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cell. The first type is mediated by the antigen-specific T cell receptor (TcR),

and confers specificity to the immune response. The second, costimulatory,
type regulates the magnitude of the response and is delivered through
accessory receptors on the T cell.

[004] A primary costimulatory signal is delivered through the activating
CD28 receptor upon engagement of its ligands B7-1 or B7-2. In contrast,
engagement of the inhibitory CTLA-4 receptor by the same B7-1 or B7-2
ligands results in attenuation of T cell response. Thus, CTLA-4 signals
antagonize costimulation mediated by CD28. At high antigen concentrations,
CD28 costimulation overrides the CTLA-4 inhibitory effect. Temporal
regulation of the CD28 and CTLA-4 expression maintains a balance between
activating and inhibitory signals and ensures the development of an effective
immune response, while safeguarding against the development of
autoimmunity.
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counterpart of CTLA-4. This disclosure relates to
nmodul ation of i mune responses nediated by the PD 1
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monocytes. Experimental data implicates the interactions of PD-1 with its
ligands in downregulation of central and peripheral imnmune responses. In
particular, proliferation in wild-type T cells but not in PD-1-deficient T cells is
inhibited in the presence of PD-L1. Additionally, PD-1-deficient mice exhibit
an autoimmune phenotype. PD-1 deficiency in the C57BL/6 mice results in
chronic progressive lupus-like glomerulonephritis and arthritis. In Balb/c mice,
PD-1 deficiency leads to severe cardiomyopathy due to the presence of heart-

tissue-specific self-reacting antibodies.
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TestefBd % as PD1-17, PD1-28, PD1-33, PD1-35, and PD1-F2. Other
embodiments comprise a Vi and/or V. domain of the Fv fragment of PD1-17,
PD1-28, PD1-33, PD1-35, or PD1-F2. Further embodiments comprise one or

more complementarity determining regions (CDRs) of any of these Vi and V,.

domains. Other embodiments comprise an H3 fragment of the Vi domain of
PD1-17, PD1-28, PD1-33, PD1-35, or PD1-F2.

[012] The disclosure also provides compositions comprising PD-1
antibodies, and their use in methods of modulating immune response,
including methods of treating humans or animals. In particular embodiments,
anti-PD-1 antibodies are used to treat or prevent immune disorders by virtue
of increasing or reducing the T cell response mediated by TcR/CD28.
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particularly pointed out in the appended claims, and the present disclosure
should not be construed as limiting the scope of the claims in any way. The
following detailed description includes exemplary representations of various
embodiments of the invention, which are not restrictive of the invention, as
claimed. The accompanying figures constitute a part of this specification and,
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not limit the invention. Citation of references is not an admission that these
references are prior art to the invention.
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DETAILED DESCRIPTION

Definitions

[023] The term “antibody,” as used in this disclosure, refers to an
immunoglobulin or a fragment or a derivative thereof, and encompasses any
polypeptide comprising an antigen-binding site, regardless whether it is
produced in vitro or in vivo. The term includes, but is not limited to,
polyclonal, monoclonal, monospecific, polyspecific, non-specific, humanized,
single-chain, chimeric, synthetic, recombinant, hybrid, mutated, and grafted
antibodies. Unless otherwise modified by the term “intact,” as in “intact
antibodies,” for the purposes of this disclosure, the term “antibody” also
includes antibody fragments such as Fab, F(ab’),, Fv, scFv, Fd, dAb, and
other antibody fragments that retain antigen-binding function, i.e., the ability to
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Alternatlvely, part or all of the sequences may be obtained by combining, e.g.,

unrearranged V segments with D and J segments, by nucleotide synthesis,
randomised mutagenesis, and other methods, e.g., as disclosed in U.S.
Patent No. 5,565,332.

[027] The terms “specific interaction” and “specific binding” refer to
two molecules forming a complex that is relatively stable under physiologic
conditions. Specific binding is characterized by a high affinity and a low to
moderate capacity as distinguished from nonspecific binding which usually
has a low affinity with a moderate to high capacity. Typically, binding is
considered specific when the affinity constant Ka is higher than 106 M, or

more preferably higher than 10° M™. If necessary, non-specific binding can be
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or more. When PD-1 activity is reduced, the terms “modulatory” and
“modulate” are interchangeable with the terms “inhibitory” and “inhibit.” When
PD-1 activity is increased, the terms “modulatory” and “modulate” are
interchangeable with the terms “activating” and “activate.” The activity of
PD-1 can be determined quantitatively using T cell proliferation assays as
described in Examples 8 and 9.

[031] The terms “treatment” and “therapeutic method” refer to both
therapeutic treatment and prophylactic/preventative measures. Those in need

of freatment may include individuals already having a particular medical
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| BPBRedsRITINE PD-8ldbtiviny dSdoclaed vAtiinel feAive Feguilafien of

to a nolecule that is substantially free of its

natagll anediated ignene respenseneiCance, an isol ated protein

or ot o1 WSS b ¢4 AEFReR) rffels 1 A radlBb el Ry 8 Bb Rl free
| 6f Behatuesl . enArenirhiD Fof stdree, analisslateel sroteii & substantially

preparations where the isolated protein is,
stiee iof celitlarmatgrial o ofer piafeinssiramdhe gell or tissue source from

PUNGRER Rl RIRAR U eq liegc e piff Al it o
eisefate peotpinas ausiiiontlydture 38dpladminateredrassa pharmaceutical

referahly, at le % 96% 97% 98% 99% 100%,
(GPIpOSPY, OrRIpSRTOr8ich AP UES. Foe PR ef Gedt 80-00%
e e o1 DT/ cPAP GOS0 TSR Rt bl at east
afb ¥ 866 97%08%, Bale or 110D %etmpInere.usi ng

t radi bqn I .hdori doma techni ques (Kohler and M| stein
(M{M 8T 6: 495-499), reconbi nant DNA met hods
(U S prgnThéllisdesiie prévides antiHRmRgaantidodRisaiat comprise

perfornmed with antibody |ibraries (C ackson et al.
( nowalantigenrdndipg fragne3ds.628; Marks et al . (1991) J.

M. Bifs) £ Géneraf tintiBdies c8h Y Mheliefr'd38fhple, using
traditional hybridoma techniques (Kohler and Milstein (1975) Nature, 256:
495-499), recombinant DNA methods (U.S. Patent No. 4,816,567), or phage
display performed with antibody libraries (Clackson et al. (1991) Nature, 352:
624-628; Marks et al. (1991) J. Mol. Biol., 222: 581-597). For other antibody
production techniques, see also Antibodies: A Laboratory Manual, eds.
Harlow et al., Cold Spring Harbor Laboratory, 1988. The invention is not
limited to any particular source, species of origin, method of production.

[036] Intact antibodies, also known as immunoglobulins, are typically
tetrameric glycosylated proteins composed of two light (L) chains of
approximately 25 kDa each and two heavy (H) chains of approximately 50

kDa each. Two types of light chain, designated as the A chain and the «



production techni ques, see also Antibodies: A

Laboratory Manual, eds. Harlow et al., Cold Spring
wolarboseszabor at ory, 1988. The invention i s notPCT/IBR003®6304

to any particul ar source, species of origin, method of

production. [036] Intact antibodies, also known as

i mmunogl obulins, are typically tetraneric .

gl ycosyl at ed proteins conmposed of two light (L) chains
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vari abl e domain three or four constant donmai ns

( epax'mah@ Ve i Ci@ségrraégd &@§.CraheTlopiVadand Y. d@mtalnmcmalstwf four

s AN Sl R el

sERQeﬁ% aadIFer)f waigtwork & e@ﬁm fdrﬁ%e rlé@?onchEfauyp@ﬁﬁanable
scaffold for three regions

Sadients Glled ColulloBRatariy fetimining resiong ASPRs). The CDRs
d@érﬂl’am Mio88of tﬁ@r@éﬁ%uéﬁ%@q‘onsﬂmg e&%mﬂ%‘%ﬁfe%& cm%s\kltﬁ){he

the residues responsi or s &1 act
wantigerheThathreg &&DRT lace l’éfBEl'ed(Dﬁ)lﬁs GbR 1y EDR2, @Uhdf @Dm CDR

h
Rt S B R o S e TS e 51 et BB e cOR

COdmﬁtﬁltlé}rﬂQbﬁ tR8 lightechadif e %Téfréd% @srLef, ‘F.‘?r §ﬁdtL|%, élé_%érﬁlngly.
and L3, accordingly. CDR3 and, particularly ,

aQQR%%n@r@étl@éarhs bids st the mlateaﬁ squrag @femsiecylar\dn\telna;lty
LS00 0 SO L R e ER B o

[ &880 dtid résibués aggmmer(tﬁeaga@nt ant i gen- bi ndi ng)

consi SfO%SffTrt'ng Eab fragment (Fragment antigen-binding) consists of the
Vi-Ch1 and V| -C, domains covalently linked by a disulfide bond between the
constant regions. To overcome the tendency of non-covalently linked Vi and
Vi domains in the Fv to dissociate when co-expressed in a host cell, a
so-called single chain (sc) Fv fragment (scFv) can be constructed. In a scFv,
a flexible and adequately long polypeptide links either the C-terminus of the
V to the N-terminus of the V| or the C-terminus of the V, to the N-terminus of
the Vu. Most commonly, a 15-residue (Gly,Ser); peptide is used as a linker
but other linkers are also known in the art.



VH CH1 and VL-CL donmains covalently |linked by a

di sul fi de bond between the constant regions. To
wor@tonses t he t endency of non-coval ently | i nkePlCVEB22084006304

VL domains in the Fv to dissociate when co-expressed

in a host cell, a so-called single chain (sc) Fv

fragment (scFv) can be constructed. In a scFv, a

fl exi bl e and adequately | ong pol ypeptide |inks elther
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used as a linker but other linkers are also known in
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[041] The disclosure provides novel CDRs derived from human
immunoglobulin gene libraries. The structure for carrying a CDR will generally
be an antibody heavy or light chain or a portion thereof, in which the CDR is
located at a location corresponding to the CDR of naturally occurring Vy and
VL. The structures and locations of immunoglobulin variable domains may be
determined, for example, as described in Kabat et al., Sequences of Proteins
of Immunological Interest, No. 91-3242, National Institutes of Health
Publications, Bethesda, MD, 1991.

[042] DNA and amino acid sequences of anti-PD-1 antibodies, their
scFv fragment, Vy and V.. domains, and CDRs are set forth in the Sequence
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[041] The discl osure provides novel

human i mmunogl obulin gene |ibraries.

CDRs derived from

The structure

wo or0405687yi ng a CDR will generally be an antibonyB2003/006304

heavy or |ight chain or a portion thereof,

i n which

the CORis located at a | ocation corresponding to the
CDR of naturally occurring VH and VL. The structures
and | ocations of immunoglobulin variable domains may

bﬁlstlﬂgteﬁfd%rﬁeéhun?%té‘d‘égﬁét%d |I?SI' Ia@?es? r

nmuno

eguences Pr ot el ns

P%gl ca M@é'g@

I\Idlustmtl\mzembomnemiaajf therabtibedies apd reéfieaed tto as PD1-17, PD1-28,

830, 2B T 2ect e Bieihomt i cachidoR

nd am no
withipghe Vi and

g e Oty G At P

Li sting and are enunerated as listed in Table 1.

Rebleot B34 APhb B L) Se0dendsi iy Spdi glormains and

PBDRs3, PD1-35, and PDl-F2. The positions for each CDR

ithin the VH and L domains of the illustrative

asbq).dain_nertmmr?e list @01123 Tabl eppid.zand 3.

PP 4 I\I\\ nnnnnnnn -F VH and \/
A\ AL ATTU v

Falsg 1: DNAp1.p2

L DPorains and

Jild I"\\Iml‘i 6 I'\L,I Ul HehreesS L
CHRENGe o SFY SOOI 17 35 1D N PD] SEQ

IPNQYS5 | SBER IPNG/8 | SEQ ID NO:46

N

DUABEQ 1 BENGO NGEQ] BN éSEstalb@o%oS

VHAA c:nlr\ !\h) Ql:hln ”

QBR'}@,’%? SEQ ID NO:47

% BRA USEEQSEQ RO >§éQ|'BNm 47 SEQUD QAT 1Sk @EmDm@ % | SEQID NO48

PEQAD NPsEQIERD:D NeEdlo Nefd

A0 NOGLCEAE D 1B Ao SE | DSBEI RS 9o B Vo oo

C T 7 1NO

:EWD NOSES IDINO:RA §EQ“P[BQ&K§ { BEQEDNCIZINDSER IBID:3D | SEQ ID NO:50

NGz 28 SEQSER 1NRGH 5>§9Q'|[5’N’?9 SE

D NO 24 Ql:n NO-30. QIIﬁ ]

JL%I 7 TNQ

4D NO-38= DSER |

qéﬁ% SEQ ID NO:51

HH3 AA SEQSE§ IN@O@ SEERIIDNQE52 5 SERAD ND:NO

L oorss 900t ReegngEs | SRR AR SET

SEQIBQA:T | SEQID NO:52

SEQ ID NO:53

Ne? 24 SEQSEQ IRz SEEQIDNRE73 B SBEP ND:390

$8QIBQA:D | SEQ ID NO:54

Chain CDRs PD1- 17 PD1- 28 PD1-33 PDI -35 PD1-F2

Table 2: Positions of Heavy Chain CDRs

SEi o neSi S Tl Repde e | SED 8B SE BN, | e o noss

PD1-17 PD1-28 PD1-33 PD1-35 PD1-F2
DQ: SEQID SEQID SEQID SEQID SEQID
O | NO:2 NO:6 NO:10 NO:14 NO:47
H1 31-42 31-35 31-35 31-37 34-42
H2 57-72 50-66 50-66 52-67 57-73
H3 105-117 99-108 99-108 100-116 106-114
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0 SEQIDSEQID SEQID SEQID SEQID L) NO2 NO 6

NO 10 NO 14 NO 47 H 31-42 31-35 31-35 31-37 34-42 H2
WG 00785605 66 50- 66 52- 67 57-73 --~ H3 105- 117 BOFIRB03/006304

99-108 100-116 106-114 11 WD 2004/ 056875

PCT/ 1 B2003/ 006304 Table 3: Positions of Light Chain
CDRs PD1-17 PD1-28 PD1-33 PD1-35 PD1-F2 SEQ ID SEQ ID
SEQID SEQ ID SEQID U NO4 NO 8 NO 12 NO 16 NGO 49 L1
23-35 23-33 23-36 23-35 28-35 L2 51-57 49-55 52-58
51-57 54-61 L3 92-100 88-98 91-102 90- 100 94-101
[ dabje 3{ntﬁ’0$®r§ efrltighiv@hais GRRsopt i onal | Y, corrprl se
PN ant el Aanc..or nartc + har Eor
d.III.ITJUUy atit 1 A U1 TTTeT -
exagp! e Pg’v 7 Gond EOLZE havd hed, % c| PD1-F2
uk SEQ - ) SEQID
terg nus body chai t ant
i ncPudi jhl nman CK N@-& ch 125 i | pv"ﬁa NO:49
ddeci fi - 23435 gen-l:|283|BBg domapg- :at{ased or12$.35’H dOﬁElI2I3_35
have-at ched Pat amtmunoghoebtth
avy ¢ g?'meri Vi gi F?gm 52@& body ué 53 ) §.4,'61
LG, | gAo2419B, and gaghsand a19101f02t he ISQU@G@ 94-101
sub-—ci dSSTES, which—nctude—but—are—rnot—Hnited tG,
IgGlL and 1g&A. In the exenplary enbodinents, PDI1-17,
PD1- 28, PD1-33, and PD1-35, antibodies conpri sef
Cterm fra of heavy and |ight chains o
hunan ”l(B%ll AA"“%'H diss painartigeaiccensphise antlbody constant
f IR C
aaRbPpat aﬁ%&a?}% elﬁcéc;g‘ - Rooin oy Rve Hfdoried, at its
f Catgmammsoanm@wwm chamwonstantlmmaams (mhml m@ hlgmefﬁatbmor CA
gnces of.. Proteins of 0gi ca
|§*E%P§s§'m RV, gushesifis anteisnshiping T4 DiReS B80T Hfdomain
Paalyitfeiel ttsehe BRNINSISsiat 0P ik @8bglobRIM hBhiy Blain derived from
exenpl ary sequences ‘are set ort% Ta%% y§ ullciﬁ EE
canypriibedy iRetpipen e NAGGHilas, @E dmdllgl@l]aridaaw ot tha isotBip@
| &&Qa‘ééeé%ihpim&lébut are not limited to, IgG4 and 1gG,. In the
exemplary embodiments, PD1-17, PD1-28, PD1-33, and PD1-35, antibodies
comprise C-terminal fragments of heavy and light chains of human IgGia,

while PD1-F2 comprises C-terminal fragments of heavy and light chains of
human IgG1.. The DNA and amino acid sequences for the C-terminal
fragment of are well known in the art (see, e.g, Kabat et al., Sequences of
Proteins of Immunological Interest, No. 91-3242, National Institutes of Health

Publications, Bethesda, MD, 1991). Nonlimiting exemplary sequences are set
forth in Table 4.

Table 4

C-Terminal Region DNA Amino acid
IgG1 heavy chain SEQID NO:44 | SEQ ID NO:45
A light chain SEQ ID NO:42 | SEQ ID NO:43
k light chain SEQ ID NO:57 | SEQ ID NO:58
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A light chain SEQ ID NO 42 SEQ ID NO 43 x light chain

SEQ ID NO 57 SEQ ID NO 58 12 WD 2004/ 056875 .
wEIALBRD3/ 006304 [044] Certain enbodi nents PONBA063006304

a VH and/or VL domain of an Fv fragment from PD1-17,

PD1- 28, PD1-33, PD1-35, and PD1-F2. Further

enbodi nents conprise at | east one CDR of any of these

VH and VL domai ns. Antibodies, conprising at | east

?Be Ng Lﬁzﬁzgﬁaﬁﬁémwﬁ%er%@tcoﬁ%rgbrbs‘gggl Bw&ng@%q an Fv

| fragreent fro D1+, i 1-28, BE}-3%) MNDd 356a46 PIBE-QZI Further

oSSR h 8l GRStk Ul omain.

cAﬁﬂbb@n@§ empiisihg a8 Bt ofé of it Mb@@@@;éhdéfs Sptoutin SEQ ID

anti bodi es chosen from at | east one

PNQ:28SERDD §9:4 Q3D Naxe, $ED-IPANOISSEQIID Néxt@iSEQ ID
QM%Q@D Ne1 BN O e P BT HRLS 7. ar e NOwo

dareéncorapassadt witiee thelstoge 6PIVEMVEATGH, Aﬁleﬁﬁybéihent for
bi ol 08 techni ques to match those produced by

gBXam ceg]pr@es en 3 frapgmemb efithesVin domatie of aaftlimd)e&chosen
SﬁSHﬁmséstfcﬁB@%FPp‘i’ 112 FS(lob ! BE LI BIMISBNSHS P ! N

sequences ncéertaine

ant i boll4&% kpeartdin eaiqunbentﬁ are Vﬁ@hﬂﬂﬂ&/L\Mdrﬁwlﬁshhw be
extr celo{ ul a main o D-1. The predicted

e%l? bPthed%ﬁmeNVQE[s ﬁ%@'?[‘% (%RS)aofstba% H@@W'ﬂ%ﬁf&aﬁmﬁted
?Hélﬁg c@hlEntiohal fholéR s blélﬁ g‘%_e[g‘?r\ auﬁ & RlatctHRo ?@}%lﬁed by

Swi Ssport Accessi on . certaln
etfiscgpTmiinesellshén atier l@mbc&hmepts; ifie frateyvdrk sdgaences remain

| ar d f
FRVERRE o 1he Bobfnetls G iine S liaittEor M1 and
pr ef er @aby mdertdihambbdfmdhis, th%tﬂmdﬂ@s %% AccegSI on

of _nouse PD-1 is set out in SEQ
NeRitane \yidkindis eatﬁacc%lbﬂara@raawuﬂrwrraamatb BOWd‘lectHadlctmi

d| nent s.
SRR B4R o Aol s BSREATR b 2 o
datmutrarmﬁo deid 170 pOSEQ ID N@4¢Q8W€§§pbﬁtﬁc§tefsﬁﬁﬂn No. Q151 16).
S]ntl dle of thelnventlon may al so hind wth other

otheh empadigentsy theanlikndies sReaiieAllyind gn&niiope
C\Dﬂ‘lﬂh'tﬁé @S&racellular domain of mouse PD-1, with an affinity of more than

10" M, and preferably more than 10® M. The amino acid sequence of
mouse PD-1 is set out in SEQ ID NO:56 (Accession No. NM_008798) and is
as a whole about 60% identical to its human counterpart. In further
embodiments, antibodies of the invention bind to the PD-L-binding domain of
PD-1.

[047] Itis contemplated that antibodies of the invention may also bind
with other proteins, including, for example, recombinant proteins comprising
all or a portion of the PD-1 extraceliular domain.

[048] One of ordinary skill in the art will recognize that the antibodies
of this invention may be used to detect, measure, and inhibit proteins that
differ somewhat from PD-1. The antibodies are expected to retain the
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all or a portion of the PD-1 extracellular domain.
[048] One of ordinary skill in the art will recognize

w0 bat/osdses ant i bodies of this invention may bePUEEBR003006304

detect, neasure, and inhibit proteins that differ
somewhat from PD-1. The anti bodi es are expected to
retain the 13 WD 2004/ 056875 PCT/ |1 B2003/ 006304 .
spec:lflc:lty of binding so long as the target protein
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vBtandgré plignment algodthmssucthas, fat gmmplen;rBafsncNecmﬁl AligAment

o o8l Bl AL Heskrinb in ARSRUr ¢t 2500851 ! Eioi215: 403-410, the
Balyeeithm oﬂ\ﬂeladle?narﬁ efal (1917(»@' iMd19Bid). 048h494@ QSSGBFfﬁe

mappi ng (see,

AR ok MRveES o ok RIS, Campuhiel. Soseinnd1Piss,

can e 01 D RESIHRS IGRR SEMnBENRINGY BhEu3ES, dihees
asRppiIY (Spet bg. oEmtd;msMépprmgl Protbssts, At MdHfis Humana Press,

gg&%exe{is%wth antlgens Such met hods i ncl ude, but are
n

fPandanyand fertigry sifugtursganalyses( czafgbe eATTietbaut)to
Bid@ﬁh%pe@fﬁ; 3§bﬂhcturé§a§s&ﬁ%d ?thg 9@%\6 rﬂfﬁ%@fe’gg%bd their

of virtual representations o e presen
afRmplsaies avith gntigener iStchemnetilods (id&l66¢, tﬁmmetn@t limited to, X-ray

AP AR DS . S L v computer

Halbbel’ ing bﬁﬁﬁUQI Yesé?@éﬁbr%%f‘tﬁg é?ﬁlg dlwsed antlbodles
ﬁ:{llvatlves } Thi s dlsclosurea

SlERIICK At abHf 886 GgmpniterrBraphins amanléomarfModé’lmgl in

b S A B SR Blno PSR SrEioi Herbs o 1
drabaraipry,Cold Sprirgr Hamios, Nf{? t hese sequences t hat

retain. the ability to specitically bind PD-1. Such
Mi—?—m&y be derived fromthe sequences |i st ed |n

Tabl e [b5b¥ Bhis hiéc\dé‘ﬂlre aldd n%ﬁ()ld\é@eﬂgleh%%'r s |n|ng an antibody

known i n
specific for PD 1. CDRs in such antibodies are not limited to the specific

sequences of Vy and V| identified in Table 1 and may include variants of
these sequences that retain the ability to specifically bind PD-1. Such
variants may be derived from the sequences listed in Table 1 by a skilled
artisan using techniques well known in the art. For example, amino acid
substitutions, deletions, or additions, can be made in the FRs and/or in the
CDRs. While changes in the FRs are usually designed to improve stability
and immunogenicity of the antibody, changes in the CDRs are typically
designed to increase affinity of the antibody for its target. Variants of FRs
also include naturally occurring immunoglobulin allotypes. Such

affinity-increasing changes may be determined empirically by routine
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substitutions, deletions, or additions, can be made in

the FRs and/or in the CDRs. Wile changes in the FRs
wae@405323 | y designed to inprove stability anpCT/IB2003/006304

i mmunogeni city of the antibody, changes in the CDRs

are typically designed to increase affinity of the

anti body for its target. Variants of FRs al so include

natural ly occurring i munogl obulin allotypes. Such
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the am no acid belongs (see
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Derivatives and anal ogs of anti bodies of 'the invention
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t ' ' ' het i c,. net hods .
ke S B RGO eRA ui BEu 2 in
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Sprin zqg bgr, I\(Ia/ and Bodansky et al. (1995) The

PManiAL & 6 PApGSY Senag Hatber LabaripridCologSpnngHarbor, NY, and
Bodansky et al. (1995) The Practice of Peptide Synthesis, 2™ ed., Spring
Verlag, Berlin, Germany).
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Verlag, Berlin, Germany). 15 WO 2004/ 056875 _
PCT/ 1 B2003/ 006304 Table 5 Original Exenplary Typical
WRe@HOsE835 Subst i tutions Substitutions Al a (A)PVHIB2003/006304

Leu, Ile Val Arg (R} Lys, Gn, ‘Asn Lys Asn (N) Gn

Adn Asp (D Qu du Cys (C Ser, Ala Ser dn (Q

Asn Asn dy (G Pro, Ala Ala His (H Asn, dn, Lys,

Arg Arg Ile (1) Leu, Val, Met, Ala, Phe, Norleucine

Leu Leu (L) Norleucine, Ile, Val, Met, Ala, Phe Ile

4-Di am no-butyric ACId G n, Asn Arg
k/Zf (K)raﬁ[&&_’ 1»\,\ H-eley DXQ /l:\ Ley, \/aL | . Ala'

Tyr bg"ﬁi IF’EXNT‘&?T@![V;U Ser (S) Thr, Ala, CysTypical -
Thr siduesser Subsfitytignsryr, Phe Tyr  Tyr (Y)| Supstitutions
I [Te, Met, LCeu, Phe, )

Ekr;ﬁ cmgr(v}gsﬁrccma;i\c%é@l”s’(na enbodi nr'e,ni a neth QEEOI‘
maki ga(R)H dd¢ Hﬁn%ﬁ.ﬂﬁ‘ is an anino acid sequleyse
var i and g{] a VYigigomai n of the invention conprisSgg a
ste ti-ng, tetettrg—substi-tutding—or—ins lng
one dé‘,s nC'HB acids in the ami no acid sequehce of
t he p@w@)t 'y dgesscA@sed VH domai n, optionally | ggr
congronogthevYH-dormatrn—thus pf ovi-ded—wth-one-—or nore
VL ddEi®Y  andSMtesting the VH donmain or VH JLASN
comyiGlgt(x)n on Peemianati ons for a specific Ala

His (H) Asn, GIn, Lys, Arg Arg

lle (1) Leu, Val, Met, Ala, Phe, Norleucine Leu

Leu (L) Norleucine, lle, Val, Met, Ala, Phe lle

Lys (K) Arg, 1,4-Diamino-butyric Acid, GIn, Asn Arg

Met (M) Leu, Phe, lie Leu

Phe (F) Leu, Val, lle, Ala, Tyr Leu

Pro (P) Ala Gly

Ser (S) Thr, Ala, Cys | Thr

Thr (T) Ser Ser

Trp (W) Tyr, Phe Tyr

Tyr (Y) Trp, Phe, Thr, Ser Phe

Val (V) lle, Met, Leu, Phe, Ala, Norleucine Leu

[052] In one embodiment, a method for making a Vi domain which is
an amino acid sequence variant of a V4 domain of the invention comprises a
step of adding, deleting, substituting, or inserting one or more amino acids in
the amino acid sequence of the presently disclosed Vj domain, optionally
combining the Vi domain thus provided with one or more V, domains, and
testing the Vi domain or Viy/V,. combination or combinations for a specific
binding to PD-1 or and, optionally, testing the ability of such antigen-binding
domain to modulate PD-1 activity. The V. domain may have an amino acid

sequence that is identical or is substantially as set out according to Table 1.

16




binding to PD-1 or and, optionally, testing the
ability of such antigen-binding domain to nodul ate

weB0d/056375 vity. The VL domai n may have an am nPCEHUB2003/006304

sequence that is identical or is substantially as set
out according to Table 1. 16 WD 2004/ 056875

PCT/ 1 B2003/ 006304 [053] An anal ogous nethod can be
enpl oyed in which one or nore sequence variants of a

VL domaiss) dlﬁpé,%sg%%ﬁ%t%ﬂ;ﬁ% B@'H?ﬁpﬁl eé{"}r{ hnﬁzﬂeone or more

nore VH domai ns r-as
diseghesce garmanis oflas/adoraainatisdbsedheyimn argcombined with one or

inding fragnment that specifically binds with
P%S‘ir%e\ﬁ'ha M %hod conprises: (a) providing a starting

repert o054 of furmer 8k CDQR%&%f@ﬁe a&%&urﬂ@ c!éf gr@ha%gggt

ei ther 'includes a be repl ace
e PEQRATNG amtgggnobindmg)frag:m@rhtrthatgspémﬂadpunds with ®WD-H. &he

cid encoding an am no acid sequence
s%@bant?hﬁ@ %s set out herein for a VH CDR3 (i.e.,

H3) s¢ah t padviding edstBRingvepbRbre 3¢ hilclefc ANESERE dhataOVH

ion_in the repertoire, so as to provi
BQH’!?&'? theé;?%hebmc@d@s ehﬁa%'i o be replacartoliasks a GBR3 encoding
(c) expressing the nucleic acids of the
pr uct repertoire; (d) selecting a binding fragment

speci f (b:) f ocobiring ﬂtﬁireli@)tolirewgﬁé ld@ﬁoghﬁcléltt@é‘dlﬁ 'eﬁcodlng an

t €] C acl encodi ng |
Réﬁﬁ,hg %ﬁlﬁ’ %%E’E@BQ%EL' g@%ﬂakﬁv anyebeutdigsebyietai\iv (&Iﬂl%awzu@ H3)
VI
Veucl e dSng bl Bloc HOURA! il R 1
wiesiitadie; Beasitagrovde a [EDRACt repbeoire pif aoelélcmicudaehc@dmg a Vy

Cgﬁi codi ng region. The donor nucleic acid may be
@ﬁgd fromnucleic acids, encoding an am no aci d

I
o1 'SEQ D ot ao- 0 (g PApleehaily or b Dl er ot o

t he i niBnt i selegiingya birctims fragment Ispecific farcRDeld andt 0 a
repertphyre plooVanngile s&%ﬁé Bl‘%d}n%cfk éé]r%enp S hESBE LAY e
encoding it.

[055] Again, an analogous method may be employed in which a V|
CDRa (i.e., L3) of the invention is combined with a repertoire of nucleic acids
encoding a V. domain, which either include a CDR3 to be replaced or lack a
CDR3 encoding region. The donor nucleic acid may be selected from nucleic
acids encoding an amino acid sequence substantially as set out in SEQ ID
NO:17-40 or SEQ ID NO:50-55.

[056] A sequence encoding a CDR of the invention (e.g., CDRS3) may
be introduced into a repertoire of variable domains lacking the respective
CDR (e.g., CDR3), using recombinant DNA technology, for example, using
methodology described by Marks et al. (Bio/Technology (1992) 10: 779-783).
In particular, consensus primers directed at or adjacent to the 5’ end of the
variable domain area can be used in conjunction with consensus primers to

the third framework region of human Vy genes to provide a repertoire of Vy
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CDR (e.g., CDR3), using recombinant DNA technol ogy,

for exanple, using nethodol ogy descri bed by Marks et
Wa@b0040Bise? Technol ogy (1992) 10: 779-783). | n PCT/IB2003/006304

particul ar, consensus priners directed at or adjacent

to the 5 end of the variable domain area can be used

in conjunction with consensus priners to the third

framewor k regi on of human VH genes to provide a

r@&@éﬂl@'dbﬁlé?ﬁs fé’dkﬂ@ é’\@D?’Q?A't@)%gég%ﬁf o ﬁlag%%og’c{rﬁgﬁé A\'/ﬂ@ a

vari abl e domai ns ckin e repertoir
ceihetia watticular aﬂbﬁedmf Usinzpanalogbas tezhhiduedythdUsi ng

BT S et 85&'%5?gBngdsﬁqt%Fedni%gréggf\fmoWL
| deiaims Iacl%% CBR@ bh& tRd dhiiffied 0‘6 gﬂVﬁgHOM{alns

dorml ns a cognate VI
neebined waith acgg@aiefvmor YA dobed &srrm‘ketthe FDv¢ especific.

FARPERE bhETnPfich Fhe feridhe Rkt i eRvled ine
daﬁtablebhdstl sglsw?ﬁ%b@ﬂ%ﬁhé @hbbétdleﬁﬂé)f Atem suc[h %%?escnbed in

ndi ng fragnments can be sel ected.

b
M&b%ﬁ@@‘i% Ao fhati &W@}able adigeinrkindingfragneentaicaondze selected.

Sas- adtpTT Riadls I o SR plEthiles are aise

adngees«aatbyr&temngm(mamm (0094y 3G 389891 ) WhaRE<RABBS the
be used for %ﬂhe generat| on of anti bodi es. £058]

REFoRBE 3Rt la s FBREnvSe Gerepal ebseoves ihatits approach
rmgy@@,&léé@rfbym%?@%ﬁ.a%n Bﬁéﬁtl&ﬁ‘ﬂé@nces derived from

t he” sequences osed erelrn using random
mut ag e[gégl dndtrteereerobodinents edrecnag géﬂer@t@didwal Vkor Vo
error -

JEBE RISy 6t hE e SPtueRrsdoRiad iromdne seguences
Wiscldsed AN uSBy rgﬁa&#’fﬁﬁ@gen[egé%f dﬁ@(&rnﬁ{)re@é&%ﬁgd Vi

that may be used’is to direCt nutagenesis
\Racer WLQ@@?ﬁesOnslﬁmhtt@@tmqurcafmode fIRsiedidsgribed by

SHRTEDE 4Bins Nakf®&h - WSl (199) sppore-aped)

( 1996)[059]3 Arﬁﬁﬁerﬁﬁé)hod tthﬁoina§| B8 Lged b toANRCPUTRY es@é to
rafted into a repertoire o
gﬁ'@ﬁ of wa@cg%ge\mﬁc deelirigues peadisglosed byrBarbas et al
TPOQ NutPABSY."Skif ARE fodH ¥t 58601 3% 35 End Schier et al. (J. Mol.
- Biol. (1996) 263: 551-567).

[060] Similarly, one or more, or all three CDRs may be grafted into a
repertoire of Vi or Vi domains, which are then screened for an
antigen-binding fragment specific for PD-1.

[061] A portion of an immunoglobulin variable domain will comprise at
least one of the CDRs substantially as set out herein and, optionally,
intervening framework regions from the scFy fragments as set out herein.
The portion may include at least about 50% of either or both of FR1 and FR4,
the 50% being the C-terminal 50% of FR1 and the N-terminal 50% of FRA4.
Additional residues at the N-terminal or C-terminal end of the substantial part

of the variable domain may be those not normally associated with naturally
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[061] A portion of an immunogl obulin variable domain

W ll conprise at |east one of the CDRs substantially
w@g003m568¢ut herein and, optionally, interveniPgI/B2003/006304

framework regions fromthe scFv fragnents as set out

herein. The portion may include at |east about 50% of

either or both of FRL and FR4, the 50% bei ng 't he

C-termnal 50% of FRL and the N-term nal 50% of FRA4.

PO ol P S BAL B B8 B

nrby reeornbiraat DNA technitjuey rasg essultindhaviritfoduation af N of8
%904/ 056875 PCT/ |1 B2003/,006304 occurring variabl e

minal gegiddes pReodschiy liakers dmgeqused; tarfagiitate cloning or other
amérﬁﬁ’@\bﬁén s?bcr W@WUI% %t%?gnﬁcﬂ étﬂ?%trro%ﬁ%én of

In the 1ntro tiron o mna resi du

elicketsdo l;n)m Iviari& blesdamaine du Gwtherproei beqwdrees! mauamgor
uatlon ste Q. her, mani pul ati.on step

.Hema'&enf ohulin hERKA Gheinpristant fegiRBs cotET y@ﬂablemn%(for
deRampte, tll@tﬁé'lf)ltolaﬁﬁtlm 8 SiaBoafe%z ﬁtﬁ'étélﬁéﬂe‘é%q%?%lg as

|nnunoglobu I n heavy chalin con regl ons,
v discapsed tofwrthas défadibelawanpl e, in the production of

di abodji I I s, . di squssed i n .

ureneldaa; AthoBEf ki SnbeaegtE ibisTntee b biiacRs omprise

i bl“uﬁtémtﬁdpam of g aE&aY[F&cﬁﬁalﬁQr@%kiﬁéd a?tlsafﬁﬁ\hm%&ggnlze that
pair of VL donmins, a skilled artisan w |

r éB@rm’ﬂy@ emmdlmgnmﬁmppmrl@ﬁmlgﬁﬁfmlsdlng;fra@mqms sentaining

CBPQ’ frOImB ? A f% {ﬁ%\/‘\_{ﬁdﬁmﬁérﬂé‘?}?r@ﬁ{% c‘F‘f’tB%glngle chain

spedific bhﬁimg de{DlEﬂ'iSf(lem v 3@6@@) é@’@@hﬁérb I@(ﬂﬁp}{éﬁgé’fﬁﬁ@ é}&nalns
scre r cqnpl ement ary. domai ns capabl e of form'n

t %P%@ﬁﬁ?ﬁo@ﬂagﬁf twe- éﬁﬂ‘?@e?ﬂ%’i ficcAntigenrkipaingth ragmqniw@pable
0 t hLee

081, PP 6509 | P0EQcrbonilit SRRy

t hbage displdyestraéring medthods uding thecsm%alledtmenabhlcal dual

d l o W9 47, i ' : o
RO BTea= S5 L8rPsetm B AP vty endnavigual
ctoBfy icontififg teﬁhéf‘éﬁﬂ oL %ﬁHiPn' @be id uﬁoa{oylnfgct &l S Sete
encodl ntgﬂt he other chain (L and the resulting

t irasnhaf elonepeocediag theathey Che Lrori ) ad dus E&$uitnng two-chain
SSBRUAEBAE L ABRIS TP T ol FESHER pPBen deniy

ctechhijuesrdeededopibad ot her

[063] Anti-PD1 antibodies described herein can be linked to another

functional molecule, e.g., another peptide or protein (albumin, another
antibody, etc.), toxin, radioisotope, cytotoxic or cytostatic agents. For
example, the antibodies can be linked by chemical cross-linking or by
recombinant methods. The antibodies may also be linked to one of a variety
of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol,
or polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835;
4,496,689; 4,301,144, 4,670,417; 4,791,192; or 4,179,337. The antibodies
can be chemically modified by covalent conjugation to a polymer, for example

to increase their circulating half-life. Exemplary polymers and methods to
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functional nolecule, e.g., another peptide or protein
(al bumi n, another antibody, etc.), toxin,

WO 2@bto5Eei ope, cytotoxic or cytostatic agents.PEDIB2003/006304
exanpl e, the antibodi es can be |inked by cheni cal
cross-linking or by reconbinant nethods. The
anti bodies may al so be linked to one of a variety of
nonpr ot ei naceous pol yners, e.g., polyethylene glycol,

Ptk 6ibh 8 aBlotRhun it PP ?Hﬁ{@ééﬁy44?§§,gpgglg,;1‘75%37;

manner set forth in
444895, 239 andl, 43609:646 4, 670, 417; 4,791, 192; or

by cov L. TBE RRubaiEs hod SRy miso by aRewtkiphase ot o
| ghycesyatibh patter® thﬁﬂhlﬁbk@ﬁoﬁﬁh% d{(ﬂ}/gggg?@m#@f &xample, one or

polyners and nethods to 19 WO
PO Baoudydoss gnoicties aah betdsietad anal/ aorshommore chSsylatlon

Csia0A o e S obds50hin Bl S

apteseatly discloved htibabikeans Fﬂ/ pbi é&oﬁﬁﬂlkﬁé@ bSI '?:\%nﬂ%ftﬁ(? Brhino
fromthe native pattern. For exanple,

caw cﬁ%&?ﬁ%tqrﬁ?fétﬁlrb@ly@@ﬁvlai@mtee@weaaw sequerces known in

e Y5O LA o3I 2ol e ot on

pﬂmﬂwoyhedi is blyadethiealt orertyaraticRioubing 6F §BbSiIABE o e amino
al t.

t he ci d. sequence to contain
g??@ 6%?85?? Bﬁﬁlﬁ @fé'bé’gbfsé%éﬂgtm&iér%@ﬁeﬁﬁ@wd imWQ B&/05330
agihd wﬁﬂ@ﬁﬁ‘éf alm )ORE '@ﬁ{te 3{/ n@lobﬁgmn%%rwo%% Removal of

car bohydrat e res on ant’| bodi’es

CHIBNTRY: IOthraéth MGscframupé |ang bodileg Inyaggbe ﬁe&o?ﬁl%ﬁt&d
h uch nethods are
etioaBibf o SEaEDx on Xamib . mexgAscrbed b Halmodghn ot ol
y
car bﬂ%crhaﬁ& %ﬁﬁ Igg H}/? orgng? h%ézarﬁd%gggglngi 9%‘3 Arigl
Rleghem r,sh1e8d13&m %Thqta&uréeatz@lnﬁ]tQ&Yaquth Enzymol 138: 350.
Arcﬂ 1Be em ﬁgggé’g% étgﬁ%tbifdé’éf%rscjtﬁna label.
(nempabmwbels |chb€rad;olélbb$s saaiagm’il WQTB%ﬁi&Hfrgaﬁblso be
7) Enzynol ., 138: 350. The antib
02?9330 @@yg%swsw& ¢y eatiopalichismistryr Detmtablerl?]bels also
I uch as
|ﬁ@?5€ renggﬁ]%%%ﬁk %Hhﬁ%‘% ré@l%g%qlept%rﬁg@%ég%‘f gﬁ@ﬁ’

diospbaiass. l[éetagtabmwlabetsﬂorthér inbkidestHamiciahertiablstch as
|.abel s such as horseradi sh

&i&ﬁ&s\fﬂﬁé@%}ﬁ I lgé:b%%%}%{] \%%Bndmg to a specific cognate detectable

moiety, e.g., labeled avidin.

[065] Antibodies, in which CDR sequences differ only insubstantially
from those set out in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID
NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NOs:16-40,
SEQ ID NO:47, or SEQ ID NO:49 are encompassed within the scope of this
invention. Typically, an amino acid is substituted by a related amino acid
having similar charge, hydrophobic, or stereochemical characteristics. Such
substitutions would be within the ordinary skills of an artisan. Unlike in CDRs,

more substantial changes can be made in FRs without adversely affecting the
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phosphat ase. Detectable |abels further include
chem cal noieties such as biotin, which my be

walewaos@ds vi a binding to a specific cognate deP€UTEAOI06304
noiety, e.g., labeled avidin. [065] Antibodies, in
whi ch CDR sequences differ only insubstantially from
those set out in SEQID NGO 2, SEQID NO 4, SEQID
NO 6, SEQID NO8, SEQID NG 10, SEQID NG 12, SEQ ID
NBintiing pFperied\Barl &ntiShdy. %ﬁ%ﬁ@é\g MHs | h.tlcﬁaE(BJt Bre not limited
NO 49 are enconpassed w t'hin the scope o I'S
i Fs dwimanizingygpnerxhmanaderivedrar engjinbearingscdriin fratrasivdrk

SRR WP
seifste.fytchangingahé éldae oM subcisk it o Bbmaadt l%‘&i(%:rhz;rl?géging

an artisan. Unlike in CDRs, nore substanti al
c8PeHHc ARYRO pRiIdrRSIduWeS Mdtich mightralier fhaxeffedtor fumdtiba s2i8h as Fc

VR 388G ST RATBLANEEPS e AINCE BIOATKS o
| 5848260 aiod Londetak (1998 NamniuHTad 7826572662 and Morgan et al.
[ in franework residues that are

engj ring cert . hat _

i @%&%5 Tmmiiglogy 61g°ér9-%%4wtcacqhaaglngothl emuas.fz%mgvmuetr;e
bi g6 ' 0 changi ng the class or subclass o
t%%}%ggﬁtsrt 'rﬁrﬁrse%flgﬁ?' changing specific amno acid

r esi dul@s6hhOok afiskititin ahe art wih epﬁfécg@tbcthatg ﬂhg%b@iﬁcﬁsﬁtﬁ%

. bi ndi 9., escribed in U S
g‘z‘?{%iberﬁgag’%é%%{og Qh-'%haﬁs@{%ag?izb@t RARY othrr reedifications
(W) obMioudMaLd skilldd arted in %gﬁtzoﬁﬂ@ té@&ﬂﬁ@s ?Lth@ present.
(1995) I munol ogy 86: 319-324, or changin € SpecCI
fdispiPGMiech the constant region is derived. [066] One

Nulc Acibid, CI3R Ere m:)?agl Itlj:xhaust ive,

and t H@B7MeThe ptdvent AREIJSUFRIIrRF provRges is%b\%fé& icle® Aeids
skilled artisan in |ight of the teachings of the
prEosing tahﬁ digtlgsed antibediesi Thaduglsic aridaimay eomiprise DNA or

CRRAGER ARy OUNTD AR S RESIED, LoHURR, Reyrmee o

diuniéalisiedsequienbe diseset olihhersitg bAtOMPasSs AMNA MRIECHE with the
RNA and nmay be wholly or ﬂartlally synt hetic

DNA qr > e
SPeriiesaaERES. 7 enenBEatss:? medesue Wilbdherspeciiied
iquerte itivRich BNESTPRRGER Br PNInEBS 86Met MduesMinerwise.

[068] The nucleic acids provided herein comprise a coding sequence
for a CDR, a V4 domain, and/or a V| domain disclosed herein.

[069] The present disclosure also provides constructs in the form of
plasmids, vectors, phagemids, transcription or expression cassettes which
comprise at least one nucleic acid encoding a CDR, a Vi domain, and/or a V,.
domain disclosed here.

[070] The disclosure further provides a host cell which comprises one
or more constructs as above.

[071] Also provided are nucleic acids encoding any CDR (H1, H2, H3,
L1, L2, or L3), Vy or V. domain, as well as methods of making of the encoded

products. The method comprises expressing the encoded product from the
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speci fied sequence, and enconpasses a RNA nol ecul e

with the specified sequence in which Uis substituted
WO or0405688H| ess context requires otherw se. [ 06BIT/IBE03/006304

nucl ei ¢ aci ds provided herein conprise a coding _

sequence for a CDR a VH domain, and/or a VL domain

di scl osed herein. [069] The present disclosure also

provi des constructs in the forn1of pl asm ds, vectors,

pBABEHhE hucldicasiar IEress; gé eoeﬁﬁﬁ%%ftb@ﬁﬁmger

conprisée at |east one nuclelc  acl ncod

VAPBE®pEiate cendilions ecombidamtdiast deﬂs:canstamurrglptr\ﬁ] nlﬁéh}g@]acld
d t ce iC

REIohRG Al by BhreR5 R0 Ui ot VadomAitcor srpaTic bindisg

(
IF—)B rrmmlﬁdnﬁ% begfmét%d?ar{?jﬁbg}?u@l}%ggélﬁg aﬁ?ysu%lel tslg}gnlﬁ'ae, then

rrH?%§§a@Prqﬁilﬂt@hg of the encoded products. The nethod

w0 200l obeRT LR i faBERY  Ahdialp Ralasonad snooding

anucleickagid argé@nesrad becred yesk Ry)#ed taHHYd?'g)LHmQS from their
8& gé)l” at e condi.ti ons recombi nant host cel

rAHORmEnh iR spetaatialy pureomn lmmcp@ermcwdormoor lny the

VI i f di
ﬁgﬁf?ﬁ‘rlr&awyel g\éllaégrregtdg Ibs rglr'all)z Jleﬁ ilalcl?iq ﬂﬁlﬁ‘,ﬂ{ﬁ%nes of origin
soithentan trlecsmtmuqnee ehbeding tﬁ@@ypédpt&imwmﬁltheﬂiét;un{e@?@hctmn
or VL domains, and

éﬂiggf}@& Qj glﬁqg fgggﬁﬂt@ @%\Q:Iﬁggfeaﬁ@n\ﬁéa Rel¥peptidens a variety
| GldifbReht ABSY éb”llsl%h‘é idiBthd) vfrfm thB&IH, F&aééifsaéwtggl? for

environment, in substantially pure or honp
fRfodiciHg antihodies, seaGenef Exprebsidn Systednszmemlc Press, eds.

S A2PRlRe Bt ool 656 Rt ShEefie HpsLopls oKk trotapa fpant
tdwtisy RrmmeNhrf uéust oA, yeb@t7§ﬂmd B¥ElIBUFS t%st&}rgn Wi ifilian cell

xpreSS|on of a polypeptide in a varie
ﬁl%’(s vallpkledp éh%\értlfommoﬁsasmntqﬁe hateroldgousgedlypeptide include

SnE3e Faibter WAPUEITHAN I8 bEly nafE T Rdhasels, Nso

ahousagﬁ@lor& icells, \andsmiahpbltiterB 0% corfihlon batgéndhost is E. coli.
cteri a | ant . cells, mammalian cells, and yeast and

Y PIRIFIP GXPESSSIUheY StRmrrampalible with theum@tmanayabemsed to
l;ﬂo&@éb el d|§&bs§d§ﬁﬁl§c§d@§‘ SLitdbREGALLHP Ystems include

pol ypeptide inc
transgenic animals described in- Gene Expression Systems, Academic Press,

eds. Fernandez et al., 1999.

[074] Suitable vectors can be chosen or constructed, so that they
contain appropriate regulatory sequences, including promoter sequences,
terminator sequences, polyadenylation sequences, enhancer sequences,
marker genes and other sequences as appropriate. Vectors may be plasmids
or viral, e.g., phage, or phagemid, as appropriate. For further details see, for
example, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ ed.,
Cold Spring Harbor Laboratory Press, 1989. Many known techniques and
protocols for manipulation of nucleic acid, for example, in preparation of

nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into
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Chi nese hanster ovary cells, HelLa cells, baby hanster

ki dney cells, NSO nouse nyelonma cells, and many
wordwe/05687A common bacterial host is E. coll. PeCIB2003/006304

protei n expression system conpatible with the

invention may be used to produce the disclosed

anti bodi es. Suitabl e expression systens include

transgeni c ani mal s described in Gene Expression

Syslennd 8RBURRTERIE Shd arkflsis FEPRAGAE g cribed i detail in

[074] Suitable vectors can en or’ cons
s&urieat ProfegolsdoieleculapBiadpgy, a“%Ed&@nl edsnrA(usubel et al John

s di ng pronoter sequences, termn nator
gﬂ%?%?gnsp% denyl ati on sequences, enhancer
sequen(irs] ArBrker aﬁ%&%fﬁ*@di%&l'&@ﬁnfﬁ Vides ?§t gell comprising

appro riate. Vectors l'asm
dysleig acgf@g@ﬁclgsed@e@ pA@]@lﬂ ifattieer dspect pravides a method

hg'”ﬁiﬁﬁ_‘)‘%‘gé%q gﬁ@%ﬁlﬁ ngﬁggédﬁést%legi ﬁ%bﬁfrﬁ'@@éuon
I-Hrdymmbl@btyn&tailfaﬁalﬁeetééhnléﬁ§9Fo%ﬂka@@ﬂ%eﬂ@ d(}bﬁtées
Q“&HBPH“ ocol s for mani pul'ation of nucleic acl

qiesmay inshidesgaleismphosnhate transfeiction dBEAEuBExtran

B e A M ST

esq@myss on otfeerdviras a6 s \eacohiP be fer isectéalisdBaIbRRL, | F‘or
det gi| nt . Protocols in Ml ecul ar Bi ol ogy,

Eﬁ?? peal Ceé'assu'féﬂi’&@éqh”é%u%may Inshiyde egicigyn ghlgide,
1@8@3fofrﬂ§t§3n %Ié&fdﬁ&?&tl&?@ﬁ&fraﬂgfebﬁgn %F@l l%scg%ﬁ%@e The

provi des a rising -a -nug
dintrepuetian ofdhe nusleic abid lﬁtnrﬂhlem'ellasm@,cbe follwetEBy 8ausing or

h nucleic acid into
2215320 SEPEESIRL e et Al g dipruirieyost cells Under
aomd:t&iﬁsefotegﬂsr@sgm oftR& %Hbaryotl c cells, suitable
t.echni que%s may i ncl ude cal ci um phosphate transf ection,

el ectroporation, |iposone-nedi at ed

t ransf i I n retrovirus
. o B78] Bk e AL B Poauaing
the RDViF-associdted dowaedqulatidn 6BthbSmnsuid %%'p%né%hm pév&ieular

I nC e .calciumchloride _transformation,
eefrég H}ﬁﬂ?%tth%ﬁn%’(ﬂ‘etrﬁﬁﬁg'ﬂ%%tsl HRIGH &G mediated J}bll@ieclgmlosed
T r cel l.s
diglbogfe][soéé(i%?ét (?%rblﬁlgag%\ Sn@%glrneéﬁtragghggég&élgla Sdﬁp&qdlng on
fthe methed of thedi m@cTHe aatipodiebyanWe wsdd® present eidgnose, or
lfﬂa%? medical disorders in mammals, especially, in humans. Antibodies of the
invention can also be used for isolating PD-1 or PD-1-expressing cells.
Furthermore, the antibodies can be used to treat a subject at risk of or
susceptible to a disorder or having a disorder associated with aberrant PD-1
expression or function.

[077] Antibodies of the invention can be used in methods for induction
of tolerance to a specific antigen (e.g., a therapeutic protein). In one
embodiment, tolerance is induced against a specific antigen by co-
administration of antigen and an anti-PD-1 antibody of the invention. For

example, patients that received Factor VIII frequently generate antibodies to

23



condi tions for expression of the gene. Methods of Use

[076] The disclosed anti-PD-1 antibodies are capable
Wekoomosisiat i ng the PD-1-associated downregul apCDIB20603/006304

the i mune responses. In particular enbodinents, the

i mmune response is TcR/ CD28-nedi ated. The discl osed

anti bodi es can act as either agonists or antagonists

of PD-1, depending on the nethod of their use. The

athis pesteis céfﬁanﬂﬁlsﬁéﬁgn ©P aﬁra‘?l‘l’lqﬂﬂ) :1 8k 1t E@}@@Sﬁtm

nedi cal di sorders in nama especi al ly,
Aﬁ@mbtﬂﬂtléé vgth resembimandrfisotor ‘¢lzh|ns axpected ta $esUIf iorthe
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A EhodtBnd BT esEReeo a ikl aploit o 11 ok
of or [0583cepitibbtRst st the %\/%‘Pl'h@ﬁrcaﬁrbeh@é’éd‘ﬁl am?"unc ﬁc‘?és where

associ ated wth aberrant PD- expressi on or
[@7@?”9“9& ip bl tayebef i mféuﬂﬁV@emqrmn roay bbalesirable, for example in

[ an e t o] f|
TECrRAA Y of AR b BMierfle RECRS R &g By fiiBan of o
ePMde)t autod)hmmccﬁseésdsl @Us. eﬂ1e@@|ﬁ’ét8ﬁf ar’lhrg%e ?}}pfe' [“diabetes
ant en mnistration of antigen an

,ﬂ#ﬁ}“i 9&&1’95'&‘ inflnenmatpanbowal dlS@q’ﬂse éS(rahmsedlsease and
F ner at
anﬁtﬁﬂmé’“?‘%@%@gﬁ?ﬁﬁ%%’"@é SR 18ichcn,
t#ndgrafeversug- host dldmasm $GVHD)oNn g{) ant anhl - PtD 1
i nation wi

P DconOeh WhaS difiiied famling Gesanseqs cestlo: theandi-PD-1
(HnibioRBs ST ne MentioMTHAF bE ZSBATR Sdrtets & PLE1 W bHid 19
i enhancedie Pihd eassaniated atiemeationt ofdhe immiune ﬂeepehs@f In these
' d bl f
i 48 B g bl S RH<EH BT mak BePPRn pasitve (ic.
byediatédby apmntifeh 0ceibn st ‘T@R)or %R)géb é‘g’atﬂ)es(ﬁfés PD-1)

rheumatoid arthritis, ype |
%é@'%ﬂ? e repuiredp| Theseredersed glstarm'a i tb\aya drmmhparable to the

I
08 oA o535 800 BRI 4.5 g cbout 100
e ;suprepreferably, drssf thaw ebous 50 Qs éHoSm@%? Ke%f'é@]y, less than
Ld%g)%ga&hen di m ni shed i mmune response is deS| rabl e,
{

HMbD 1 antibodi es of the invention may be used
as agqo8cyt $n 58mRRrhbbAINAE thk ositive (activating) and the negative

(inhibiting) signals are provided by a ligand or antibodies immobilized on solid
support matrix, or a carrier. In various embodiments, the solid support matrix
may be composed of polymer such as activated agarose, dextran, cellulose,
polyvinylidene fluoride (PVDF). Alternatively, the solid support matrix may be
based on silica or plastic polymers, e.g., as nylon, dacron, polystyrene,
polyacrylates, polyvinyls, tefions, etc.

[081] The matrix can be implanted into the spleen of a patient.
Alternatively, the matrix may be used for the ex vivo incubation of T cells
obtained from a patient, which are then separated and implanted back into the
patient. The matrix may also be made from a biodegradable material such

polyglycolic acid, polyhydroxyalkanoate, collagen, or gelatin so that they can
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enhance the PD-1-associ ated attenuation OfttP'e [ rmunge

response. In these enbodinments, co-presentation a
W(pb@ﬂgmbm% proximty between positive (i.e., nedi/E2003/006304

by an antigen receptor, e.g., TcR or BcR) and negative

(i.e., PD-1) signals are required. The preferred

di stance is less than or conparable to the size of a

natural ly occurring antigen-presenting cell, i.e.

SSe L han
SRS e R B SO g o
pfal omm)]hel injestel. dhpoirmientan bée Bhaped td miric a cell (e g., bead

(Q'CH'&SEIBIE%@ and the negative (inhibiting) signals
Vi

are pro 'by a ligand or antibodies imobilized on

sol i d [082pPI SorelehibodiPent, % bb Pmﬁfive ki@n\éﬁ{si dﬁfi%e%i hv.q
iments, the solid support
ﬁ?ﬂr%@tl@anﬂ@%@mn yedvfmgjabmsls ToﬂthcWatmg anti-CD3

S ors R Yl TG Rt o S tet Nonc05,696
oand b|316768). (Mhasttio HealEER e a&iv@itin %wyupﬁar ar‘?&‘ﬁ{e@é‘ﬁva

aBYT Skh ﬂﬁm@mﬁé‘é&ye's%“eﬁ%gnE’a‘iﬂyéé'm”g%mmog&”;mem
PRHIVATIn the/lrt 6F AABEYSIDEA hESIRBIEL 6, BPYndGqused for

the ex vivo 1 ncu atIOI’]O froma

pat i enf083wHinderarertaim eincuwrasianaesdt arg He@eanHe tdakdt or
é}ﬂ%the atient. The matrix may al so be nmade from a
b

DGE RBBFENt FNBYng respense HbP'ﬁflf je eatandnmune disorder or

S I et 8ol brebn B8 B3 AScih 8l methods
m&’égé@m pre ot Iimgiterhta lef&cnsnfe\nirt mmﬁe§ﬁ élg’a:clztgﬂéi) _\Igllq'léses

ﬁ;o r cant\g'rgl ﬁﬁgﬁéog{stn%qﬁ qoﬁ ljgﬂ\gmerg% wnr%és Jn dispages syich as
mempesphgmlﬁglesﬁ Qﬁ%iaréélt@eﬁﬁd %&H@QI‘ @t PeldimB %l tcbéestate

signal is delivered by a T- vatlng antt -
Pﬁ'@dy, \Nhl ch binds TcR Actlvatl ng anti -

ant i b s st E{ngVQB‘g%gg%%g qun(\iﬁlg aﬁ&%D 1%%@80

l@@hwaees ﬂ'hEcelttespahseg Tresuch eaeds, aRflbd@ed by Ss aﬁ{%gjonfsts of
xperlnentall usi ng conventi

?#égedTJl}“%sde%&?n el?Pqe'W@”Q th Q)ﬁmélsodj@% cah bedised to inhibit or
crauss o6 B ooty Sy AFSheBBY IO e scy
associated with downregulatlon of TcR/CD28-mediated immune response. In
these embodiments, the antibodies are not coupled to a positive signal such
as the TcR-mediated stimulation, e.g., the antibodies are in their soluble,
support-unbound, form. As demonstrated in the Examples, a blockade of
PD-1/PD-L interaction with antagonizing anti-PD-1 antibodies leads to
enhanced T cell proliferative responses, consistent with a downregulatory role
for the PD-1 pathway in T-T interactions. In various embodiments, the
antibodies inhibit binding of PD-L to PD-1 with an ICso of less than 10 nM, and
more preferably less then 5 nM, and most preferably less than 1 nM.
Inhibition of PD-L binding can be measured as described in Example 6 or
using techniques known in the art.
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enhance a patient's inmmune response in order to treat
an i nmmune di sorder or cancer. The disorders being

wo e@anss7dr prevented by the di scl osed nmet hodsPCT/IB003A®6304
but are not Iimted to infections with m crobes (e.qg.
bacteria), viruses (e.g., systemic viral infections
such as influenza, viral skin diseases such as herpes
or shingles), or parasites; and cancer (e.g., nelanoma

acti valiesh. Jhe RMaRBHEsiornibag shifiobtiaRR gf lnsl peSent ivention

card agesistesasin ther icBMP EfectRBlArNOGHES Gdierafly, a
ant agoni sts of PD Thus, in some enbodi nents, the

amqra@aut@@llu sifeplive,a@@unbmayriasy withrthe sebjests tage, condition,

SHESER O TR B DTSR R BB o oot

th@réiﬁ&&toaﬂyl ieffeeidve amonat 6ESHBIRE.rahges frbﬁﬁébout 0.001 to about
ggodlj\'}gnt s, the antibodi es are not_ coupl ed

igAkg body gkt preferably ﬁemr@hwféh%t@ab@ut %ﬁm/kgahody

t
C i, R AAREEY 620569 2 blIE] SodPhHE i fom about 1t
Exbopt 63 mgikd| ok ddeagé ma3bd ABsted, asateretsany, 1o st
CBPIRPABEIR e WRebsRRl DS o5 SR odn R Bheko on
d@m&ﬁgh'djl@éﬁﬁdé byheredtifg ﬁéﬁglc‘a 1 pathway in T-T

interactions. In various nments, the antibodies
i nhi bi {088] ndhe@ntibodiesImaygiPBn Bsva baluardases o mfaxlrmze the

noteu i Ehef o arBSER IR Hdiebiont et oh e Msriihe dose,

bCotingowsinfltoRREISE basusdarssFtdrtee bbusfgya! e 6 or
usi ng technj ques known in the art. 25 WO 2004/ 056875

PCT/ | BESTS/ owuoe ceflogsp. mélvawmsqlﬂe‘eﬁ eellsanr nandgytes) can
CQEBOO% tsb%’fl‘?d b té‘ﬁa %{H M&% %l%ﬁvéﬁd%ﬂt@o Le%r&qhe

i n therapeutic
t Im/eap@rut Irr:sd»r‘ng eerﬁlﬁcm]Mems Ehﬁmurte resgonNgas/can bb ifiHiBited by

St Sﬁtﬂg?raa%ﬁ&eﬁﬁgﬁ%%nwéﬁqf POAGING 1 IBURgIaR pelien viro
tﬁ/ﬁﬁ HpeAtiti- P@'—JI lénﬁﬁ&?f f e lﬁ\V@rHIHn ﬁfnc%ﬂgfa*ﬁ \AgWLth&R/%tlon of the

from about 0.001 to "about
pinghenealsells (e gmbatmmbodle&]tottbe é’k:&mmc%r BngaJltigedyeceptor) In

Sl bmeETh A8 Y et B0 T R 2o len

afirasd /o thaSPDet asdiééiles bR thdstirface of an immune cell become
“crosslinked” upon binding to such antibodies. For example, the anti-PD-1
antibodies can be bound to solid support, such as beads, or crosslinked via a
secondary antibody. The immune cells may be then isolated using methods
known in the art and reimplanted into the patient.

[088] In another aspect, the antibodies of the invention can be used
as a targeting agent for delivery of another therapeutic or a cytotoxic agent
(e.g., a toxin) to a cell expressing PD-1. The method includes administering
an anti-PD-1 antibody coupled to a therapeutic or a cytotoxic agent or under
conditions that allow binding of the antibody to PD-1.
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observed effects of the treatnent. The appropriate
dose is chosen based on clinical indications by a

WO e@ansasgs physi ci an. [086] The anti bodi es may PCT/EBR0E3E006304
a bolus dose, to maximze the <circulating |evels of
anti bodies for the greatest length of tinme after the
dose. Continuous infusion may al so be used after the
bol us dose. [087] Imune cells (e.g., activated T
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responses can be inhibited by renoving inmune ce
f heneairalatedanith theoexpiessiag leved of RBahewkiehl i tum,vis cooelated

R RSO PO b AR o o,
( engnocybys)amtidegbjest.t o the TcR and/ or BcR anti gen

receptor). In_ such enbodi ments, the anti-PD-1 .
ant | boi‘}/‘g@h&ﬂtactw methpdsrthat emplaywantibedies aienwelikpown in the

' |
bR bR, fir e, E06 /5 tadBifirehoBteay TR,
delgstieernblot,irrwmmczfﬁldreﬂganbg, muwggziti@ﬁgggqcib?rgi@oﬂlés may
lid - .beads, or c
SUTE LR Ay Rt
| SOHHIQEb R ditebBPDOOSS UK AWR Tg%%*?ﬁﬁaﬂ'i bt Lomponent

reinmplanted into the patient. anot her aspecst’,
t Ipackagingoisieyclising, be other ematedal toaaid e detsttioa®f the protein.

7T o A AL SRR el
exid\ebé desirétle o mdwfyRERD Sor EXnsle SwiR @ Iatidedrolp (s@¢h as

anti-PD-1 anti body coupled to a therapeutic or a
cypidiinger @ dejestabler markesgroup (auchi asma fllipegscant group, a

e P BBIshs o BB sl e R GRSt tig IR eRton may be
| tekeied asingapnabatiori tecrerqias. dBtiestle detedpsisia aatssls Mclude, for
PD-1 in t% ol op i cal sanples. The anount of PD-1

d EXBRPIRY e diyremepBares: radioaciveapass elnstioaydanse

j LRAt: ' rd-el Wt
redtorts, Hiyftes, sndiidaRas having!gpScfic Binaitl dhriplfs, Eqzymes
caré fypidllyalctectediny theio motivitye ori exanele shdjsecddislh Peftixidase

kel e s A SPbtn bameitiridies (E48) to a blue

r pireemy0aRERAYe WtAiTES¥hhotometer. For detection, suitable
binding partners include, but are not limited to, biotin and avidin or
streptavidin, I9gG and protein A, and the numerous receptor-ligand couples
known in the art. Other permutations and possibilities will be readily apparent
to those of ordinary skill in the art, and are considered as equivalents within
the scope of the instant invention.

[092] Antibodies of the invention can be used in screening methods to

identify inhibitors of the PD-1 pathway effective as therapeutics. In such a
screening assay, a first binding mixture is formed by combining PD-1 and an
antibody of the invention; and the amount of binding in the first binding

mixture (Mo) is measured. A second binding mixture is also formed by
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Western bl ot, inmunofl uorescence, i nmunoprecipitation.
The anti bodies may be provided in a diagnostic kit

WO b@tt/0568¢Hr por at es one or nore of these technPCEE003:006304
detect PD-1. Such a kit may contain other conponents,
packagi ng, instructions, or other material to aid the
detection of the protein. [091] Were the anti bodi es
are intended for di agnostl C purposes, it nmay be
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cou& known 1n the art. er per
p8alts pecessanstomharive ordadiptiynize bmding, aridcaddiesifal ebntrol

HEr DAY Beuinehilad 1 sicedfing Bseau of s ivention. Compounds
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used in screenin met hods ‘to tors
t Me/MrsO019)y prafaeable grasden then@@whaﬁ%pmaylthss bendentifiedand
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t lheotbemsﬂaysforlamrdahmodﬁlstéﬁdéédrﬁ)bdmé?&hnQ'hergt ftfof the
asu d A second binding mxture is also
f'@Ph@@Wﬁ?” Ao amestisodycran gem@amee@smg, for example,
nd _or
O A 0GR e
A} etfagelilagthog resortance-basle)l teshnsagy (@g B‘i‘acore) all of

9&%@%@%@ fyasiel EoBat imhe pa. “Eién&”é; The amount s
of bi rM008p THe EGRPbLAGM eﬁ%"t’%@t 1{?8 Fs'&e’é{:ﬁ%&s in the

are then conpared, for e ' Ng
NEavoplesor & ameaimal model (see generally, lmmunologlc Defects in

Laboratory Animals, eds. Gershwin et al., Plenum Press, 1981), for example,
such as the following: the SWR X NZB (SNF1) transgenic mouse model (Uner
et al. (1998) J. Autoimmune. 11(3): 233-240), the KRN transgenic mouse
(K/BxN) model (Ji et al. (1999) Immunol. Rev. 169: 139); NZB X NZW (B/W)
mice, a model for SLE (Riemekasten et al. (2001) Arthritis Rheum., 44(10):
2435-2445); experimental autoimmune encephalitis (EAE) in mouse, a model
for multiple sclerosis (Tuohy et al. (1988) J. Immunol. 141: 1126-1130, Sobel
et al. (1984) J. Immunol. 132: 2393-2401, and Traugott, Cell Immunol. (1989)
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nd or agent is considered to be capable of
ﬁggﬁﬁgting a %D—l- associ ated downregul ation of inmune
wo eapbhses if a decrease in binding in the sePONB2003/006304
bi nding m xture as conpared to the first binding _
mxture is observed. The fornulation and optin zation
of binding mxtures is within the level of skill in
the art, such binding m xtures may al so contain
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del e ('
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CAigR! 80 R0rO3e B and s EACR Lienis Sbompcsinbtre
fike, thahane coinpatitde mathi pharimaceutical administration. The use of such
media and agents for pharmaceutically active substances is well known in the
art. The compositions may also contain other active compounds providing
supplemental, additional, or enhanced therapeutic functions. The

pharmaceutical compositions may also be included in a container, pack, or
dispenser together with instructions for administration.

[096] A pharmaceutical composition of the invention is formulated to
be compatible with its intended route of administration. Methods to
accomplish the administration are known to those of ordinary skill in the art.
The administration may, for example, be intravenous, intraperitoneal,

intramuscular, intracavity, subcutaneous or transdermal. It may also be
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rmed according to art-accepted practices.

gg)r(}‘gi ty and therageuti c efficacy can be determ ne(t)j3/006304
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humans. Therapeutically effective d?g?geseaicﬂl Z\rqgt hIeP

oy B LTS WHEN ROV B aealicor arall apemistered,
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oS ucinus benapt S0h) PURITAEHELER ASERRIANLS, o
e ety adurptil b g v A
' Qe ' terial agents ,
e bnoll P4 S B e s
gt cr oot e the Adlsmiehich WA bt oy oride
' ration. (
S FeRRERe's TPEtEan hacistedmith amds cebassbavRes | <
WotiFodhistitacid of B8diut hydrbQf C%mﬁﬁbgeb%%bﬁymgy be enclosed
contain other active c%rrpouﬁds lf!) | _
SupmIPeHtas; dispoadldietsyoinges opmusHaRRE Vidle haRaHS/ @a?ss or
igions. The pharnmaceutical conpositions nmay S0
ée I'ncl uded in a container, pack, or ?lrzfiegser[lo 6& A
}gﬁifhﬁ?fmi{ e bARosopf S b E Ko7 bistfion include Sterie

BYeRH%ERutiens opdispersinrsi Méshfit&péwa?ﬂsﬁ?ﬁ?ﬁ&té%bﬁaneous
ar’ ) S

g{jer%%ﬁéﬂsc{Hr gﬁtgﬁ'legﬁjgc%ﬁi‘gﬁg'ﬁﬂég% gL diseersiom; Far iptrakenous n
dirsstrationTseitalslaicansdrs Adigde Bﬁ?’siofogfca%é‘ﬁirﬂ)é BackFiostatic

I nfravenous, intraperitoneal, ntramuscul ar,
‘}Vﬂﬁﬁf’:éﬁﬁﬂ‘?eﬁors@bé%gﬁﬁeaa@imanw algg og pgas%%dggi%@og@me
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B o o8P Stsiie anfehanictbefivi to the

axdantiihet easyisyringabill ekistayt SRo@anERBbRI LA IRELSTHi0Ns

es.
FAMET Tl S YRd S %gg%nd must be preserved against the contaminating

action of microorganisms such as bacteria and fungi. Prevention of the action
of microorganisms can be achieved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol,
and sodium chloride in the composition. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid polyetheylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can be maintained, for
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[097] Sol utions or suspensions usﬁd fgglhgérgg:rgﬁl or
neous application typically i .
\Végg;g;;7ihe foIFgmﬁng conmponents: a sterile PRCT/UREN03/006304
such as water for injection, saline solution, fixed
oi I's, polyethylene glycols, glycerin, propylene
gl ycol, or other synthetic sol vents; antlbacterly
agents such as benzyl al cohol or nethyl parabens;

. . i cid.or sodium :
gleiéﬁrﬂs!e{iytt@ﬁ@%gﬁf %;cogg@é%@%b !(:?“sﬂelglgwm, by the maintenance of the
efanliredquirticle mitecinrtha cabé of ar‘slp@rsiah*fahgfgz éag/m:lg B8 of

f h hat es; an or 't he

g%;ﬁéc%tﬁéﬁt %d%[%ga@%rsyrrgiﬁﬁsﬂ%dge g@jecwbie:d:rbrgpbsi&orgs)f;an be
, J [.Hsted. with acids, or bases,
SRR Abo K RS N8 o SHiof An g Othiah debyen

pRkssiption, dosexamplee akmuhosedonoseaRay! S5 gllafiRosab! e

i i ple. ials made of ¢
Z?/Qs? ?@.§9f ng‘]}‘lctﬁhfi’ﬂ%ﬁgggtege\g&?al@dnpluglratarwdnermuuemﬁn edible
P i i terile us_sol uti ons  or
O Spar 51 s n DB iR B gl B Bt i tablets.
%@ﬂ?b@df@iﬂ@fatb{nethe antibujdéed edn be%@htﬂihé&‘ﬁ/itﬁrexcg)ti)efnés and

' j b nt nous admi nistration, suit _ _
UsBReh She Porn] B 1ebliS. 3 Ghas: efFarsiiien charuseuticalyacompatible

i ali i i . Q
m‘i’"ﬁ%@SﬁE‘B?PSP&?‘%%‘%‘*?E““%’%%%?@H%& ekl par ptne

COMRESIHQronT g tablegs, @ill%rqapeumdtmbbeg,ca,ﬁutethgumgﬁ;ghgemn
| LLity exists. |t shou )
SR Ao PR 8 eombp B simir sture: & binder
sueh aganiznatrystatiinbeefluleser yafl tadricanth 6#‘@9Iaﬁn; an excipient
am pat i n ction of m croorgani sns Such ’as
5860 S‘Pi%ar&hd’g#%aaﬁe., PAlisindegrating egenhsucitas alginiofacid,
iri ' . ' varil ous _
TS FRAFERE Y Bl steapmecr Sterotes;
patigdeehsychas ooliidalamilion ditive] a speefsiihg _a?éhtdwch as
Ehi L §%I & nd the like. In many cases, il W be
pr erggr %bl 8 ?@arfrhar@ VOf'§8@@ﬁPESﬂ_@$ﬁ\F @,epp@lgl_‘ll?iglfm@mgln ;
i ch as mannitol, sorbi ,
zgg?tae’cm??ggq?gb?rﬁ%uconpositi on. The carrier can be

2 sol W400] oSysf@ny'pédmimiatrmklnh g:rm a%s(t)lib?é 23)/( mfgmbosal or
TR R, SRSl ot lral nsimcone
RenRitENts apprdphiate td K@)barggldtgzcib%] Fgﬁgﬁ%%g ruggd w)ﬁ{eeo '
fgggg%ggg%clb%ﬁe%%ggmaﬂy known in the art, and include, for
example, detergents, bile salts, and fusidic acid derivatives. Transmucosal
administration may be accomplished, for example, through the use of
lozenges, nasal sprays, inhalers, or suppositories. For example, in case of
antibodies that comprise the Fc portion, compositions may be capable of
transmission across mucous membranes in intestine, mouth, or lungs (e.g.,
via the FcRn receptor-mediated pathway as described in U.S. Patent No.
6,030,613). For transdermal administration, the active compounds may be
formulated into ointments, salves, gels, or creams as generally known in the

art. For administration by inhalation, the antibodies may be delivered in the
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exanpl e, by the use of a coating such as lecithin, by
the mai ntenance of the required particle size in the

we awe/08f878li sper si on and/ or by the use of surfaPCHIMB2903/006304
Prol onged absorption of the injectable conpositions
can be brought about by including in the conposition
an agent which delays absorption, for exanple,
al um num nonost earate, and gelatin. [099] O al
c 0Sd 1] I [ j t_.dj; .an
cRIFRIY & BB BPSta] dtofm RESSLRED Bl Uiy Wi
capistairgsa suitalslopressimt,i 6y 9 atgdyl fich. as Eatbodrdibxide, or a
adnm nistration, the anti bodies can be conbined with
eRePWiZeht s and wused in the formof tablets, troches,
or capgilas. | & j Selgqlel IRgRgT
agent S0 T AR o dRlehte, SREBRCT disliotid dhibodies are
pprepanéd Witk cardensahat williprofEee tHeabdrapoeungiabbinst rapid elimination

C | es, roches, and the |ike can caontain .any of
¢ RBT Geitanlvngorings acratialod gplégss damidation. Taciifioiaplants
nghy h‘ﬁcro%n@!apﬁ@gtreoz%’fmeﬁ?sﬁt&h@?rﬂ@&%r%ﬂﬁ@lecﬁldggh%ﬁble
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spalyoters cah dbet usss, sachliasiatihdgnavinybacefate, polyamhadrides,
alginic acid, Prinogel or,, cor,n starch: a | ubr.i.cant

= hliBhofi afls FHiAERr e aPLBENGFSErs cBialyBeti Arida Methods for
S prdparaticiPbf Qudpformuldtions vill B iapPareht IR RNSKILPHERE art.
such as sucrose or saccharin; or a flavoring agent
sbbiplesamabspprendions coriaimng theareggntiyt disclosed aatigedies can also

op B PEHER R R HcBo R CHREHE! TREpS Bln BeTheBred
t aecwrdimgOdahethodsknossetorthbseadkiiled i that argfor example, as
penetrants appropriate to the barrier to be perneated

a

feserhed ipdJ- -Ea.tﬁ'HrNﬁJldaﬁz%ﬁﬂ-Suph penetrants are
gener a@ﬂ()Z'_fng}’}f]ail Bet aﬂga?goﬁg% ('fjd}ml}l'gl%aprg%r R)/&r’éﬂfﬂ%le'

det er gents, e salts usi di ¢ acl erivatives.
Tcampositiopsin aabsage shitdoino forreasebs’ sadrvinighiatioh exhd dnifiormity

" Afdide.  The Ll Rt Lol fomyr 2 taed heroi fefeils Ghvsically

afistRAgIUpfs SBRed 88 TRNitALISR) S ToP e $ WjectaBBROPEAte@ Sach unit
may be capable of transm ssion across nucous

nreomiaiirg aiptedetesvinadequantity of activel aomgpoyrel ealculatadsto

PGBl BERRSE BT Syectad Yo dRuqER R RS Pl

aghamhaddudicbbearriene active conpounds may be
formul ated into ointnments, salves, gels, or creans as
gener aldtp3kndexicity, apadherapeuti¢-gficagiiohtha eempesitipy of the

| YBhASA 88n beetBRthinBA By SR a M dPhaPacdaiEd drdcddiffes in cell

cultures or experimental animals, e.g., for determining the LDs, (the dose

lethal to 50% of the population) and the EDsq (the dose therapeutically
effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the
ratio LDso/EDsp. Compositions that exhibit large therapeutic indices are
preferred.

[0104] For any composition used in the present invention, the

therapeutically effective dose can be estimated initially from cell culture
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31 WD 2004/ 056875 PCT/ 1 B2003/ 006304 form of an

aerosol spray from pressured contai ner or dispenser,
wahdoglosescdbnt ai ns a suitable propellant, e.g., BCOER003/006304

such as carbon dioxide, or a nebulizer. [0101] In

certain enbodi nents, the presently disclosed

anti bodies are prepared with carriers that wll

protect the conpound agai nst rapid el | mnation from

t Y t ,

e RS SRR o Bl A BdF DG Bl ssavs,

s gyioking. relbaxdmpmh gifabﬂrmsdnnpuommed I@lseay@m’lyﬂﬁﬂ’g lﬁlgbmbmg
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b "
AR, Te A0 WiRirk et e o sEediays and qpimal studies
pbé@@é%edﬁﬁcf@ﬁn%lﬁﬂné 8 rﬂﬁéé‘@ﬁéogétjé’\fbrt&etlﬁ%ﬁwa?@a',& 88se may

the art, for exanple, as described in US
Nbe fqrnmlat@llm arimabapdels teeachinyeaal ciapulaties plasma concentratlon

03] t
R84 S Rl Plesdbe o Bt cofGamBAln & himePyPafy R
oéclﬁiesege ha'l?ﬂﬁakmﬂahmlﬂbﬁlal of gpiriptdras )1 CreulHERE Id\/%llselhrblasma
refers to physi caIIy di screte units suited as unitary

dH@é{d&"\e@ﬁUf% fan@xaraple; by biwh perfararancediamidghromatography.
°7 ﬁé@f@b@o@aﬁif ﬁﬁﬁ&ﬁ%%ﬁ?&bﬁgg@?égﬁ%{%ﬂ oré§l Vaesﬁ’ %@%pﬁ%ssay.

culated t uce t erapeu |c e
i fhaslosagaties Iprafetérbly dthirea vangedlof giraatigecsnosatrations with

ier. 0 Clt and t hera eutlc efficacy of
Cﬂ@“ Bio Rt THE doRe b ALK E bt tiaidnagadom
mmwe@ mﬁmmtg bﬁaamnﬁsqpa%wlﬁmzéa Cell cul tures

or experinental animals, e.qg., for determning the
LD50 (018503 be fokawing E)@nm}es db rohén ﬁbpulaartllrmh)heasuﬂ)pe of

oft & EB ik R e itk (8iarlwiGecBahi=r doe Budmipus

t hexi#leatibhs agtifveeibBohs tHat endynies E@ﬁéﬁméd wmh@&t anétind the spirit
can be e iﬁr essed as the ratio LD50/ED50. Conpositions

t AscCApePidhe Arased inyritiope Ruch medifications and yaeationseare
encompassed within the scope of the invention. The entire contents of all

references, patents, and published patent applications cited throughout this
application are herein incorporated by reference.
EXAMPLES

Example 1: Selection of PD-1 Binding ScFv’s

[0106] An scFv phagemid library, which is an expanded version of

the 1.38x1 0" library described by Vaughan et al. (Nature Biotech. (1996) 14:
309-314) was used to select antibodies specific for human PD-1. Soluble
PD-1 fusion protein (at 20 ug/ml in phosphate buffered saline (PBS)) or
control fusion protein (at 50 pg/ml in PBS) was coated onto wells of a

microtiter plate overnight at 4°C. Wells were washed in PBS and blocked for
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[0104] For any conposition used in the present

invention, the therapeutically effective dose can be
wegdoumoedsesl initially fromcell culture 32 WO PCT/IB2003/006304

2004/ 056875 PCT/ |1 B2003/ 006304 assays. Exanples of

sui tabl e bioassays include DNA replication assays,

cytoki ne rel ease assays, transcription-based assays,

PD-1/PD-L1 bi nding assays, creatine kinase assays,

. reat )
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fol | ow ng Exanples do not in any . .
of0°G-he invention. One of ordi nary skill in the art

' ' di ficat | and _
Vot o BT B T s o etk iouas ed engingrssiection
pérel SupedinfEtod Wil hdIhér pﬂ{a?%ﬁéﬁd tReRE S give

V. .
nodj fications and variations are enconpassed within
t@eibedyrxpeessing: phage pattistes fohtheesedanel mantieipanaingal A total

d bl i shed. patent applications
FHEQBEG oPBAFThG WS LaBig a5 A& dthlor Bidtion of PD1-17,
- = b f] . I N .
Ie;?eg?mtgé?}éc s Emsﬁgi ﬁ?nslc-%v' z d[ 0106] iR !Ig’év&-l\‘?'" were use‘_j
ﬂ%ﬁ%?ﬁ'actr%rggpﬁsmkﬁ& BD4 3% gnarded-3bewsieoselettedtfokowing

B0 oy tetogey i YOGt o
gatriebdiessisgdOiig/mi tortrélfo%ion Protkin. Sol ubl e

[0108] Antibodies to murine PD-1 were selected by soluble selection
using biotinylated murine PD-1 fusion protein at a final concentration of 100
nM. An scFv phagemid library, as described above, was used. Purified scFv
phage (1012 tu) in 1 ml 3% MPBS were blocked for 30 minutes, then
biotinylated antigen was added and incubated at room temperature for 1 hour.
Phage/antigen was added to 250 pl of Dynal M280 Streptavidin magnetic
beads that had been blocked for 1 hour at 37°C in 1 ml of 3% MPBS and
incubated for a further 15 minutes at room temperature. Beads were captured
using a magnetic rack and washed 4 times in 1 ml of 3% MPBS/ 0.1% (viv)
Tween 20 followed by 3 washes in PBS. After the last PBS wash, beads were
resuspended in 100 pl PBS and used to infect 5 mi exponentially growing E.
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PD-1 fusion protein (at 20 tag/m in phosphate
buffered saline (PBS)) or control fusion protein (at

WG oghsds73 n PBS) was coated onto wells of a nPCT/mR2003006304
pl ate overnight at 4C. Wlls were washed in PBS and
bl ocked for 33 WO 2004/056875 PCT/|B2003/ 006304 1
hour at 37C in MPBS (3% m |k powder in PBS). Purified
phage (1012 transducr ng units (tu)) was bI ocked for 1

T e B b o
vvetdtrsnand 301 minuies ﬁ@bﬁr% al2boWsm), thén %bpé%e& ATYAG plates and

desel ected phage were transferred to the bloc
wilaubatesheernight at BRC. P@Uipdtlml@ne@ wereisareped oifthe plates and
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t bemied dutrrsdedcribefBBov&ound phage particles were
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BT §pearﬁmtv ehAntikgdies for RRtIdbwa Phage| ElISA and
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for o breel! Touetyhe dle shr et At g R bRl 174 BRoe
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, rescue
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F’MS f?’%ed de @apuitiplicitynef istection (lrnor)rm‘ 16f togharixpgn@ttially growing

260l AR Ap LS K SRR 1 FBle PR TR were
f cénitrifuiged intaherehtep oeistriftfgesatl 2000 @n fdreReAfiteS nrha

the second and third rounds was carried out using
pﬂmﬁm%ﬁ% Was refnaved andgiedi pellefsowess resvspeodedin 100 pl 2TYAK

o Ry PEtel AP CAR BB K shRlHE, CTRFh e e W

bi ot nyl ated nurine usi on prote
ceantaiuigedtat &@OGfrp&Oﬁbr 10MhinAtessad phageeththihing sap¥raisnt

?‘ﬁer%f%?b i gfég XSS ‘%KE‘%&% g&ﬁ@%ﬁg@rf’é@t’qﬂ ﬁggg%e Sgér%iﬁ% were
Pﬂﬁ%ﬁﬂi‘ﬁ? B o R B Pl S e To

250 pl[0d ObyHumanpsomersepDal fulion peateit ard control fusion and
non-fusion proteins were coated overnight at 4°C onto 96-well microtiter
plates at 0.5-2.5 pg/ml in PBS. After coating, the solutions were removed
from the wells, and the plates blocked for 1 hour in 3% MPBS. Plates were
rinsed with PBS and then 50 pl of pre-blocked phage were added to each
well. The plates were incubated for 1 hour and then washed 3 times with
PBST followed by 3 washes with PBS. To each well, 50 pl of a 1:5000
ditution of anti-M13-HRP conjugate (Pharmacia, Peapack, NJ) was added,
and the plates incubated for 40-60 minutes. Each plate was washed three
times with PBST then 3 times with PBS. Fifty ul of TMB substrate was added
to each well, and the samples were incubated until color development. The

reaction was stopped by the addition of 25 i of 0.5 M H,SOQ,. The signal
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beads that had been bl ocked for 1 hour at 37Cin 1 ni

of 3% MPBS and incubated for a furtger 15 mi nutes at/006304
WO o@asasnper at ure. Beads were capture usi ng BCT/IB2003

nagneti?:mrack and washed 4 times in 1 m of 3% MPBS/

0.1 % (v/v) Tween 20 followed by 3 washes in PBS.

After the |ast PBS wash, beads were resuspended in

100 pl PBS and used to infect 5 m exponentially

! _ y
e g Y AP Rdng e SRt P8 hym o =
aicrptiier piateiraaders Clones isbnwmg, splﬁbtifiusbiggzg tlﬁ%gg?ggh
B i pBRFARSER ricieti e s dentifod enerqonfimed.
pl at es[cand] BpeemichEasuser f BOICTF Batl %bﬁté%\énsrﬁ F§GY Pa,
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L1 By G i R pLomRR T o hhage ELISA vas

perfornmed against PD-1 fusion protein and control

pExsraples3:  Idedtificationl of Antibelly Glehegi es from sel ection
out puts were picked into 96 well  pl ates cont ai ni ng

dj. l].. ML3KO7 hel per phage

was. o832 PR HRIding BER £ ol Hongstvas stwaked ou ko

' ' o . es
TG FaRAAR Rlbted kgt 404, TR o s plates
cefier sequpnser vsindopGANTAB G eetttor sﬁergfermtadcﬂ@ag i Qmﬁlw the V4

' t r ved and ce

ST s BB Wi B R ones wor
| assabed ¢or méutligatye bPPDIL 1 B‘lrfd'fh@';fﬂﬁlkbf‘ﬂ as ;ngcr:nﬂ%{ iggé%\mple

p] ates were centrifuged at 2000 rpm for
doprrgRc difersnaesPelupen sabwand IgBdormeatshareadue toashanges

. . | at.e. .Ph I
ARSI 87 PR oy L BB 0 %655 RS
prior to ELISA. [0110] Human or nouse PD-1 fusion

poetaple 4ndBiocdnemizal Birsiimninhiisition ABsAy 8h@'SdpseH €i s
wer e coated overnight at 4C onto 96-well mcrofiter

=2.5 [ in PBS. After coating, the
Por ut 19FLSNERE pEaBitiin watuvied hmogtton el Tl fTEe de
: P30 t Jpse
o P NEAIN bR eulPes ShititbalioR REREaIG LS Erude
agbegontaiviagiperipiasmic Extrapisavers oitamedrsuaiedtingothe bacterial

%%Hétse\%jmttﬁg r(‘)v%sl&etqnguét{oﬁg ovgn%ohtic shock. Pellets were
resuspended in 20% (w/v) sucrose, 50mM Tris-HCI, pH 7.5, 1 mM EDTA and
cooled on ice for 30 minutes. Cellular debris was removed by centrifugation,
and the scFv was purified by chromatography and buffer-exchanged into
PBS. Purified scFv’'s (PD1-17, PD1-28, PD1-33, and PD1-35) were tested for
the ability to inhibit the binding of biotinylated human PD-L1 fusion protein to
human PD-1 fusion protein immobilized on plastic in a 96 well microtiter plate
assay. Binding of biotinylated PD-L1 fusion protein was detected with

AMDEX-alkaline phosphatase, and the signal generated was measured by

reading the absorbance at 405 nm using a microtiter plate reader. Data was
expressed as a percentage of the total binding and a titration of scFv
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PBST fol l owed by 3 washes with PBS. To each well, 50
pl of a 1:5000 dilution of anti-M.3-HRP conjugate
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aoverni ght at 30C. Crude scFv-containing periplasmc

etdtlaét s wereteney af AstAR-1s3aij\eand iaf> Antibbdieser i al

pellets fromthe overni ght | nductl on to osnotic shock.
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chr omatPit-38hy _and b@#ff er - exchanged i|ft® PBS. Purified
scFv' ¢ RIPP3517, PD1]28, PD1-33, and PU335) were

t est eq PDyt-F2 28 1.0

Nt

Example 5: Conversion of ScFv to 1gG

[0115] Heavy and light chain V regions from scFv clones were
amplified by PCR using clone-specific primers. PCR products were digested
with appropriate restriction enzymes and subcloned into vectors containing
human IgG+ heavy chain constant domain (Takahashi et al. (1982) Cell 29,
671) or vectors containing human lambda or kappa light chain constant
domains (Hieter et al. (1982) Nature 294, 536). Based on the germlines of the
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the ability to inhibit the binding of biotinylated

human PD-L1 fusion protein to human PD-1 fusion
W@e@teses7s mobi | i zed on plastic in a 96 wel | nPCT/DR2003006304

plate assay. Binding of biotinylated PD-L1 fusion

protein was detected wi th AVDEX-al kal i ne phosphat ase,

and the signal generated was neasured by reading the

absorbance at 405 nmusing a mcrotiter plate reader.
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establish clone potency as calculated |1 C50 val ues.

Cl one potency data for the scFv and 1gG anti bodies is
shown in Table 5. [0114] PDl-F2 scFv was produced and
purified as descri bed above. Cells expressing nurine
Phablewtr Gesatiees afVEl@Bdc\éJ Regines lof PD-4 Aritibably Giones of -
100 | to aﬁb"né P} _yo|1lf: coate ad 06 well merotiter

late. Ce .\_fej%%wnlm washddVl; 9ermling
ng, t hen| B iZ with 30PHP 1 96 BSA in DPBS for 1
hour at roBR%*28per at ur e DBMdcked cel | s MR¥Pk-28ashed
three ti neED1-83 PBST, piiDR-7t 0 addi ti on [MPRF1gl / well

of assay bBDMe35(0.05% BHR-66. 05% Tweer FRLIN

Dul becco' ﬁﬂaarzor sanpl @pﬁ'l owed Dy ,11@ Kg
bi oti nyl ated— morine PD- LI fusionm protern—at—306

ng/ M. Binding of biotinylated PD-L1 fusion protein

was det ect ed vvith Andex al kal i ne phosphat ase and -

si gnal a de criped abov Pot enci es of PDL-

scgv a@&ﬁ% F regigR| dorgaing P Plasmids meas yerified

el S AT,

Pmt%eremrqd ﬁorrpﬁlce!ectawres By smldam taslrnqlmsEmmrpemsand

w\é%ﬁ%h’g tr#?gé: {Q}Fag" :gn%cggé vﬂ]elf’ ukaryo W &g u3|n%h§tar(1:<§]aarldn
techniques. Secreted IgG was purified using Protein A Sepharose
(Pharmacia) and buffer-exchanged into PBS.

[0117] The binding affinity of the anti-mouse PD1 antibody PD1-F2
was determined with a Surface Plasmon Resonance (SPR) system (BlAcore
3000) (Biacore, Piscataway, NJ) using murine PD-1 fusion immobilized on a
CMS5 sensor chip. The concentration of PD1-F2 in the flow cell ranged from
7.81 to 125 nM, while the concentration of the anti-mouse PD1 antibody J43
(eBioscience, San Diego, CA) ranged from 25 nM to 500 nM. The equilibrium
constant Kp for PD1-F2 is 6.7x10"° M (Ka=1.5x10% M), whereas Kp for J43 is
3.8x107 M (Ka=2.6x10° M),

[0118] The ability of anti-PD-1 IgG’s to bind human or murine PD-1
was determined as follows. ELISA plates were incubated with 2.5 pg/mil
human PD-1/IgG chimera overnight. Plates were washed with PBS/1 % BSA
and incubated with serial dilutions of a test antibody for 2 hours at room

temperature (RT). After washing, saturating concentrations of
HRP-conjugated goat anti-human antibody or HRP-conjugated rabbit
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anplified by PCR using clone-specific primers. PCR

products were digested wth appropriate restriction
weeayss7and subcl oned into vectors contai ni ngPCTIBRAB/006304

| gGL heavy chain constant domain (Takahashi et al.

(1982) Cell 29, 671) or vectors containing human

| ambda or kappa Iight chain constant domains (Hieter

et al. (1982) Nature 294, 536). Based on the germdl {]/ES
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[0120] Results were compared to those obtained with J110 as shown
in Figure 3. Anti-human PD-1 antibodies J110 and PD1-30 did not inhibit the
binding of PD-L1 to PD-1. Anti-human antibodies PD1-17, PD1-28, PD1-33,
and PD1-35 and anti-mouse antibody PD1-F2 block PD-1/PD-L1 interaction.

Example 7: PD-1 Antibodies Recognize Distinct Sites on PD-1

[0121] Inhibition assays were performed to map sites recognize by
the various human anti-human PD-1 antibodies. ELISA was performed as
described in Example 6 with minor modifications. After incubation with
primary antibody for 2 hours at RT, a fixed concentration (0.25 pg/ml) of
biotin-conjugated anti-PD-1 antibody J110 was added, and the samples were
further incubated for 1 hour at RT. After washing, saturating concentrations of
avidin-HRP were added, and incubated for 1 hour at RT. Unbound
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was determ ned as follows. ELISA plates were incubated

wth 2.5 pg/m  human PD-1/19gG chi nera overni ght.
weL@uesester e washed with PBS/ 1 % BSA and i ncub&t/sgo03/006304

with serial dilutions of a test antibody for 2 hours

at room tenperature (RT). After washing, saturating

concentrations of HRP-conjugated goat anti-hunman

anti body or HRP-conjugated rabbit 38 WO 2004/ 056875
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deemrmimu umn@marmaz%wlétb reader. nmodifications. After

b
i neu ai | c.)?gl] As shown in Figure 5, PD-1 engagement by anti-PD-1

antibody PD1-17 or PD-L1.Fc caused a decrease in T cell proliferation. Thus,

PD1-17 can mimic PD-1 ligands and delivered an inhibitory signal. As
discussed below (Example 9), this inhibitory signal results in decreased T cell
proliferation and IL-2 production. Antibodies PD1- 28, PD1-33, and PD1-35
have the same effect as PD1-17. The effect is dose-dependent, as activation
of cells in the presence of increasing concentrations of PD1-17 or PD-L1.Fc
results in decreased T cell proliferation. The control anti-PD-1 antibodies,
J110 (Figure 5) or J116 (data not shown), do not inhibit T cell responses and
incréasing the concentration of J110 has minimal effect on T cell proliferation.
For comparison, values are represented as percentage of the anti-CD3
response. “100%” represents CPMs obtained when cells were activated with
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primary antibody for 2 hours at RT, a fixed

concentration (0.25 pg/m ) of biotin-conjugated
w@eikAORB7L anti body J110 was added, and the saPqii/EB003/006304

were further incubated for 1 hour at RT. After

washi ng, saturating concentrations of avidin-HRP were

added, and incubated for I hour at RT. Unbound 39 WD

2004/ 056875 PCT/ 1 B2003/ 006304 avi di n- HRP was washed
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Example 9: Blockage of PD-1 Engagement by Antibody Results in

Enhanced Proliferation

[0127] For assessing effect of soluble anti-PD-1 antibody on
proliferation, CD4+ T cells were pre-activated for 48 hours with
anti-CD3/anti-CD28-coated beads, harvested, and restimulated with the
indicated concentration of PHA plus 10 ng/ml IL-2 in the presence of PD1-17,
J110, or control IgG. Each of the antibodies was added at various
concentrations at initiation of the culture. Proliferation was measured at 72 hr.

[0128] The results demonstrate that PD1- 17 (Figure 6) and PD1-35
(data not shown) enhanced proliferation of primary T cells. The control
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results in decreased T cell proliferation. The control

anti-PD-1 anti bodies, J110 (Figure 5) or J116 (data
WORM049563%0) , do not inhibit T cell responses arPdI/IB2003/006304

i ncreasing the concentration of J110 has m ni mal

effect on T cell proliferation. For conparison,

val ues are represented as percentage of the anti-CD3

response. "100% represents CPMs obtai ned when cells
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by |igands on the sanme surface (Cl'S). At bead: cel
rapiapses mare@n 'Wumnﬁtmmewmﬁe@mmmntahon of | nmmune
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sE’BH agbnistir arntuﬁagonlsisaoﬁ%@itﬂé_wtﬁmtle{mgﬁﬁse?rﬁbt &f having an
SSI5BEneY s dRetdend Enesr. coshaciyelt | on of T cel

r eS PONBASOYaS bR iﬁ%k‘ Bpéﬁl%cgéésmﬁﬂﬂdca-ﬁ%m be in need of

condi tions. Altoget ese I ndi ngs denonstra
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TR0 Bk SUEH Rl BEE SOy e EpredEntibenton in a soluble
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B, D96 o e AR SR S0 A ol
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uFnsglkg, from 1 pg/kg to 10 mg/kg, from 1 ug/kg to 1 mg/kg, from 10 pg/kg
to 1 mg/kg, from 10 pg/kg to 100 pg/kg, from 100 ug to 1 mg/kg, and from 500
ng/kg to 5 mg/kg.

[0131] The antibodies are also used to prevent and/or to reduce
severity and/or symptoms of diseases or conditions that involve an aberrant or
undesirable immune response, such as in autoimmune disorders exemplified
below.

[0132] Multiple scierosis (MS) is a central nervous system disease
that is characterized by inflammation and loss of myelin sheaths. In the
experimental autoimmune encephalitis (EAE) mouse model for multiple
sclerosis (Tuohy et al. (J. Immunol. (1988) 141: 1126-1130), Sobel et al. (J.

Immunol. (1984) 132: 2393-2401), and Traugott (Cell Immunol. (1989) 119:

42



anti-CD3/ anti - CD28- coat ed beads, harvested, and

restinmulated with the indicated concentration of PHA
w@bkwg/0i@d7hHg/ M 1L-2 in the presence of PD1- 17, PCIVIE2003/006304

or control 1gG Each of the antibodi es was added at

various concentrations at initiation of the culture.

Proliferation was neasured at 72 hr. [0128] The

results denonstrate that PDl1- 17 (Figure 6) and PD1-35
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heathpasiaons esthadinvehtsh tafmbBBaisdds MBL1 8§oiSidRaB inhibit
respectively. [0130] Subjects at risk for or afflicted
viretlyitiesrefautarpactive iTcelis @add? cellsnandeprevepiandeeat SLE or

SHREE 885 00 RAGAN i LSS B L8 PR hoooi
pDefeety in Inakraioby Animals sGerdHvin et al.reds\tRengdrPresky1981) or

anti bodi es are adm ni stered in an outpatient setting
b NURRNS-y adni ni stration at about 0.1-10 ng/ kg dose

by sl oyy155 ;F;ﬁ?ﬁ@;}iﬁpétbéﬁthal‘ﬁf)yﬁé i odT@seoﬁﬁ’l%riﬂgﬂt@ewould be

t her apeut | ective dose of an antagoni st
sadreinigtdrdsyasPD-t agonigtcini ex divathenagdy waith al freqouerecy of one per

approxi matel y. fr.om /[ kg to .20 froml / Kk
RN GETRRS, fredifont gl e FRndEEoeesmors mehRand
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1 nmg/ kg, and_from 500 pg/kg to 5 nmg/kg. [0131] The

ant i bd@i186€] aTe tegtdle gbra;altefﬁ@ﬁce«/@‘rant@ndxesnnmﬂnmmdividuals

SR M UnGRE! BlosBAERERRE: Fa KITeARE 1Bl 1KRABHL 1R identified
and randomized to a treatment group. Treatment groups include a placebo
group and one to three groups treated with a PD-1 agonist (different doses).
Individuals are followed prospectively for one to three years. It is anticipated
that individuals receiving treatment would exhibit an improvement.

[0137] The specification is most thoroughly understood in light of the
teachings of the references cited within the specification, all of which are
hereby incorporated by reference in their entirety. The embodiments within
the specification provide an illustration of embodiments of the invention and
should not be construed to limit the scope of the invention. The skilled artisan
recognizes that many other embodiments are encompassed by the claimed

invention and that it is intended that the specification and examples be
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undesi rabl e i nmune response, such as in autoi mmune
di sorders exenplified below [0132] Miultiple

wa@edoenns’s (MS) is a central nervous system di BEREER2003/006304
that is characterized by inflammtion and | oss of
nyelin sheaths. In the experinental autoinmmune
encephalitis (EAE) nouse nodel for nmultiple sclerosis
(Tuohy et al. (J. Imunol. (1988) 141: 1126-1130),

. o R 4 . .
T aFtedts e Ry B0 Wiz e seded and 2P Bf ik nyGRfon
PginpBadicaicansthe folldwing2daims. r eat ment of mice with a
PD-1 agoni st prior (and continuously) to EAE
i nduction is expected to prevent or delay the onset of
M5. [0133] Arthritis is a disease characterized by
inflammation in the joints. In the collagen induced
arthritis (CIA) nouse nodel for rheumatoid arthritis
(Courtenay et al. (Nature (1980) 283: 666-628) and
Wllians et al. (lInmunol. (1995) 84: 433-439)),
treatnent with a PD-1 agonist is expected to prevent
or treat rheumatoid arthritis (RA) or other arthritic
di seases. [0134] System c Lupus Erythematosis (SLE) is
an aut oi mmune di sease characterized by the presence
of autoanti bodies. The anti bodi es and conpositions of
this invention can be used as PD-1 agonists to inhibit
activities of autoreactive T cells and B cells, and
prevent or treat SLE or related diseases in NZB X NZW
m ce (a nmouse nodel for SLE) (Immunol ogic Defects in
Laboratory Animals, Gershwin et al. eds., Plenum
Press, 1981) or in humans. [0135] It is anticipated
that PD-1 anti bodies of the invention would be
adm ni stered as PD-1 agonists in ex vivo therapy with
a frequency of one per nonth or |ess. Treatnent
duration coul d range between one nonth and severa
years. [0136] To test the clinical efficacy of
anti bodies in humans, individuals wth nelanoma
prostate cancer, RA, SLE, M5, type | diabetes, are
identified and random zed to a treatnent group.

Treat ment groups include a placebo group and one to
three groups treated with a PD-1 agoni st (different
doses).
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I B NOTHE anfietaly 6F ¢lgid 1, compB&iRgldn &inct&cid 3eqilibece selected
i Si an _ani no _aci d _sequence

Sl cot B IheGHPREOHFET ebab-olD N4 SEEOH MO $Ea 1D

SEQ | . , . )
S0 1| DN S e NG DS B ReP 5z g BB R4,
NO 47, SEAUIDSNQ: 16 SEQAD. NO:4 7 rendaBEQOIRIMCo49.cl ai m 1,
wherein the anti body specifically binds to an am no

agid s n h is at least 95%jdentical.,.t n

5 entte BBy PLaiatn Fouhareih 4i ARlHY sl B an

at | eaginirngcigd®edaskee that is at least 95% identical to any sequence of
at least 100 of contiguous amino acids of at least one sequence

selected from group consisting of SEQ ID NO:41 and SEQ ID NO:56.

5. The antibody of claim 1, wherein the antibody specifically binds to the
extracellular domain of PD-1 with an affinity constant greater than 10’
M.

6. The antibody of claim 4, where the antibody inhibits the binding of PD-L
to PD-1 with an ICsq of less than 10 nM.

7. The antibody of claim 1, wherein the antibody is human.

8. The antibody of claim 1, wherein the antibody is IgG+ or IgG,.

9. The antibody of claim 8, wherein the antibody is IgG4;, or IgGy.
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sel ected fromgroup consisting of SEQ ID NO 41 and SEQ

ID NO 56. 5. The antibody of claim1l, wherein the
wa@paoilosadys speci fically binds to the extracel | BCEHIB2003/006304

domain of PD-1 with an affinity constant greater than

107 M1l. 6. The antibody of claim4, where the

anti body inhibits the binding of PD-L to PD-1 with an

| C50 of less than 10 nM 7. The anti body of claiml1,

rei [ 0

uHGT 1 b BB BReind 1, BHBREn B pBliod e PIas72 D128 PO

aB3, boRD1e35,drBD1-82. wher ei n the anti body | s I gGl,, or

| gd, 45 WD 2004/ 056875 PCT/ | B2003/ 006304 10. The

P{g&' bo @%}m%lggutm C@éﬁgpy\g@%sﬁfpﬁlj*}g?ﬁmgs%é Od%ptlbod?/ o]f c]ran‘n1
phar rraceutl cal conposition conprising the anti body of

ciai m A methdd ot trgeitedt @dmprsiag BRIAInBRIING & BBective dose of
adm ni stering an effective dose of the pharmaceuti cal

conposthe pharefaceuticahcomposdionmefciaist hdbd of cl ai m 12,
wherei n the pharmaceutical conposition is
atidd ni $hemeethod ol ckirb; 1é2cwh'aneindbel pharmaceuticaboomposition is

prevention.of a . dis sel e m t he

Pone; setRihiSterd toe S0bRELind et TroptReht SHordl &ifon of 2

r espongofderadeliciéd frofntha Zér@ V\E'c@néi@ﬂﬁ%1 oPBn aASInFRRSE bisorder,
14. The nethod of claim1 erein the subject is a

human. anynnmmedﬁspmt%@gﬁﬂ san@lelﬁglﬁaﬁaetmr@ndrqancer
regions and neans for specific binding to PD 1,

whér ei hhe meethod iob oliymi 1, sdesdindhesubjest lsi angurrtainndi ng
between PD-1 and PD-L1. 16. The anti body of claim 15,

whEr ei Antamtibodpicompoising Inenan flebiewierkiregidns fandnmeans for
PD1- 17, PD F2. 17.

i sol at %%ecﬂ(lfcég‘ﬁ@%g%l gos'é‘né’@tﬂrﬁ@ thﬁ@ngglfj}ﬁb%?a%bl% PhPlecking

1. 18. ) rising the nucleic
acid o?mf@%t%e%hqi%we%cﬁgggggl | conprising the

VEg! orTﬂ a?'n ﬂb&?{ 6180|Fﬁ191 Wﬁehﬁﬁtt &ﬁ{éangfcoélnﬁié%ﬂa?CDR derived

wher ei osen rom
bact erfrum PB1G?I,MBZBaIFT®ﬂe33,(RBT-)35§:ef PD1a&F24eLa cel I,
and a NSO

17.  Anisolated nucleic acid encoding the antibody of claim 1.
18.  An expression vector comprising the nucleic acid of claim 17.
19. A host cell comprising the vector of claim 18.

20. The host cell of claim 19, wherein the host cell is chosen from: an E.
Coli bacterium, a Chinese hamster ovary cell, a HelLa cell, and a NSO

cell.

21.  The nucleic acid of claim 17, wherein the nucleic acid encodes the
amino acid sequence set out in SEQ ID NO:2, SEQ ID NO:4, SEQ ID
NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14,
SEQ ID NO:16, SEQ ID NO:47, or SEQ ID NO:49. )
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cell. 21. The nucleic acid of claim17, wherein the
nucl ei ¢ acid encodes the am no acid sequence set out

WO p0o$asgsrHD NO 2, SEQ ID NO 4, SEQ ID NO 6, SEEZT1/DB2003/006304
NO 8, SEQ ID NO 10, SEQ ID NO 12, SEQ ID NG 14, SEQ
ID NO 16, SEQ ID NGO 47, or SEQ ID NO 49. 46 WO
2004/ 056875 PCT/ 1 B2003/ 006304 22. The nucleic acid of
claim 21, wherein the nucleic acid conprises a

nygl eot : | Sk

ot2 s PMVRER SRR AR hE et Befitipiedta

% 15 SE@eSEQbilwg\@@JelﬁEQelé@eﬂI@iogithméS@? gb&dﬁ@isﬁﬁg o$HEdQ[lD

o mkNRG TaSEGHD NEi TRGUDNOs SR PNG h SEFTbNG:0, sEq
PO 1. 10RO TR SBG £PRIY 55SE D) NBE £ SEQIDNOIE, hBSEQ ID
repertoire of’ nucleic acids encoding'a variable

domai NNth48. ei t her includes a CDR3 to be replaced or

| acks a CDR3 encodi ng region; (b) conbining the

r2per t Airmetholdtdf neakingan antibody chatapdcifieampbingg with PD-1, the
am no aci d sequence substantially as set out in SEQ

| D NO Tethaskepmpris@sios, SEQ | D NO 31, SEQ | D NO 37,

or SEQID 52, ~SNE J . o cid i .
inserted i hl@ 3 th%m)-?dé ?Zsttg?%lﬂﬁir%B?ﬁéwér‘ggéﬁlgﬁcraét?dé;%ﬁéodmg a
as to provide a parahle domgie thatieitbenmctudelsea COR3 tisbe

aci ds. of the. pr oRRACHHIIRE: fSORBECOUEeBg: an

anti gen-bi nding fragment specific for PD-1; and (e)
recovering the sﬁ@agm"ag e reperobe vithhg dppagAvsieicscid

nucl ei ¢ aci d encggi i ndi t :

anti body pr oduceg%@?égﬁnﬁlﬁgﬁ E%WZ%{%%%% as set out
nmet hod of nodul ain $§QADANO: 12 SEDNOZHGE@ ID NO:31, SEQ
comprising ID NO:37, or SEQ ID NO:52, such that the donor nucleic

acid is inserted into the CDRS3 region in the repertoire, so

as to provide a product repertoire of nucleic acids
encoding a variable domain;

(c) expressing the nucleic acids of the product repertoire;

(d) selecting an antigen-binding fragment specific for PD-1;
and

(e) recovering the specific antigen-binding fragment or
nucleic acid encoding the binding fragment.

24.  An antibody produced by the method of claim 23.

25. A method of modulating adaptive immune response comprising
contacting a lymphocyte with an anti-PD-1 antibody.

26. The method of claim 25, wherein the lymphocyte is a T cell, B cell, or

monocyte.
27. The method of claim 25, wherein the antibody is as in claim 1.

28. The method of claim 25, wherein the antibody is as in claim 24.
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contacting a |l ynphocyte with an anti-PD-1 anti body.

26. The nethod of claim25, wherein the | ynphocyte is
w@2004084875 B cell, or nonocyte. 27. The met hoPCDiB2003/006304

claim25, wherein the antibody is as in claiml. 28.

The nmet hod of claim25, wherein the antibody is as in

claim?24. 47 WO 2004/ 056875 PCT/|1B2003/ 006304 29.

The nethod of claim 25, wherein the antibody is

bi 44 r . l.j

o] D6 400 B Ri28! WyrgBeih e AuBoAR B irtiGhiizsihon o
conpr i s@sparhmatix omerogslinkiedr i al chosen from agar ose,
dextran, cellul ose, PVDF, silica, nylon, dacron,

P8OY St YhERfatho® bva@fm Izgt ameraﬁltuy bﬂiébéﬂ niaqﬁk @Bﬁ'rprlses one or
pol ygl ycol i ¢ acid, pol yﬁy dr oxyal kanoat e, collagen, and

gel at | mor@mataial AhesRBTos agatse dextram @edulesehBVDF, silica,

maci at IOy k8 Ho AR B BRla RS, ghvinliERACHE.

cl ai m gdlyghbelicadid} helymdrogeiikaese] esllagie8Nahd gélatin.
co-presented with theyant | g%g} 1 anti bogg 33. ?

n8{ hodTRE ntdtRbHOB&Iair2S! RihdrdiAgha Bhtigam1" SABRUY modulates
signal and anti-PD-1 antibody are spaced by nd nore

t han 1i0UnPRe celi resppnseenediatast by aaiamtigen re¢apter.n t he
antigen receptor signal is delivered by an anti-CD3
aB2.i bollye mkhod of claim 31, wherein the antigen receptor signal is

co-presented with the anti-PD-1 antibody.

33. The method of claim 31, wherein the antigen receptor signal and
anti-PD-1 antibody are spaced by no more than 100 ym.

34. The method of claim 31, wherein the antigen receptor signal is
delivered by an anti-CD3 antibody.
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