬁ‘@i Idatig the
in need of enhanceg%c%ingn i mmune response. Cancer The anti body or
antigen binding fragnents of the invention can be used to treat
cancer (WVHe., to ihhminbadglothdingreawy bhain vaedable vegioof t unor cel | s).

Preferre ancers ose grow h may be i.nhibit usi ng the anti bodies
of the i% ntion i%H&%@E%E&@Pgyéﬁtc%}arwr@%d'ﬁgwe to

i mmunot her apy, but al so cancers that have not hitherto been
associated wth i munot herapy. Non-limting exanples of preferred
cancers fantitodgatreferst to aryl fadtm nflantlondy thet gxhibnettesdesited hielogigahativity,
mel anona renal .cancer f(e. cl.ear, cel|l carcino , . pr,ostate cancer
(o o hovishy " PhiSRRE Bindifs e cohEtla Eh s bRy topiaiPRag gard oo
adenocar gj ,oftd AREptof ANTAE, “mabedy CRNEEA in thENBroaddse 8Ense@nd. specifically

non-smal | cell |ung cancer), esophageal cancer, squanous cell
covers, but is not limited to, monoclonal antibodies (including full length monoclonal

antibodies), polyclonal antibodies, and multispecific antibodies (e.g., bispecific

antibodies).



37 WD 2008/ 156712- - PCT/ US2008/ 007463 conprising adm nistering to the
subject: (i) the antigen; and (ii) an 2 ti-PD-1 anti body of the

i nvent i onw@r2o8iskeen- bi ndi ng portion fhereof, such that pgfisRiRdi6 463
response to the antigen in the subject is enhanced. The antigen can
be, for exanple, a tunor antigen, a viral antigen, a bacterial

- . i 3 : it l.es,.of h
ant1 gens ATERRE FiagfRaby Y BT $ikind Mty i oo SR e Gl rBEtns
from t he antdrausiegueddsicinedritido@y, 9pioslly RRINIBGEASleasT AP oMesH af @€ Jtisenbiagding

Anti-PD-1 antjbodies and antibody fragnments of the invention can also
be used % Yarighle mgionsel@isarg o Twae dHPRYueh thesparsntahantibriiyal 1Aar gytibody

This is I ndi atet .1 hodi es. i Lon.ca
hel p i ndgg% angﬁf&&gs%{)r@gp us?f ttﬁg @‘?ﬂhgosg’faglzwg{( ‘tt'fhhghéi %gerﬂh} O%nt@gﬁy.
be used tRypicaliyhah amibiody EchedieneRsAss tidegeNO%Abha parhtae birlidhakidity when
i mmune response., Ex-Vivo Activation of T cells The anti bodies and
anti gen fRYGFHNIY iDexpRwsed PRchindar bast. aPesderplyuge antibpdy Fagmgatyieipins at
acti vat i qa,Anfo X RApshen, oamdACosaPerithhg, & Gk Hrald FHGRAI ¥fiboay’s
transfer of these cells into recipients in order to I ncrease

ant i gen- ppreding iaffifdityc bl theagedenst Etamples of hrasibodye flagohentzainchids obineare not

used to activate T | ponse o infectious agents sych. as CW.
EX Vi Vo i‘wf%tﬁ gﬁb’%%lbt’ ﬁiﬁjﬁae@%ﬁ%}rasmawﬁ _élp_%z@e%ﬁknﬁﬁrow@gdﬁagﬁ%e-cham
expect ed ghQnbdic rﬁl&&lﬁéje&gx SQUEYIC ¥ini®BHie ClidotinbigdT frbhe @éﬁﬁp&bb;vglha{obodies

transferred T cells. O her Conbination Therapi eg As previ ousl
descr i bediechmlogyPDirdmadddrbudiss domait eanitibedies | Gaclomivgye from Ablynx), and

dni ni ster.ed with . th 1 t t .
vt ot owi Sfigirettic;ehBifiss Goftet ol aibods Rt i heede i gduvariants
The anti hedyviardie Hollideednd Blubbéh @905) NkRBiAS-HNBIRRAQ0ANII88) or can

be adm ni stered separately fromthe agent. In the latter case
(separate adm nistration), the antibody can be adm ni stered before,

after or . L. W . Qr . can ce- adnm,ni st.ered.w t

ot her knc‘)A‘vm %é@g|nésl.svgogg)r%\%?aﬁg%ﬁ%gfﬁ]-n-aﬁﬁp ?Jgﬁggg?dﬁ%{ﬁ%mgmnso one
Ant i bodi @ésawandhdint Themebindhaig & agmnhwldile Banoh Yot i208iscHide bohd WRh
used to increase the effectiveness of donor engrafted tunor specific
T cel | s. aNRer3VApBAID MOleEB for the Antibody and Antibody Fragments
of the Invention A market for anti-PD-1 antibodies for

non-t herapeutic uses already exists, as denonstrated by the

commer ci &n 'Fal' esgiof cditdias tao deavbOhaimfregheanakomptising B3 Oy Baid Gg2ldemains

sol d by eBioscience_of San Di eqo, lifornia, USA, for use in flow__
oytomet Bt 3R AR SRlys T Fﬁ\%ﬂﬁ&ﬁ‘f)@%@e@%@m el Fpegther By Fuimer MeFrfisulfide
assays: - BORUSERIAARrGHHEBRALRAOp SO DR agpkihbody sold by RED

Systens of M nneapal | use I n ow cytonetry, Western
bl ots and ELI SA Anti bodi es of the invention nmay be used for any

-th i now served by J116, J105 .and/or b1086. The
ontT body Aoy aBoRR B ehE ieht it 38 potian oty haYy Fraum fa pontains
agent. The sntddedy Jmayihel G qib&oHsal Mld bmoqh@ge?sﬁi&t@&%am CE1 @nd C 42

for detecting expression of PD-1 in specific cells, tissues, or

serum Fépmdinggsitsdt that apptpeshainotisulfidh doad tdan dgyfonypd datweenviht [twpeheavy
| abel ed B i+ ec thdire s W th det ect abl e noi ety.
Nurrerousg]?%%%ﬁmg)rﬁea%a%égmé{)t go @cﬁ%ﬁhzggﬁeﬁgﬁéral |y grouped into the
foll owi ng categories: biotin, fluorochrones, radionucleotides,

enzynmes, i0dine, and biosynthetic |abels.

A "F(ab’); fragment" contains two light chains and two heavy chains containing a portion
of the constant region between the Cyl and Cu’ domains, such that an interchain disulfide
bond is formed between the two heavy chains. A F(ab') ; fragment thus is composed of
two Fab' fragments that are held together by a disulfide bond between the two heavy

chains.



The anti body of the present invention may be enployed in any known
assay method, such as conpetitive binding assays, direct and indirect

sandwi ch v@é%@dé s67apd | mmunopr eci pi tatioh assays. Zola, Mepesifefadrass
Ant i bodi es. nual of Techni ques, pp. 147-158 (CRC Press, Inc.

1987) . Tiike aﬁv rdppety’ comyprises thebeariabledretions fromvbeth thie agarmfsandchﬁé <hyiss, but
Gener al | e antibody is |abeled wth a radionuclide (such as

111In, 9 C‘f%t e&ens@ltiséon%H 32- 351 --S or 18F) so that the antigen
or cells expressing it can be |ocalized using inmnoscintiography or
positron em ssion tonography. - 39 - WD 2008/ 156712PCT/ US2008/ 007463
Deposi t 6f"ngkfdahsIBNRm@bnéYrdbtsSéﬁto@ﬂﬁ@dfﬁeﬂﬂhﬁlé@l@ﬁﬂ@@Voﬁ@gmwnm

the h d_light th ti.b h409A11

N409AT0. LPHSIDBIEY hATE Vb ABM AT BHCRE N TN Rfer Lol Mhyfpabresent in

Cul ture Qﬂ% %}?\B}SUH’@EB&E [RedHRsdiy0 e F&@S@mmemmei yorﬁhﬁsbs,a polypeptide
e

Manassas | asm d cont ai ni ng encodi n heavy
chain of hhkm%stwmen hhroé/m asd did dnzr@gw\- wmcmab@pdépta@ vdR ﬁqmeth@ desired

2008 and i denti |ed asO 9 SP I c t
encodi ngS‘{‘hZ”fF. gcﬁt aesn %6@%509%{{ vv;r-éﬁ%‘gpoy lg\él g‘% 11'3'&1&'184 gg%d&%\l:lrﬁﬁ
identifi ?ﬁmm@@ﬁd@x? @rSRRNocLdNAThennbasis dvelotid] Modentung dalllAMoore eds.

encodi ng the light chain _of h409A16 was deposited on June_9, 2008 and
i denti fi SpriageroBolagy NesprYqrk) gp- 7R 3éﬁas§?ed alsgn {nfemieHenal nRatepyaApplication

%gogggggﬁgl admg%l%g %@645%&3%6%%%??25@6%%2%” er Z?gg and

provisions of the Budapest Treaty on the International Recognition of

t he Deposit .of M croorganis for the ose of Pat nt Proc e and
the RoguPalBioRnY{ e STHAS paAEEE i IaRY) Snie RETOESITHY WS FEBREts

speci fi C@&ln RsdsSy r&‘e%()? Hahe4rnh0e RBmH [V,O @Rbedd &NRRES AR %ableecﬂ)rﬁd?n

the art ractice the invention. The present invention is not to be
limted (Yil_)soabte shye pbﬂepc:pﬂctethend(éﬁﬁthoedf L-Gin gy uhegdlelpﬂ@r thad is too short

enmbodi nent s mtendl?d as ﬁ}‘?s' ngl, e |IIust ation of. O@F ect of,f thgt
i nventi off & %lwélﬁvmc,gu THFE PV QOWH&PM fafy© éﬁﬂl‘v ST FPRICRC
t he S_COF)?aﬁ’fwﬁfh'tI% Lo BIRtdeRry dBMafiBP&Sidotl cRBinCknd@LrelRr 8V aftORS-Hifding
constitute an adm ssion that" the witten descrlgg)tl on herein cont ai ned

i s i nadesjtest e Disbastiesbhis dmnpwxhcmreemy ny-gas PECH0DPIThE @ RAENt16dn and
includin he b t he I strued as
limti ng ég §8§%e(1§9gfﬁmc fvgﬁh%ccf SfthJSApggc ‘?4(3:6:4? ‘ustration that it

represents. |Indeed, various nodifications of the invention in
addition to those shovvn and described herein will beconme apparent to
t hose skil |"damiin tabbedy frammsnthdst ar dguninplesiealyi fupgionghdmmynoglobulin

withint [ I £

Fui 1y un S EREG R B RP REOAERR AR or B ek Dl R ntviiiale cBibfor =

not, howgger chdie cansintidladtamsed, itiot ook &/ siegivas adre tdowslenuhy goinedmith a

Al literature, and patent S menti her ei n expressl

i ncor por RERHPepinkeg e CEsRlee b1 @%M"?MSP&%@I%@@@WU /%87?4%%0% of 2

EXAMPLES AR LiSindin AnfTBUAY AdlmaRt AdlChaRRt Be!shRR of bttt diigdns.

Ant i bodi es m‘ruﬁllnzgtl on of %ce w t %Dl cDNA 8
An antibody fragment of the invention may comprise a sufficient portion of the constant
region to permit dimerization (or multimerization) of heavy chains that have reduced
disulfide linkage capability, for example where at least one of the hinge cysteines
normaily involved in inter-heavy chain disulfide linkage is altered as described herein. In
another embodiment, an antibody fragment, for example one that comprises the Fc region,
retains at least one of the biological functions normally associated with the Fc region when

present in an intact antibody, such as FcRn binding, antibody half life modulation, ADCC



To generate anti bodi es agai nst the human PD-1 (' hPD-1') receptor, a
cDNA encodi ng the open reading frane of the hPD-1 receptor was

obt ai ned oy »RERs@Ag subcl oned into vec#dr pcDNA3. 1 (I nVpE4R98idsn0T463
Carl sbad, CA). Next, CHO Kl cells were stably transfected wth hPD-1,

and expr efssctmn mmﬁommﬂmnaﬁ tursding (fiok exaraple owidre yhe d@itGoRy had mgkysoszyémmn
I sol ated ex 5| n on their menbranes and naned CHO hPDI .

M ce vveré’r? F?é YEV”%@HEPB%“?%WE%WSW Q]E&‘Hé'a Hel i os gene gun
(Bi oRad) and DNA coated gold bullets (BioRad) follow ng manufacturers
instructions. Briefly, 1 itmgold particles were coated with hPD-1
cDNA (cl oﬁmdemt'@ixpcmtibpd:amfsarsmenébddi@h' ipathach ap@tﬁin:arch ithaﬁl heavy and/or
expressiqn,vectors and_ nou

(bot -1 AP a0 Foertiea BR RpPomRIReBEa o BT eRPAmE sruBdis i 41 oS
used to CRAePRB 4 SarBéulsiodpRciel b} Bélgn%;ﬁg@&abm@hiay ant?no%ymkopmaclass,

femal e BALB/ C mi ce were i mmuni zed ear by gene gun receiving 2
3, or 4 oylmleetbemmaan@i@tf therchain(s) leadesrtz(:gie\éltlramcamlpgtnmg cmm@@ndmg

received a final. 106, CHO hPD1

per 1t omedrSIi iy RARNTES kit o ARG by Siptstng B dndfer ggibocy
det ect abl@ask Br FEH¢ERs, S M a%ffta%rmén\tpottmeh iU csatd mg abyheg@IxhitH th&A
using CHO hPD-1 versus CHO KI parental cells. Four gs after the

final i mAsgirshbipgicahpdivitydes, §<awqamﬁ1,@dJ Selfat- MevA. %lrﬁa gt endfdorisoact al.,

I I bed I
(51 conbaiaog PR B R T 155 60 77

St eenbal ckers et al., 1994, Mol. Biol. Rep. 19:125-134) and frozen at
-140C. WD 2008/ 156712-41 - PCT/ US2008/ 007463 Tapl e 1. |nmmuni zation
schedul e FHERANZSS, RIS &f RRBMEmepdEorrexamaley Mysag) Ptibedies afe qimeric

;n.hg'?s h\lzl)\gaﬁllﬁb&d M?glgtl ébzn\% lfmZleI% ‘%qu%&}éﬁggm%d% ndR-h¥GakK ilnnuMBERSul{B Fo?

the most part, humanized antibodies are human immunoglobulins (recipient antibody) in
which residues from a hypervariable region of the recipient are replaced by residues from
a hypervariable region of a non-human species (donor antibody) such as mouse, rat, rabbit
or nonhuman primate having the desired specificity, affinity, and capacity. In some
instances, Fv framework region (FR) residues of the human immunoglobulin are replaced
by corresponding non-human residues. Furthermore, humanized antibodies may comprise
residues that are not found in the recipient antibody or in the donor antibody. These
modifications are made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of
a non-human immunoglobulin and all or substantially all of the FR regions are those of a
human immunoglobulin sequence. The humanized antibody optionally also will comprise
at least a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986);
Riechmann et al., Nature 332:323-329 (1988), and Presta, Curr. Op. Struct. Biol. 2:593-
596 (1992).

The term "hypervariable region,” as used herein, refers to the amino acid residues of an
antibody which are responsible for antigen-binding. The hypervariable region comprises

amino acid residues from a "complementarity determining region” or "CDR," defined by



2 shots hPDI pCDNA3.| Harvest of spleen cells Mouse 731 2 shots

hPDI

PCDNA3. 1 4 shots hPDI pCDNAS. 1 5 mllion CHO hPDI Harvest of

spl een celhSyosMRES738 2 shots hPDI pEBNA3. | (nFlt3L +,pEVSSEh0263

shot s

sequence alignment, for example residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the
light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy
chain variable domain; see Kabat et al., 1991, Sequences of proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, Md. and/or
those residues from a "hypervariable loop” (HVL), as defined structurally, for example,
residues 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain variable domain and 26-
32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; see Chothia and
Leski, 1987, J. Mol. Biol. 196:901-917. "Framework" or "FR" residues are those variable

domain residues other than the hypervariable region residues as herein defined.

A "human antibody™ is an antibody that possesses an amino acid sequence corresponding
to that of an antibody produced by a human and/or has been made using any of the
techniques for making human antibodies disclosed herein. This definition specifically

excludes a humanized antibody that comprises non-human antigen-binding residues.

An "isolated" antibody is one that has been identified and separated and/or recovered from
a component of its natural environment. Contaminant components of its natural
environment are materials that would interfere with diagnostic or therapeutic uses for the
antibody, and may include enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In some embodiments, the antibody will be purified (1) to
greater than 95% by weight of antibody as determined by the Lowry method, and most
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence by use of a spinning cup
sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the
antibody in situ within recombinant cells since at least one component of the antibody's
natural environment will not be present. Ordinarily, however, isolated antibody will be

prepared by at least one purification step.

An "isolated" nucleic acid molecule is a nucleic acid molecule that is identified and
separated from at least one contaminant nucleic acid molecule with which it is ordinarily
associated in the natural source of the antibody nucleic acid. An isolated nucleic acid
molecule is other than in the form or setting in which it is found in nature. Isolated nucleic

acid molecules therefore are distinguished from the nucleic acid molecule as it exists in



hPDI pCDNA3.| (nF1lt3L + mGM CSF) 2 shots hPDI pCDNA3.1 (nFlt3L +
nGvk CSF) 2 shots hPDI pCDNA3. 1 (nF1t %% + mGMt CSF) Harvest of spl een
cell's SakaohispiaeAk Anti-PD-1 Antibody~“produci ng B cel | gcFoissRbBeiicP
cell clones producing anti-human-PD-1 anti bodies, 2 x 107

er yt hr ocyebrdegllstheveyst.carsdeted gutlemcifPbolecirnglndasra musikieragd molecule
i.e., no 73Q,. 7 nd 738 .(see Table 1) . .were oled for a B-cell .
cul ture. %égﬁaé’beﬁ "&8%#5%9\59? 1qaﬁgu%c£tr%sa?!?ena Mﬂeg??fﬁ% 0 E%'*“C%écr%ﬁ’ﬁl
(Hycl one,mdle@adis iWh,chkéAdsonl Ieagoh Bifferéit fRACtHaoPnddh@bédl. cul ture
flask to renmove nonocytes. Non-adherent cells were submtted to one
round of negative panning on CHO K1 cells, followed by positive

panni ng . . h t edure r erfornmed
For ong nyse oo Sial Sk f GEStaN s 817 Ay ooy Byetd Rom
petri di slpepulatiod 36subdiahtislty horaskeebeLdntibodics, uleq Shaveideyi iudl aghi Bides
before use, to a total dose of 2000 RAD). After the positive panning,
unbound CEMPESE e PRRVIRIR 35§ idRaLFA] Sgcapt FortnoseBleaiuralbper g BHiPaY
with 0.132% . 9 i-nal. - el
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monoclonal antibodies herein specifically include "chimeric" antibodies.

As used herein, the term "immune cell” includes cells that are of hematopoietic origin and
that play a role in the immune response. Immune cells include lymphocytes, such as B
cells and T cells; natural Killer cells; myeloid cells, such as monocytes, macrophages,

eosinophils, mast cells, basophils, and granulocytes.

As used herein, an “immunoconjugate” refers to an anti-PD-1 antibody, or a fragment
thereof, conjugated to a therapeutic moiety, such as a bacterial toxin, a cytotoxic drug or a
radiotoxin. Toxic moieties can be conjugated to antibodies of the invention using methods

available in the art.

The following nucleic acid ambiguity codes are used herein: R=AorG; Y=CorT;M =
AorC;K=GorT;S=GorC;andW=AorT.
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“Specifically” binds, when referring to a ligand/receptor, antibody/antigen, or other

binding pair, indicates a binding reaction which is determinative of the presence of the
protein, e.g., PD-1, in a heterogeneous population of proteins and/or other biologics.
Thus, under designated conditions, a specified ligand/antigen binds to a particular
receptor/antibody and does not bind in a significant amount to other proteins present in the

sample.

“Administration” and “treatment,” as it applies to an animal, human, experimental subject,
cell, tissue, organ, or biological fluid, refers to contact of an exogenous pharmaceutical,

therapeutic, diagnostic agent, or composition to the animal, human, subject, cell, tissue,
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organ, or biological fluid. “Administration” and “treatment” can refer, e.g., to therapeutic,
pharmacokinetic, diagnostic, research, and experimental methods. Treatment of a cell
encompasses contact of a reagent to the cell, as well as contact of a reagent to a fluid,
where the fluid is in contact with the cell. “Administration” and “treatment” also means in
vitro and ex vivo treatments, e.g., of a cell, by a reagent, diagnostic, binding composition,

or by another cell.

"Effective amount" encompasses an amount sufficient to ameliorate or prevent a symptom
or sign of the medical condition. Effective amount also means an amount sufficient to
allow or facilitate diagnosis. An effective amount for a particular subject may vary
depending on factors such as the condition being treated, the overall health of the patient,
the method route and dose of administration and the severity of side affects. An effective
amount can be the maximal dose or dosiné protocol that avoids significant side effects or
toxic effects. The effect will result in an improvement of a diagnostic measure or
parameter by at least 5%, usually by at least 10%, more usually at least 20%, most usually
at least 30%, preferably at least 40%, more preferably at least 50%, most preferably at
least 60%, ideally at least 70%, more ideally at least 80%, and most ideally at least 90%,
where 100% is defined as the diagnostic parameter shown by a normal subject (see, e.g.,
Maynard, et al. (1996) A Handbook of SOPs for Good Clinical Practice, Interpharm Press,
Boca Raton, FL; Dent (2001) Good Laboratory and Good Clinical Practice, Urch Publ.,
London, UK).

Menoclonal Antibodies

Monocional antibodies to PD-1 can be made according to knowledge and skill in the art of
injecting test subjects with PD-1 antigen and then isolating hybridomas expressing

antibodies having the desired sequence or functional characteristics.

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

coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do
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not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal
antibodies in the recombinant host cells. Recombinant production of antibodies will be

described in more detail below.

In a further embodiment, antibodies or antibody fragments can be isolated from antibody
phage libraries generated using the techniques described in McCafferty et al., 1990,
Nature, 348:552-554. Clackson et al., 1991, Nature, 352:624-628, and Marks et al., 1991,
J. Mol. Biol. 222:581-597 describe the isolation of murine and human antibodies,
respectively, using phage libraries. Subsequent publications describe the production of
high affinity (nM range) human antibodies by chain shuffling (Marks et al., 1992,
Bio/Technology, 10:779-783), as well as combinatorial infection and in vivo
recombination as a strategy for constructing very large phage libraries (Waterhouse et al.,
1993, Nuc. Acids. Res. 21:2265-2266). Thus, these techniques are viable alternatives to
traditional monoclonal antibody hybridoma techniques for isolation of monoclonal

antibodies.
Chimeric Antibodies

The antibody DNA also may be modified, for example, by substituting the coding
sequence for human heavy- and light-chain constant domains in place of the homologous
murine sequences (U.S. Pat. No. 4,816,567; Morrison, et al., 1984, Proc. Natl Acad. Sci.
USA, 81:6851), or by covalently joining to the immunoglobulin coding sequence all or
part of the coding sequence for non-immunoglobulin material (e.g., protein domains).
Typically such non-immunoglobulin material is substituted for the constant domains of an
antibody, or is substituted for the variable domains of one antigen-combining site of an
antibody to create a chimeric bivalent antibody comprising one antigen-combining site
having specificity for an antigen and another antigen-combining site having specificity for-

a different antigen.
Humanized and Human Antibodies
A humanized antibody has one or more amino acid residues from a source that is non-

human. The non-human amino acid residues are often referred to as "import” residues, and

are typically taken from an "import” variable domain. Humanization can be performed
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generally following the method of Winter and ‘co-workers (Jones et al., 1986, Nature
321:522-525; Riechmann et al., 1988, Nature, 332:323-327; Verhoeyen et al., 1988,
Science 239:1534-1536), by substituting rodent CDRs or CDR sequences for the
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies
are chimeric antibodies (U.S. Pat. No. 4,816,567) wherein substantially less than an intact
human variable domain has been substituted by the corresponding sequence from a non-
human species. In practice, humanized antibodies are typically human antibodies in which
some CDR residues and possibly some FR residues are substituted by residues from

analogous sites in non-human, for example, rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called
"best-fit" method, the sequence of the variable domain of a rodent antibody is screened
against the entire library of known human variable-domain sequences. The human
sequence which is closest to that of the rodent is then accepted as the human framework.
(FR) for the humanized antibody (Sims et al., 1987, J. Immunol. 151:2296; Chothia et al.,
1987, J. Mol. Biol. 196:901). Another method uses a particular framework derived from
the consensus sequence of all human antibodies of a particular subgroup of light or heavy
chains. The same framework may be used for several different humanized antibodies
(Carter et al., 1992, Proc. Natl. Acad. Sci. USA 89:4285; Presta et al., 1993, J. Immnol.
151:2623).

It is further important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biclogical properties. To achieve this goal, according to a
preferred method, humanized antibodies are prepared by a process of analysis of the

parental sequences and various conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three-dimensional immunoglobulin
models are commonly available and are familiar to those skilled in the art. Computer
programs are available which illustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin sequences. Inspection of )
these displays permits analysis of the likely role of the residues in the functioning of the
candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability

of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be

selected and combined from the recipient and import sequences so that the desired
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antibody characteristic, such as increased affinity for the target antigen(s), is achieved. In
general, the CDR residues are directly and most substantially involved in influencing

antigen binding.

Humanization of antibodies is a straightforward protein engineering task. Nearly all
murine antibodies can be humanized by CDR grafting, resulting in the retention of antigen
binding. See, Lo, Benny, K.C., editor, in Antibody Engineering: Methods and Protocols,

volume 248, Humana Press, New Jersey, 2004.

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that are
capable, upon immunization, of producing a full repertoire of human antibodies in the
absence of endogenous immunoglobulin production. For example, it has been described
that the homozygous deletion of the antibody heavy-chain joining region (JH) gene in
chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody
production. Transfer of the human germ-line immunoglobulin gene array in such germ-
line mutant mice will result in the production of human antibodies upon antigen challenge.
See, e.g., Jakobovits et al., 1993, Proc. Natl. Acad. Sci. USA 90:2551; ] akobovits et al,
1993, Nature 362:255-258; Bruggermann et al., 1993, Year in Immunology 7:33; and
Duchosal et al., 1992, Nature 355:258. Human antibodies can also be derived from phage-
display libraries (Hoogenboom et al., 1991, J. Mol. Biol. 227:381; Marks et al., J. Mol.
Biol. 1991, 222:581-597; Vaughan et al., 1996, Nature Biotech 14:309).

Antibody Purification

When using recombinant techniques, the antibody can be produced intracellularly, in the
periplasmic space, or directly secreted into the medium. If the antibody is produced
intracellularly, as a first step, the particulate debris, either host cells or lysed fragments, is -
removed, for example, by centrifugation or ultrafiltration. Carter et al., 1992,
Bio/Technology 10:163-167 describe a procedure for isolating antibodies which are
secreted to the periplasmic space of E. coli. Briefly, cell paste is thawed in the presence of
sodium acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride (PMSF) over about 30
min. Cell debris can be removed by centrifugation. Where the antibody is secreted into the
medium, supernatants from such expression systems are generally first concentrated using

a commercially available protein concentration filter, for example, an Amicon or Millipore
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and (to a |l esser extent) by J116 in a dose-dependent fashion.

Cal cul at pakiattirhEFafiRukitiohigr i zed in Table 1. Confirmng the
results obtained using flow cytonetry, the high affinity antibodies
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fragment of the invention. To prepare pharmaceutical or sterile compositions, the
antibody or fragment thereof is admixed with a pharmaceutically acceptable carrier or
excipient, see, e.g., Remington's Pharmaceutical Sciences and U.S. Pharmacopeia:

National Formulary, Mack Publishing Company, Easton, PA (1984). Formulations of
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Altemnately, one may administer the antibody in a local rather than systemic manner, for
example, via injection of the antibody directly into the site of action, often in a depot or
sustained release formulation. Furthermore, one may administer the antibody in a targeted

drug delivery system.

Guidance in selecting appropriate doses of antibodies, cytokines, and small molecules are
available (see, e.g., Wawrzynczak (1996) Antibody Therapy, Bios Scientific Pub. Ltd,
Oxfordshire, UK; Kresina (ed.) (1991) Monocional Antibodies, Cytokines and Arthritis,
Marcel Dekker, New York, NY; Bach (ed.) (1993) Monoclonal Antibodies and Peptide
Therapy in Autoimmune Diseases, Marcel Dekker, New York, NY; Baert, et al. (2003)
New Engl. J. Med. 348:601-608; Milgrom, et al. (1999) New Engl. J. Med. 341:1966-
1973; Slamon, et al. (2001) New Engl. J. Med. 344:783-792; Beniaminovitz, et al. (2000)
New Engl. J. Med. 342:613-619; Ghosh, et al. (2003) New Engl. J. Med. 348:24-32;
Lipsky, et al. (2000) New Engl. J. Med. 343:1594-1602).

Determination of the appropriate dose is made by the clinician, e.g., using parameters or
factors known or suspected in the art to affect treatment or predicted to affect treatrnent.
Generally, the dose begins with an amount somewhat less than the optimum dose and it is
increased by small increments thereafter until the desired or optimum effect is achieved
relative to any negative side effects. Important diagnostic measures include those of

symptoms of, e.g., the inflammation or level of inflammatory cytokines produced.

Antibodies, antibody fragments, and cytokines can be provided by continuous infusion, or
by doses at intervals of, e.g., one day, one week, or 1-7 times per week. Doses may be
provided intravenously, subcutaneously, intraperitoneally, cutaneously, topically, orally,
nasally, rectally, intramuscular, intracerebrally, intraspinally, or by inhalation. A preferred
dose protocol is one involving the maximal dose or dose frequency that avoids significant
undesirable side effects. A total weekly dose is generally at least 0.05 pg/kg body weight,
more generally at least 0.2 pg/kg, most generally at least 0.5 pg/kg, typically at least 1
ug/kg, more typically at least 10 pg/kg, most typically at least 100 pg/kg, preferably at
least 0.2 mg/kg, more preferably at least 1.0 mg/kg, most preferably at least 2.0 mg/kg,
optimally at least 10 mg/kg, more optimally at least 25 mg/kg, and most optimally at least
50 mg/kg (see, e.g., Yang, et al. (2003) New Engl. J. Med. 349:427-434; Herold, et al.
(2002) New Engl. J. Med. 346:1692-1698; Liu, er al. (1999) J. Neurol. Neurosurg. Psych,
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67:451-456; Portielji, et al. (20003) Cancer Immunol. Immunother. 52:133-144). The
desired dose of a small molecule therapeutic, e.g., a peptide mimetic, natural product, or

organic chemical, is about the same as for an antibody or polypeptide, on a moles/kg basis.

As used herein, “inhibit” or “treat” or ‘“treatment” includes a postponement of
development of the symptoms associated with disease and/or a reduction in the severity of
such symptoms that will or are expected to develop with said disease. The terms further
include ameliorating existing symptoms, preventing additional symptoms, and
ameliorating or preventing the underlying causes of such symptoms. Thus, the terms

denote that a beneficial result has been conferred on a vertebrate subject with a disease.

As used herein, the term “therapeutically effective amount™ or “effective amount” refers to
an amount of an anti-PD-1 antibody or fragment thereof, that when administered alone or
in combination with an additional therapeutic agent to a cell, tissue, or subject is effective
to prevent or ameliorate the disease or condition to be treated. A therapeutically effective
dose further refers to that amount of the compound sufficient to result in amelioration of
symptoms, e.g., treatment, healing, prevention or amelioration of the relevant medical
condition, or an increase in rate of treatment, healing, prevention or amelioration of such
conditions. When applied to an individual active ingredient administered alone, a
therapeutically effective dose refers to that ingredient alone. When applied to a
combination, a therapeutically effective dose refers to combined amounts of the active
ingredients that result in the therapeutic effect, whether administered in combination,
serially or simultaneously. An effective amount of therapeutic will decrease the symptoms
typically by at least 10%; usually by at least 20%; preferably at least about 30%; more
preferably at least 40%, and most preferably by at least 50%.

Methods for co-administration or treatment with a second therapeutic agent are well
known in the art, see, e.g., Hardman, et al. (eds.) (2001) Goodman and Gilman’s The
Pharmacological Basis of Therapeutics, 10" ed., McGraw-Hill, New York, NY; Poole and
Peterson (eds.} (2001) Pharmacotherapeutics for Advanced Practice: A Practical
Approach, Lippincott, Williams & Wilkins, Phila., PA; Chabner and Longo (eds.) (2001)
Cancer Chemotherapy and Biotherapy, Lippincott, Williams & Wilkins, Phila., PA.
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oma, and other neoplastic malignancies. Additionally, the invention includes
refractory or recurrent malignancies whose growth may be inhibited using the antibodies

of the invention.



FR4 regi on. The non-productive sterile transcript observed likely
originates fromthe myel oma fusion partner (Carroll W L. et al.,

Mol . | muwelaoostEs891- 995 (1988) and wastrul ed out. Bl asperasdok Sy
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anti-human PD-1 antibodies of this invention"SEQ ID NO" Description 1
hPD- | . 08/A&ahesioys aghlai tumes entagsne (inelyiding reomapingntepeinsogertidegylandchai n

hPD. 1. DoAY FRIRPraLrPle- st ABTE™B5TBRTY ERUR o8 APt e A eadie LR formor

vari abl e degigb®Bntigdh)or dublele-aki 8 Anmusbitfiiating ¥okmbt Eof &GIngHle, (A4, IFNa2,
GM-CSF_), and cells transfected with genes encoding immune stimulating cytokines such
as but not limited to GM-CSF); standard cancer treatments (for example, chemotherapy,
radiotherapy or sugery); or other antibodies (including but not limited to antibodies to
VEGF, EGFR, Her2/neu, VEGF receptors, other growth factor receptors, CD20, CD40,
CTLA-4, 0X-40, 4- IBB, and ICOS).

Infectious Diseases

The antibody or antibody fragments of the invention can also be used to prevent or treat
infections and infectious disease. The antibody or antibody fragments can be used alone,
or in combination with vaccines, to stimulate the immune response to pathogens, toxins,
and self-antigens. The antibodies or antigen-binding fragment thereof can be used to
stimulate immune response to viruses infectious to humans, such as, but not limited to,
human immunodeficiency viruses, hepatitis viruses class A, B and C, Eppstein Barr virus,
hyman cytomegalovirus, human papilloma viruses, herpes viruses. The antibodies or
antigen-binding fragment thereof can be used to stimulate immune response to infection

with bacterial or fungal parasites, and other pathogens.
Vaccination Adjuvant

‘The antibody or antibody fragments of the invention can be used in conjunction with other
recombinant proteins and/or peptides (such as tumor antigens or cancer cells}) in order to

increase an immune response to these proteins (i.e., in a vaccination protocol).

For example, anti-PD-1 antibodies and antibody fragments thereof may be used to
stimulate antigen-specific immune responses by coadministration of an anti-PD-1 antibody
with an antigen of interest (e.g., a vaccine). Accordingly, in another aspect the invention

provides a method of enhancing an immune response to an antigen in a subject,



7 hPD-1. 09A heavy chain variable region (AA) 8 hPD-1.09A light chain
variable region (AA) 9 hPD-1.08A light chain CDRL (AA) 10 hPD- 1. 08A

li ght chajve %lR&6tAA) 11 hPD-1.08A [igRY "chain CDR3 ( AApciRIsERBudO8A
heavy chain CDRL (AA) 13 hPD-1. 08A heavy chain CDR2 (AA) 14 hPD- 1. 08A

heavy chaiompCiBRE déinisksingPDiiE. bkt i(ghhe atiggen; QORii) aM\Anti-PD-1 antibody of
the invention or antigen-binding portion thereof, such that an immune response to the
antigen in the subject is enhanced. The antigen can be, for example, a tumor antigen, a
viral antigen, a bacterial antigen or an antigen from a pathogen. Non-limiting examples of
such antigens include, without limitation, tumor antigens, or antigens from the viruses,

bacteria or other pathogens.
Th2 Mediated Diseases

Anti-PD-1 antibodies and antibody fragments of the invention can also be used to treat
Th2 mediated diseases, such as asthma and allergy. This is based on the finding that the
antibodies of the invention can help induce a Th! response. Thus, the antibodies of the
invention can be used to in Th2 mediated diseases to generate a mofre balanced immune

response.
Ex-Vivo Activation of T cells

The antibodies and antigen fragments of the invention can also be used for the ex vivo
activation and expansion of antigen specific T cells and adoptive transfer of these cells
into recipients in order to increase antigen-specific T cells against tumor. These methods
may also be used to activate T cell responses to infectious agents such as CMV. Ex vivo
activation in the presence of anti-PD-1 antibodies may be expected to increase the

frequency and activity of the adopiively transferred T cells.
Other Combination Therapies

As previously described, anti-PD-1 antibodies of the invention can be coadministered with
one or other more therapeutic agents, e.g., a cytotoxic agent, a radiotoxic agent or an
immunosuppressive agent. The antibody can be linked to the agent (as an
immunocomplex) or can be administered separately from the agent. In the latter case
(separate administration), the antibody can be administered before, after or concurrently

with the agent or can be co-administered with other known therapies.
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region (DNA) 22 Codon optim zed 109A-H heavy chain vari abl e region
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KOA-L- Lol Althe &1l Idgn(\)/raernlg?ﬁc% thFer gﬂlecgfl%\lﬁ kells.

Non-Therapeutic Uses for the Antibody and Antibody Fragments of the Invention

A market for anti-PD-1 antibodies for non-therapeutic uses already exists, as demonstrated
by the commercial sales of J116, and J105 monoclonal anti-hPD-1 antibodies sold by
eBioscience of San Diego, Califomia, USA, for use in flow cytometric analysis,
immunohistochemistry and in vitro functional assays; and mab1086, a monoclonal anti-
hPD-! antibody sold by R&D Systems of Minneapolis, MN, USA, for use in flow
cytometry, Western blots and ELISA. Antibodies of the invention may be used for any

non-therapeutic purpose now served by J116, J105 and/or Mab1086.
The antibody of the invention may be used as an affinity purification agent.

The antibody may also be useful in diagnostic assays, e.g., for detecting expression of PD-
1 in specific cells, tissues, or serum. For diagnostic applications, the antibody typically
will be labeled (either directly or indirectly) with a detectable moiety. Numerous labels are
available which can be generally grouped into the following categories: biotin,

fluorochromes, radionucleotides, enzymes, iodine, and biosynthetic labels.

The antibody of the present invention may be employed in any known assay method, such
as competitive binding assays, direct and indirect sandwich assays, and
immunoprecipitation assays. Zola, Monoclonal Antibodies. A Manual of Techniques,

pp-147-158 (CRC Press, Inc. 1987).

The antibody may also be used for in vive diagnostic assays. Generally, the antibody is
labeled with a radionuclide (such as iy, 99Tc:, 4C, 11, 1251, W, 3%p 33 or ISF) so that the
antigen or cells expressing it can be localized using immunoscintiography or positron

emission tomography.



WD 2008/ 156712- 53 - PCT/ US2008/ 007463 25 KOOA-L-16 |ight chain
vari abl e region (DNA) 26 KOOA-L-17 |ighfg chain variable region (DNA)
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DNA constructs encoding the variable regions of the heavy and light chains of the

humanized antibodies h409A11, h409A16 and h409A17 have been deposited with the
American Type Culture Collection Patent Depository (10801 University Blvd., Manassas,
VA). The plasmid containing the DNA encoding the heavy chain of h409A-11, h409A-16
and h409A-17 was deposited on June 9, 2008 and identified as 081469_SPD-H. The
plasmid containing the DNA encoding the light chain of h409A11 was deposited on June
9, 2008 and identified as 0801470_SPD-L-11. The plasmid containing the DNA encoding
the light chain of h409A16 was deposited on June 9, 2008 and identified as
0801471_SPD-L-16. The plasmid containing the DNA encoding the light chain of
h409A17 was deposited on June 9, 2008 and was designated 0801472_SPD-L-17. The
deposits were made under the provisions of the Budapest Treaty on the International
Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the

Regulations thereunder (Budapest Treaty).

The foregoing written specification is considered to be sufficient to enable one skilled in
the art to practice the invention. The present invention is not to be limited in scope by the
culture deposited, since the deposited embodiment is intended as a single illustration of
one aspect of the invention and any culture that is functionally equivalent is within the
scope of this invention. The deposit of material herein does not constitute an admission
that the written description herein contained is inadequate to enable the practice of any
aspect of the invention, including the best mode thereof, nor is it to be construed as
limiting the scope of the claims to the specific illustration that it represents. Indeed,
-various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing description and fall within

the scope of the appended claims.

The invention will be more fully understood by reference to the following examples. They
should not, however, be construed as limiting the scope of this invention. All literature

and patent citations mentioned herein are expressly incorporated by reference.
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transfected COS-7 cells secreted about 295 ng/nmi of the chineric
| g3 - kappa anti body in three separate transfections.

Mice were immunized by gene gun immunization using a Helios gene gun (BioRad) and
DNA coated gold bullets (BioRad) following manufacturers instructions. Briefly, ! um
gold particles were coated with hPD-1 cDNA (cloned into pcDNA3.1) and, where
indicated, commercial expression vectors for mouse Flt3L and mouse GM-CSF ina 2:1:1
ratio (both from Aldevron, Fargo ND). A total of 1 pg of plasmid DNA was used to coat
500 ng of gold bullets.

Specifically, 7-8 week-old female BALB/C mice were immunized on the ear by gene gun
receiving 2, 3, or 4 cycles of a shot on both ears (see I:able I). One mouse received a final
booster with 5 x 10° CHO-hPDI cells in the peritoneal cavity. Approximately, a 1:1000
anti-hPD-1 titers was detectable in mouse serum after two DNA immunizations by cell
ELISA using CHO-hPD-1 versus CHO-K1 parental cells. Four days after the final
immunization, mice were sacrificed, and erythrocyte-depleted spleen cell populations were
prepared as described previously (Steenbakkers et al., 1992, J. Immunol. Meth. 152:69-77,
Steenbakkers et al., 1994, Mol. Biol. Rep. 19:125-134) and frozen at -140°C.
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culture plates. On day eight, supernatants were screened for their anti-hPD-1 reactivity by
CHO-hPD-1 cell ELISA using the following procedure. CHO-K1 and CHO-hPD1 cells
were cultured to confluency in flatbottom 96-well plates in 50 uL DMEM/HAM’S F12,
10% FBS. Next, 50 uL of immunoglobulin-containing supernatant was added for 1 hr at
37°C. After three washes with PBS-Tween, 100 gL (1:1000 diluted) goat-anti-mouse—
horseradish peroxidase (HRP, Southern, Birmingham, AL, USA) in DMEM/HAM’S
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ELI SA CEbh Sfemivlg Eethelieti 6X3es, 2 MEBE040®Mcem. Finally, the content of the fusion
chamber was transferred to hybridoma selection medium and plated into a 96-well piate
under limiting dilution conditions. On day 14 after fusion, the cultures were examined for
hybridoma growth and screened for the presence of antibody reactivity to hPD-1. This
procedure yielded five different anti-hPD-1 hybridomas, named hPD-1.05A , hPD-1.06B,
hPD-1.08A, hPD-1.09A and hPD-1.13A, that were subcloned by limiting dilution to
safeguard their integrity and further cultured to produce antibody. Supernatants obtained
from these hybridomas strongly inhibited the IL-2 production from Jurkat E6.2.11 cells

upon anti-CD3/anti-CD28 stimulation (see Figure 1 and text below).

Jurkat E6.1 cells (American Type Culture Collection) were subcloned by limiting dilution
using standard methodology and subclones were tested for enhanced capacity to produce
IL-2 upon cross-linking of CD3 and CD28. A high IL-2 producing subclone was obtained
and subsequently named Jurkat E6.2.11and used in further assays. Costar 3370 96-well
assay plates were coated overnight at 4°C with 5 pg/mL Sheep Anti-Mouse Ig (SAM).
Excess of SAM was removed and plates were blocked for 1 hr at room temperature with
200 pL/well PBS/10% Fetal Bovine Serum. After three washes with PBS, wells were
coated with 100 pL/well anti-CD3 (OKT3; 10 or 60 ng/mL) for 1hr at 37°C. After three
washes with PBS, 50 pL/well PBS/10% Fetal Bovine Serum and 50 pL/well B-cell- or
hybridoma supernatant was added for 30 min at 37°C. After three washes with PBS, 120
pLswell of cell suspension, Jurkat £6.2.11 cells (2x10° cells/well + 0.5 pg/mL anti-CD28
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(Sanquin #M 1650, Central Laboratory for P;loodtransfusion, Amsterdam, NL) in
DMEM/F12/10% Fetal Bovine Serum) was added. After a 6 h culture, supernatant was
examined for IL-2 production using a standard sandwich ELISA with anti-hIL-2 capture
and biotinylated detection antibody pairs from Pharmingen and Streptavidin-Horse Radish
Peroxidase (Southern Biotech) as a detection reagent. To determine the potency of these
antibodies as compared with PD-L1, a small group of mAbs was produced on a larger
scale. The mAbs were purified using Protein G affinity chromatography (see Example 2).
Purified antibodies, hPD-L.1/Fc (recombinant human B7-H1/Fc chimera, R&D systems) or
mouse IgG1 kappa (from Sigma) as a negative control were coated at identical
concentrations on plates with anti-CD3 as described above. Jurkat E6.2.11 cells and anti-
CD28 were added for six hours, and T-cell activation was measured by IL-2 produced in
the supematant. Two of the antibodies (hPD1.08A and hPD1.09A) showed an 8-10 fold

more potent inhibition compared to immobilized PD-L1/Fc.

Example 2: Purification and characterization of murine anti-PD-1 Antibodies

Stabilization of anti-PD-1 producing hybridomas and purification of anti-PD-1

antibodies

Clonal cell populations were obtained for each of the hybridomas by subjecting them to
multiple rounds (>4) of limiting dilution. Stable hybridoma cells were then cultured under
serum-free conditions using CELLine bioreactors (Integra-biosciences) for six to eight
days. Cells were seeded in the inner chamber in serum-free media at a density of 3 x 10°
¢/mL in 15 mL and expanded to approximately 4 x 10’ ¢/mL over eight days. The outer
chamber was filled with media supplemented with up to 10% BCS (bovine calf serum).
On day six to eight, the inner chamber culture was harvested, washed with 15 mL SF
media and re-innoculated with hybridoma cells. Bioreactor supernatant and wash were
combined and clarified by centrifugation. The resulting supernatant was filtered through a
0.22 pM filter membrane. For antibody purification, supernatants were diluted 1:1 in high
salt binding buffer (1M Glycine/2M NaCl, pH 9.0}, and mAbs were purified using Protein
G HiTrap 5 mL column (GE healthcare). After washing with PBS, bound antibodies were
eluted using 0.1 M Glycine pH = 2.7, followed by pH neutralization using 3 M Tns.
Finally, the buffer was exchanged for PBS using PD-10 gel-filtration columns (GE
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healthcare), and antibodies were concentrated using Ultra-15 centrifugal concentrators

(Amicon) and quantified using spectrophotometry.
Commercial Antibodies

The following commercial antibodies were used in various studies described herein: Anti-
PD-1I antibody clone J116 (#14-9989) was purchased from eBioscience. Anti-CTLA-4
clone 14D3 (mAb 16-1529) was purchased from eBioscience. Anti-PD-1 clone 192106
(mAb1086) was purchased from R&D systems (#mAb1086). Isotype control antibody
mlgG1, kappa, clone MOPC21 was purchased from Sigma (#M9269). Isotype controls
mlgG1 kappa (mAb 16-4714) and IgG2a kappa (mAb 16-4724) were purchased from

eBioscience.
Binding Analysis

Protein-based and cell-based ELISA (‘CELISA’) experiments were used to determine
apparent binding affinities (reported as EC50 values). In some cases, the binding of the
anti-PD-1 antibodies was compared to that of commercial anti-PD-1 antibodies J116
teBiosciences) and Mab1086 (R&D systems).

A protein ELISA was used for determination of the relative binding of antibodies to
human PD-1/Fc. hPD-1/Fc (R & D Systems) was immobilized onto Maxisorp 96-well
plates (Nunc) by incubation for 4 h at room temperature (or ovemight at 4°C).
Nonspecific binding sites were blocked by incubation with 3% BSA in PBST for one hour
at room temperature. After coating, the plates were washed three times with PBST.
Dilutions of anti-PD-1 antibodies were prepared in binding buffer (PBS containing 0.1%
Tween 20 and 0.3% BSA) and incubated with the immobilized fusion protein for one hour
at 25°C. After binding, the plates were washed three times with PBST, incubated for one
hour at 25°C with peroxidase-labeled goat anti-mouse IgG (Southern Biotech) diluted
174,000 in binding buffer, washed again, and developed using TMB. ELISA results are
shown in Figure 2. The concentration of half-maximal binding is reported as a measure

of relative binding affinity (Table II).
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elucidate binding kinetics and calculate equilibrium binding constants. This assay was.
performed by coupling PD-1-Fc fusion protein (R&D Systems) to amine-reactive
biosensors (Fortebio) using standard amine chemistry. Anti-PD-1 mAD binding to and
dissociation from the biosensors was then observed at various antibody concentrations.
Specifically, amine-reactive biosensors were pre-wet by immersing them in wells
containing 0.1M MES pH = 5.5 for 5 minutes. The biosensors were then activated using a
0.1IM NHS / 0.4M EDC mixture for 5 minutes. PD-1/Fc fusion protein (R & D systems)
was coupled by immersing the biosensors in a solution of 12 ug/mL PD-1/Fc in 0.1M
MES for 7.5 minutes. The biosensor surface was quenched using a solution of 1M
ethanolamine for 5 minutes. Biosensors were equilibrated in PBS for 5 minutes.
Association of anti-PD-1 mAbs was observed by placing the biosensors in wells
containing various antibody concentrations (10-80 nM purified antibody >99% by SDS-
PAGE in PBS) and monitoring interferometry for 30 minutes. Dissociation was measured
after transfer of the biosensors into PBS and monitoring of the interferometry signal for 60
minutes. The observed on and off rates (kqns and kg) were fit using a 1:1 binding global fit
model comprising all concentrations tested, and the equilibrium binding constant Kp was

calculated. Results from the kinetic studies are presented in Table II, and Figure 6 below.
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Table II. Biochemical characterization summary of murine anti-PD-1 mAbs.

Binding Analysis Ligand Blockade Kinetic Analysis
ELISA CELISA FACS FMAT F.ortebio Octet
EC50 (pM) EC50 (pM) 1C50 (nM) IC50 (nM) Kassoc Kdissoc Ko
mADb hPD-1/Fc hPD-1/CHO PD-L1 PD-L1 PD-L2 1/Ms 1/s M
05A 338 15 1.62E+05 | 1.11E-04 | 6.90E-10
06B 135 160 8.32E+04 | 9.74E-05 1.17E-09
08A 76 79 0.9 0.73 2.1 1.25E+06 | 3.03E-05 | 2.41E-11
09A 123 113 0.8 0.90 1.7 1.64dE+06 | 3.60E-05 | 2.20E-11
13A 485 64 1.46E+405 | 4.16E-04 2.85E-09
J116 410 349 106 >100 44 8.24E+04 | 1.50E-04 | 1.82E-09
mAb1086 59 >10000 >10000 >10000 | >10000 2.45E+05 | 1.68E-04 | 6.86E-10

Two of the monoclonal antibodies, hPD-1.08A and hPD-1.09A, bound considerably more

tightly than any other mAb tested using this assay, with Kp determined to be 24 and 22
pM for hPD-1.08A and hPD-1.09A, respectively. Compared to the other anti-PD-1

antibodies tested, the increased affinity is due to a slower off-rate and a significantly faster

on-rate measured for hPD-1.08A and hPD-1.09A.

Ligand Blockade

Blockade of ligand binding studied using flow cytometry. CHO cells expressing human

PD-1 were dissociated from adherent culture flasks and mixed with varying concentrations

of anti-PD-1 antibody and a constant concentration (600ng/mL) of unlabeled hPD-L1/Fc

or recombinant human PD-L2/Fc fusion protein (both from R&D Systems) in a 96-well

plate. The mixture was equilibrated for 30 minutes on ice, washed three times with FACS

buffer (PBS containing 1% BCS and 0.1% sodium azide), and incubated with FITC

labeled goat anti-human Fc for a further 15 minutes on ice. The cells were washed again

with FACS buffer and analyzed by flow cytometry. Data were analyzed with Prism

(GraphPad Software, San Diego, CA) using non-linear regression, and IC50 values were

calculated.

Calculated ICsp data are summarized in Table II. Antibodies 05A, 06B and 13 A were

determined to demonstrate a Kp between 600 pM and 3nM for the binding of hPD-1.

Despite the tight binding, these antibodies each demonstrated ICsg> 10 nM for the

blockade of hPD-L1 binding to hPD-1. The commercially available anti-PD-1 antibody

J116 (eBiosciences) weakly competed with PD-L1 for binding, having a calculated IC50
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dissociated from adherent culture flasks, mixed with varying concentrations of anti-PD-1
antibody and a constant concentration (600ng/mL) of hPD-L1/Fc or hPD-1.2/Fc¢ fusion
protein (both from R&D Systems), labeled with a fluorescent dye (AlexaFluor 647,
Invitrogen) in a 96-well plate. The mixture was equilibrated for 90 minutes at 37°C and
read using an AB8200 Cellular Detection Analyzer (Applied Biosystems, Foster City,
CA). Data was analyzed with Prism (GraphPad Software, San Diego, CA) using non-
linear regression, and IC50 values were calculated. Figure 3 shows results of a dose-
response experiment indicating that the magnitude of ligand blockade is determined by
antibody concentration. Binding of both hPD-L1/Fc and hPD-L2/Fc to CHO-hPD-1 cells
can be completely inhibited by hPD-1.08A, hPD-1.09A and (to a lesser extent) by J116 in
a dose-dependent fashion. Calculated 1Csy data are summarized in Table II. Confirming
the results obtained using flow cytometry, the high affinity antibodies hPD-1.08A and
hPD-1.09A inhibited PD-L1 binding with ICsp values below 1 nM.

Species cross-reactivity

To assess the species cross-reactivity of the antibodies, the mouse and cynomolgus
macaque PD-1 receptors were cloned by PCR and stably transfected CHO-K1 cells were
generated. The antibodies were tested for binding to the cynomolgus receptor using a
CELISA. Commercial antibody J116, hPD-1.08A and hPD-1.09A were found to bind with
equal affinity to human and cynomolgus PD-1 and block binding of hPD-L1/Fc and hPD-
L2/Fc to cynomolgous PD-1 with similar efficacy as compared to human PD-1. This is
not surprising because the amino acid sequence of the extracellular portion of cynomolgus
PD-1 was found to be 97% identical to that of human PD-1. In addition to PD-1 from
cynomolgous macaques, hPD-1.08A and hPD-1.09A also functionally blocked PD-1 from



b. a light chain conprising an am no acid sequence selected fromthe
group consisting of: i. amno acid residues 20 to 237 of SEQ I D NG

36; 1. agpnosasédzresidues 20 to 237-6 "SEQ | D NO : 37, petviistoos/007463
amno acid residues 20 to 237 of SEQ ID NO 38. 61 9.The anti body of
any one ohesys miapaques irpSEB stimuldied bloodeell stlthwresadasdribed il Exvmmpe 3 hidane/of

o The antt BagBER SR Rlg roliE BT OB dehg MonecATty REORL Ao i Rlsee

wherein the anti body or antibody fragnent: a. binds human PD-1 with a
KD of about 100 pMor lower; b. binds human PD-1 with a Kmof about
30 pM or Ipewemary; fivpiapddR-d menrstprrDamtibadicl wepoperifi¢deanskbeharapriazsd aphich

ant i body ' al h.conpris h m no _acl,d sequence, of
SEQ 1D NS O e o O I OB bt e P 2 hchon T SRR iy
SEQ | D N@ghiigto BD- IbiwittsdikschisivarzoRadis W thd 280 to B Mea sai¥e) & Rere@fApable
anti body having a heavy chain conprising the am no acid sequence o?

SEO 1D NOf PDskEgahenaragionciah RO TIGTAPT B with varyine G S9egiendiuobt
SEO I D - i t i "o ) 5. )
Tos) o hes® g HppRl RS Ve B UBRGAERbTY ottty (1R bes; AR ¥bmiercifl api-

106 1/ M Dol niAlss éfach @f the aigidoties winanaddtd in wilitoreadi@bisseteptdr abiiohis,

X le 1/s or slower; h. bhinds to hunan PD-1 with a kdiss of about 2.7
x 10-5 | flupgtelyjcphgncing T cell responses (see Example 3).

Example 3: Functional profiling of Anti-PD-1 Antibodies
Human T cell response to SEB is enhanced by hPD-1.08A and hPD-1.09A

Anti-PD-1 antibodies were tested for their capacity to enhance T cell activity in vitro using
blood cells from ‘healthy volunteers. One assay used to characterize the functional
consequence of blocking human PD-1 receptor utilized Staphylococcus enterotoxin B
(SEB) to engage and activate all T cells expressing the V3 and VB8 T cell receptor chain.
Healthy human donor blood was obtained and diluted 1:10 into cﬁlture medium. Diluted
whole blood was plated (150 pl per well) in 96-well round-bottom plates and pre-
incubated for 30-60 min with mAb and varying concentrations. SEB was then added at
various concentrations ranging from 10 ng/mL to 10 ug/ml.. Supernatants were collected
after 2 to 4 days of culture and the amount of IL-2 produced was quantified using ELISA
(described in Example 1) or using standard multiplex technology (Luminex platform —
Biosource cytokine detection kits). Titration of SEB from 100 ng/mL up to 10 pg/mL
significantly stimulated IL-2 production by whole-blood cells. Usually, depending on the
donor, 100 to 1000 pg/mL IL.-2 was detectable by ELISA 2-4 days after stimulation with 1
pg/mL of SEB. Addition of hPD-1.08A and hPD-1.09A enhanced IL-2 production over
control mouse IgG1, on average 2 to 4 fold at the highest antibody concentration tested
(25 pg/mL). The stimulation index was averaged for experiments performed with a set of
independent healthy volunteers (Figure 4). These experiments demonstrated that both
hPD-1.08A and hPD-1.09A enhanced IL-2 production upon SEB stimulation of diluted
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f r agnment (Bgowsrddi R Q@aaqu}d &2 pestduction by anti-PD-1 antibodies was found to be dose-
dependent. In addition to IL-2, by Luminex technology levels of TNFo, [L-17, IL-7, IL-6
and [IFNy were also found to be significantly modulated by hPD-1.08A and hPD-1.09A.
The results of these experiments indicate that hPD-1.08A and hPD-1.09 can be used to

stimulate human T cell responses.

Anti-PD-1 antibody, hPD-1.09A, was further tested for its capacity to enhance T cell
activity in vitro using blood cells derived from cancer patients. Biood from patients with
advanced melanoma (1 patient) or prostate cancer (3 patients) was tested following the
above protocol. Results of the cytokine quantitation are presented in Table III as fold
increase of cytokine produced when cells are stimulated in the presence of 25 ug/ml. hPD-
1.09A compared to SEB stimulation in the absence of antibody. In summary, hPD-1.09A
was found to increase the SEB induced IL-2 production 2 to 3.5 fold for each of the 4
patients. Similarly production of TNFe, IL-17 and IFNy was enhanced, and production of
IL-5 and I.-13 was decreased. These experiments indicate that hPD-1.09A has the ability
to stimulate T cell responses in cancer patients. Further, these experiments suggest a

preference towards Thl responses.

Table III. SEB-stimulated cytokine production in the presence of hPD-1.09A

Fold change in cytokine level
cancer
patient | type 1.-2 TNFo IENY IL-5 IL-6 IL.-13 IL-17
A prostate 3.4 2.0 1.9 0.7 2.1 0.8 1.8
B prostate 2.1 1.5 1.2 0.4 2.2 0.6 2.6
C prostate 2.0 2.4 2 0.9 24 1.1 24
D melanoma 2.0 1.9 1.5 0.4 1.9 0.5 2.0
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EenennaarRPNRN64utesli un{achtaifinof @ rieas inactivated human serum), pre-incubated with
test antibodies at varying concentration and stimulated with TT (Astarte Biologics) at a
concentration of 100 ng/mL. The cells were incubated for 3-7 days at 37°C, 5% CO, after
which supernatants were harvested. Cytokine concentrations were determined by ELISA
(IL-2 and JFN-y ELISA detection antibody pair sets from eBioscience) and multiplex
analysis (Luminex platform — Biosource cytokine detection kits). Blockade of PD-1
enhanced proliferation and significantly enhanced cytokine production (Figure 5)
including IFNy and IL.-2 compared to antigen alone. Luminex analysis revealed that
production of the cytokines GM-CSF, RANTES, and IL-6 are increased upon PD-1
blockage.

Staining of human PD-1 on formalin-fixed paraffin-embedded human cells

Since SEB-stimulated blood cells demonstrated enhanced expression of PD-1 by flow
cytometry, these cells were used to determine if hPD-1.09A could detect PD-1 in
formalin-fixed paraffin embedded tissue for histological use. Human donor peripheral
blood mononuclear cells were stimulated with 0.1 ng/mL SEB for 3 days, after which the
non-adherent cells (mainly lymphocytes) were collected, washed twice with PBS and
centrifuged (1100 rpm for 5 min.). The cells were fixed for 10 min in 4% formaldehyde,
the cell-pellet was embedded in agarose, dehydrated in ethanol (subsequently 70%, 80%,
96% and 100%) and xylene, and thereafter embedded in paraffin. Sections (4 pm) were
mounted onto glass slides and hydrated (xylene, ethanol 100%, %6%, 80%, 70%, PBS
buffer), after which antigen retrieval in heated citrate buffer was performed using standard
methodology. Peroxidase activity was blocked using 100% methanol including 0.3% H;0,
and slides were rinsed in water and PBS, Tween 0.1%. Sections were incubated with hPD-

1.09A for 1.5 hours at room temperature, rinsed with PBS-Tween, followed by standard
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detection methods. Slides were counterstained with hematoxylin for 30 seconds at room

temperature, dehydrated with xylene, and mounted for microscopical examination. These
experiments showed that lymphocytes derived from SEB stimulated PBMC cultures
stained strongly (when compared to the isotype control) with hPD-1.09A, as opposed to

unstimulated PBMC cultures, indicating that hPD-1.09A is useful as a diagnostic reagent.

Example 4: Anti-PD-1 Antibodies sequences and subsequent humanization
Cloning of Immunoglobulin ¢cDNAs

Using degenerate primer PCR-based methods, the DNA sequences encoding the \}an'able
regions of the mouse antibodies expressed by hybridomas hPD-1.08A and hPD-1.09A
were determined. Briefly, gene specific cDNAs for the heavy and light chains were
generated using the iScript Select cDNA synthesis kit (Biorad # 1708896} according to the
manufacturer’s instructions. PCR primers used were based on the Ig-primer set (Novagen
# 69831-3). Degenerate PCR reactions were carried out using Taq polymerase according
to the Novagen primer set protocol. PCR products were analyzed by agarose gel
electrophoresis. The expected amplicon size for both the heavy and light chain variable
region is about 500 base pairs. Two ul of Tag-amplified PCR product from reactions
which yielded an appropriate band were cloned into the pCR4 TOPO vector (Invitrogen
#K4595-40) and transformed into DH5-alpha E. coli as directed by the manufacturer.
Clones were screened by colony PCR using universal M13 forward and reverse primers

and two to three clones from each reaction were chosen for DNA sequencing analysis.

Clones were sequenced in both directions using universal primers M13 forward, M13
reverse, T3 and T7. Results of each sequencing reaction for each clone were analyzed
using Seqman. Consensus sequences were searched against databases of germline and
rearranged Ig Variable region sequences using NCBI Ig-Blast
(http://www.ncbi.nlm.nih.gov/projects/igblast/). Blast results for hPD-1.08 A identified a
productively (in-frame) rearranged heavy chain with no stop codons introduced. Light
chain clones were identified which encode two different sequences; one is a productively
{(in-frame) rearranged light chain with no stop codons introduced, the other is a non-

productively rearranged sequence containing a frame-shift leading to a stop codon in the



atgrgatgga gctgtatcat kctclitttg gtagcaacag ctacaggtgt ccactcccag60
gt ccaact gc agcagcct gg ggct gaactg gt gaagcctg gggcttcagt gaagttgtccl20

t gcaagycaioGh@asiAasac cttcaccagt tattaPdtgt actggatgaa REPHaHNSEH71E0
ggacaaggcc ttgagtggat tgggggggtt aatcctagta atggtggtac taacttcagt 240

gagaagt t fR4aggigoadgaovprabctac stegleagasempttobsatved Hielg origgmtasdoan ¢he300
caact cagca gcctgacatc tgaggac cggtctatt actgtaca ct 360
aact acgaé@yeg‘g%gisﬁnﬁr@gﬁg?%@@;@ . gaggﬂc?@llab’@fl Oé%igﬁgl @?ﬂg@g%@ﬁ‘ﬁ%
O0R06827 {JRa-paaacgacac cccca435 <210> 2 <211> 453 <212> DNA <213>

Artificial Sequence <220> <223> hPD-1.08A |ight chain variable region
<400> 2 at ggagacag acacactcct gctatgggta ctgctgctct gggttccagg

ttceact g%tlgs? results for hPD-1.09A identified productively (in-frame) rearranged heavy and light
chains with no stop codons introduced. The amino acid sequences of the expressed
proteins were been confirmed by mass spectrometry. The sequences are disclosed in the

attached Sequence Listing and listed in table I'V.

Table IV: Sequence ID numbers for murine anti-human PD-1 antibodies of this invention

SEQ ID NO: Description

| hPD-1.08A heavy chain variable region (DNA)

hPD-1.08A light chain variable region (DNA)

hPD-1.09A heavy chain variable region (DNA)

hPD-1.09A light chain variable region (DNA)

hPD-1.08A heavy chain variable region (AA)

hPD-1.08A light chain variable region (AA)

hPD-1.09A heavy chain variable region (AA)

hPD-1.09A light chain variable region (AA)

W ool 3 ] ] B W]

hPD-1.08A light chain CDR1 (AA)

10 hPD-1.08A light chain CDR2 (AA)

11 hPD-1.08A light chain CDR3 (AA)

12 hPD-1.08A heavy chain CDR1 (AA)

13 hPD-1.08A heavy chain CDR2 (AA)

14 hPD-1.08A heavy chain CDR3 (AA)

15 hPD-1.09A light chain CDRI1 (AA)

16 hPD-1.09A light chain CDR2 (AA)

17 hPD-1.09A light chain CDR3 (AA)

18 hPD-1.09A heavy chain CDR1{ (AA)

19 hPD-1.09A heavy chain CDR2 (AA)

20 hPD-1.09A heavy chain CDR3 (AA)

21 109A-H heavy chain variable region (DNA)

22 Codon optimized 109A-H heavy chain variable region (DNA)
23 Codon optimized 409A-H heavy chain full length (DNA)
24 KO09A-L-11 light chain variable region (DNA)
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30 T09A-H heavy chain vanable region (AA)

31 409A-H heavy chain full length (AA)

32 KO9A-L-11 light chain variable region (AA)
33 KO9A-L-16 light chain variable region (AA)
34 KO9A-1.-17 light chain variable region (AA)
35 109A-H heavy chain full length (AA)

36 KO9A-L-11 light chain full length (AA)

37 KO9A-L-16 light chain full length (AA)

38 KO09A-L-17 light chain full length (AA)

CDR and framework regions are annotated according to Kabat E. A, et al., 1991,
Sequences of proteins of Immunological interest, In: NIH Publication No. 91-3242, US
Department of Health and Human Services, Bethesda, MD.

Construction and expression of chimeric ¢109A antibody

Chimeric light and heavy chains were constructed by linking the PCR-cloned cDNAs of
mouse hPD-1.09A VL and VH regions to human kappa and IgG1 constant regions,
respecitvely. The 5° and 3’ ends of the mouse cDNA sequences were modified using PCR
primers designed to add a suitable leader sequence to each chain, and restriction sites to

enable cloning into existing recombinant antibody expression vectors.

COS-7 cells (0.7 mL at 107/mL) were electroporated with 10pg of each of the chimeric
heavy and light chain expression plasmids. These cells were then cultured in 8§ mL growth
medium for three days. A sandwich ELISA was used to measure the antibody
concentrations in the supernatants from the COS-7 transfections. This showed that the
transfected COS-7 cells secreted about 295 ng/mL of the chimeric 1gG;-kappa antibody in

three separate transfections.
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<211> 12ZhePPP>1.0%A antibody was humanized by MRCT (Cambridge UK) using CDR grafting

technology (see, e.g., U.S. Patent No. 5,225,539). Briefly, the variable chain sequences of
the murine antibody hPD-1.09A were compared to those available in the Research
Collaboratory for Structural Bioinformatics (RCSB) protein databank. A homology
model of hPD-1.09A was generated based on the nearest VH and VK structures. Human
sequences with highest identity to hPD-1.09A were identified and analyzed. (Foote and
Winter, J. Mol. Biol. 224:487-499 (1992); Morea V. et al., Methods 20:267-279 (2000);
Chothia C. et al., J. Mol. Biol. 186:651-663 (1985).) The most appropriate human

frameworks on which to build the CDR grafted heavy and light chains were identified.

For the heavy chain, the framework encoded by genbank accession # AB063829 was
determined to be the most appropriate. Analysis of the hPD-1.09A VK sequence shows
that its CDR1 length (15 residues) is not found in any human VK. For this reason,
frameworks of three different CDR1 lengths (11, 16 and 17 residues) were analyzed in
order to test which CDR 1 length would reproduce the behavior of hPD-1.09A VK. The
human VK sequences with highest identity to hPD-1.09A VK at selected residues
important in the structure and with CDR1 lengths 11, 16 and 17 were identified. The
framework of genbank accession # M29469 was selected on which to base K109A-L-11.
The framework from genbank accession # AB064135 was selected on which to base
KO09A-L-16 and the framework from genbank accession # X72431 was chosen on which
to base KO9A-L-17.

Straight grafts were performed to generate expression constructs for each chain. The
DNA and protein sequences of 109A-H, K09A-L-11, KO9A-L-16 and KO9A-L-17 are
disclosed in the attached Sequence Listing (Table IV).

An IgG4 version of the humanized h109A antibody was produced, with the stabilizing
Adair mutation (Angal S. et al., Mol. Immuol. 30:105-108 (1993)), where serine 241
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Example 5: Binding characteristics and functional properties of

humanized anti-PD-1 antibodies

Production and purification

Humanized antibodies h409A11, h409A16 and h409A17 were produced by transient
transfection of CHO - S cells. Cells were grown in CD-CHO (Gibco) and C5467 media
(Sigma) for 8 days in shaker flasks. Antibodies were purified from cell supernatants by
Protein A chromatography, washed, eluted using I M acetic acid and neutralized using 3
M Tris. Finally, the buffer was exchanged for 100 mM acetic acid which had been
adjusted to pH 5.5 with | M Tris base. _

Binding and kinetic analysis

Protein-based and cell-based ELISAs to determine apparent binding affinities (reported as
EC50 values) were performed as described in Example 2. The humanized anti-PD-1
antibodies each bound to PD-1/Fc and cellularly expressed PD-1 with comparable EC50

values to the murine parent antibody (Table V).

Kinetic binding characteristics of the antibodies were also performed using bio-light
interferometry as described in Example 2 (Figure 6). Two of the humanized antibodies,
h409A11 and h409A16, bound considerably more tightly than any other mAb tested using
this assay, with Kp determined to be 29 and 27 pM for h409A11 and h409A16,
respectively (Table V). Compared to the other anti-PD-1 antibodies tested, the increased
affinity is mainly due to a slower off-rate. Similar to the murine parental antibodies, the
humanized anti-PD-1 antibodies h409A11, h409A 16 demonstrated binding to
cynomolgous PD-1 with Kp determined to be below 120 pM.
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Ligand Blockade

The ability of the humanized antibodies to block the binding of PD-L1 and PD-L.2 to PD-1
was measured using a homogeneous competition assay and detection using an FMAT

competition assay as described in Example 2.

Binding of both hPD-L1/Fc and hPD-L2/Fc to CHO-hPD-I cells can be completely
inhibited in a dose-dependent fashion by any of the humanized antibodies tested.
Calculated ICsp data are summarized in Table V. Similarly to the parent murine antibody
hPD-1.09A, each of the humanized mAbs, h409A11, h409A 16 and h409A 17 inhibited
PD-L1 and PD-L.2 binding with ICs¢ values below 1 nM. Similar to the murine parental
antibodies, the humanized anti-PD-1 antibodies h409A11, h409A16 and h409A17
demonstrated inhibition of ligand binding to cynomolgous PD-1 with calculated ICsq

values under about 1 nM.

Table V. Binding characteristics of humanized anti-hPD-1 antibodies of the invention

Binding Analysis Ligand Blockade Kinetic Analysis
ELISA CELISA FMAT Fortebio Octet
EC50 (pM) EC50 (pM) 1C50 (pM) | Kgissoc Kp
mAb hPD-1/Fc hPD-1/CHO PD-L1 PD-L2 1/Ms 1/s M
h409A11 76 62 625 695 1.04E+06 | 3.05E-05 | 2.93E-11
h409A16 90 63 696 810 9.97E+05 | 2.72E-05 | 2.73E-11
h409A17 88 83 818 463 1.00E+06 | 191E-04 | 1.91E-10

Human T cell response to SEB is enhanced by humanized mAbs -

Humanized anti-PD-1 antibodies were tested for their capacity to enhance T cell activity in

vitro using blood cells from healthy volunteers as described in Example 3. Supernatants

- were collected after 4 days of culture and the amount of IL-2 produced was quantified

using ELISA The humanized PD-1 antibodies demonstrated the capacity to increase IL.-2

production stimulated by SEB (Figure 7). Additionally, the humanized PD-1 antibodies

increased SEB induced IL-2 production in cancer patient blood, similar to what is

described in Example 3.
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fully retained the affinity of the mouse parental antibody hPD109A upon humanization.
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Patent Claims
An isolated antibody or antibody fragment comprising:

a. light chain CDRs SEQ ID NOs: 9, 10 and 11 and heavy chain CDRs SEQ ID NOs: 12,
13 and 14; or

b. light chain CDRs SEQ ID NOs: 15, 16 and 17 and heavy chain CDRs SEQ ID NOs:
18, 19 and 20.

The antibody or antibody fragment of claim 1, comprising:

a. a heavy chain variable region comprising SEQ ID NO: 5 or a variant thereof having
heavy chain CDRs SEQ ID NOs: 12, 13 and 14 and up to three conservatively
modified amino acid substitutions; and

b. a light chain variable region comprising SEQ ID NO: 6 or a variant thereof having
light chain CDRs SEQ ID NOs: 9, 10 and 11 and up to three conservatively modified
amino acid substitutions.

The antibody or antibody fragment of claim 1, comprising:

a. a heavy chain variable region comprising an amino acid sequence selected from the
group consisting of:

1. SEQ ID NO:7 or a variant thereof having heavy chain CDRs SEQ ID NOs:18, 19
and 20 and up to three conservatively modified amino acid substitutions; and

ii. amino acid residues 20 to 139 of SEQ ID NO:30 or a variant thereof having heavy
chain CDRs SEQ ID NOs:18, 19 and 20 and up to three conservatively modified
amino acid substitutions; and

b. a light chain variable region comprising an amino acid sequence selected from the
group consisting of:

i. SEQID NO: 8 or a variant thereof having light chain CDRs SEQ ID NOs:15, 16
and 17 and up to three conservatively modified amino acid substitutions;

ii. amino acid residues 20 to 130 of SEQ ID NO:32 or a variant thereof having light
chain CDRs SEQ ID NOs:15, 16 and 17 and up to three conservatively amino acid
modified substitutions;
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iii. amino acid residues 20 to 130 of SEQ ID NO:33 or a variant thereof having light
chain CDRs SEQ ID NOs:15, 16 and 17 and up to three conservatively amino acid
modified substitutions; and

iv. amino acid residues 20 to 130 of SEQ ID NO:34 or a variant thereof having light
chain CDRs SEQ ID NOs:15, 16 and 17 and up to three conservatively amino acid
modified substitutions.

The antibody of claim 1, comprising:

a. a heavy chain comprising an amino acid sequence selected from the group consisting
of:

1. amino acid residues 20 to 466 of SEQ ID NO: 31 or a variant thereof having heavy
chain CDRs SEQ ID NOs: 18, 19 and 20 and up to three conservatively modified
amino acid substitutions; and

ii. amino acid residues 20 to 469 of SEQ ID NO: 35 or a variant thereof having heavy
chain CDRs SEQ ID NOs: 18, 19 and 20 and up to three conservatively modified
amino acid substitutions; and

b. a light chain comprising an amino acid sequence selected from the group consisting of:

1. amino acid residues 20 to 237 of SEQ ID NO: 36 or a variant thereof having heavy
chain CDRs SEQ ID NOs: 15, 16 and 17 and up to three conservatively modified
amino acid substitutions;

ii. amino acid residues 20 to 237 of SEQ ID NO: 37 or a variant thereof having heavy
chain CDRs SEQ ID NOs: 15, 16 and 17 and up to three conservatively modified
amino acid substitutions; and

iii. amino acid residues 20 to 237 of SEQ ID NO: 38 or a variant thereof having heavy
chain CDRs SEQ ID NOs: 15, 16 and 17 and up to three conservatively modified
amino acid substitutions.

The antibody or antibody fragment of any of claims 2 to 4, wherein any of said variants
may comprise up to one or two conservatively modified amino acid substitutions.

An isolated antibody or antibody fragment comprising light chain CDRs SEQ ID NOs:15,
16 and 17 and heavy chain CDRs SEQ ID Nos: 18, 19 and 20.

The antibody or antibody fragment of claim 6, comprising:
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a. a heavy chain variable region comprising an amino acid sequence selected from the
group consisting of:

1. SEQ ID NO:7; and
1i. amino acid residues 20 to 139 of SEQ ID NO:30; and

b. a light chain variable region comprising an amino acid sequence selected from the
group consisting of:

i. SEQ ID NO: §;
ii. amino acid residues 20 to 130 of SEQ ID NO:32;
iii. amino acid residues 20 to 130 of SEQ ID NO:33; and
iv. amino acid residues 20 to 130 of SEQ ID NO:34.
The antibody or antibody fragment of claim 6, comprising:

a. a heavy chain comprising an amino acid sequence selected from the group consisting
of:

1. amino acid residues 20 to 466 of SEQ ID NO: 31; and
1i. amino acid residues 20 to 469 of SEQ ID NO: 35; and
b. a light chain comprising an amino acid sequence selected from the group consisting of:
1. amino acid residues 20 to 237 of SEQ ID NO: 36;
ii. amino acid residues 20 to 237 of SEQ ID NO: 37; and
iii. amino acid residues 20 to 237 of SEQ ID NO: 38.

The antibody of any one of claims 1 to 8, further comprising a y4 or y1 human heavy
chain constant region and a human kappa light chain constant region.

The antibody or antibody fragment of any of the above claims, wherein the antibody or
antibody fragment:

a. binds human PD-1 with a Kp of about 100 pM or lower;

b. binds human PD-1 with a Kp of about 30 pM or lower;
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c. binds to human PD-1 with about the same Kp as an antibody having a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31 and a light chain comprising
the amino acid sequence of SEQ ED NO: 32;

d. binds to human PD-1 with about the same Kp as an antibody having a heavy chain
comprising the amino acid sequence of SEQ ID NO: 31 and a light chain comprising
the amino acid sequence of SEQ ID NO: 33;

e. binds to human PD-1 with a Kassoc of about 7.5 x 10° 1/M.s or faster;
f. binds to human PD-1 with a kassoc of about 1 x 10° 1/ M.s or faster;
g. binds to human PD-1 with a Kassoc 0f about 2 x 10~ 1/s or slower;

h. binds to human PD-1 with a Kassoc 0f about 2.7 x 107 1/s or slower;

i. binds to human PD-1 with a kagsoc of about 3 x 10 1/s or slower; or

j. blocks binding of human PD-L1 or human PD-L2 to human PD-1 with an ICso of

about 1 nM or lower.

The antibody or antibody fragment of any of the above claims, wherein the antibody or
antibody fragment is:

a. a chimeric antibody or a fragment thereof;
b. a human antibody or a fragment thereof;
c. a humanized antibody or a fragment thereof; or

d. an antibody fragment selected from the group consisting of Fab, Fab', Fab'- SH, Fv,
scFv, F(ab')2, and a diabody.

The antibody or antibody fragment of any of the above claims, wherein the antibody or
antibody fragment increases activation of T cells.

An isolated polynucleotide encoding the antibody or antibody fragment of any one of
claims 1 to 12.

The isolated polynucleotide of claim 13, comprising SEQ NO: 23 and SEQ ID NO:27.
An expression vector comprising the isolated polynucleotide of claim 13 or 14.

An isolated host cell comprising the expression vector of claim 15.
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A method of producing an antibody or antibody fragment according to any one of claims
1 to 12 comprising:

a. culturing the host cell of claim 15 in culture medium under conditions wherein the
nucleic acid sequence is expressed, thereby producing polypeptides comprising the
light and heavy chain variable regions; and

b. recovering the polypeptides from the host cell or culture medium.

A composition comprising the antibody or antibody fragment of any one of claims 1 to 12
in combination with a pharmaceutically acceptable carrier or diluent.

The composition of claim 18 for treating cancer.
The composition of claim 18 for treating an infection or an infectious disease.

The composition of any one of claims 18 to 20, wherein the antibody comprises a heavy
chain comprising amino acid residues 20 to 466 of SEQ ID NO:31 and a light chain
comprising amino acid residues of 20 to 237 of SEQ ID NO:36 and the composition is for
treating cancer.

An isolated antibody comprising a heavy chain comprising amino acid residues 20 to 466
of SEQ ID NO:31 and a light chain comprising amino acid residues of 20-237 of SEQ ID
NO: 36.



