WD 2004/ 056875 PCT/ 1B2003/ 006304 ANTI BODI ES AGAI NST PD- | AND USES
THEREFOR DESCRI PTION OF THE I NVENTION Field of the Invention [001] The

t echni cal i, ates to nodul ati on of i nmune resporﬁﬁ.h ted by
the Pr ogr‘g%‘r@éﬁﬁgeﬁ%h 1 (PD-1) receptor. Background of F@gfg%b‘lﬁon [ 002]

An adaptive i mune response involves activation, selection, and clonal
proliferation of two major classes of Iyrrphocytes termed T cells and B
cells. After encountering an antigen, T cells proliferate and
differentiate into antigen-specific effector cells, while 13 cells

proliferate and diff ntibody-secreting cells. [003] T
cell activation is a‘?ﬂfﬁ‘#&@&ﬁb&&@ﬁi "r'e@qﬁpr %%gg.é"é?%lfoRSI gnal i ng
events between the T cell and an antigen-presenting cell (APC). For T
cell activation to occur, pPEsdriPTSORIOBt INVEREoNe delivered to a
resting T cell. The fi rst‘Wﬁ?TFd?‘mg@WﬁWntlgen specific T
cell receptor (TcR), and confers specificity to the inmmune response. The
second, costhigidioithe wventigipe regul ates the magnitude of the response and

is delivered through accessory receptors on the T cell. [004] A prinmary
costimul atory si {@@1] Thedethnieal feldirblatesyio mbdulahnn ofitrirmgne @S@6nsescept or

{he i nit o't arg e e RBAmad el 180 RreRe 672 11 gands. 1 esul i

in attenuation of T cell response. Thus, CTLA-4 signals antagonize
costimul ati on nedi ated by CD28. At high antigen concentrations, CD28

costimul ati @hcﬂﬁﬁﬂrﬂdctﬁ‘?(hé Nveftidf 4 i nhibitory effect. Tenporal
regul ati on of the -4 expression naintains a bal ance bet ween
ot eotive. | mmune s dspor Pt RS fodienl OGS SRV AR EEREIS rent of
aut oi mmruni t wndlclmlmmer@ges phtweomajop2ieses oblyophocytes termed T cells
and B cells. After encountering an antigen, T cells proliferate and differentiate
into antigen-specific effector cells, while B cells proliferate and differentiate
into antibody-secreting cells.
[003] T cell activation is a multi-step process requiring several
signaling events between the T cell and an antigen-presenting cell (APC). For
T cell activation to occur, two types of signals must be delivered to a resting T |
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.



[ 005] Mol ecul ar honol ogues of CD28 and CTLA-4 and their B-7 like |igands
have been recently identified. 1COSis a CD28-1ike costimulatory

receptor.wﬁ%@oﬁgg)gramd Death 1) is an inhibitory rpl‘?:ﬁ‘ftﬁidﬁfwu 5“1 a
0 at’l

count er par LA-4. This disclosure relates to nodu on Of 1 mune
responses nedi ated by the PD-1 receptor. [006] PD-1 is a 50-55 kDa type |
transnenbrane receptor that was originally identified in a T cell line
under goi ng activation-induced apoptosis. PD-1 is expressed on T cells, B
cells, and macrophages. The ligands for PD-1 are the B7 fam |y nenbers
PD-L1 (B7-Hl) and008) Moledaitaromolpges] of D28 and £ Tiddand dieit B like

10 et r dganth ey PREH betEriidesiien. “ERS R chB- I asiubion s v |
tyrosines, WééébtbhePUDﬁ(PrB?fa?ﬁrﬁ@Gﬂéraﬂi(iP@'an iﬁbﬁb{?@ry}@cérf\t'@r\@%-%i N mouse

PD-1) located within an |IT | mmuno-r ecept or osl rie-based i nhi bitory
motif). The qoustaspar obCThA-4.TThis sliscleBule tetates to modulatian of msunel ecul e

functions t ant. I ptor ,signaling by recruitment of
cytopl asm c%%%)@%%gtﬁéggﬁdlﬁgﬁﬁﬁ Pﬁ"g rﬁ?ﬁqt?]re PD-1 proteins share about 60%
am no acid i dent i[des]WPOL1 698 TOLSSEDD Rrpafl f=pdmepBrahné | yl ation
sites, and re_si‘dlEes_ ]t hat define the Fyg?@v domai n. rﬁ%hfdﬁp@?ﬁéﬁf e

cyt opl asni ¢ arigiiady iderdifieddn aTi oall linecindergaing activationtindyicet @apoptosis.

car boxy-termphal: i YALl gi Nyhunan _and use)are al conserved
bot weon hamirb e KBRS ghte, Bt AR asEeRRE” L bt
activated T RB! are the 87! fafmily ansinbers PI-I 1 ¢B7-HPRAGIPBARIB7ARER | npl i cates
the interactions of _PD-1 with its [|igands in downrequlation of central

) I [] . -
and peripheral i f%Qfe PQxd joaseambenof theyintmuneglebulisy () supetfamiy that

i | d-t T : - Ly -defi ¢ N i nhipited in th
\pl)mr esenggeof @%%ﬁs Q%Eﬂ#‘? !%‘lr{'gllll{a%&m@%ﬁ %?%ﬁ%}#@ﬁﬂe@bixmgpﬁ ! aﬁ " ©
alﬁt oi mune Mwhidoﬁhiﬂlcﬁﬁﬂairmi twndyro:simeshﬁit@??dﬂhﬁsﬁ;memtbﬁaﬁslbmw?al

ron rogr -like rul onephrjtis_and arthritis. In
Bal B/Lcmpci?rvr%éﬁieﬁ%e%"%f @r{bg?u?%é@rsﬁ@caé%@@#@ncﬁ i _rﬁmyaﬂweeﬁsﬁort 0 the
presence of {RAie-bAdstSHRLRBIGThoLIS e bresBAES bf'dn AIM &PPDEP indfeates

that this molecule functions to attenuate antigen receptor signaling by

recruitment of cytoplasmic phosphatases. - Human and murine PD-1 proteins
share about 60% amino acid identity with conservation of four potential
N-glycosylation sites, and residues that define the Ig-V domain. The ITIM in
the cytoplasmic region and the ITIM-like motif surrounding the
carboxy-terminal tyrosine (TEYATI in human and mouse) are also conserved
between human and murine orthologues.

[008] PD-1 is expressed on activated T cells, B cells, and
monocytes. Experimental data implicates the interactions of PD-1 with its
ligands in downregulation of central and peripheral immune 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.



WD 20041056875 PCT11B20031006304 [009] In general, a need exists to provide
safe and effective therapeutic nethods for inmune disorders such as, for
exanpl e, autoi nmune diseases, Inflammtory disorders, allergies, transplant
rej ection, wepdifises7si Mune deficiency, and other i munepsyfififob@hat €d

di sorders. Modul ation of the imune responses involved In these disorders
can be acconplished by nmanipulation of the PD-1 pathway. SUWARY OF THE

| NVENTI ON [ 010] The present disclosure provides antibodies that can act as
agoni sts and/ or antagonists of PD- 1, thereby nodul ating i rmune responses

regul ated by PD-1. e disclosure further proyjdes anti-PD- 1 antibodies that
conpri se novel ant[pé h-IRioREe 4?%\%}#@%@.‘0%@‘@ epefe andiafigstives of the

i nvention are : L6l INkh BY - - ' ' human
PD.1: (b) bl onEiibe RH i¥inodd fof Rffiuhe %\;ﬁr%e'ugtsgaﬁng?u@gfgﬁ“é?hé{@;’mgﬁg( c)
per f or m ng bodikedsasc inflamsmatboyr dibenders, ellergies, wanspiant refectioy, qapsecss

' dul at g i.e . .th be eff ' ' dul at i th
PD- 1 associ at EE R ARG P ofier e Syiepbrdated dsoors Mobiatone " ret hod
of use and _thﬁ’ftﬂg%frﬁﬂe%éﬁ‘&ﬂsegtiﬁh%l r{h:ﬂ?érgneﬁ??\%ﬁﬁ &Tﬁggcéﬁaﬁhgg?henhance

or inhibit inmmne responses. [ ustratrve'e nts of
t he anti bodi emaniptlatiosfof theeBDrbpathwipl- 17, PD1-28, PD1-33, PDI-35, and
PD1- F2. Ot her enbodi nents conprise a VH and/or VL donain of the Fv fragment

of PDl1-17, PD1-28, PD1-33, PDl: r li) ﬁyﬁ\% r enbodi nents conprise
one or nore conplenentarity P Gors

) of any of these VH
and VL donmains. O her enbodi nents conprise an H3 fragnent of the VH domain

of PD1-17, PD1-28016DITH&3prebelit-disclosure BRVided arltibbdies that slinsadt@sur e al so

provi des conpositions co PD-1 antibodies, and their use in nethods

nprisin and
of rmodul at | ngagmﬁ@ﬂﬁ@w@@@,ms?s AbPRd, Mreraby Medsladingimaunergsprnseas or
animal s. I n pagt P?ry)_o'g%rg- = a1 ROFHE o treat
or prevent |m%1r§%||e€&%ﬁ g?)r er'sel.ltr)]y \'/u"?‘ﬁsd‘é@ﬂﬁ“efh}’c"}"e@% énrgpgpefg@lﬁbéd\r%qﬁ%e T cell
response nedi edraprideyndaRatigéh-binding fragments. Anti-PD-1 antibodies of the

invention are capable of (a) specifically binding to PD-1, including human

PD-1; (b) blocking PD-1 interactions with its natural ligand(s); or (c)

performing both functions. Furthermore, the antibodies may possess
immunomodulatory properties, i.e., they may be effective in modulating the
PD-1-associated downregulation of immune responses. Depending on the
metheod of use and the desired effect, the antibodies may be used to either
enhance or inhibit immune responses.

[011] Nonlimiting illustrative embodiments of the antibodies are
referred to as PD1-17, PD1-28, PD1-33, PD1-35, and PD1-F2. Other
embodiments comprise a Vi andfor 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 Viy and V).
domains. Other embodiments comprise an H3 fragment of the Vy 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.




3 WD 2004/ 056875 PCT/ 1 B2003/ 006304 Di sorders susceptible to treatnent with
conpositions of the invention include but are not limted to rheumatoid
arthritis, multiple sclerosis, inflanmatory bowel disease, Crohn's disease,
systemni c | wowsoersgg7iemat osi s, type | di abetes, transplectase)3modsnon,
graft-versus-host di sease, hyperproliferative immune disorders, cancer, and
i nfectious diseases. [013] Additionally, anti-PD-1 antibodies nmay be used

di agnostically to detect PD-1 or its fragnments in a biological sanple. The
amount of PD-1 detected may be correlated with the expression |evel. of

PD-1, which, ¢ LS ¥ [ vati on status of, .1 mmune
cells (e.g., gic%'? fd\%gggsdﬁ(t:@ﬁtg)%é%éﬁggwlémc%rﬂgosﬂ@%d)sc@ttb%nvleﬁ'%%g'cg‘ﬁjﬁj ect.
[014] The di shutegemnet ihited trrrheuchﬂmdmhﬁﬁadnmmb@cter@ﬂs,dﬁﬂamlaﬁigy conprise a
sequence encodi n%él VH og} %g,orrai n fromthe Fv fragnent of PDl1-17,

PD1- 28, PDI - 3¥WHHI3685e, HFol§ digoaseysystentiplupys gndhematosisatype | nucl ei Cf i
aci ds, which ' of | : e . any of the
presently di sgﬁgéé%gﬁ%gsn Vﬁaggﬁ%lﬁggm#ﬂgug:@%%%%% Q@r%ﬁ% Mfes” vectors
and host cel | igewnmdisetdeys, sanben acd difectintisdtisedse@$5] The di scl osure furt her

Bt bodt es conpr; Dk ARGy, 5wy Stbodles it ha veed disgnostely S e Vi
or VLdomai ns @dte@PIPHTor iRta | rg?ﬁﬁ-a%logigﬂ%aﬁﬁle.oﬁigﬁﬂr{oﬁu@toid]g%-q]_Add't'Onal

aspects of the disclosure w e set forth in part . cription

whi ch f ol | onsdetagtedimaybe complatediwitvthel wemmﬂevebafd%lE-erPtmom,tum, my be
| ear ned by pr; LGi | L.Qn... . The i.nvention, i,s set forth a
particularly '%%Fh?'e o%ﬁithg%éﬁﬁ}aygﬁé% Ofc"lrﬁri"fﬂse, ceg'ﬁdetg’reacﬁ'V@'?QEE c?r]gscl osure
shoul d not beB celfs; tandedorscytes)iit thadsubjgetscope of the clains in any way. The

followi ng detaile sc¢ription includes exenplary representations of various
enbodi ment s of thgoi?‘ﬁvgrm pelosiie @isoprevides isolated pueleigeacids, ihich nventi on, as

o ™ ot AU SL LU ool e EV g BRFED] Lo o
enbodi ment s anid1-17, PD1-28, PD1-33, PD1-35, or PD1-F2. Also provided are isolated

nucleic acids, which comprise a sequence encoding one or more CDRs from

any of the presently disclosed Vyand V. domains. The disclosure also

provides vectors and host cells comprising such nucleic acids.

[015] The disclosure further provides a method of producing new Vy
and V|, domains and/or functional antibodies comprising all or a portion of
such domains derived from the Vy; or V_domains of PD1-17, PD1-28, PD1-33,
PD1-35, or PD1-F2,

[016] Additional aspects of the disclosure will be set forth in part in the
description which follows, and in part will be obvious from the description, or
may be learned by practicing the inventicn. The invention is set forth and
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,
together with the description, serve only to illustrate various embodiments and
not limit the invention. Citation of references is not an admission that these
references are prior art to the invention.



not limt the invention. Ctation of references is not an adm ssion that
these references are prior art to the invention. 4 WO 2004/ 056875

PCT/ 1B2003/ 006304 BRI EF DESCRI PTION OF THE FI GURES [017] Figures 1A and 1 B
show r eact g dops/exks78CFv anti bodies with human PD-1 as gef/ahidsnegsopy Phage
ELI SA. [018] Figures 2A-2C show reactivity of 1gGconverted antibodies with
human or nouse PD-1 as determ ned by ELISA. [019] Figure 3 shows results of
an ELI SA denonstrating that selected PD-1 antibodies inhibit binding of
PD-L1 to PD-1, [020] Figure 4 shows results of an ELI SA denonstrating that

I mmunonodul atory PD-1 ant iﬁg&ii@é%bﬁgﬂ;wl t_ Sl on PD-1 as

det erm ned by cross- bl ocki %ﬂéﬁ 5 shows results of
T.-cell proliferation assays denonstrating that co-engagenent by TcR and
anti - PD-1 anti bodyoPAL-Figures 1AMNd-1B SRow 98atteity Bf SEFV &itlolifR wiffP- engagement
by TcR and anti-PﬁiﬂJﬂ% has no effect on pirihc’)lie eration.ﬂ.:'[gov%I Figure 6
denonst rat es RHRAMEPEH1T gssiaterarined bypbageELIS#.y T cells by PD1-17 in.a

sol uble form DET D ILRT. Lnitiao 023] The term "anti body, "
as used in this d@iﬁoﬁgﬁ?@f %egh?@eé%&wf%‘?ﬂfgé'gjpﬁ%{ﬁ"feﬁe%}lﬁgmpﬁéfﬂ nt or a
derivative t hieuraah or midlise FOMRRSEASMARYd bpELIS®Pt i de conprising an
antigen-binding site, regardl ess whether 1t is produced in vitro or in

vivo. The term i ndPl8ledigwes showstesuitsof aiELISA dembystratinglthatrssientednal |

nonospeci fi c, ppof Efd G RQR- YN i zed, singl e-chain,
chinmeric, syn'?ﬁcellt %{@%ﬁgcgo'n%llbﬂmaﬁi%épy mged, and grafted antibodies.
Unl ess ot herw se r0R0) iFigureyd $huavs esons oMArRELISA 88mbhstratigahst anti bodi es, "
for the purposes of this di é&l osure, the term "anti body" al so includes

anti body f r agfERYROraedylatery Pt apiibagigsbingjo distinet siteg onr1 asnd

determined by cross-blocking ELISA assays.

{021] Figure 5 shows results of T-cell proliferation assays
demonstrating that co-engagement by T¢R and anti-PD-1 antibody PD1-17 or
PD-L1.Fc reduces proliferation. Co-engagement by TcR and anti-PD-1 J110
has no effect on proliferation.

[022] Figure 6 demonstrates enhanced proliferation of primary T cells
by PD1-17 in a soluble form.

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




ot her anti body fragnents that retain antigen-binding function, i.e., the
ability to 5 WD 2004/ 056875 PCT/ 1 B2003/ 006304 bind PD-1 specifically.
Typi cal ly, such fragnments woul d conprise an antigen-binding donmain. [024]

The terns watbd@es® ndi ng domai n,” "antigen-bi ndi ng fraafmRbsvgsedd
"binding fragnent" refer to a part of an anti body nol ecul e that conprises
am no aci ds responsible for the specific binding between the anti body and
the antigen. In instances, where an antigen is large, the anti gen-binding
domain may only bind to a part of the antigen. A portion of the antigen

nol ecul e that,. | spansi bl e f or ecifi.c interactjons wth the

anti gen- bi ndi g ?Mi%epﬁcglyefbﬂ@gﬁtwc sfﬁaggf:ﬁ"&%wguldd?om%fﬁﬁ%ni c

det erm nant . "arit@%ﬁlbiﬁdlng'ﬂbh%ﬂ‘ bi ndi ng domain typically conprises an
anti body light Tchain variable region (VL) and an anti body heavy chain

vari abl e regi on (\[PR4] Thedeuvs ‘antigeddinding domaine’s'aatigeny-bimding fragrentyri se
bot h. For exa . 0-cal l.ed. Fd antibady fr. nt .consjsts onlLy of a VH
dormi . but <81 {oindiog FaRnk TErer o Ae 4 A ABSRT Mol bt SorBPridaency
anti body. [ 02ghinbhsidsfedponsibrRIfoPihespetfit Birklindbawdenthe aalibotyHnwehsae
collection of nucleotides derived wholly or partially fromséquences that

encode expr es@digen; dminstenessuwhare amaeligesgs iargestharastigembindingiderpainn vi vo

3 aeqment 1 or™aY ool to Kett o307 odig TR BoRioh 3l e 6N pBRGuedndk L o
a cell |ine big responsitile forsspesific itecationdwitie theoastiyencbinding okrizn fsear r angenent
part or all of the sequences may be obtai ned by

occurs. Alter ?éirtreiz el%%,; of 2 i |
conbi ni ng, e.§eMeq 154 rerpéiﬁﬂ%po V g%@ﬁ%@%temmﬁnb and J segnents, by
Gi'scl osed i1 U S, Dpet 7 ARRErESHQBY GRAT RptalpROphio8t afEhifedy ighe - - 2
i nteraction" ehain varge régiobi(Mdiang ar artibody beavywhaiovadablesedion (Vg a
com eX 1t b btk yhed HoP AR ARl R Yo SlEbn, R SRR g, SPeCh S,
as di stingui s§edailgdord BAMSERCIrAdraeti coAsiBe oMY 61a Vs URdkain, but still retains

some antigen-binding function of the intact antibody.

[026] The term “repertoire” refers to a genetically diverse collection of
nucleotides derived wholly or partially from sequences that encode expressed
immunoglobulins. The seguences are generated by in vivo rearrangement of,
e.g., vV, D, and J segments for H chains and, e.g., V and J segment for L
chains. Alternatively, the sequences may be generated from a cell line by in
vitro stimulation, in response to which the rearrangement occurs.

Alternatively, part or all of the sequences may be obtained by combining, e.g.,
unrearranged V segments with D and J segments, by nuclectide 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 105 M™, or
more preferably higher than 10°M™. If necessary, non-specific binding can be




has a low affinity wiwth a noderate to high capacity. Typically, binding is
consi dered specific when the affinity constant KA is higher than 106 M1, or
nore preferably higher than 106 M'1. If necessary,. non-specific binding can
be 6 WO 2004 10668¢635PCT/ | B2003/ 006304 reduced wi t hout spdsimM3l0adz0y
affecting specific binding by varying the binding conditions. The
appropriate binding conditions such as concentration of antibodies, ionic
strength of the solution, tenperature, tinme allowed for binding,
concentration of a bl ocking agent (e.g., serumal bumn, mlk casein), ‘etc.,

may be optim i i US] Ng. ti.ne technigues.. ..
Il1lTustrative ré@%&@'\g\n nozhgLé&ggﬁilklﬁﬁhﬁg@mﬁ%ggmg,by_zv,aryipgg",ue QHQ'"Q. [ 028]
The phrase "sushéitions. Thé vppropsiate Bittlihg Teadiliohd 8licH BE cowedtalibn of DR, VH, or
VL domain of the invention will be either identical to or have only

i nsubst ant i alanipedies daniestiengthref the selutiondempgralure, timegllowedddr) , t he

sequence of | ' t L. differe .1 nel ude .m nor am no
acid changesb\,ﬂ‘t.h‘s"(f hdozﬁgé@tt%t&ﬁl ?ﬂﬂ@gﬁgﬁ%g&%ﬁ@%% %&ﬁﬁﬂ&%ﬁy.gmlﬁ&@ﬁgn cids in
the sequencetaf mayteasptiiized by aiskiled [2PRAN Uy fottife té&iPnlquast i vity" refers
to one or I nmunor egyl atory activities associated with PD-1. For

d
exanpl e, PBDEEQ%TaHV%SSQ iligRs areaat farth indzxamples Tc&&@ndddi at ed i mune

response. Proceduf f ' R ol X1 ' Y invitro
are described in é@;ﬁ&pﬁég%@?ﬁ%ﬂsgﬁ%}%%"y%ﬁt 3%6&{%&54?‘3”1’9 a fr@ng‘eg?@t’ "
"i nrri unomodulBREYy,or Vardbmdir of thedgwverties will bé @itheoidentical te br lsveosnign

increase in the.activity of PD-1. assocj.ated wt do ul ation of T cell
responses dud§4ps qr@;a' ﬁ%@ﬁ?@?ﬁh“\ﬁiﬁpﬁcgﬁdéﬁ’ﬁ'm g aﬂﬁgééﬁ?e‘%{%}cgi n the

reduction or driHidrset duf, Shabbstantld? affeferel inditde AindPlamind Bcidt he absence of
the sane antibody. A reduction or an increase In activity i1s preferably at

| east about XTbERgERRICBEHSUISHLIIGTI! Bag oTbshargBemimacidein there. When PD- 1
ot er changoanrgtagrot SR RErea A bi t ory* and *innibit. - vhen PD1
activity is increfsZ], Theaein® PD-1"amidity"abfiy to omslor Maek! InkhanorRbElatory
I nterchangeable with the terns "activating"” and "activate." The activity of
activities associated with PD-1. For example, PD-1 is a negative regulator of
the TcR/CD28-mediated immune response. Procedures for assessing the
PD-1 activity in vivo and in vitro are described in Examples 8, 9, and 10.

[030] The terms “modulate,” “immunomodulatory,” and their cognates
refer to a reduction or an increase in the activity of PD-1 associated with
downregulation of T cell responses due to its interaction with an anti-PD-1
antibody, wherein the reduction or increase is relative to the activity of PD-1 in
the absence of the same antibody. A reduction or an increase in activity is
preferably at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
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 guantitatively using T cell proliferation assays as
described in Examples 8 and 9.

[031] The terms “ireatment” and “therapeutic method” refer to both
therapeutic treatment and prophylactic/preventative measures. .Those in need
of treatment may include individuals already having a particular medical




PD-1 can be determ ned quantitatively using T cell proliferation assays as
described in Exanples 8 and 9. P31] The terns "treatnent" and "therapeutic
nmet hod" refer to both therapeutic treatnent and prophyl actic/preventative
measur es. Womsesisss7aeed of treatnment may include indi vegirm2eosabsieady havi ng
a particular nedical 7 WO 2004/ 056875 PCT/ 1 B2003/ 006304 di sorder as well as
those who may ultimately acquire the disorder (i.e., those needing
preventative nmeasures). [032] The term "effective anount” refers to a dosage
or anount that 1is sufficient to reduce the activity of PD-1 to result in
anel i oration Y. ' L.ent | ' : |11 I.QL 0gi cal
out cone, e. g'o"?éor?i c%glg%sgﬁﬁ%@ﬁ hﬁgc%lt%?t%& %Cﬁmltg\éﬁ? p@g@ﬁé'&%tﬁgﬁéog I mmune
tol erance, ragedingpreventativicmeasares]. the PD-1 activity associated with the
negative regul ation of _ T-cell pnedjated inmne response, etc. L? 3] The term

"i sol ated" ref ers|@¥laThetemu ‘effeste anountyefes e 'ﬁﬁi%a% geamgpnt at nat yr al
environnent . ;EQigmbaRt l%r\“éﬂuc%fhé SARY ﬁijBf‘P e§ull'tﬁ1 %ﬂg\gﬁrﬁ%ﬁ gty free of

cellular materral or other proterns’'fromthe ce ssue source from
which it is dgnipiens iimagatientorto schisve d'desired bicddgical dubcome®ag.at i ons where
the isolated protein is.suffi.ci |y pure to he adm nistered a

phar maceut i call"greé pdphyip gctivity Ojﬁl q’%lés'f‘d%f'-oé'@ o'mqnfr}ﬁ@f’%ncenfﬁ@cﬁ?'éf erably,
at | east 80- BPED)- 164680 R SR PHfiéh ofnd, nost
pref erably, 2?0(?%%%%5@% 96% 9“7*}?&8)5?% 99% hb)ér/n?%%!}/@?\%/%w)ﬁpur e. Anti-PD1

Ant i bodi es [ 0B4¢3ll Mediadiéd thwune cegpomsedeis. anti - PD-1 anti bodi es that conpri se
novel anti gen- bi ngj agnent.s., [ 0351, | eper al ni i _bodi . e nmade,
for exanple, usi ngb&ﬂr%Fﬁ?%a‘ﬁmﬁgﬂﬁfir%JSW&‘}t%e@'ﬁ[ﬁ%H[?e@aé R&ﬁggéﬁgﬁlwq stein
(1975) Nat ur esf i@ dfatural@PvirtdPient, Pepinbianes!ariblated prtsin (dsdbstditiadipt No.
4,816, 567), or phage display perfornmed with antibody_ libraries (C ackson et

al . (1991) Ndtes ef ceglar majedalgy othapmrelsinstiroim the aalbantissue gurcediom . | 222
581-597). For, ptRis 38fild Hhe term “isolated” also refers to preparations where the
isolated protein is sufficiently pure to be administered as a pharmaceutical
composition, or at least 70-80% (w/w) pure, more preferably, at least 80-90%
(w/w) pure, even more preferably, 90-95% pure; and, most preferably, at least
95%, 96%, 97%, 98%, 99%, or 100% (w/w) pure.
Anti-PD-1 Antibodies
[034] The disclosure provides anti-PD-1 antibodies that comprise

novel antigen-binding fragments.

[035] In general, antibodies can be made, for example, 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 Harbor Laboratory, 1988. The invention is not
limted to any particul ar source, species of origin, nethod of production.

[036] I nt ano odxiskerdi es, al so known as inmunogl obul i ns, p@fres2bospbssad | Y
tetrameric glycosyl ated proteins conposed of two light (L) chains of
approxi mately 25 kDa each and two heavy (H) chains of approximtely 50 kbDa
each. Two types of |ight chain, designated as the . chain and the x 8 WO
2004/ 056875 PCT/ 1B2003/ 006304 chain, are found in antibodi es. Dependi ng on

| mrunogl obl ﬁ@@“#sﬁéﬁfﬁi’.%ﬁ‘@aﬂcc’”ﬁeﬁgkdﬁ&?&hﬂe PiEE 801 getBengs oktheand M
and several oforistarelofiain Bﬁhéwytér%fnsd'irﬁmﬁﬁﬁ\%lob%%ﬂ%%éeagsﬁﬁeé{o%@%ypes)

e.g., 1gGl, 1g@&, 19G3, gD ructures
and t hr ee- di n@AT Glasseg ot gE;ra,taan ehd sevdrakofahesemaydesiugther divided

ctruct or o, selfifiRss (45885} B 166 lobey BGedacy I%aﬁ&w%@t s Composed
of an N-terminal \as7phite simmitRtriMutesart thré@BM o g&?w&@q%ofac“

heavy chain |s conposed of an N-term nal varia e or
four const ant diffgres ﬁ1§S§Q§H))flW%'Wuﬁgeare&\yebhnovTMmtﬁHai’DrTEmrr‘a revigw proxi mal

d m onmi s con5|st of four regions
En(‘) YSI :alf i vgf;/ con@ggggtr@é%ggggag‘g %c?f?‘é lefly eachioht ehgin i '$3R2 FR3,
and FR4), whlmm;ﬁcmeremc&faimitérﬂhldalf\@rnabiércﬁﬁnéﬁ%%s%ﬁdoé M‘%ﬁ%ﬁ ), Sequence
call ed conpl eggé]_barl ty determ ning regions % con a n nost of

t he residues herwnishain @NOWPHME an M—bﬂfmal uaeab{etdbmane (Vignthreeeor.  The

three CDRs ar constjtuents on the
heavy chain a@gﬂr%e éé?(cahé g 'ﬁg n%giﬁi%ﬁﬂ%n%%}%a%@% |tuents on
the Tight chaproximaito Hﬁe&de&igmaiedsslﬂm Fhe Widnd ¥, derfmisitdrist of fdgPR3 and,
particularly HSio&%:pg Qte@ eat est source of pol ecul ar diversit W thin the

ant i gen- bi ndi'f§ consenisasgauence salleskirapewnts regienst(®R1, ani no acid

residues or (FRAER3AHIFRS) mﬁwﬁbﬁ%nﬁ s daftBId hARPES fediSHEH T Pervariable

ant i gen- bi ndi ng)’ consists of
sequence called complementarity determining regions (CDRs). The CDRs
contain most of the residues responsible for specific interactions with the
antigen. The three CDRs are referred to as CDR1, CDR2, and CDR3. CDR
constituents on the heavy chain are referred to as H1, H2, and H3, while CDR
constituents on the light chain are referred to as L1, L2, and L3, accordingly.
CDR3 and, particularly H3, are the greatest source of molecular diversity
within the antigen-binding domain. H3, for example, can be as short as two
amino acid residues or greater than 26.

[038] The Fab fragment (Fragment antigen-binding) consists of the

Vi-Cul and V| -C, domains covalently linked by a disulfide bond between the
constant regions. To overcome the tendency of non-covalently linked Vi and
Vidomains 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
Vy to the N-terminus of the V| or the C-terminus of the V|_to the N-terminus of
the V. Most commonly, a 15-residue (GlysSer); peptide is used as a linker
but other linkers are also known in the art.




VH CH and VL-CL donmains covalently linked by a disulfide bond between the
constant regions. To overcone the tendency of non-covalently |linked VH and
VL domains in the Fv to dissociate when co-expressed in a host cell, a

so-cal | ed Wdﬂﬂh @i n (sc) Fv fragment (scFv) can be C%er : 04In a

scFv, a flexi and adequately | ong pol ypeptide |inks

C-term nus of the VHto the Nnterminus of the VL or the Cterm nus of the
VL to the NNterm nus of the VH Mst commonly, a 15-residue (G y4Ser)3
peptide is used as a linker but other linkers are also known in the art. 9
WD 2004/ 056875 PCT/ | B2003/ 006304 [ 039] Anti body diversity is a result of
conmbi nat ori al asseli8B) Antibogyidivepsity igarresulhef tgn‘ﬂbsatenabaﬁseg]bhaof abl e regions
and a variety_of. somatic

nbi
ord o e o Yallirie fRnihe JREReopdiot vARGRE oGS Bhd a VEIEN, G SoBAE s oqment s
to make a coOnplerts. vhbrsseiaqaevam@ ihEI6de %mﬂlm’bh%vaﬁahﬂégeﬁ@'s% Rfadts oi ni ng

gene segnments to make a_conplete VL region. The reconbi nation rocess
itself is i anébld@@rSIdelaﬂﬂn@]nirﬁ (V1 gena segments &umd(edhcmﬂplate Vioregiords at

the V(D)J jun S f .diversity occ the devel opi ng
8 cel | prior 608 S regeBiBIgE B 28R anloifiiciehp SbafiEhly ke & he
expressed ant thagket@viRgidr) 'ﬁw@@doﬁbﬁhl@hﬁiﬁoc&@ﬁf%blfﬁs iMpraéisé eslifidgln Based
on the estimated nunber of gernline gene segnents, the random recombi nation

of these segntietess anadditienieharvinowacidsatithe Y{Dikjupetions, §heseoretianismsnt

Raven Press,  REA-9SIL CEIR e TGRSR oSl A, oL
anti body di veasiigenid sttmhlaﬁ:sn Sheekpessed abtibody genes iraBeaselis untergaccount, it is

t hought that upwa ds of x 1010 different anti bodies coul d be potentially
generated (| nﬁ&ﬁ IQ'? Genes 2nd ed. eds. Jonio et al. Academi ¢

o cee: 840) B8 o PRy HUSpErCHaAnAnesoRs sobUAl B .1
anti bodi es wi randmaveeqodﬂmatnalofcblnemgnmrﬁs,tamtraaﬁd:m \&i-YiL pairingyrdpto aci d
sequences in tI.Qsex %ﬁerent antibodies could be produced {Fundamental immunology,
3" ed., ed. Paul, Raven Press, New York, NY, 1993). When other processes
which contribute to antibody diversity (such as somatic mutation) are taken
into account, it is thought that upwards of 1 x 10" different antibodies could be
potentially generated (immunoglobulin Genes, 2" ed., eds. Jonio et al.,
Academic Press, San Diego, CA, 1995). Because of the many processes
involved in antibody diversity, it is highly unlikely that independently generated
antibodies will have identical or even substantially similar amino acid
sequences in the CDRs,

[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 Vi domains, and CDRs are set forth in the Sequence
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[ 041] The discl osure provides novel
gene libraries.
anti body heavy or
| ocat ed at wa Joegasks?@n corresponding to the CDR of nat urgdt/s206@ue304 Ng VH and

CDRs derived from human i nmmunogl obulin
The structure for carrying a CORwill generally be an
light chain or a portion thereof, in which the CDRis

VL. The structures and | ocations of immunoglobulin variable domains may be
determ ned, for exanple, as described in Kabat et al., Sequences of Proteins
of I mrunol ogi cal Interest, No. 91-3242, National Institutes of Health
Publications, Bethesda, MD, 1991. (042] DNA and ami no acid sequences of

et Tortn i n PRACENR el EIme i oo hARTEL aue A Hemoe oot "Ll scing and

set forth in '@3@‘19 Li sting and

are enumer at eﬂuﬁriative%rmbdumeﬂt@tﬂfméanﬁﬁfd'ié-%fb%feﬂ%@tbfé‘stPE? 17, Pbhywgrative
enbodi nents of the anti bodies are referred to as PD1-17, PD1-28, D1- 33,

PDI - 35, and 1138, PR35 anotRI3HE 2t Srhecpasiticpsroneadh GDRhwithikithenty altl donai ns
d | 3. ble 1. DNA
and Ami no. Aot 1 ptsinE R K MEQka A ditoding gl R0 TE TabRERaRad dence PO 17

PDI - 28 PDI - 33 PD1-35 PDl -F2 VHDNASEQIDNOl SEQ ID NO5 SEQ ID NO 9 SEQ

I D NO 13 SEQ N(?Ab VH AA SEQ ID NO 2 SEQ ID NO 6 SEQ I D NO 10 SEQ I D
NO 14 SEQ I D VIDfand#Aming quenkes pf $Eend v, Nitbraaingeqd D NO. 15
SEQIDNO48 EhSAA SEQ ID NO: 4 SEQ ID NO8 SEQ ID NO 12 SEQ ID NO 16 SEQ I D
NO. 49 QIDNOl?SEQIDNO238EQIDN0298EQIDN0358EQID
NO. 50 HZAA@éQe SEQ | >4 SE(LRL)
NO 51 H3 SEQID n1§’qpq@'ﬁg"za SEQ aklOSléE’T%NO %Dgﬁg
NO 52 L7 AA GEZNA D NEEQD ISEQ ||BESID RO:SSE{SEMONGDS2 |SEQ IDNND ’B&ESEQNst
NO: 53 L2 AA D 1R 7 —SEOHDNO-331SEQ- BN 39—SEO—+-P
NO 54 L3 21D @’@Eg | SERCP 506 SR 15 5™ 4 SBRm Vo | S53EENPI
NO 55 Tabl e| W:PNAosi | SEMID d:3 He SER ICNGE  CEIRS I0R3:4 1.7 d2ialin2 D1 3Bambloas
PD1- F2 V_AA SEQIDNO4 |SEQIDNO:# |SEQIDNO:12 | SEQID NO:16 | SEQ ID NO49
H1 AA SEQID NO:17 | SEQIDNO:23 | SEQID NO:29 | SEQID NO:35 | SEQ ID NO:50
H2 AA SEQID NO:18 | SEQID NO:24 | SEQ ID NO:30 | SEQ ID NO:36 | SEQ ID NO:51
H3 AA SEQID NO:19 | SEQIDNO:25 |SEQID NO:31 | SEQID NO:37 | SEQ ID NO:52
L1 AA SEQID NO:20 | SEQIDNO:26 | SEQIDNO:32 | SEQID NO:38 | SEQ ID NO:53
L2 AA SEQID NO:21 | SEQID NO:27 | SEQID NO:33 | SEQ D NO:39 | SEQ ID NO:54
L3 AA SEQID NO:22 | SEQ D NO:28 | SEQ ID NO:34 | SEQ ID NO:40 | SEQ ID NO:55
Table 2: Positions of Heavy Chain CDRs
PD1-A7 PD1-28 PD1-33 PD1-35 PD1-F2
g SEQID SEQID SEQID SEQID SEQID
O NO:2 NO:6 NO:10 NO:14 NO:47
H1 3142 31-35 31-35 31-37 34-42
H2 |57-72 50-66 50-66 52-67 57-73
H3 105-117 99-108 98-108 100-116 106-114
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WSEQ ID SEQID SEQID SEQID SEQID V NO2 NO6 NO 10 NG 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 11 WO 2004/ 056875 PCT/IB2003/ 006304 Table 3:
Posi ti ons oo dbgiks6hai n CDRs PD1-17 PD1-28 PD1-33 PD1- p&r/hfdesto8ssoss SEQ | D
SEQ ID SEQ ID SEQ ID SEQID NGO 4 NO8 NO 12 NGO 16 NO 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 [043] Anti-PD-1 antibodies rmay optionally conprise antibody
constant regions or parts thereof. For exanple, a VL domain may have
attached, at its C termnus, antibody |ight chain constant domains

I ncl udi ng human CK or CA chains. Simlarly, a specific antigen-binding
domai n based ‘Pable 3yHPdsittensof Itight Okaie GCDOReched all or part of an

I munogl obuld-n-heavy _chain derived from apy antipody isotope, e.qg., 119G

| gA, 1gE, and | gM gitPHAY of (tP1B11280t oppPLAeA3 | abBPY-3%ni cfh RD©FRde Qut are
not limted|{toX| gGSERID|I g4 SEQ IPhe pSERIDary pSEQIDent 3 SEPDIB 17,
PD1-2.8, PDl-3¢ ariN®@1-35, [@Oi®odi es| NOotdri se{ BO:¢6 M nal| No:dagnent § of
heavy and |iight chgigasa®df hunegy hgT A, ihE€ PDIE g g0NprT §63 4= termnal
fragments of qﬂeavy =3, ?QQ of %’ﬂbon 1 gG ?éagThe szgai‘:f)d am fgo acid
sequences f k2t he CHlebhi nal | 49-8ment p52-8Be wel | 5k6Fwn in [BAGRIt (gee,
e.g, Kabat ¢fjaqal., ces oRroLel U Ngh qgRcat ey gst—ho.

91- 3242, Natj_-gw | ??9"@[-:1‘ es o 8 alth L ?cati D Q’q%Eet hew%?1 DD 1991).

Nonlimting exenplary sequences are set forth in Table 4. Table 4

C-Term nal Region DNA. Am no acid

{043]) Anti-PD-1 antibodies may optionally comprise antibody constant
regions or parts thereof. For example, a V| domain may have attached, at its
C terminus, antibody light chain constant domains including human Ck or CA
chains. Similarly, a specific antigen-binding domain based on a V, domain
may have attached all or part of an immunoglobulin heavy chain derived from
any antibody isotope, e.g., 1gG, IgA, IgE, and IgM and any of the isotope
sub-classes, which include but are not limited to, IgG, and I1gGa. 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 IgG,,
while PD1-F2 comprises C-terminal fragments of heavy and light chains of
human IgG+,.. 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). Nonfimiting exemplary sequences are set
forth in Table 4.

Table 4

C-Terminal Region DNA Amino acid
IgG1 heavy chain SEQ ID 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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| gGl heavy chain SEQ ID NO 44 SEQ ID NO. 45 A light chain SEQ ID NG 42 SEQ
ID NO43 K light chain SEQ ID NO 57 SEQ ID NO 58 12 WD 2004/ 056875 .
PCT/ 1 B2003/ 006304 [044] Certain enbodi ments conprise a VH and/or VL donain
of an Fv ‘woemoaests7sr om PD1-17, PDL-28, PD1-33, PDI1- 35, perib2Bidbessds Furt her
enbodi ments conprise at |east one CDR of any of these VH and VL donains.
Anti bodi es, conprising at | east one of the CDR sequences set out in SEQ ID
NO 2, SEQID NGO 4, SEQID NO 6, SEQID NO 8, SEQID NGO 10, SEQID NO 12,
SEQ I D NO 14, SEQ I D NGs: 16-40, SEQ ID NO 47, or SEQ ID NG 49 are

enconpassed wi t hi e f L Shal .J.ON. dinment, for_ exanple,
corrpﬂ)ses an H3 f;‘[%ﬂent og ?ﬁgOW%$%§¥ﬁB%$&§r¥ﬁmL dorpainpf an Ry, at

| east one of fRigmant frdADPDA817,/ED1-28, PBRB33 PN 136! dielPB2-F2 Odipiheln certain
enbodi nment s, thgo%{H and/ or VL domains ma ermined, i.e., the franework

b
regi ons ( FRS)ETBPOGIRISNES %ﬂ&ﬁ'ﬁ%atdﬁﬁtrﬂﬁ'?é‘téa 0$aﬁgﬁ§“‘@§ﬁ\)\g1mnd)ﬁadomnalrsful arh
bi ol hnA KEERsR rmine c .l N oot her
elrrtc;ogig?/reil?g, rldt\he f }égohgamgpﬁggg%ﬁeﬁggéﬁérjgﬁ@?néﬂ%|s§gﬁ8'g‘gesf§%rﬂuf W_Zé%@r@ensus
germ i ne seqUN@SEQ MR 6JO:#NSEQ I0NO:6ISEQIDWO:8, SEQIDEND: AP EERS 1D

The pred ot adv0x% SR NGRS SEGTR NORIpcl: SBET Io Bzt @diadt ar no
Q5116). I n e repmraSariih e Stoptd his hlertbns A SRBRIGRIET, "D na an
epi tope wi t Xample, eomprisesiandtia fragment of the VigdosealRof ntibbdies afosehf hnl ty of
sequence of  Ttiet eaBlénd FeQr 0 PreE 0T BB e Ape BT BR No NuL008798)
mbodi ment s, anti hoirea of dhe gt e Vi ey aE P SRR RATbe ' Gormi n of
PD-1. [047] 19erminediearibe dremewarkregions (RE)ef thefsetdumnaing arg imutatedy al so
bi nd using conventional molecular biology techniques to match thase produced by
the germline cells. In other embodiments, the framework sequences remain
diverged from the consensus germline sequences.
[046] In certain embodiments, the antibodies specifically bind an
epitope within the extracellular domain of human PD-1. The predicted
extracellular domain consists of a sequence from about amino acid 21 to
about amino acid 170 of SEQ 1D NO:41 (Swissport Accession No. Q15116).
In certain other embodiments, the antibedies specifically bind an epitope
within the extracellular 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] 1tis 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 antibodias are expected to retain the
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with other proteins, including, for exanple, reconbinant proteins conprising
all or a portion of the PD-1 extracellular domain. [048] One of ordinary
skill in the art will recognize that the antibodies of this invention nmay

be used t owdelgfises7@EAsure, and inhibit proteins that gefimposasmyhat from
PD-1. The anti bodies are expected to retain the 13 W 2004/ 056875

PCT/ | B2003/ 006304 specificity of binding so long as the target protein
conprises a sequence which is at |east about 60% 70% 80% 90% 95% or
nore identical to any sequence of at |east 100, 80, 60, 40, or 20 of

conti guous anj set forth SEQ ID NO 41. The percent

AC in. th

identity is g%eé&?%ﬁkg%bk@mgsf%lﬁﬂﬂ%&%ﬁg?ﬁﬁmpe&?EWFPE'%&%WETK@ for

exanpl e, Basi whichqgkt IébSl%HﬁEiﬂBO"/T%%,@@ ﬁ@%%ﬁ rdrt}ﬁ&’ﬁelg%ﬁicr?zﬂj %Ryet al.
(1990) J. Mol. Biol., 215: 410, ‘t'he gdrlt

(1970) J. wblseqsae@peofatsleaamwmsg 60,40, loe 20 af gontiguoins @imihe yeids isthedl . (1988)

h h I
analyses. opi TEMETCh st by SEd o NOET @%.mae%%%% ARG datormoeA By cd
Morri s, . Humanstahd@sisalignARABigatnL SRR, ¥ %g?éaarﬁpfré B GLd] %‘@é”@? fnal yses

can be carrled out to_identify specific ructures assu
di scl osed antT%de&SEhd%%@Bﬂ in é\dialpllll@tals (V990) Jahol. ik, 2151 4335 0hi@s

tal | h Engst om (1974)
B ochem  Bep. Ao of §ERdieh 3t ol (1) JCM6E qef#%qaﬂs%(s%. b
eri
Eﬁgggie&%hﬂﬁoﬂ%ﬂ?gﬁ?ﬂ%n?ul SFM ¢ Bﬁgbieﬁo}r“rtﬁt Comuni cat i ons

in Ml ecul ar Biol d8§9! dppdditipn 1%&‘%'@!'106 hamolt@y(armlysés,l ebilgpei ng Har bor,

es. a Jret hod for obtaining
al\tlpan{jlegg\dlgtlmg é g&% P%pffdﬁ%&ﬂ%@ﬂ nﬁ P?ﬁ@’ﬁ“% ﬁydgﬂfr@sHHF@rﬁg?reWm ted to
the specific 1%njmdcsesomdaryldnand'n¥ly $tﬂﬂﬁﬂ]lbfdnﬁgfs13§‘ cgﬁlﬁb%ahle?dl??trcfgy 'yng: ﬁge

PD 1 Such VT Bels S Stieiies assirord by thesdaslessbantiacsiaxandingicsl o 1 by
a skilled complexes with antigens. Such methods include, but are not limited to, X-ray

crystaliography (Engstom (1974) Biochem, Exp. Biol., 11:7-13) and computer

modeling of virtual representations of the presently disclosed antibodies

(Fletterick et al. (1986) Computer Graphics and Molecular Modeling, in

Current Communications in Molecular Biology, Cold Spring Harbor

Laboratory, Cold Spring Harbor, NY).

Derivatives

I050] This disclosure also provides a method for obtaining an antibody
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 tb 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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artisan using techniques well known in the art. For exanple, am no 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 inprove stability

and i nmunogeydosdidsgs7ef the anti body, changes in the CDRsp@r/mmabdsnsad |y
designed to increase affinity of the antibody for its target. Variants of

FRs al so include naturally occurring i munogl obulin allotypes. Such
affinity-increasing changes may be determ ned enpirically by routine 14 WO
2004/ 056875 PCT/ 1 B2003/ 006304 techni ques that involve al teri ng the CDR and

testing the affjnit nt.i. bo for, its jet. For exa conservative
ani nl) gci d s%gbﬁ"‘lﬂlﬂg?gﬁl é’tﬂyerﬂ@é'ngl Frb%{gﬁ!ét%ﬁegmex@ 'M?B@QS’&Y GyCD:?\s/
Various alter ed in

Ant i body Engi 1ﬁée!erl ng, negs ., %Onﬁﬁf@lf?ﬂwg%g({@quﬁyg@% Cgﬁ odrér)ebaeck
1995. These |thlnln<mlylnne cfitke dlsclosedﬁmst‘danmlscmmaumlﬂ caacheemade that are
altered by the sulstit on,of ff t C t hat .en eafunctlonall
equi val en%/ anf o @8930 m&deﬁndIPﬁF'ﬁ’e(dr}B %@@83}55@91@%& %?GI Y
'silent” changgivefity F‘?é@éTFédeBoFrBBaéEk”ﬁgﬂng L cRidedbut afé‘ﬁ&tﬂﬁﬁteﬂ 1‘3”' ne,

| euci ne, isoleucine, valine Pro I ne anlne tryptop
met hi oni ne. ﬂm@:milcbrsememes f@hﬂteoalt&rediby lthessmhiaéltlgio;nmﬁdd‘fereruroudens

th d h tivel
char god (bt (Rt aiirars' 4 BTN EREB ARind 85 FestHas Wiin hRSeRiRNe.  Th
negatively chmugwbdmgﬂacéuewah@ngél For eXdThplEethesRApblaf affihdlagigd ol utam c

acid. Substitutes for an ami no acid within the sequence nay be selected from
ot her nenber singiud eraéarun%dguwﬁ.miewmwefahne rrgoling, pheaylelagine; ryptophane 5) .

Furth | b bstituted
Fartneror e, SR pRAYbiRe! iy Ay AR bl B Sinsl o
643: 55- 67; Sathedoning, @btelrﬁél,ftﬁ'ﬁﬁnnada{spaiz’agm@yahd Gibtainind) Thé Posilivelpr i vati ves

and anal ogs of anti 5 the i.nvention can bhe produced by various
t echni ques we$Harged (Rasi ":Wl'BOéFldS inGlede argiyne. é&%lﬂi’@d’!ﬁt@m D@t heti e

Tt G v s Rhodd | RSP g U, B0 bl 20 -
acid. Substltutes for an aming acid within the sequence may be selected from
other members of the class to which the amino acid belongs (see Table 5).
Furthermore, any native residue in the polypeptide may also be substituted
with alanine (see, e.g., MacLennan et al. (1998) Acta Physiol. Scand. Suppl!.
643:55-67; Sasaki et al. (1998) Adv. Biophys. 35:1-24).
[0561] Derivatives and analogs of antibodies of the invention can be

produced by various techniques well known in the art, including recombinant
and synthetic methods (Maniatis (1990) Molecular Cloning, A Laboratory
Manual, 2™ ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, and
Bodansky et al. (1995) The Practice of Peptide Synthesis, 2™ ed., Spring
Verlag, Berlin, Germany).
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Bodansky et al. (1995) The Practice of Peptide Synthesis, 2nd ed., Spring
Verlag, Berlin, Gernany). 15 WO 2004/056875 PCT/1B2003/006304 Table 5
Original Exenplary Typical Residues Substitutions Substitutions Ala (A)
Val, Leu, Wioodadsesxsg (R) Lys, G n, Asn Lys Asn (N) G pcaBlo03As@e{ D) G u
Qu Cys (O Ser, Ala Ser Gn (Q Asn Asn dy (G Pro, Ala Ala His (H
Asn, Gn, Lys, Arg Arg Ile (I) Leu, Val, Met, Ala, Phe, Norleucine Leu Leu
(L) Norleucine, Ile, Val, Met, Ala, Phe He Lys (K). Arg, 1,4-Diamno-butyric
Acid, Gn, Asn Arg Mt (M Leu, Phe, Ile Leu Phe (F) Leu, Val, lie, Ala,
Tyr Leu Pro (P) Ala dy Ser (S) Thr, Ala, Cys Thr Thr (T) Ser Ser Trp
(W Tyr, Phe Tyr 'Féﬁlegiy) Trp, Phe, Thr, Ser Phe Val (V) lie, Met, Leu,

I Hily = VY ' r OE 21 lLn Aana. .o faYall

cF.i)greréi fl‘l \%i Eﬁr! gudﬁb\?ﬁﬁr;o EEP@MuencehCafl :‘r:l?f ofaanpvhhd'ﬁyt;i(t):l g?klt hg : _VH
i nvention conpr i fesidiiesstlcBubstitiditingg, del eting, substi t uSubstitutionisnser t i ng
e bseq Vi QoSS Vel T, B 0 o T donmi tl Ve o ovt ded i t h
one or nore VL Gé@&iRE, drds, Gin, Asn Lys

Asn (N) Gin Gln

Asp (D} Glu Glu

Cys (C) Ser, Ala .| Ser

Gln (Q) Asn Asn

Gly (G) Pro, Ala 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, lle 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 Vi 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 Vy domain, optionally
combining the V, domain thus provided with one or more V, domains, and
testing the V4 domain or Vi/V_ combinaticn 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.
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testing the VH domain or VH VL conbi nati on or conbinations for a specific
binding to PD-1 or and, optionally, testing the ability of such
antigen-binding domain to nodulate PD-1 activity. The VL donmain nay have an

am no aci dwosroasesee that is identical or is substanti apdpmsesneieput
according to Table 1. 16 WD 2004/056875 PCT/1B2003/006304 [053] An

anal ogous net hod can be enployed in which one or nore sequence variants of a
VL domai n di scl osed herein are conbined with one or nore VH donains. [054]
A further aspect of the disclosure provides a nmethod of preparing

ti - bi ndi f i .0 [ 1y bind i,th PD-1. Th ‘et hod
Sorpet cea: ) or dOBEF AN BREbgR Rkl iar b e BB EH.IE 1bich Gn dmeR o ng
VH domai n t he¢quesnceearibniglof ey dorkéifdidchode Hefdih é’@oﬂbiﬂ%@zﬁr&%ci q

encoding region; (b) combining the repertoire wth a donor n
encodi ng an B¥ffyH Mequence substantially as set out herein for a VH

CDR3 (i.e., H3 | ei i d. IS i ted_into the CDR3

regi ogll [ ﬁ t he ) re;@?’tﬁl)}l?g?nieogaggﬁgﬁﬁ%@?@égggar‘aﬂ@% 5?@@3&95@ Irg gf nﬁcl eic

aci ds encodi nprepakih aftigeri-bindirg)framémasatipetbiftaliish@d ﬁr}tﬁ‘ﬁ[%ﬁi il‘fhet he product
or ;

repertoire; é‘d sel ect | n%_ a binding fragnent spécific and (e)
recovering thé&® GPRNSEShdi ng fragnment or nucleic acid encoding it. [055]

Agai n, an anal ogo met VA ' ich_ a VL (J..e., L3) of
_the invention is (L:roégr‘oi r#e?gﬂ\cfi\nﬁpha %%@gﬁ#%’?&éé @f%?@?'gsggpﬁén\ébdi ng a VL
dormai n, whi chdeshainghat eittien iteladeSRREDRS todereplaased dr Rickb adBDR3 dAeBdingncodi ng
region. The dgnor nucleic acid may be selected fromnucleic acids, “encoding

an ani no aci dregécﬁhence substantially as set out in SEQID NO 17-40 or SEQ
| D NG 50-55. [056](pf sapraiifg M RIenGird il 8bndrHacidlV S0k Rloifg & COR3)

my amino acid sequence substantially as set out herein for a V4 CDR3 (i.e., H3)
such that the donor nucleic acid is inserted into the CDR3 region in the
repertoire, so as to provide a product repertoire of nucleic acids encoding a Vy
domain;

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

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

(e)  recovering the specific binding fragment or nucleic acid

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., CDR3) 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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be introduced into a repertoire of variable domains |acking the respective
CDR (e.g., CDR3), using reconbinant DNA technol ogy, for exanple, using
nmet hodol ogy descri bed by Marks at al. (Bio/ Technol ogy (1992) 10: 779-783).

I'n parti culv@yzop@egensus priners directed at or adj acenpcfmshidRodsos €Nd of
the variable domain area can be used in conjunction with consensus priners

to the third framework region of human VH genes to provide a repertoire of
VH 17 WD 2004/ 056875 PCT/ | B2003/ 006304 vari abl e domai ns |acking a CDR3. The
repertoire may be conbined with a CDR3 of a particular antibody. Using

I te LALE h - derd.Vv sequences may be shuffled with
?gge?'?g??es 3@%&#&?‘”@@"%&%&%&% @%emsew qmbmdw@m conpl ete
VH or VL donmdlDR3 oﬁafﬁér!mhﬂﬂrﬁiboéy.cggmgta%a%?ﬁ& 1e€H | fhel © make the

n )

PD- 1-specific, _antjbodi es of the 1nvention e repe of_ree may t hen be
di spl ayed i n @PR3wlerived sequrncesyaawhe shuffledwith repertoigs afi\gpdray; syst em such

be sel ect ed. (B REIRY 1 CORS, BRTine Hhisfert CorbPlele B pEM. BeeMinsyucs are al oo
di scl osed by cSiredimedt w(thlatdﬂgﬂa(el\ﬂ_%w%&haﬁ%‘rﬁﬁ@theW—1gs‘j:)%:é ﬁacbes t he

technique in relation to a (3-1actamase gene but observ t the approach
may beqused faé‘ﬁl’? 8s QEthe invemieno Theneppdaremay togsbe displayedtiem enbodi ment s,

r LEQI arrving one Qr re sequences
Gor i ved fromPnaB B sictbi'syth as 168 RRAT: HRREY SHte™ Surdias Hescaberda s of one
or nore sel eVO82/M04Z s0/that Mﬂab!@@ﬁige@%:ﬁﬁ@ﬁa%rﬂéﬂﬁ'd&%%e %I%@Sgpron? PCR,
I s described by ﬁtgﬁ%lﬁ'ﬁklélproc' Nat. Acad. Sci US A ( ) 89:

3576- 3580). [059] t shufflingtor eapbinaterial techniquesdirealso nut agenesi s

' ' . |
(Proc. Nat. Achisedbysfne WENgE 10BN M 86 SoTh e dFQeRka R 0°5, © (5.
Mol . Biol. (adwéueip3elaion s Bylaclaittl geneibutbbyerves thartheBpsroad al | three

CDRs nmay be | repertoife of VH or VL domains, which are then
ocreened for gr;éy bE s R the gLSREHST bF Shiblodias |

[058] In further embodiments, one may generate novel Vy or V.
regions carrying one or more sequences derived from the sequences
disclosed herein using random mutagenesis of one or more selected VH
and/or V_genes. One such technique, error-prone PCR, is described by
Gram et al. (Proc. Nat. Acad. Sci. U.S.A. (1992) 89: 3576-3580).

[059]) Another method that may be used is to direct mutagenesis to
CDRs of Viyor Vi genes. Such techniques are disclosed by Barbas et al.
(Proc. Nat. Acad. Sci. U.S.A. (1994) 91: 3809-3813) and 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 Vyor V|, 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
feast 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 FR4.
Additional residues at the N-terminal or C-terminat end of the substantial part

of the variable domain may be those not normally associated with naturally




anti gen-binding fragment specific for PD-1. [061] A portion of an
I mmunogl obulin variable domain will conprise at |east one of the CDRs
substantially as set out herein and, optionally, intervening franmework

regi ons fromdobyosegyEv fragments as set out herein. ThepEfighi@modey | ncl ude
at | east about 50% of either or both of FR1L and FR4, the 50% being the

Ctermnal 50%of FRL and the N-term nal 50% of FR4. Additional residues at
the Nnterminal or CGtermnal end of the substantial part. of the variable
dormain may be those not normally associated with naturally 18 WD 2004/ 056875

PCT/ 1 B2003/ 006304, occurri vari apl e domai n regi ons. For exanple
const ruct i on SFCULING Wlﬂbé"sgg'ﬁ§'"rr§9lﬂ%1 QhExasaple; gRNRITUGtieR Oftﬁl;ltlbflﬁ&eﬁ t in the

ntroduct | on e rebornar UK TBcRAlaueS ShaleRuf AU BcipRif e of L T oduced to

facilitate cloning or other mani at1’on st eps mani pulati on steps

i ncl ude t he iGttemminakresidues$ ent:mdétbtnyslmkers imtrodueed tabfacilitesionngt or diivert her
protein sequences bulln heav%gchaln constant regi ons,

u
ot her vari ablr@aﬂ'@mﬂ?‘ﬁg ?ﬁ O'@?‘éﬁﬂ"ﬂ’u qtionystepsynglyde the intredughiomefdi es), or
Phe. enbod: men ey QR rarBbRfatiiEs 16 el Bfef Sellenc lngPP). “LalT ot
VH and VL dommwnogioimumlhmahammstant regicmso othier @atibbie doddiny (fet | ve

enbodi nents np rrp.rl e anti n ragments containing only a single
CDR from eith i g, %ﬂ?ﬁ@ﬁ"g%gr g'pt?'ﬂ%c%q%d?'ée lg@&i n. specific

bi ndi ng domai mgcm@dmemm@ddb@"w@@n for conplenentary domains capabl e of
formng a two-donmain speC| fic antigen-binding fragnment capable of, for

exanpl e, bi ndi ng t[86&DAlthowgh thaembadimentsijiusteatad dothe! Exampleb}comphage

di spl ay screepi t\he, so-.cal | i er.ar chi,.cal

congl n)altt ori al garggtrcg‘i@hggﬁgg%%gg LS, 31 %@?Ia S%WE'Heaﬂgfﬂ%tf\ﬂtdum

col ony cont ai aitengawaémbommekitmatc@h@naeahﬁg[@m biﬁdh’@ ?trﬁwemgfcsmtanrﬂngmﬁpl ete
or

i brary of cI es encoding the other chain he resultin
t wo- chai n Y Aisngie kiR Joaveithen .L@ré/mc@maém Eﬁhemnﬁdathe@mgle hhaphage

display t eChéBéi:Hﬁzsblﬁ‘& ng 88R1iMEEn be used to screen for complementary domains

capable of forming a two-domain specific antigen-binding fragment capable
of, for example, binding to PD-1. The screening may be accomplished by
phage display screening methods using the so-called hierarchical dual
combinatorial approach disclosed in W092/01047, in which an individual
colony containing either an H or L chain clone is used to infect a complete
library of clones encoding the other chain (L or H) and the resulting two-chain
specific binding domain is selected in accordance with phage display
techniques as described.

[063] Anti-PD1 antibodies described herein can be linked to another
functional molecule, e.g., another peptide or protein (albumin, another
antibody, efc.), 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., polysthylene 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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[063] Anti-PDl antibodies described herein’'can be linked to another
functional nolecule, e.g., another peptide or protein (albumn, another
anti body, etc.), toxin, radioisotope, cytotoxic or cytostatic agents. For

exanpl e, tHe Bodseedi es can be |inked by chem cal cr oS Spdi/iHehd@mosI0a bY _
reconbi nant net hods. The anti bodies nmay al so be linked to one of a variety

of nonprotei naceous polymers, e.g., polyethylene glycol, polypropylene
glycol, or polyoxyal kyl enes, 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

anti bodies c em I di fied val canj tion to a polymer,
for exanple, ﬁ[h oéﬂﬁﬂg&e%‘ggaﬁ%%fq%yi"r%% g?’i/eﬁﬁ&?él gf}bﬁf‘@& %ggﬁ;ﬁﬂry pol yners
and net hods t4495286 a8P4/608%365 PCTI | B2003/ 006304 attach them are al so
shown in U S. Patent Nos. 4,766,106; 4,179,337; 4,495,285; and 4, 609, 546.

[064] The di scl ose[@%]ntﬁ%@%&%@nt@lodisswnawatsle:bemlmmmtlnm@a gl ycosyl ati on
h ' . td Ve, pattern, For. exa e, one or nore

D et Qo el gl B SRS SR Eirmi, St or i s

added to the mofeyarbbhydraicndistied\dsh be dBIcdéd ShA/EPSNE BFQP{’% §|yES§¥I%tfbnt he

resently discgl ose ntibodies may be acconplished by I"'ng e am no
gci d sequence€§ 3@8ﬁaé‘? thgvrg@wﬁnﬁbodm Additior ohgigensylativamites tetheknown i n

the art. Anot ' ' nunmber ,of, .car,pohydr at e, noi eti es on
t he anti bodi eé_}@?% Ey 'géﬁggn?dcéwbggﬁgﬁﬂﬁirggﬁgc%ﬁ “PH&Y&@gpég%%ﬁmto V\;) he

' i d racid d nek to leentain gl |ation@ire BhSETkR Rfh D
gr7n/ 823380|anr Py et a?. (gggﬁh)yaCRC éflr? Rev.S&:{Ig?(l)lc'?gé\n%rE,k 22:h259-306.

Renoval of ghlﬁgEép I TRERNS Ia¢ieasing thnumberet ¢asbohysisateamoieties on
ki maddi et oo ooyt Y, R G Rvinkte SRS BTEEos 8BS SERE #6e of a1
(1981) Anal . add wsfdes,of th@antiityaiBlichymdthodsity deseribed in v\ﬂ@gﬂgesygg?ébl e o
Funet onal - 15aN Aoin 8L A8 B FRE T W dioenarna 22 2isuPas.cBomaxsl als11. of
99Tc, whi ch ey qdrbshydRatedhsiaidiSflomnang BhlibRikemal HeStcoRipriEntd ona!
chem stry. Detectable |abels also _

chemically or enzymatically, for example, as described by Hakimuddin et al.

(1987) Arch. Biochem, Biophys., 259: 52; and Edge et al. (1981) Anal.

Biochem., 118: 131 and by Thotakura et al. (1987) Meth. Enzymol., 138: 350.

The antibodies may also be tagged with a detectable, or functional, label.

Detectable labels include radiolabels such as "'l or ®*Tc, which may also be

attached to antibodies using conventional chemistry. Detectable labels also

include enzyme labels such as horseradish peroxidase or alkaline

phosphatase. Detectable labels further include chemical moieties such as

biotin, which may be detected via binding 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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i nclude enzyme | abel s such as horseradi sh peroxidase or alkaline
phosphatase. Detectable |abels further include chem cal noieties such as
biotin, which may be detected via binding 'élo a spec\lNL! cigcc%ate det ect abl e
noi ety, e.wo20baiesed avidin., [065] Antibodies, in i C oRRAsseNCES

di ffe)r/ only I nsubstantially fromthose set out in SEQ ID NO 2, SEQ | D NG 4,
SEQ ID NO 6, SEQID NG 8, SEQID NG 10, SEQID NO 12, SEQ ID NO 14, SEQID
NGs: 16-40, SEQ ID NG 47, or SEQ ID NO 49 are enconpassed within the scope
of this invention. Typically, an amno acid is substituted by a rel ated

char act or | st | SRONG CPRBBEE of I Bfifbod) C1fMGRE 5 ERfindide, U5 nakymisd 11 5 of
an artisan. Uol humanizingRRaon-hommas dativet apk: hglheé gé?c% I Bzéﬁ@%de in FRs

wi t hout adver se] affecting the 20 WO 2004/ 05687 6304 bi ndi ng
properties of® éﬁmﬁﬁt‘h%@d?* porta dar antigereoniact onfer Stablltzmgethadlmdlmgnted to,

humani zi ng a frane resi dues
that are ?mo?%gﬁpjpﬁ%"gﬁ@l tgg%léc%(%n Pa§§§ P%esc(tahgéppﬁqqlﬂ't %‘Pﬂdl ng site,
e.g., changi repeciie mhiassacmiresMueBa\ﬂﬂcmmlgHﬂﬁltéﬂhéte@fébtdr%&Bn subRagiFed
specific amng acid resi dues which ht alter the effector function such as

Fc receptor 'GPRRIPRRINDINGy €.9. A8 Q@E‘PP&MUM Ratent Neg. §824\821 asd 624, 821 and

R i ok e T e e
constant regif dﬁgg)slmmumcﬂegy 8@%‘@—3@1®r@hangﬁng the Spddies Mo whith tPpr eci at e
that the mdl({ﬂnﬁmons ed above are not all-exhaustive, and that

many ot her {?gﬂﬂ%' "obvious to a skilled artisan in |ight of the
teachi ngs of the qoeﬁemne@hs‘kﬂhﬁfth%rt HabfieEiafel i inchBBiipguGRd Bxpr ession

Sy stens [067] The present disclosure row nucl ei ¢

aci ds encodidg$ctibed abave aregtbt alltexboustive, affﬁ\mmmrgnmihelcmddlf catorsonpri se DNA

?:) aRNA and nEyuIB BuYRES ke a kinka" Hlsaalnllx Ilgl¥tn(§frg eaanngs o(fwé)brrt]a%gltlt Reference

disclosure,
Nucleic Acids, Cloning and Expression Systems

[067] The present disclosure further provides isolated nucleic acids
encoding the disclosed antibodies. The nucleic acids may comprise DNA or
RNA and may be wholly or partially synthstic or recombinant. Reference to a
nucleotide sequence as set out herein encompasses a DNA molecule with the
specified sequence, and encompasées a RNA molecule with the specified
sequence in which U is substituted for T, unless context requires otherwise.

[068] The nucleic acids provided herein comprise a coding sequence
for a CDR, a Vydomain, 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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nucl eotide sequence as set out herein enconpasses a DNA nolecule with the
speci fied sequence, and enconpasses a RNA nolecule with the specified .
sequence in which Uis substituted for T, unless contgxt requires otpermgse.
068] The i ds provided herein conprise a codi y for

EDR ]a Vﬁﬂggﬁgwﬁﬂﬁgnd/of a VL domai n di scl osed herein. lsk?fmg?MThe pr esent

di scl osure al so provides constructs in the.formof plasmds, vectors,
phageni ds, transcription or expression cassettes which conprise at |east
one nucleic acid encoding a CDR, a VH donain, and/or-a VL donain disclosed

h d t 1 which ri ses one
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any CDR (Hl, dfpropiate cbAditibis ré?:bn‘lb'ﬂant%%toécflﬂlcoﬂ&rmﬁe@thea@qcﬁg aﬁ@St met hods of

maki ng of the_ encoded products conpris he encoded
pr oduct fromEQI'@WIFIQLPIWJ@UQMMOBWSSIMNMWQBQ&@Wmgdln cleic acid.

I d ate condi ti ons
recond nant | HerosE iRy Bedtoded Hihetrifled i i itabieseroniavg teoduct i on by

expressi on a véddais afip gllgﬁmén or specific bindi ng rrerrber may be isol ated
and/or purified usin suitabl e technique, then wused as appropriate. .
[072] Antigen- bi nd® ?é ﬁ@btrﬁljng&agnmtervwandfonmdﬂ‘namlsfiamlléﬁcb(mg nucl ei c

I I | at /or urified fromtheir
et uran ooy cRR a8 MAES R ANE St PR By Bedeol H@E@I@mﬁe@ﬂm el in the
case of nucl enacturabemrofnthh s&d@t@hﬁél&';ﬂlrébrﬁéﬁ% Qﬁeépécrjoe ol h ﬁi, or genes of

origin other tha ge sequence encoding a polyp pt| reqU|red

functi on. [oP?FGQEP gic gcid, f'@ecﬁflﬁﬁ'@saﬂﬂalbkfm@g%mmelo?gma?;gepgg;m ggIglms n a
\Slﬁr It SLI/e 19 ];r %t@éﬁgﬁﬂhn%%%eﬁg ﬁg@alﬁg@o&#ﬁg H’Htgéé? SRAuedfuRetionac adeni ¢
Press, eds. Ferng#8)z Systeais for d:l&ﬁEhg eﬁrd @a‘dréfssuﬁﬂbﬁéibb@p@ﬁtﬂe iR Vatigync! ude
E/g(r;twrglr: Zn Eleﬁ? dlﬂ’ecna‘ellﬂI host ggIFs“a%e werII known lh the arty%%?tcel?snswta?alceuflo(rm rus systens.

producing antibodies, see Gene Expression Systems, Academic Press, eds.

Fernandez et al., 1999. Briefly, suitable host cells include bacteria, plant

cells, mammalian cells, and yeast and baculovirus systems. Mammalian cell

lines available in the art for expression of a heterologous polypeptide include

Chinese hamster ovary cells, HeLa cells, baby hamster kidney cells, NSO

mouse myeloma cells, and many others. A common bacterial host is £. coi.

Any protein expression system compatible with the invention may be used to

produce the disclosed antibodies. Suitable expression systems include

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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lines available in the art for expression of a heterol ogous pol ypeptide
I ncl ude Chinese hanster ovary cells, HelLa cells, baby hanster kidney cells,
NSO nmouse nyeloma cells, and many others. A common bacterial host is E

col . Anywiy Rbsdsegr8XPr essi on system conpati bl e w th thecseaicRes MYy be
used to produce the disclosed antibodies. Suitable expression systens

I ncl ude transgenic aninmals described in Gene Expression Systens, Academ c
Press, eds. Fernandez et al., 1999. [074] Suitable vectors can be chosen or
constructed, so that they contain appr opriate regul atory sequences,

I ncl udi ng pr seguences ter or se uences, pol yadenyl ation

sequences, é?i%%é‘rd fghEgssion, ﬁ’EE y§l§ %@ﬁﬂ‘soﬁwe%‘@q%méetadm

appropri ate. eséstiPr dr, r agem d, as
offIdIA Mbléélﬂhijloldrbgfﬁ Eitio e@sgﬂxﬁ%fogeiﬁt%l[ ,%F

appropriate. For further details see exanpl'€
Vbl ecul ar O oWilay & Sonsad892t ory Manual, 2nd ed., Cold Spring Har bor

Laboratory Press 9. known ch ues and prot ocol s for
mani pul ati on of nJé?% @P%hér apRgrct in%ﬁﬂoﬁ%e pravidessa hest egll comprisisioc aci d
constructs, rahagekesicdas a%ﬂlégéG'hBHa Aghw RAMel b Sedt r&?}\iféé h‘?eéﬁiq vsl's of

2004/ 056875 PCT/ | B2003/ 006304 cel |l s and gene ex I on,
proteins, arEWFENGHBEoduciagsuch nueleic@eid iatd a Frostt(mtlolmel mtrb@urﬂibh' ar

Bi ol ogy, 2nd et al & Sons, 1992. [075] A
furt her aspecrﬁg%keh&hrbey %ﬂﬁ%\fdﬁgﬁqégsﬁl?'gwedegé%te'-ﬁ‘@&‘)t'é‘éleﬁzc%#ﬂtﬂ blesi ng a nucleic

aci d as di sclteskniqies mayAnchidd talbiunt WSpﬁﬁféetFéns?é&'ﬁthEA@ BBk conprising
I nt roduci ng Z‘etf?g nucl eic acid into a host cell. The introductiond nay enpl oy

any avail abl EQRor2fied, lipesoragrmadjaied traoe‘ectmn and transductior ukingques nay
i nclud I H%S&JH Ji f electrolgrat on,
i ncl ude cal cigffy n i
| posorre rredl at e trans?@ctf@hégﬁé}%cgiﬁﬁs%r "Gty Lga%gbap\élp}’ﬂ'!ﬂ rt or ot her
virus, bagteriah cellsy syitdhie teohmkmesmy iBcludaedlcim cHpridgor  bacteri al
cells, swta echni ques .ma ncl u calciumchloride transformtion,
el ectroporati cteriephaget r ction of
sl B S Aol e raasleeionapibg acteriophage: .
the nucleic astr6dudibh of e MRiIie abRMintdnE ReliPRBY bRYolfGWEY BY Blsing or
allowing expression from the nucleic acid, e.g., by culturing host celis under
conditions for expression of the gene.
Methods of Use

[076] The disclosed anti-PD-1 antibodies are capable of modulating
the PD-1-associated downregulation of the immune responses. In particular
embodiments, the immune response is TcR/CD28-mediated. The disclosed
antibodies can act as either agonists or antagonists of PD-1, depending on

the method of their use. The antibodies can be used to prevent, diagnose, or
treat medical disorders in mammals, especially, in humans. Antibodies ofthe
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 VII| frequently generate antibodies to
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' [ [ id" [ host cells
all owi ng expression fromthe nucleic acid" e.g., by culturing
under conditions for expression of the gene. Methods of Use [076] The
di scl osed anti-PD-1 anti bodi es are capable of nodulating the

PD- 1- assocwaisel/gesysr egul ati on of the immune responses. pdynadiicoésed ar
enbodi nents, the i mune response is TcR/ CD28-nedi ated. The di scl osed

anti bodi es can act as either agonists or antagonists of PD-1, depending on
the method of their use. The antibodies can be used to prevent, diagnose, or
treat nedical disorders in mammuals, especially, in humans. Antibodies of the

[ tion canpgl ; .sol ating,. of.. PD- 1-expressing cells.
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i i ' ' : L1 i ed to resulf in e _
Gownr egul at | CroAUBAR BRAIRRIUEARE Chselbrg e BER, 6, bipe i datdlennt 1 bodi s
of the i nventweiiuganuiiplesaierosis, inflammatogivas! whease, GrohAlliddAR higt he

I | of i onse be desirable for exanple, in certain types of
aﬂ/:r gy or ng}épglﬁéﬁé é‘ﬁ@ﬁqﬁﬁ@agﬁl"éz Usspg. skimppd organ tﬁans@?t rﬁjeohtm:t i Olnl) .
aut oi mune diandagaf-vERsud-host HiRE bl thritis, type | diabetes nmellitus,
mul tiple scl ero?f?ir I nf | anmat orggiggvvellhl9 | sease, Crohn's disease, and

systemc |upus er 3Q7f9én’ﬂff@@i Cﬁmjnishexbimuraﬁ(gaspawn]sb Br?@ha?'gﬁgﬁmmﬁgff{ :g:)i)ﬁg 5
?gddg;?‘; ;b?’g?aﬁpﬁ%&]g% E)T @b@?\?&?ioﬁ%@%é ubSd 2L agor%gtsqo PO in order to
enhance the PD-1-associated attenuation of the immune response. In these
embodiments, co-presentation and physical proximity between positive (i.e.,
mediated by an antigen receptor, e.g., TcR or BcR) and negative (i.e., PD-1)
signals are required. The preferred distarice is less than or comparable to the
size of a naturally occurring antigen-presenting cell, i.e., less than about 100

um; more preferably, less than about 50 pm; and most preferably, less than
about 20 um,

{080] In some embodiments, the positive (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, teflons, etc.

[081] The matrix can be implanted into the spleen of a patient.
Aiternatively, the matrix may be used for the ex vivo incubation of T celis
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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antibodies of the invention may be used as agonists to
enhance the PD-1-associated attenuation of the imune response. In these
enbodi ments, co-presentation and physical proximty between positive (i.e.,
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include but are not limited to infections with microbes (e.g. bacteria), viruses
(e.g., systemic viral infections such as influenza, viral skin diseases such as
herpes or shingies), or parasites; and cancer {e.g., melanoma and prostate
cancers).

[084] Stimulation of T cell activation with anti-PD-1 antibodies
enhances T-T cell responses. in such cases, antibodies act as antagonists of
PD-1. Thus, in some embodiments, the antibodies can be used to inhibit or
reduce the downregulatory activity associated with PD-1, i.e., the activity
associated with downregulation 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 soiuble,
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.




[083] Under certain circunstances, it may be desirable to elicit or enhance
a patient's imune response in order to treat an inmune di sorder or cancer.
The di sorders being treated or prevented by the disclosed nmethods include
but are notyg Jotd/dsegist 0 i nfections with mcrobes (e.g. bpct/aFom)one3vd r uses
(e.g., systemc viral infections such as influenza, viral skin diseases such
as herpes or shingles), or parasites; and cancer (e.g., nelanoma and
prostate cancers). [084] Stinulation of T cell activation with anti-PD-1
anti bodi es enhances T-T cell responses. In such cases, antibodies act as
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body wei ght, @bntiriows #¥asibn dyPalso be used after the bolus dose.

[087] Immune cells (e.g., activated T cells, B cells, or monocytes) can
also be isolated from a patient and incubated ex vivo with antibodies of the
invention. In some embaodiments, immune responses can be inhibited by
removing immune cells from a subject, contacting the immune cells in vitro
with an anti-PD-1 antibody of the invention concomitantly with activation of the
immune cells (e.g., by antibodies to the TcR and/or B¢R antigen receptor). In
such embodiments, the anti-PD-1 antibody should be used in a multivalent
form such that PD-1 molecules on the surface 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] [n 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 antibady to PD-1.
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about 10 ng/kg. The dosage nay be adjusted, as necessary, to suit observed
effects of the treatnent. The appropriate dose is chosen based on clinical
i ndications by a treating physician. [086] The antibodies may given as a

bol us dosewd BodiR¥4781 ze the circulating |evels of antipegidsoleassos he
greatest length of tine after the dose. Continuous infusion may al so be

used after the bolus dose. [087] Inmmune cells (e.g., activated T cells, B
cells, or nonocytes) can also be isolated froma patient and incubated ex
vivo with antibodies of the invention. In sone enbodi nents, inmune
responses can be inhibited by renoving i mune cells froma subject,
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reinplanted into tj0@0pabétestion Er(é&ﬁdds'thataérﬁplb?@nﬁﬁ&ﬁéé ard Well RAidWRRtihes of the
i nvention can be used .as a targeting agent for -delivery of another

t her apeut i ¢ oATtRNEyRgHEifer axample, ELISA\, radicinynunnassay dmreunobdstpr essi ng PD- 1.
The method i ngldues Al ' | - -antd bho C I
t herapeutic orwa cyt%@glmﬁg‘g@ﬁ%@%ﬁ@ﬁ%”'ﬁ%@?@%@' %ftaﬁwg%sWﬂgi ng of

the anti body be pRi¥ded ibéa tBgAOSHY KIGHar cHCDItER 008/0D B30 4f [HE38] The
used tg detect the presence of PD-1

in LPS?LS?CST féﬂﬁﬁiﬁiﬂ%% %@%5%11? S5 _% It M eURIB PRERCOMRONESIS el at ed wi t h
2ctivati on st S oodo. Mettieions, U o MiloRaltg aid (e TRISAI I e Matin: ™
nmonocytes) in the K94] edherg eoantibediestare mtendeddos dicgavstinplrpgsesiti bodi es
are wel | kno"\'pnaiyrbet (tl]eesirable to modify them, for example, with a ligand group (such as

biotin) or a detectable marker group (such as a fiuorescent group, a

radicisotope or an enzyme). If desired, the antibodies of the invention may be

labeled using conventional techniques. Suitable detectable labels include, for

example, fluorophores, chromophores, radioactive atoms, electron-dense

reagents, enzymes, and ligands having specific binding partners. Enzymes

are typically detected by their activity. For example, horseradish peroxidase

can be detected by its ability to convert tetramethylbenzidine (TMB) to a blue

pigment, quantifiable with a spectrophotometer. For detection, suitable

binding partners include, but are not limited to, biotin and avidin or

streptavidin, IgG 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 (Mp) is measured. A second binding mixture is also formed by
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art and include, for exanple, ELISA radioi mmunoassay, immunoblot, Western
bl ot, i nmunofl uorescence, imunoprecipitation. The anti bodies my be
provided in a diagnostic kit that incorporates one or nore of these

t echni queswionoglpdsesys PD-1. Such a kit may contain ot her p€RRARRAIEH4
packagiqng, I nstructions, or other material to aid the detection of the

protein. [091] Were the antibodies are intended for diagnostic purposes, it
may be desirable to nodify them for exanple, with a |ligand group (sth as
biotin) or a detectable marker group (such as a fluorescent group, a
radi oi sot ope or ). If desired, the antibodies of the invention may
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effect i ve as dwe ’ 1_gr:d_an gnt Iingo y 3(13@? ég‘?nr\lllertltlon; and

e arount LﬁéYgeﬁg’E?K'ﬂ?’? ﬂ%%%PFB@“%MH&@eSmwdsec@n@n buffereandr ed. A ,
second. bi ndi ngitsstessary fo hiiehcrE Sotiize hitdhg ULARARTR EGly B2003/ 00630
combi ning PD-1, the antibody, and the conpound 0T ag _qr& R eened, and
t he armount of2SERYRIMaY b%lnfllﬁdeé&M&cb&entihm@%yﬂftﬁi@ir&%ﬁon,scamPguﬁdgi_. A

P e oo B S oS el o Bl ikt gy ©
M1/My<0.9), preferably greater than about 30% may thus be identified and
then, if desired, secondarily screened for the capacity to ameliorate a disorder
in other assays or animai models as described below. The strength of the
binding between PD-1 and an antibody can be measured using, for example,
an enzyme-linked immunoadsorption assay (ELISA), radio-immunoassay
(RIA), surface plasmon resonance-based technology (e.g., Biacore), all of
which are techniques well known in the art.

[093] The compound may then be tested in vitro as described in the
Examples or in an animal model (see, generally, Immunologic Defects in
Laboratory Animals, eds. Gershwin et al., Plenum Press, 1 981), for example,
such as the following: the SWR X NZB (SNF1) transgenic mouse mode! (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 mode! 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: 1126-1 130, Sobel
et al. (1984) J. Immunol. 132: 2393-2401, and Traugott, Cell Immunol. {1989)
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m xtures are then conpared, for exanple, by calculating the ML/ I\/Dlratlo. The
conmpound or agent is considered to be capable of nodulating a PE d -
associ ated downregul ation of inmmune responses if a decrease in binding i

t he secondw 0l/s3gs781 Xt ure as conpared to the first bi npcrgs200300880€ i ?‘ he
observed. The formulation and optim zation of binding mxtures is \tl)\ll ]Efl n
level of skill in the art, such binding mxtures may also contain bu Iers
and salts necessary to enhance or to optimze binding, and additiona
control assays may be included in the screening assay of the invention.

b dy bi nd at | east about 10%
g:iorrgoundi/l /r\/gm(;gjélg 14- {ggf era'%SB ’g&gﬁfgf’& rPi Bﬁ%@%%ﬂi@‘t (h9%1)be i dentified
d t to anmeliorate a
and then, if Uﬁ@ﬂ'nmad[tysﬁi(ttplﬁdéﬁmj gteycr eened for the capacity
di sorder in ot he‘r_:[pggéﬂ:ys or animal nodels as described bel ow. The strength

of the binding b relinipagy, gosas am fortexample ddbermines aeastdmgitog, f or
exanple, an &fmsIEstd, kAt HEAIAG3 %Bégééésoﬁhﬁ%'&é qﬁglr.é,gﬁ%@,ﬁgg'r o "o oS
(RIA), surface plasnon resonance~base & enbel
which are t ed?ﬁilQ!imleﬁ agsbtdingtonart- aocédm practicéd) OPdxidifiea %ﬂq@ﬁug&y

nodel (see,
goner al 1y, || S ST AR BETasH oy stansier @p'agézna?.fquhé‘m%?oma”'mmm n oL al.
Pl Pr ess,culttf&l) or d @g@,{g}l i l§uq— astd (o] e SWR X
(Sﬁgl{;ntransgcemc rmrusxeyerrm del ('nrma e ? %3@%&” ﬂﬂ?%‘?'rﬁH}HEe 11(3):

233-240), t heasﬁm@ oF anigé studiesosenche (zsqdanrfbrmmamg “L E@E oﬁdosagé?ﬁg) | mrunol .

del f R emeKasten et al.
(R (23\601)162“ ﬁ?l trs gﬁé#]gzwfkf%m'cg&é?cgﬂng?seamor 'ﬂ%ﬁtlabna@nﬁnaiﬁune
encephal i tis m@i&):anrbermerte@fdfm%@hn aﬁ@t‘heFHMr’aﬂ’llﬁtil gfﬁ;?rhgﬁﬁ %ﬁﬁgy igzal
(1988) J. | mmunal fl@ptor 6- 1130, Sobel a

2393- 2401, ar‘E&”‘f?ré owR fnha@rt (see.osg) mem. 80414 (19888 Tancer

f di abetes (Baxter et
PCT/ 1 B2003/ O@hepdothd Q Rekbrt 2%4 A gé;?i) nmouse nodel o ab
al . (1991) Autoi m‘runlti/ é )bﬂ etc.). [094] Prelimnary doses as,
(%)

for exanple, ditions Bnd Methods of Administration
[095] The disclosure provides compositions comprising anti-PD-1

antibodies. Such compositions may be suitable for pharmaceutical use and
administration to patients. The compositions typically comprise one or more
antibodies of the present invention and 3 pharmaceutically acceptable
excipient. The phrase “pharmaceutically acceptable excipient” includes any
and all solvents, dispersion media, coatings, antibacterial agents and
antifungal agents, isotonic agents, and absorption delaying agents, and the
like, that are compatible with pharmaceutical 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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[ s, and the scaling of dosages for hunman administration is
gngglnégsgccording to art-accepted practices. Toxicity and therapeuzgrl
efficacy can be determ ned by standard pharmaceuti cal procedureﬁéln cell
cul tures owoeprusssyent al ani mals. The data obtai ned fronmnhﬂm?md3mcue e
assays or ani mal studies can be used in formulating a range o osa_gnal
use in humans. Therapeutically effective dosages achieved in one ani -
nodel can be converted for use in another animal, including huransiggg) g
conversion factors known in the art (see, e.g., Freireich et al. (
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be topicallyp%gmgrally adm ni stered,

[098] Pharmaceutical compositions suitable for injection include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor EL (BASF, Parsippany, NJ) or phosphate buffered saline
(PBS). In all cases, the composition must be sterile and should be fluid to the
extent that easy syringability exists. It should be stable under the conditions
of manufacture and storage and 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, chlorobutanal, 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 fiuidity can be maintained, for
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[ be capable of transm ssion across mucous nenbranes. [097]
gglﬁ?:ggsn§¥ suspegsions used for intradermal or subcutangous appllcatlon
typically include one or nore of the follow ng conponents: a sterile
di l uent suwip @eq/05@d7€r for injection, saline solution, fm(mmm?ﬁoi .
pol yet hyl ene glycols, glycerin, propylene glycol, or other s¥nI earabenS'
sol vents; antibacterial agents such as benzyl al cohol pr met hyl p nts’
antioxi dants such as ascorbic acid or sodiumbisulfite; chelating ag_etrates
such as ethyl enedi am netetraacetic acid; buffers such as acetates, Cci

adj ustnment of tonicity such as sodi um

chl of i de- - or BTG IBAREiBe e cartng Skl e lasithim, by trciintenariassfahe such as
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for 30 such as starch or lactose, a disintegrating agent such as alginic acid,

Primogel, or comn starch; a lubricant such as magnesium stearate or Sterotes:

a glidant such as colloidal silicon dioxide; a sweetening agent such as

sucrose or saccharin; or a flavoring agent such as peppermint, methyl

salicylate, or orange flavoring.

[0100] Systemic administration can also be by transmucosal or

transdermal means. For transmucosal or transdermal administration,

penetrants appropriate to the barrier to be permeated are used in the

formulation. Such penetrants are generally 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 F¢ 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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WO 2004/ 056875 PCT/ 1 B2003/ 006304 exanple, by the use of a coating such
as lecithin, by the maintenance of the required particle size in the

case of C\bé@ﬁ‘d‘: F@r}s and/ or by the use of surfactants. 9@? Hos3dasOr pti on
of the injectable conmpositions can be brought about by Including in the

conposition an agent which delays absorption, for exanple, alum num
nonost earate, and gelatin. [099] Oal conpositions generally include an
inert diluent or an edible carrier. They can be enclosed in gelatin
capsul es or conpressed into tablets. For oral adninistration, the

anti bodi es oM ekanaaigisakepray framepresgired centainer andispensen whichor m of

agents.  anararen & oufg i Rt B 48 pid aded PR it or & e

conposition neEhhzetrabl ets, p| | l's, capsules, troches, and the |ike can
contain any of the follow ng |ngred| ents, or conp ounds of a simlar

nat ur e; a b| nder[Om]lh"h@eﬁﬁ‘%ﬁmﬂoﬁm%ﬂtﬁlth@ p&%qqnjymlosgdmmlba@a&amh or
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Jnch he af g PRy Sih caBlied 13 ik Bickeithe COMPARA aBaflitiaBl Aiihath, o
magnesi um s tfean thiechotdy, 50@“ a eszontralled refeaste fomelation, Gndlliding #hplantsi con

di oxi de; a smeetenln ent such as sucrose or saccharln or .a flavoring

agent such &9dfBi§ Fl “laW\gtqﬂWeWﬁﬁﬁeﬁlﬂ a@'@degfﬁdéwén@@c@'ln&@tﬂh'? ng. [0100]
System ¢ ad I der mal
means. For {Bog)r@énr%?ggx;qé !%%af régc;fis) rﬂrggrén%dmgn g%lpoﬁfanhge'?\deét%f‘ ant's

appr opri at e potygiyeelibacidj emllagenbaolpmhmtasl. andepolssledtlo acit hdethadsfol at i on.
Such penetrants a ner. the art, and i for

oxaml o, dedepopeaicn e oty BRa wirbe aRneseneo Hone KledG e 81
Transnucosall ipddidl sespetidichs dBifaikiig 36¢ prasbhh8idclo5ed aRtisstkSeart A56UIN
the use of |ozenges, nasal sprays, |nhalers or suppositories. For
exanpl e, i n heatsedss praﬂfma@euu@élytanaeptablmarrwm fbese cam beipsepared

oor e RS RS kBbyn' AT e A STl B RER, e ot ey
as descri bedjeison&écﬁn lﬂ’a_ Pateri®No. 46202311613) . For transder mal
adm ni stration, the active conpounds may be formulated into ointnents,

sal ves, gels, or [@HZmit raay eeﬁéwammgewwowlamral or parenteral

compositions in a dosage unit form for ease of administration and uniformity
of dosage. The term "dosage unit form™ as used herein refers to physically
discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the required
pharmaceutical carrier.

[0103] Toxicity and therapeutic efficacy of the composition of the
invention can be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., for determining the LDsg {the dose
lethal to 50% of the population) and the EDsp (the dose therapeuticaily
effective in 50% of the population). The dose ratio between toxic and
therapeutic effecis 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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art. For admi nistration by inhalation, the antibodies may be delivered in
the 31 WD 2004/ 056875 PCT/|1B2003/ 006304 form of an aerosol spray from

g-ressureckvﬁgm%' QL or di spenser, which contains a s%&m&g&el | ant,

g., a gas such as carbon dioxide, or a nebulizer. rtain
enbodi nents, the presently disclosed antibodies are prepared with
carriers that will protect the conpound against rapid elimnation ‘from
t he body, such as a controlled release formulation, including inplants
and m croencapsul ated delivery systens. Bi odegradabl e, bioconpatible
pol yners car@Saysiskexamplesief auitahlébloassaysi inglude OdAraplication/assays i des,

ot hacs 1 or SR rels S Rye R P SRser s il PLod F T ding o ¢ nose
skilled in tdseaywy, hreathbﬂ@%ﬁ@éss&%,@%@%&é;ﬁéseﬁ%ﬁ fHediffgrehfigtigy sisent |y

di scl osed anti bodi es can al so be use s pharmaceutically acceptable

carriers. TIREZ8JiPRRYISS, pssaysbaged 8o glicosa gptakerin@dingsylespwn to t hose

skilled in g : ' i n, U Pat ent No.

4,522, 811. ?@16@' FGI 'éa?rré?/%r@ %raanstas%&%gg,:fﬁf éyﬁﬂplﬁup%cﬁbgpém par ent er al
conposi t i on&xampes] otlg datarobitaihed frofrotheasl @uiiresslisaps ahd ahingd) shitfes
uniformty of do‘is%%SFéThe term"dosage unit form' as used herein refers

to physical 159N bg; ormHiatingsa rangg ol dogage forysedr hymansoA dase may; ect
to be treat ¢gd, htani et nr [103 [ .active
compound cal eiP e adedih'aniathaadl, Wiadisle s Sl dt I fa bt Nopbfatich
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ot er m nod BYNEYER A HRSMAL TS Syitiamih <Srsviali vels i plseda or
exper i nent almaybédasufod) for éxgméqb@égbgzﬁmi,g%mcb%gm(éd?gggfb}%%dft hal to

50% of the popul ation) and the e dose therapeut ective

in 50% of t H&esdtegise | aty) Rartigidarddnsege san deppenitasad bya suitahle biosssagpeut i ¢
CEoeLegne 08 cRRBsanes b et BSARE hod B SR e ek by L ©
little or no toxicity. The dosage may vary depending upon the dosage form
employed and the route of administration utilized.
[0105] The following Examples do not in any way limit the scope of
the invention. One of ordinary skill in the art will recognize the numerous
modifications and variations that may be performed without altering the spirit
or scope of the present invention. Such modifications and variations are
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

[0108] An scFv phagemid library, which is an expanded version of

the 1.38x10" 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 ug/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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preferred. [0104] For any conposition used in the present invention, the
therapeutically effective dose can be estimated initially fromcell culture
32 WD 2004/ 056875 PCT/1B2003/ 006304 assays. Exanples of suitable bioassays

i ncl ude DNgoA@dse@si on assays, cytokine release assayserTam2003/006304
transcri ption-based assays, PD-1/PD-L1 binding assays, creatine kinase

assays, assays based on the differentiation of pre-adipocytes, assays based
on. gl ucose uptake in adi pocytes,  immunological assays other assays as, for
exanpl e, described in the Exanples. The data obtained fromthe cell culture
assays and aniﬂal studi es can be used in_tornulatlng a range q%_dosage for
use i n humans! NAUIRSY el M%Sﬂ%%rmllbmweﬂ'nnE’rESjaIPum‘jddbaa?@ frhi eve a
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limt th f. the ipvention One of ordinary s
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Wi t hout alt ergangeiéd efdblutdd arfd usePBSnfakt ‘F@ﬁw&%&ﬁ%ﬁnrhiahﬂé%g@%@gﬁ BguCh

nodi fi cations and variations are encomnpass ¢ he
i nvention. TH&bnhnfedted oaliewes gibwalih 2TV er6IhEOE € houPat STHCS th rByp! i shed

atent applicati ited throughout this application are heréin
Pncor por glto ed 05{‘/3 2@?@&«3&'@@3 andanFutated evernightati30°Sk| Golonies vidre BBrapeli ndi ng

the 1. 3ex1000 1 R PEACH OB A, biebEhN AR Venrd) {uskl PeStRaaesti ( 1096)
14: 70°C.

[0107] Glycerol stock cultures from the first round of panning selection
were superinfected with helper phage and rescued to give scFv
antibody-expressing phage particles for thie second round of panning. A total
of two rounds of panning were carried out in this way for isolation of PD1-17,
except in the second round of panning 20 pg/ml of control protein were used
for deselection. Clones PD1-28, PD1-33, and PD1-35 were selected following
three rounds of selection. Deselection in the second and third rounds was
carried out using 10 pg/ml control fusion protein.

{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 m! 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 £.
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309-314) was used to select antibodies specific for human PD-1. Sol ubl e
PD-1 fusion protein (at 20 pg/m in phosphate buffered saline (PBS)) or
control fusion protein (at 50 Vg/m in PBS) was coated onto wells of a

m crot it erwg abssesser ni ght at 4C. Wl ls were washed i n RBSmansobésesked for
33 WD 2004/ 056875 PCTI | B2003/ 006304 1 hour at 37C in MPBS (3% m |k powder in

PBS). Purified phage (1012 transducing units (tu)) was bl ocked for 1 hour

in a final volunme of 100 pl of 3% MPBS. Bl ocked phage was added to bl ocked

control fusion protein wells and incubated for 1 hour. The bl ocked and
erred to the bl ocked wells coated with the

d | ected ph h t )
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way for isolation of PDl-17, except in the second round of panning 20 pg/n

of control protei e LS for desel ection. Clones PDl-28, PD1-33, and
PD1- 35 were sel ecﬁgﬁ]olfoo&%ﬁﬁmn?m%%p‘?qqcmé’?@fmw'%fqr&p'1[ﬁﬁbaﬁ%t ion in
the second argLIShivwas peHoeTed Gai i i ' trol fusion
protein. [0108] Anti bgdi es to rrul?ﬁ&?i:reﬁ E%B%Fdéé@e%gi{bmg@% %l'bl e selection
usi ng bi ot i nylndivisyah&r cofecaonies fromi setegiicotoeitputa wese picked into96ewsir at i on of

schv phage (1073 PARATE 1001 BhATHAR Efimps el N dBhapateiage t nen
bi oti nyl at ed vea agded twes madtipicitpotinfedie ah6iY ofd 0 EPHS XBRERRIN GFolinlg 1 hour .
culture and the plates incubated an additional 1 hour at 37°C. Plates were
centrifuged in @ benchtop centrifuge at 2000 rpm for 10 minutes. The
supernatant was removed and cell pellets were resuspended in 100 pl 2TYAK
and incubated at 30°C ovemight with shaking. The next day, plates were
centrifuged at 2000 rpm for 10 minutes and phage-containing supematant
from each well was transferred to a fresh 96 well plate. Phage samples were
blocked in a final concentration of 3% MPBS prior to ELISA.

[0110] Human or mouse PD-1 fusion protein and control fusion and
non-fusion proteins were coated overnight at 4°C onto 96-well microtiter
plates at 0.5-2.5 ug/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
dilution 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 pl 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 pl of 0.5 M HzSQ,4. The signal
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/antigen was added to 250 pl of Dynal M280 Streptavidin nmagnetic
Egggg thatghad been bl ocked forpl hour at 37Cin 1 m of 3% MPBS and
i ncubat e ther 15 minutes at room tenperatur e
lzaptur ed%égﬁoﬁg'sgasygrmgnetic rack and washed 4 tines |nei’f1ﬁ$§®$m%§)§4NPBS/
0.1% (v/v) 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 ni
exponentially growi ng E. 34 WO 2004/056875 PCT/ 1132003/ 006304 coli TG 1
cells. Infected (iel | s were incubated for 1 hour at 37C (30 m nut es
stati onary, 98BSR%AIvas mRersuretibyteariiy thergbsottiance ab¥BAANDESIAT ¥AG pl at es

and incuba I tput col oni es were _scraped off the
pl ates and hgﬁaogteé? égggéa ar's%'gée@ecs%% 1c l?-{ng@séﬂﬁ’a’a)lmﬁﬂbf sol ubl e

sel ecti on waeoteitihutinet tooctntras fdRaCHioRMes FBRAY Bus FEHTRLE afd cﬁﬁfﬁﬂéd city of
Ant i bodi es for Pﬁ'lg‘]ﬂ)?{Sa Phaae ELI SA [01094 To determ ne the specificity

of antibodies fo Pgcifigiygiata for it PR peckoisrabowagaFigure AR 1 f usi on

rotein and i K=Y Aandi vibdual - E. - col L. col oni from sel ection
gut puts wer eR%@ Pﬁ\{g dofﬁ%?@%ﬁ%l:ﬂp, gb%‘(g?jés"%g?ﬁva? H’f‘h@“ﬂ?@' %ﬁ‘%‘_ﬁ ?E]“WAG
medi um per efigureviB Kar IgGy qetropdidgwt bisPpdded to a multiplicity of
i nfection (noi) of 10 to the exponentially growing culture and the

' di Ll onal hour at 37C. Plates were centrifuged in
gl gteﬁihlt ggu?g%ﬁglefa%ge—éﬂ—@@@—wﬁ# n OREHUt es. The supernatant was
renoved and cell pellets were resuspended in 100 pl 2TYAK and i ncubated

at 30C over ni ght [04i12h Bbakbipding e vEE 6/ o b ceptrifuged at
2000 rpm fo&ég [m' nult”'es and phg e-cont af’n?ﬁgsyupergﬁg ar}(foutfo?@(#n each wel |

was transfe G pjatesransincymted pverpight at SWEhgéolsaigplfmn mHamsg pldtegcked in
final ' f R Lor to ELISA. [011 upen or nouse
PD 1 Tust on ooy el usA ANANTARS SholbP scauaite cliges b pmeltne Viver
coat ed overangii regiodiromt the $6FWelohe MUnidUd PBL1 biﬁﬂﬁi%;ec?or?ets Wera-2.5 pg/ni:
in PBS. After coag&fn%%utrt?rﬁe sol utions were renoved romthe wells, and

the plates BYR¥K zafingy ofi RD-bdolnipretineg torPBt bas desaribediimExdmple h PBS
and then 504pBegliefMieaifieRMEBE bBARR KV HnAIYBYohRa 3 due to changes

introduced by PCR primers during the conversion from scFv to 1gG.

Example 4: Biochemical Binding Inhibition Assay and Screen

[0113] ScFv production was induced by addition of 1 mM IPTG to
exponentially growing cultures and incubation overnight at 30°C. Crude
scFv-containing periplasmic extracts were obtained by subjecting the bacterial
pellets from the overnight induction to osmotic 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 & microtiter pfate reader. Data was
expressed as a percentage of the total binding and a titration of scFv
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well. The plates were incubated for | hour and then washed 3 tines with
PBST fol | owed by 3 washes with PBS. To each well, 50 pi of a 1:5000

dilution 3-HRP conj ugat e (Phannaci a, Peapac dded,
Foaliseeh F eBiondad

and the plates |ncubat ed for 40-60 m nutes. Each pla t hree
times with PBST then 3 times with PBS. Fifty pi of TMB substrate was
added to each well, and the sanples were incubated until color

devel opnent. The reaction was stopped by the addition of 2:5 pi of 0.5 M
H2SO4. The signal 35 WO 2004/856875 PCT/ 1 B2003/ 006304 gener at ed was
measur ed by ce rﬁgoﬂ%@’a%%? imedablishaionepotescy gs salciiatechlQ g er pl ate
reader . eci fic binding to PD-1 fusion protelrn but not
to control P%@F% %Qﬂg@:‘?tﬁg cy,2ata fol §$g¥ﬁﬂﬂﬂ9@@n§h@ﬂ|@%ﬁ$mn Tabla 11
Specificitysdata for the PDI-17 scFv is shown in Figure 1A Reactivity
of PDI-28, PDI-33, and PDL 3i5 scFv's with human PD-1 is shown in Figure
1 B (an IgG contOide] dPB1+f sahiviwasPprotucedand pLefi&l ad desdribbd cioven of

Ant i body ﬁ g@_ 12] PD-1-binding scFv E. cgli clones were streaked out
onto 2TYAG&E S ERYeERAgiMMEINeR Rd wokraddgatat 20 eelts/wetbirmfum vbhome bhese

| t t [if
Pho Vi o BAER BE0-R)Sife BOAR OB el TR ot TG Rl Wit g 1o ol e
wer e assayemtflmed@,ﬁdrwésrﬂaﬂtwm iaPPEE Hkdn Bloeﬁéd‘gﬂtﬁ %gﬁ’ﬁ?ﬂ JopgsAgrcribed in

Exanpl e Eg&uen e differences between scFv an rmats are due to
changes |nF BE&' OHQa'P@Q"qu?‘ﬁﬂr@tuéﬁjrBlﬁ’gk@meefbdﬂmwasmdfthmtﬂnd?S/ to

Serv pr oduct) ae a8t saBlopoP S5 Akl dpoay Whfer S5 oBS B0 08  ai 1y
growi ng cul Twees 28rid Dulbndaarsu RBB)OM@am;ﬂ@tfoﬂ’dwé’cPS?y 2§ruueﬁbnoﬁﬁﬁ ﬁeaont ﬂ nit ng
pellets

periplasmc extrﬂ:%_i \(/ive e obtai ned subj ecti ng bacteri a
fromthe ovEVANG A duzien greteln 96@9@‘@96“'3 tﬁiaﬂlngmébl%lﬂslam%D lrlesuspended
in 20% (W v | | ed on ice
for 300 m nuzuess ﬁ%@?%ﬁ?@%ﬁ%@%mﬁ#%@%gﬂﬁ S@r%'%? and the
scFv was pufaatiasidescribad abave gPatenyicaod PRAHF2 scex ahd g dré sticn in

Table 6.

Table 6: Potency of Anti-PD-1 ScFv and IgG Antibodies

Clone ScFv ICsy (nM) IgG ICs0 (nM)
PD1-17 726 25
PD1-28 560 1.4
PD1-33 74 1.8
~ PD1-35 85 2.3
PD1-F2 28 1.0

Example 5: Conversion of ScFv to 19G

[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 tambda or kappa light chain constant
domains (Hieter et al. (1982) Nature 294, 536). Based on the germlines of the
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PBS. Purified scFv's (PDl-17, PD1-28, PD1-33, and PDl1-35) were tested for
the ability to inhibit the binding of biotinylated human PD-L1 fusion
protein tgg PD-1 fusion protein i nmmobilized on ' 96 wel |
m croti ter P‘H@& assay. Binding of biotinylated PD Li&l USF@%}G?}F@[EI n was
detected W|th AMDEX- al kal i ne phosphat ase, and the signal generated was
nmeasured by reading the absorbance at 405 nmusing a mcrotiter plate
reader. Data was expressed as a percentage of the total binding and a
titration of,h sc 36 WD 2004/ 056875 PCT/ 1 B2003/ 006304 concentrati ons was
tested (o esbeid VnSesmmRaisyves dtarminsd wheterapr0r laniradsht craine

D1 P2 scrv oaget ARl e el o AR TR Bl oo, el s

expressing murine PD-1 were added at 105 cells/well in a final volune of
100 Id to a poly-D-lysine-coated 96 well mcrotiter plate. Cells were
centrifuged and washed twice in PBS, then blocked with 300 pl 1% BSA in

PBS for 1 hopghleat: I ed three tines
in PBST, prior 1o add NREEBRYR 3 ¥, RegRiisest FIS s SRR I 506 BSA. 0. 0596
Tween 20 in Dul beccg'GomBS) or sap¥hgermdineovwed DW2genmlimé bi oili nyl at ed

murine PD-L1 fusion|RD¥-¢Tn at 30PDPg7g , Bl ndi ng @pl_@"ot"‘ﬁmml rd PD- L1
fusion protein was J@ECR8d W Th L\Weﬁeﬂ Kar i e NP Ps rase armdsi gnal s

read as described a@Pg3Forencres VOB qrg6are—shown in
Tabl e 6. Table 6: P(W- % Pl +bedi-es—{Cl one ScFv
| C6o (nM 1gG ICso Bl—1+—+ RD1-28 36 4 PD1-33174 1.8
PD1-35 85 2.3 PDI1- E2 1sF2 Q_Exa 1DE'4~'7 Conversi ‘l(?f(KthV to 1gG

[0116] The insertion of V region domains into plasmids was verified
by sequencing of plasmid DNA from individual E. coli colonies. Plasmids
were prepared from E. coli cultures by standard techniques and heavy and
light chain constructs cotransfected into eukaryotic cells using standard
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

CMS 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 I1g(’s to bind human or murine PD-1
was determined as follows. ELISA plates were incubated with 2.5 pg/ml
human PD-1/IgG chimera ovemight. 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

38



[0115] Heavy and light chain V regions fromscFv clones were anplified by
PCR usi ng cl one-specific prinmers. PCR products were digested wth

appropri e Lection enzynes and subcl oned into ve ‘i | ni ng
hgﬁanpl g%"sﬁ@é‘%{sﬁai n constant donmain (Takahashi et 3&@1@% 2 11 29,
671) or vectors containing human | anbda or kappa Iight chain constant
domains (Hi eter at al. (1982) Nature 294, 536). Based on the gernlines of
the 37 WD 2004/056875 PCT/ 1B2003/ 006304 VH and VL segnents, it was

determi ned whet her kappa or |anbda |ight chain constant domains were used
for conver si@ghnuring antibody petre @dded Gndrthirsampdds WetesindubdtedRegi oneurof PD- 1

i ine VL. germ i PDI - 17 DP-70 DPL-8 PD1-28
oP- HZO%L-G 2%Pﬁgml%@%%%%ﬁq‘iég@[ﬂh@g%ﬁ"&gmfﬂ_s od using PBSHFk47 L12 (K)
[0116] The B8 Mheissa v&ésrmie%eﬁ%ﬁigﬁ%w‘tﬁbs%h?%r %xeﬂ\%éséfcg%éﬁt?d by

sequenci ng of plasmd from i ndivi E._coll colon asmds were
prepared fr4RP@bsehency valugs @edigye presedtedintfigures @4e2CaMurineanyi- and | i ght

hai t tar fact ' eukaryot i el,l 5. usi ng standard
Feohni ques, "uEndid A3ECRR TR0 dot e alafiei ¢ Bins kRt
(Phar maci a) Diegb, QR ard was Inehged fondésmpdRonl 0117] The binding affinity of
the anti-nmouse PDI antibody PDl1-F2 was determned with a Surface Plasnon

Resonance R te I 3000) (Biacore, Piscataway, NJ) using
nuri ne PD- gﬁﬁﬂé\pi%éﬁ Do Aptibodies knh ingef $D-trh entration of
PDI-F2 in the flow cell ranged from 7.81 to 125 nM while the

G ranged from S ok PRI AR RS peBled (s s SRME RN T e P 73

i s 6.7x10" 8amilpadies to Bleekbinding)of RIMA ¢a®PIXD ELISA d@siperfoAm8d 48’ 7 M

(KA=2. 6X106d%é‘r}bed in Example 2 with modifications, After incubation with a primary,
anti-PD-1 antibody for 2 hours at RT, a fixed concentration (1 pg/ml) of
biotin-conjugated PD-L1-Ig 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
avidin-HRP was washed using PBS/1% BSA. The assay was developed
using TMB. |

[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 ug/mi) 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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[0118] The ability of anti-PD-1 1gOs to bind human or nmurine PD-1 was

determ ned as follows. ELISA plates were incubated with 2.5 pg/m  human

PD-1/19G ernight. Plates were washed with P and

I ncubat ed\gg\nzﬁyogﬁg?éllal dilutions of a test antibody fo%@&?@g room

tenperature (RT). After washing, saturating concentrations of

HRP- conj ugat ed goat anti-hunman -anti body or HRP-conjugated rabbit 38 WO

2004/ 056875 PCT/ 1B2003/ 006304 anti-mnuri ne anti body were added, and the

sanpl es were incubated for 1 hour at RT. Unbound goat and r abbi t

ant i bodi es a¥idiniRfhwas weashgd EBBYIPBS/1BSASAT Hheoassay wassdevelopledped usi ng

TBM Resul t% ﬂy@xpressed as OD 405 absorbency val ues and are

presented i Eﬁé $ 2A-2C. Miurine anti- human PD-1 antibody J110 is

comercially avalcb e ' R ded for
[ mg A@eﬁoﬂmn@%@el 4%?915@&%”@%??98%@@ difids!

conpari son. Sel ect ed di es Ing of PD-L1

to PD-1 [Oi-i'blo IJﬂﬂﬁblPD"dﬁ BE236 Rixt-83 pand BDAS) defivesatdeastttwoabi | i ty of

doscr ved | SnshEle S EPEl Mo febubSebah batdtuBandniaPchind " o

primary, andidenfical cﬂ‘rdvlehéﬁ)in%@ltes?whﬂélpmaﬁ @ﬁ; 38, éﬂ&ﬁ'bﬁlﬂﬂ@%ﬂbfh%ﬁ" on (I
pg/ M) of bjotin-con at ed DLlI? was adde he sanpl es were

further i ndigliacksite. Bindingnf146 ort Qqufép-i/\hlghkihﬂjle b;mhug af IttP. In
trat d 1.h t RT.
Cbound.  svicante Y ST 161 SR8 S0 4 PRI A ok St e P opod

usi ng. TVB. [bﬁhkﬂlﬁﬁ oREH10. t Fhissuggesterhat tib testeidoicPDOL gativedies Hifd &ld0 as
shown in Flg 3. Antg human PD-1 anti bodies J110 and PD1-30 did not
i nhi bit the €35t 5P Sistiget epopesioneiecagnized by Hﬂjﬁ%ﬁn‘éﬁﬂ"@(ﬁﬂdégemerl?
PD1- 28, PD1 a a D 1-F2 bl ock

PD- 1/ PD- L1 I‘o'rﬁ\}[%erreg@dg'tﬂ%é::@é Ex‘la‘}z;r;{:)‘?ld(!,:qgf 2%’@??%? odi es ecogni ze Di stinct
Sites on PD-1 [0121] Inhibition assays were perfornmed to map sites
recogni ze byExampe @ar PEl1t Engagement Resuitstin Depreasad T GelliRespoEesSA was
per formed as

[0123] CD4+ T cells (5 x 10* cells/well) were stimulated with
tosyl-beads (Dynal, Great Neck, NY) coated with anti-hCD3 +/- PD-L1-Fc or
anti-PD-1 (PD1-17 or J110). Concentration of fusion protein or antibody titer
was as indicated in the X-axis of Figure 5. After 72 hours, proliferation was
determined by *H-thymidine incorporation. Incorporated radioactivity was
determined using a LKB 1205 plate reader.

[0124] As shown in Figure 5, PC-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 befow (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 efiect 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 celi proliferation.
For comparison, values are represented as percentage of the anti-CD3
response. “100%" represents GPMs obtained when cells were activated with
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described in Exanple 6 with mnor nodifications. After incubation with
primary anti body for 2 hours at RT, a fixed concentration (0.25 pg/m) of

bi oti n- co‘gbligjgiog%.,?nt i -PD-1 antibody J110 was added, gnd.sbfsaa38 €s were

further incu or 1 hour at RT. After washing, saturating
concentrations of avidin-HRP were added, and incubated for 1 hour at RT.
Unbound 39 WD 2004/ 056875 PCT/1B2003/ 006304 avi di n- HRP was washed usi ng
PBS/ 1 % 13SA. The assay was devel oped wusing TMB. [0122] As shown in

Fi 4, bingi f anti- PD-1 anti bodi J110, J116, PD1-17,
F>ID%ij rzg, PDll-%g'I,'egﬁgmﬁ%%- 'Iﬁﬁhg Eﬁ‘ H?é%ff’ai?"r"?f'@agf\'ltgaﬂihga1h§§emultgiiwgaten PD- 1.

Cr oss- bl ockithgt gopgel busnatiVaritiBabied A Ly Ay or
over |l appi ng sites whi Ig PD1- 1|7,a ISS,%H%:?E, %@Dbf%ﬂg?%t é{%’-ﬁ@@ﬁ'@%& Sﬁilhseti nct

si te. Bindi Pdfpathway.or J110 to PD-1 bl ocks the binding of J110. In
contrast, bindin PR - PD1- 28, PD1-33, and, PDl1-35 do not bl ock
bi ndi ng of J110. g1’°r1~)r;r5§ ?ﬂ“&é‘ég?épm'%m% WEre perfernedhiojadsiress \ahetﬁsbgpe% bi nd
to at | eastddvime 'laﬁém@ﬂe@ﬂm?@ﬁses) ulré§ ee dﬁf‘agg R}I:gp. and J116, and
the other one re%!(l)gni zed by PDL-17, PD1-28, ng- ,Eman ng- 35. Exanpl e

8: PD-1 Engdi@rgamenten arsingle (G1&)os asepamitedTRANSS polhsasaces) IR} s@p4+ T

| 5 ; I ' Lth, t |- b |, Geat
Neck, ) conrugesphpies verelBbrsl il e Fpthiich anfEbs AP BT o, < °°
J110) . Concdfi3htheothef séluintaingd antbOD3odr PDLMFRETRANSY. InWRtioas | ndi cat ed
In the X-axi,s of FE L,ire 5. After 75 hgurs_, orol i ferati on_was determ ned
by 3H t hyni dﬁ'f?é’ghréc@'r p¥RS PRy ebsenved upeeneenditions; whgreibeth FDwhand deRer mi ned
using a LKB theZgd ' | .
engagerrent S?/&g%i"?b gﬁgfwgﬁﬁsb%@iy PDInj%tlﬁé%lﬁgEgglggﬁ%dgaelgggé%r ease in
T cel |l prol itestedt n@inhibitierswas pbservad imeonditidns wikré TCRjand PDandighals ver ed

an i nhibitor i I.SGUSS betﬁ% anple 9), this inhibitory
si gnal _resul\'?%rgio%ﬂg%rgpgéigsee}aiﬁgéﬁuﬁgcﬁ I 'éggt ion and |L-2 production.
Anti bodi es PD1- 381267DTo33le Gutdtdtd hisdranbeyftheFRARSRxBEFAiREhtsASinial- 17
The effect is dose-dependent, as activation

assays were set up using anti-CD3 antibody and B7.2.Fc. In these assays,

B7 costimulation of T cell responses was observed in both CIS and TRANS

conditions. Altogether, these findings demanstrate that PD-1 proximity to

TCR is required for the receptor modulatory function on T cell activation.

Therefore, to modulate a T cell response, both activating and inhibitory

signals must emanate from the same surface whether the surface is that of a

cell or a bead.

Example 9: Blockage of PD-1 Engagement by Antibody Results in

Enhanced Proliferation

[0127] For assessing effect of sotuble 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 contral
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of cells in the presence of increasing concentrations of PD -17 or
PD-LI.Fc results in decreased T cell proliferation. The control

anti - PD- | Les, J110 (Figure 5) or J116 (data do not

I nhi bit %NQEH"Br%eEgionses and increasing the concentr%@%g@%%ﬁi%o has

m nimal effect on T cell proliferation. For conparison, values are
represented as percentage of the anti-CD3 response. "100% represents
CPMs obt ai ned when cells were activated with 40 WO 20041056875

PCT/ 1 B2003/ 006304 anti-CD3/ nurine |1gG coated m crospheres. Altogether

t hese resul ebtibody $Hk0did nohenkance ibwitronb telhtdspanses oBelestetd mti-RREt ogni ze
PD-1 can ac I sts of..th at . Furt her experinments
wer e perforh@@qcﬁgg cemplifed ﬁngP Egl-}h "G%ﬁgéd[]gﬁ%%"ﬁ?faw%ﬁ
responses r @@ eeh isoestdd YISIAET gl 1S) or a
separate (TRANS) cell sur#g%?séwmiﬁbg of m c?'é’s%h%e’?(ae@t&grsgn%ﬁ:epar ed:
one set contlAemieckadeiof tesnegalivesignal also resuits)in enhancedprolitertionamdai ned
anti-CD3 or IL-? i&%ﬁg éTRANS). I nhibition through PD-1 was only observed
under condi (76 P8 both PD-1 and TcR were engaged by |igands on the

sane surface (C1S). At all bead:cell ratios tested, no inhibition was

observed i nEzamgle 10nTrestaest FiiksaddrsPD- 1 signals were delivered on
separate surfaces (TRANS). [0126] To rule out steric hindrance in the

TRANS experi nent | m ) ar assays were set up using anti-CD3 antjbody
and 57 5 Fe. i (123h "Mohiputh SBirouSe responss ALY bYHTD- 1 5UpeRbES vias
observed i n; | TR ki t P I.ndi ngs
denonstr at elr?’ﬁ%ribengfhlé}g%g; I m t>9 St".; gm#%&@@gfe?@&f?@gﬁ ?éot'rontcﬁzﬁﬁ‘e@eept or
nmodul at ory feaponseis desirede eTHis examplatdesoribesthenskf £D-1 antibodicatae a T

The sane’ suf Psd S3RHisRr AThUCERIR S et & Syt disedg opethin haviean |
Exanpl e 9: Bblablicti MimER: disEREAGEERMer DishBltiveRdy Resul ts in  Enhanced

Proliferation [0122]0 For assessi n% effect of soBuble anti-PD-1 antibody
on [0130] Subjects at risk Tor or afflicted with cancer may be in need of

immune response augmentation would benefit from treatment with a PD-1
antagonist, such as an anti-PD-1 antibody of the present invention in a soluble
form. Most commonly, antibodies are administered in an outpatient setting by
weekly administration at about 0.1-10 mg/kg dose by slow intravenous (IV)
infusion. The appropriate therapeutically effective dose of an antagonist is
selected by a treating clinician and would range approximately from 1 pg/kg to
20 mg/kg, from 1 pg/kg to 10 mg/kg, from 1 pg/kg to 1 mg/kg, from 10 pgrkg
to 1 mg/kg, from 10 pg/kg to 100 pg/kg, from 100 pg 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 andfor symptoms of diseases or conditions that involve an aberrant or
undesirable immune response, such as in autoimmune disorders exemplified -
below.

[0132] Multiple sclerosis {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 Traugoft (Cell Immunal. (1989) 119:
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proliferation, CD4+ T cells were pre-activated for 48 hours with
anti - CD3/ anti - CD28- coat ed beads, harvested, and restinmulated with the

i ndi cat ec\sﬁgmﬁ]%ggtlon of PHA pI us 10 ng/m IL-2 in tﬂﬁg@E@§ § of PD1
11 a

-17. or control 1gG Each of the antibodies was a var| ous
concentrations at initiation of the culture. Proliferation was neasured at
72 hr. [0128] The results denonstrate that PDl1- 17 (Figure 6) and PD1-35
(data not shown) enhanced proliferation of primary T cells. The control 41
WO 2004/ 056875 PCT/ |1 B2003/ 006304 anti body J110 did not enhance in vitro T
cel | respondd4-128pteratmenteftmicemith 2xRD-bagonist pries (andeentinupusiybip PDI - 17

and PD- 35, e i tural |igands and

t hereby bl OEE‘@JBPPWE}V ggbg&%@&%?&yghg?%?y mefﬁ.@etﬁ)@ ade of tﬁe negative
si gnal al so resu[133] nARRNIe eigsad dHaradtbredai\dinflhtamatiphasited | on.

Exanpl e 10:  Treatnment of Disorders [0129] Mdul ation of inmmune response

regul at ed bipiHe- in the epllagan indyced geheiiv (dANmause arodelfartbewpgioid si ve

deseri bes 1 AR (e baal et AT IS BRR07 8 e GRS BLACH: S < o
treat a subflemhumdl. i095p84: 433543 %prtreh&nerlgmﬂrﬂa PERY dgbhishistexpetiedaocdi sor der
or cancer, respectively 0130 ubjects at risk for or afflicted with

cancer may BEEVERL ﬁ@tg@td'heum ithartrfis iAo or ptharanthstic Qﬁeﬁﬁ%ﬁ d benefit from
:); ggtemanit nY/MetnPi g i n a g%‘%ﬁﬁgu or%%%@s'ggsmhkfs 'ﬂﬂﬁu egya?]:a the
adm ni st er ediseasechaacierized by the ptasegcdpf ameehlibodesri Thesamtiﬁdddm aid about
ther apeuti caPTposHptE Bl i bsuRircastbe etenbbrt Baona el by = (r eati ng
glg; E'gC{ 3”18@%‘7%9 fo AROSAART X %éwaﬁ&l%ehé drl%r%?élgt‘brtﬂ%at %QFOfB}/lkgrb / Léom 1
from 10 pg/ kejaied di dlﬁm’ﬁwglllkg&%fxgm\fﬂmcg mmuse mdql;foraﬁkE)f(hmmuﬁobglcpg/ kg to
5 10/ k9. [ Obitlod L AU ARl @l RRH S, 4 FEIENGAPrRRS fRar) 8 " educe
in humans.
[0135] Itis anticipated that PD-1 antibodies of the invention would be
administered as PD-1 agonists in ex vivo therapy with a frequency of one per
month or less. Treatment duration could range between one month and
several years.
[0136] To test the clinical efficacy of antibodies in humans, individuais
with melanoma, prostate cancer, RA, SLE, MS, type | diabetes, are 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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severity and/or synptons of diseases or conditions that involve an
aberrant or undesirable i mune response, such as in autoi nmune disorders
exenpl i fi\gg ofk@ws [0132] Multiple sclerosis (MS) is ﬁ:"ﬁﬁ h@deafer vous
system di sease that is characterized by inflamuation an 0oss of myelin
sheaths. In the experinental autoi mune encephalitis (EAE) nouse nodel
for multiple sclerosis (Tuohy at al. (J. Imunol. (1988) 141:

1126-1130), Sobel at al. (J. Inmunol. (1984)132: 2393-2401), and
Traugott (Cell .l,munol . §é9882119:_42 WO 2004/ 056875 PCT/ | B2003/ 006304
114-129), t Fo0giHerad a5 exarariany only, it trua geepe angspist of thadnvestion nuous| v)
to EAE ind | | é%4§Qﬁ t or delay the onset of Ms. [0133]
Arthritis igégbgﬁgﬁgge ha%ggF%ﬁ?gé%M§§ inflanmation in the joints. In
the col l agen induced arthritis (ClA) nouse nodel for rheumatoid

arthritis (Courtenay et al. (Nature (1980) 283: 666-628) and WIlIlians et
al. (lI'munol. (1995) 84: 433-439)), treatnent with a PD-1 agonist is
expected to prevent or treat rheumatoid arthritis (RA) or other
arthritic diseases. [0134] System c Lupus Erythematosis (SLE) is an
aut oi muune di sease characterized by the presence of autoantibodies. 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 N\ZWni ce (a nouse
nodel for SLE) (Inmmunologic Defects in Laboratory Animals, CGershw n et
al. eds., Plenum Press, 1981) or in humans. [0135] It is anticipated
that PD-1 anti bodies of the invention would be adm nistered as PD-1
agonists in ex vivo therapy with a frequency of one per nonth or |ess.
Treatment duration could range between one nonth and several years.
[0136] To test the clinical efficacy of antibodies in humans, individuals
wi th nmel anoma, prostate cancer, RA, SLE, M5, type | diabetes, are
identified and random zed to a treatnment group. Treatnent groups include
a pl acebo
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group and one to three groups treated with a PD-1 agoni st (different
doses). Individuals are followed prospectively for one to three years.
It is anticipated that individuals receiving treatnment would exhibit an
i nprovenent. [0137] The specification is nost thoroughly understood in
light of the teachings of the ref 6LAIMS8s cited within the specification,
all of which are hereby incorporated by reference in their entirety. The
enbodi ments within the specification provide an illustration of

enbodi rr]gnt?] n aribotineempiising &@bmﬁbmldpbamén&eea@m_&iut ueSEQqDlmtm'zts, t Ee
scope of the 0 il ti ~recogni zes that many ot her
enmbodi nent s ﬁﬁﬂ%ﬁé&g@&Q#i O(ESEIQn@gQOiqgventi on and that it is

i ntended that the specification and exanples be 43 WD 2004/ 056875

PCTI | B2003/ 006304 consi dered as exenplary only, with a true scope and
spirit & thehenesheedyn of belpiy 1.néIMther eePBRYisiNge aNolantvg necid | seavencel4

CLAIMS 1. A ' ri:si oy L6 t in
SEQ 1'D NG 26 R P Re S TBe SRR RO SED RAB A SREIERC D SR b

anti body of ANQilz SEQIGNGIdA, SBAPPINGD:AG, SrQ HAiNGH4 4 cir BESE Hu BEe40.
substantially as set out in SEQID NO 6, SEQ ID NO 8, SEQ ID NO 10, SEQ
ID NO 12, SEQ ID NO 14, SEQ ID NG 16, SEQ ID NO 47, or SEQ I D NO 49. 3.
The ant idbody Toe aiteody df cleim t1héntheo npmpdsing aarandnd Boidaseiqdesaqseasted

selected frqomthe group consisti f.  SEQ . J 8, QID
NO. 10, SEQ 36%%‘9193?”% § ”R@S‘ ?E% @é@%@s’lﬁ@ '%g,"gﬁ%%%altﬁﬁi%gﬁ Sﬁg SEQ
I D NO 49. 4. 1Dvoap! $EQdp Nd:1¢| SEQID NOHErSEQ 1D IND:antdndsbQ spao:49.cal |y
binds to an ary;no,,, acid sequence that is at |east 95%identical to

any sequence of at |east 100 contiguous am no acids of at  l'eagt one

sequencey sel eeeshtivoBof RRIMATOWher&iRMBe Shiittlly SpedihilyDbiRks fbfaﬁl%ﬁg I D

NO 56. 5. The antibody of claim1l, wherein the antibody specifically

bi nds to the aciksequsare dnairis @blrssh9a% ipenticaldo anvapegienceaiof at st Bt

greater than ar afina - i .clal i i body

J obits the c%:lﬂﬁ%.:t%#gs %r?rn Dgfdstag? AP AR5t YneCldjubhée sMRBLR! flothNfe adthiP
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 107 M™.

6. The antibody of claim 4, wherein the antibody inhibits the binding of PD-L to
PD-1 with an ICs, of less than 10mM.

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 lgGy, or IgG..

10. The antibody of claim 1, wherein the aniibody is PD1-28, PD1-33, PD1-35, or
PD1-F2.

11. A pharmaceutical composition comprising the antibody of any claims 1-10.

12. Use of an antibody of any of ¢laims 1-10 in manufacture of a medicament to

treat or prevent an immune disorder in a subject.
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PD-1 with an 1C50 of less than 10nM 7. The anti body of claim11, wherein
the anti body is human. 8. The antibody of claim1, wherein the antibody is
19G or 1g&A. 9. The antibody of claim8, wherein the antibody is 1gG A
or 1gG K. 10. The anti body of claiml, wherein the antibody is PD1-28,
PD1- 33, PD1-35, or PDl-F2. 11. A phar maceutical conposition conprising

t he antl

T Ao TRl ot Elah B W ein e disgraey ru el hpauad oo thelins” &' ™

di sorder in afsabjRedimnibeldisoriBe asamefunel RispbAsd oL@l dmealldigror der is
selected fromthe g roul?13 consi sting of an autoi nmune di sorder, an inmune

response to detieNt aneANGPl er gi ¢ reaction, and cancer. 14. The use of
claim12 or 13, wherein the subject is a human. 15. An anti body conpri sing
human framework regions and nmeans for specific binding to PD-1, wherein
the antiody Tihe usghlslaem d@ abllckherginihaaibiect e ewaAn. PD- 1 and PD- L1,
wherein the neans conprises a CDR derived from PD1-28, PF1-33, PD1-35, or
PD1- F2. 16. The anti body of claim 15, wherein the nmeans conprises SEQ I D
NC 23, SEQ |AD WaibRy, cameiding Nﬁmzﬁ fr8revoP m@'ozs arBE@dabs NOr ZpecifBEQ | D

NO 28, SEQ | 9 S SEQ I D

NG 33, SEQ | BT PREG TTSRATHE MR ORRSbA O R DS SN | o

NO 38, SEQ | [PIND aid, PSED, Whefdin 4@ mé&éf3 ¢d31¢d@e§& CSEQdrivetN®obil PD1-38Q I D

NO 52, SEQ | S or SEQID NO55. 17. An isolated

nucl ei ¢ aci d[%’er'lr\l'co%g?‘:’r%1 é’rg’rd\loﬁgdy of any of clains 1-10. 18. An
expression vector conprising the nucleic aci d of claim17. 19. A host cell

conprising the vector of claim18. 20. The host cell of claim19, wherein
t he host1®el IThesantikgdeaf elrigin! S.anhereindhe imeans coarrisss SEQAN NesE, &Rt er

ovary cell, apHgebazgekkq Wﬁtoazé\'%%@%wo% sEhﬁD"‘w@ 87 cseqip -2l aim 17,

wher ei n the nucl ei ¢ acli d encodes am no aci d uence set out In SEQ

| D NO 6, SEQ3IHING BO:BECGED ImNQ)SO SBEQ| D NO:31, SE ID NO:32, SEQ ID
NQO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ

ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:50, SEQ 1D NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55.

17. An isolated nucleic acid encoding the antibody of any of claims 1-10.
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 D NO:6, SEQ ID NO:8, SEQ 1D NC:10, SEQ ID
NO:12, SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:47, or SEQ ID NO:49.

22 The nucleic acid of claim 21, wherein the nucleic acid comprises a nucleotide
sequence selected from the group consisting of SEQ 1D NO:5, SEQ ID NO:7,
SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:46,
and SEQ ID NO:48.
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NO 12, SEQ ID NO 14, SEQ ID NO 16, SEQ ID NO 47, or SEQ ID NGO 49. 22. The
nucl eic acid of claim 21, wherein the nucleic acid conprises a nucl eotide
sequence selected fromthe group consisting of SEQ 1D NO 5, SEQ ID NO 7,
SEQID NO 9, SEQID NO 11, SEQ ID NO 13, SEQ ID NO 15, SEQ ID NO 46, and
SEQ I D 18G: 48.A aét@. of makended aofibatykhatgspenifieallyi iodbywitth 80- 5 gbe infatioad | y
binds with PQ- 1 _the method conprises: (a) providing a starting
repertoire of °AREFRY ¢ aci ds encodi ng a variable donmain that either

includes a COR3 t roedingm asmﬁhg)rre;tmks @ AlR8c RiBodhediineal edriab(ed)

2ol d sequence supdedmin Taty e ebagne CRGS BOoREcHS o DR 91
SEQ I D NG 37, or %5@;&.5139@.&2 such that the donor nucleic acid |s

inserted into the CDR3 lon in the repertoire, so as to provide a
product reperPhi r éOB\b'WLﬂ: @paewe&sw%@dénmg nacle@ra%ﬁecquaarh aming

expressing the nuglg %eﬁ%r@é Q{bsfa'?mﬁalllj’rr QQ‘%%E LERSTIER 11 NG5, S§\‘EGCFD ng an

antigen-binding fra (gmant 1; and (e) recovering the
speci fic anti gen- NG ngEﬂr@gN@rW of StEtCiblﬂbN@ S2aciugh thatdbeldagor musleid ndi ng

fragment. 24. An { Use of
an anti body of an?%on'gqgﬁéﬂgﬁgﬂ%ﬁﬁp?}&s %@'Oﬂﬁ%p%zrf%gﬁaeaf?a%%tpﬁ&'d
manuf act ure of a regiodacteeperfoie offodei¢iatacing eacodittppvanablé domai@; r esponse.
26. The use qf, cl ai_m 25, modul ates a T cell, B
cei 1 or " rotBeyt PEspataE hddle sids BEERGPOERL R8I ner 6i n the
anti body i s de) i n seleating an anfdbn-Hihding fregraéntapatific & PDMIEsRI N the anti body
is as in cIa|m24 29. The use of claim 2 wherein the antl cz

i m 29,

i mobi | i zed df a §85?¥8F'P%H\9rus>9e8f‘c Atigenrbingingy fragmenther d’sH& %ﬂ'
wher ei n t he suppordnchaihg ithe ﬁﬁ.ﬂiﬁ rggﬁ,eﬁtne or nore materials chosen from
agarose, dextran, cellulose, silica, nylon, dacron,

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

25. Use of an antibody of any one of claims 1-10, 15, 16, 23, and 24 in the

manufacture of a medicament for modulating an adaptive immune response.

26. The use of claim 25, wherein the medicament modulates a T cell, B cell, or

monocyte response,
27, The use of claim 25, wherein the antibody is as in claim 1.
28. The use of claim 25, wherein the antibody is as in claim 24.

29, The use of claim 25, wherein the antibody is immobilized on a support matrix or

crosslinked.

30. The use of claim 29, wherein the support matrix comprises one or more
materials chosen from agarose, dextran, cellulose, PVDF, silica, nylon, dacron,
polystyrene, polyacrylates, polyvinyls,  teflons, polyglycolic  acid,
polyhydroxyalkanoate, collagen, and gelatin.

31.  The use of claim 25, wherein the anti-PC-1 antibody modulates an immune cell

response mediated by an antigen receptor signal.
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pol ystyrene, polyacrylates, polyvinyls, teflons, polyglycolic acid,

pol yhydr oxyal kanoat e, coll agen, and gelatin. 31. The use of claim 25,
wherein the anti-PD-1 anti body nodul ates an i nmune cell response

medi ated by an antigen receptor signal. 47 32. The use of claim 31,
wherein the antigen receptor signal is co-presented wwith the anti-PD1
ant i body,,, 33.., The use, aof aim 31, wherein the antigen receptor, signal
2nd ant 2pD> Thediel Stmat b MREBAD g IGPe T SHNE DGR repF SR oe. of
claim 31, whenehfti-Pbe1 amiboggn receptor signal is delivered by an anti -
CD3 anti body. 35. Use of an antibody of any one of clains 1-10, 15, 16,
23, and 24 in the nmanufacture of a medicanment for treating or preventing
a disordgr s c f t4he NS SN tRHd & bprf ti s,
Tl pl & sl argeres o SRR 12 aiensiR 8 HiEh Yechbigl AT Al AL LD

syst em ¢ | upwstieedyt arerspacsd iy, no mpgpethendPaet es, transpl ant rej ection,
graft-versus-host disease, hyperproliferative immune disorders, cancer

i nfecti ous di seases, bacterial infections, viral infections, viral skin
di seasesi4. and heausasif cladim 34 8wherein the antigen receptor signal is delivered by an anti-
CD3 antibody.

35. Use of an antibody of any one of claims 1-10, 15, 16, 23, and 24 in the
manufacture of a medicament for treating or preventing a disorder selected
from the group consisting of rheumatoid arthritis, multiple sclerosis,
inflammatory bowel disease, Crohn’'s disease, systemic lupus erythematosis,
type | diabetes, transplant rejection, graft-versus-host disease,
hyperproliferative immune disorders, cancer, infectious diseases, bacterial

infections, viral infections, viral skin diseases, and parasites.
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