WD 2004/ 107618 PCT/ US2004/ 016381 TITLE G TR LI GAND AND G TR LI GAND- RELATED
MOLECULES AND ANTI BODI ES AND USES THEREOF [ 0001] This application clains

t he benef o ffoshrers Provi sional Application Ser. No. 604dyg Z%f}éf}@mggll ed May
23, 2003, and U. S. Provisional Application Ser. No. 60/547, %

February 26, 2004, both of which are incorporated herein by reference in
their entireties. [0002] This invention was nade wth Governnment support
under NIH Intramural Research Project #Zd -Al-000224. The Governnment has
certain rights in the invention. BACKGROUND OF THE I NVENTION Field of the
I nventi on [0003] The present invention is directed to novel nethods for

di agnosi ng, prognosing, nonitoring the progress of, and treating disorders
arising from disregulation of the inmune system (e.g., autoimune

di sorders, inflammtory diseases, and transplant rejection, and cancer and
i nfectious diseases) related to glucocorticoid-induced TNF receptor (G TR)
and the ligand associated with GTR (G TRL) and nodul ators rel ated t hereto.
The present invention is further directed to novel therapeutics and

t herapeutic targets, and to nethods of screening and WO 2004/ 107618

PCT/ US2004/ 016381 2 assessing test conpounds for the intervention
(treatnment) and prevention of disorders arising fromdisregulation of the

i mune system as related to G TR and G TRL. Rel ated Background Art [00041
Generally, T Iynphocytes are responsible for cell-nediated i munity and
play a regulatory role by enhancing or suppressing the responses of other
white blood cells. The notion that T | ynphocytes play a role in suppression
of the immune response is well known (see, e.g., Gershon et al. (1970)

| munol ogy 18:723-35). However, the t?ﬁ?ﬁh antigens for these suppressor
cells and the nechanisns controlling elr function are still subjects of
study. [00051 One popul ation of regulatory T cells that is generated in the

thynmus is distinguishable fromeffector T cells by the _ex sion of uni que
obr ane UITR TAGAND ARD GITR IGANDSREL ATED MOt HEGLES a

AND ANTIBODIES AND USES THEREOF

[0001] This application claims the benefit of U.S. Provisional Application Ser. No.
60/472,844, filed May 23, 2003, and U.S. Provisional Application Ser. No.
60/547,975, filed February 26, 2004, both of which are incorporated herein by

reference in their entireties.

[0002] This invention was made with Government support under NIH Intramural
" Research Project #201-AI-000224. The Government has certain rights in the

invention.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] The present invention is directed to novel methods for diagnosing,
prognosing, monitoring the progress of, and treating disorders arising from
disregulation of the immune system (e.g., autoimmune disorders, inflammatory
diseases, and transplant rejection, and cancer and infectious diseases) related to
glucocorticoid-induced TNF receptor (GITR) and the ligand associated with GITR
(GITRL) and modulators related thereto. The present invention is further directed

to novel therapeutics and therapeutic targets, and to methods of screening and



antigens. These regulatory T cells nmake up a subpopul ation of CD4+ T cells
(i.e., T cells that express the CD4 antigen) that coexpress the CD25
antigen. GA8%00480763¢ SO known as the interleukin-2 recept gerfushoodiesdr Chai n.
Cotransfer of, or reconstitution Wlthz CD25+ T cells is associated with
prevention of both inflammtory |esions and autoi munity in various aninmal

nodel s (see ferences
t her ei n§ 55%8@%% te&%@ﬁﬁ?}mﬁﬁgggﬁg i ljvE?éqﬁejdr?lﬂ{(glrs‘:'sOC| Qf@g%%‘{teﬁﬁ& JDiebl tion of T

cell activati dusondarsxansmg,frcmndlsr@dmnméﬂmummmsystﬂnpds €tedGDXHITRTandel |'s in
cocul ture (Shg ?@g]lj supra). [00061 More than two decades ago it was
denonstrat ed sone self-reactive T cells escape nechani sns of central
tol erance and exist in the periphery under the <control of thym c-derived

regul atory T R@lla{eaBak:E 588 ArSakaguchi and col | eagues denonstrated that a
smal | popul ation of CD%r+ T cells that naturally express the a-chain of

| L-2R (i.e., [6094) Gan@all]nﬁblympdhocyte& re responsible fofcellrmediated suintrity and
t t T, cel | Sak t 1- 64
Spect 1 ?Eai !y, Bef & utiaR PR ekt Bife o dppreabing phe PR Rsief SR ST (o

i munodef i ci eBlboJl‘@éilss Tlﬁ%ohen%a‘iﬂq HéByibfspi’eW LIRS 9ie§§@1§@§the\’\'h' ch could
be prevented by cotransfer of CD4+ 25+ T cells (Saka uchi et al., supra).

Subsequent stmmémemsbmWﬂtme@mwﬁ@rshWIaét(b? )mehd?lggyn t he
suppression o ons s to vira terial and oal i nfections
(Aoor fa et al 187554} HETPRRIRS o fe aafion 50668 g Bpre ¥ e FuBR0 ' X5 e
WO 2004/ 10761&e&ﬁﬂsﬂ§%&1&6ﬁﬂq@3ﬁéﬁrﬁﬁoﬂcﬁﬂax§@t¥ﬂ9&b edth 5pgfdy.et al . (2004) Nat.
Med. 10: 29-30; Kursar et al. (2002) J. Exp. I\/Ed 196: 1585-92; Lundgren et

al . (2003) | nfrogek gg?WatY& Jf7r§%\.|11§t% ry Mebi®instis glendeé'atégﬂpﬁ tHymdip-  Med.

197:111-19). ese studi es "provi ded e nce renoval of
CD4+CD25+ T céistmglmhah}ecfecdn effectonfigelts b}elhpexqsressmmm&nnqueermn‘smnémve been

made to define the n of up res i-on

celI's. These &¥{geEsy J%F%Géﬂﬁﬁﬁeﬁg B‘?P‘il%q,frlﬁi‘ﬁ%h 1s that
potently SUPPT%ﬁsﬂﬁ%&?r&s‘ﬂié@ﬁ4%ﬂﬁ%én?tﬁé'tH&CEPJSE%QE‘DESErﬁi nf Bpekiion. [0007]
Several in vitro studies reveal ed 25+ cell s suppress

proliferati onaled lmiagmeemtbﬂeUMn—Qempmﬂhmmhalm Cotranderofplorant i gens by
turning off transcr|pt|on L-2 (e. 9grn on and Shgah(1998) J.
Exp. Med. 18gresgmafitiis: éﬁ%%%T%qllsaqassMy yithrprevenhighAbboth 10: 1969- 80) .

Cot r ansfer of I k ( cells is
Ui ent tomgja%%geag@ %s&}]sﬁiﬁ anitoimhtt il dridud Wit Ak §sdeRbisvabn
(2000) Ann. Rev. Immunol. 18:423-49, and references therein). CD4"CD25" T
cells have also been associated with inhibition of T cell activation in vitro, and

adoptive suppression of CD4"CD25™ T cells in coculture (Shevach, supra).

[0006] More than two decades ago it was demonstrated that some self-reactive T
cells escape mechanisms of central tolerance and exist in the periphery under the
control of thymic-derived regulatory T cells. In 1995, Sakaguchi and colleagues
demonstrated that a small population of CD4" T cells that naturally express the
o~chain of IL-2R (i.e., CD25) are involved in the control of organ-specific
autoreactive T cells (Sakaguchi et al. (1995) J. Immunol. 155:1151-64).
Specifically, they demonstrated that transfer of CD4*CD25™ T cells to
immunodeficient hosts led to a spectrum of autoimmune diseases, which could be
prevented by cotransfer of CD4"CD25" T cells (Sakaguchi et al., supra).
Subsequent studies have implicated CD4*CD25" regulatory T cells in the
suppression of immune responses to viral, bacterial and protozoal infections
(Aseffa et al. (2002) J. Immunol. 169:3232-41; Belkaid et al. (2002) Nature



i nducti on and effector phase of organ-specific autoinmunity (Suri-Payer et
al. (1999) Eur. J. Immunol. 29:669-77; Suri-Payer et al. (1998) J I mmunolL
160: 1212- @8%? ]ggg &' properties of the CD4+CD25+ T cells_ include

hypor espo gﬁ & o T cell receptor, (TCR) sti nul atlorfqliﬁquﬂ%‘”“&B?énce of
exogenous | L-2, inmunosuppression via cell-cell I nteraction, and a

ot rerent b oS hiak A Aob Rl IiLa BB bl e (o

i ndependent Qjr, 20b6:9584-62; ddﬁg{-éﬁse)tal 200@?&]?&%»%@'71 19550895k LRlyR¢al hat the

mere acqui sition of CD25 ssion, ‘as cah be achieved by ~stifulation of
CD4+CD25" T €20033/. E:qxesManbﬂQ? htil+d8). t Fogethey, phass sindees phendadqyedenca thet e

CD4+CD25+ T cells.a n 1 exis nmans ( Shevach 001), J Exp. Med.
To3 I Fe) | rompal oEhDaCHAs" B srilh Stenctadhy Biipuls wadtae: MAW HeBpEcti on | s
requi red o ha0enenahigo AknRedlaslPiiltn OREERRSFecidily, resd eAAADES" al
(2001) Nat. Inmmunol.  2:30I-06). In addition, I es W th knockout nice
denonst r at ed Tt dedls. thwllesepresantcﬂ weghe lmehglethymﬁdquzdaaﬂis thetsponsi veness
are required for generatio t hese, cells; mce netically deficient for
L2 or IL2R[ ?O%Bﬂgﬁppfeiséﬁbﬁn"éﬁﬂ ’"ZV’VC(Q%ggﬁﬂcﬁﬁng sl | have severe
reduction in CD4+CD25+ cells, with resulti n%ﬁlﬁ égpbadenopat hy and

hyper pr ol i fedﬁqq7ér$eVﬁalWé’l‘5@§W§4¢§F§Veélﬁd§@ﬁ€ CbaaseellsisuppressPapi erni k et al .

Kumanogon. et PRCRgnY COA* Tckis BPYHRRe Bl ot Bl pf e’

PCT/ US2004/ Obﬁﬁ%scﬂpt{m Mug ,ITltomteﬂtahd/Shéviaeh araoshAdEpaMetdl 880287et er m ne
t he mechani sm; I nvol ved i | at ed su&Eresm on of the ijmu

system e.g. tﬂ@fa&ﬂﬁmﬁbﬂ (@B@Jnf |It‘.’,1|'"t“{ﬂ0[ tlﬂé%%lsg)z etganstey of B4 ¢CR25” _
acqui sition %P{}ﬁg%dlﬁlrhugcf}g&tfvg% s ceu?'rkf&ﬁﬁ&emb §1(‘f)¢ﬂr i% b3th nt;l}Port acting

cyt oki nes |nv I'n the ector ase suppressi ecul ar

targets of Claaﬁxttﬁnmaibﬁedtdsr pmebwﬁdrgﬁgsmuiﬂalamnmmmtyr(&nﬁ?aﬁd et alt gel y
unknown as well. 1t has now been deponstr examning differential

expr ossi on of(LYfMEwrh utgHok a%sg%awmvggwrempﬁgaa«kuaﬂl 16451218005+ and

CD4+CD25"' T I f Hugh et
al . (2002) | %n‘?@ﬁ}%&’ﬁ%%?&%ee‘&b E%ﬁgﬁf enthg’ﬁgl%?l’&fé ‘ﬁgféer?s @d\‘g/ li84, 354,
i ncor por at ed chikkeptobYTCR] stirgiitakon in thé sbsendel ofekygenonhfs2, genes, det erni ned

to be preferentially expressed_on_the CD4+CD25+ T cells, can serve as
targets for (HENAPHIPPIESIORVEF Qﬁéln‘tqlldntebma%@pé@ﬁ?%@reﬁ@phfmgql?ewg%almsl mune

to induce their suppressive phenotype (once they have been activated, however,

their suppressive function is independent of antigenic stimulus). It has also been
demonstrated that the mere acquisition of CD25: expression, as can be achieved by
stimulation of CD4CD25" T cells, does not induce the suppressive phenotype.
These CD4"CD25" T cells are known to exist in humans (Shevach (2001) J. Exp.
Med. 193:F1-F6).

[0008] One study demonstrated that altered thymic selection is required for
generation of regulatory CD4"CD25" T cells (Jordan et al. (2001) Nat. Immunol.
2:301-06). In addition, studies with knockout mice demonstrated that molecules
involved in IL-2 synthesis and responsiveness are required for generation of these
cells; mice genetically deficient for IL2 or IL2Rp, or B7.1 (CD80) and B7.2
(CD86), or CD28 all have severe reduction in CD4*CD25" cells, with resulting
lymphadenopathy aﬁd hyperproliferation in the periphery of some of these mice
(Papiernik et al. (1998) Int. Immunol. 10:371-78; Salomon et al. (2000) Immunity
12:431-40; Kumanogoh et al. (2001) J. Immunol. 166:353-60).



= g

di sorders, inflammtory di seases and transplant rejection, as well as for
cancer and infectious diseases. [0010] Significantly, one of the genes
det erm nedof Rodfrsisf ferentially expressed in CD25+ cel |5y

gl ucocorticord-induced TNF receptor (@ TR) (MHugh et allj.%,jlfés'sza%“r/oalﬁsl(;l TR, a
cell-surface, transnenbrane protein receptor, is a nmenber of the tunor

Is fact t TNER Jamly, @ TR h b d trated t
e const i ¢ ut 10095 R s8eplty i AR Rl B ocferpifns e erpRRSRe SFAMIL0L) ot
| munol  3: 33-@B4" Ovpslighe®ite@bupprésion f thehmfune sgéted| e.gl Anighat . | rmunol .

3:135-42). G TR binds to another transnmenbrane protein referred to as G TR
Li gand ( G TRispecifigitiitla melegwles Bryalved in erquisitennd\sappressiots Bashihecell abr ogat e t he

suppressor a |t + 5+.. S, rati }onal role
for ATRI n%bié%éﬁel Ié?fl%%&%res a tal'c\g:la-% %él{?‘ﬁ?%’gggeg‘gﬁ t@% fﬁﬁgrgéh%g?%gl ., Ssupra).
Anot her st udyipgresidr; Madmbleailastatgal GGD25 df cdBs TRmdulatiag sRefinhisityonocl onal

anti body ‘-abrogated CD4+CD25+ T cel|-nedi ated suppression, thereby inducing
aut oi muni t y remspaingd laggdy uahaqwrsaﬁowd}-.Ithmwbmd[eg@nﬁwed,lthmnu% pr oposal

that G TR i sy, e faithful . marker !%DAH + T.cell r aushi hara et
al . (2003) J_mﬁ?rﬁrﬁ%aﬁgr@re%ﬂﬁ’%%@fo% v‘ésre%?é%‘?%@g%li{%efsgﬁ al one does not
excl usively b4 0ODEMIagh ODY €DIYLE eélls, that seveRy DS diffepéntial FReaksist occur s
followi ng activation of CD4+CD25- T cells (l\/t:Hu%h et al., supra; Shimzu et

al ., supra). (Msbingh eBale @002) rprrifakd:Hdedd; serslpe VoS- Satanipoplicationi n t he

Colls 1o o QUM RRRoBis AN b e b e in G B oSBT
char act er i ze deer@inednd 86 pteferehiidly expiessedan thé CIDAGCDR5" Buells, eayvsdrve a0l ecul es

that interact wwith G TR are di scl'gsed herein. Additionally, nodulators of
t hese nol ecultageigfer thewgpeuticdntesguiipmandycreenme mgthads fokagtogampnerne present

ool og.of " ot et TR iseef A el POt B SOAER B eapBr BT 0

nouse G TRL. idfeetiqiseli®atesi nventi on al so provi des nethods both to reverse
| mmune suppression by inducing agonistic G TR-A TRL binding, and to restore

or enhance | MO0} ﬁg&ﬁﬁ&ﬁﬁ& %Qﬁhé?éﬁ‘aﬁﬂeﬁhﬁgdgﬂ_&ﬁeﬁﬂﬁa / BelirBged ir€- 9
t hrough the use of neutralizing antibodies that inhibit GTRLC activity

(e.g., that @D2Tleellhis glmeasprticoidsimdbxed IBENreGERtR (HTRG(VREgh 8tally rever sal |
or

supra). GITR, a cell-surface, transmembrane protein receptor, is a member of the
tumor necrosis factor receptor (TNFR) superfamily. GITR has been demonstrated
to be constitutively present on nonactivated T cells (Gavin et al. (2002) Nat.
Immunol. 3:33-41; McHugh et al., supra; Shimizu et al. (2002) Nat. Immunol.
3:135-42). GITR binds to another transmembrane protein referred to as GITR
Ligand (GITRL). Agonistic antibodies to GITR have been shown to abrogate the
suppressor activity of CD4"CD25" T cells, demonstrating a functional role for
GITR in regulating the activity of these cells (McHugh et al., supra). Another -
study confirmed that stimulation of GITR with a specific monoclonal antibody
abrogated CD4"CD25" T cell-mediated suppression, thereby iﬂducing
autoimmunity (Shimizu et al., supra). These studies have led to the proposal that
GITR is a more faithfil marker of CD4"CD25" T cells (Uraushihara et al. (2003) J.
Immunol. 171:708-16); however, GITR expression alone does not exclusively
distinguish this subset, as upregulation of GITR a}so occurs following activation of
CD4'CD25™ T cells (McHugh et al., supra; Shimizu et al., supra).

[0011] Because GITR has been shown to be important in the regulation of
suppressor activity of CD4*CD25" T cells on CD4"CD25" T cells, it is desirable to



restoration/enhancenent, of immune suppression is beneficial in the
treatnent of varied disorders resulting fromdisregul ated i mmune responses,
such as welghdareg di sorders, inflammatory di seases anq,(?,@g}@;almqggsl
rejection, and cancer and infectioussgdi seases. The nethods of the present

i nvention are directed to manipulation of G TRL and ' G TR, i ncl udi ng, but

not limted t : Bl ( | P&ﬁﬂ' ; jfhcally

i ncl uded am)trll&g)enttl ﬁé@%h%n%'oggﬁpﬁlﬁﬁga&@#@egﬁd unég%RGS?IREF%%éiS] The
present i nvemidlesulgsribatiintemchwite|GITR aradisclosadchepsini Aidditiopally modutavdrs des  and
pol ypeptides related to a novel.  ligand for G TR (G TRL). The invention al so
provi des ant 6 §gg1o{qgu@mgrog§e«i‘e| | as nethods for treating, diagnosing,
prognosi ng, and nonitoring the progress of autoi mune disorders,
inflamatory diseases, and transplant rejection, and cancers and infectious
di seases. In one enbodinent of the_invention, the disclosed nethods and

nol ecul es can be used to- mﬁUWMPﬁJ%EWHQI\hn | mmune response
during the tn ol ' co i na. '

i sor der s, | 10NZrigk afefh AR Profips hifige AT MUAMAAERPE
cancers and iatoeélimoust hdhdasefhunan GITRINEThe redeacinvertion ddosgrboided

pol ynucl eoti des and pol ypeptides of the invention that block or inhibit the

i nteraction satibedies tomause GITRLTRhe presentdnvemtipa alsp profadasragibodsthofiytor he
expressi on or -\ . e D AGit@OrTR- : t induce
G TR signal i ﬁ%‘?e%gé}#r%%le%{sl%@‘e%’%@slﬁgy%g%?gd é’% ance s§§%%? ﬁdénr%c’j g?&lﬁ)he | mune
system | n aneitdreor entindt emtme §uppressive boahtagenibiag GIER-GITHRL bindingD

2004/ 107618 PCT/ US2004/ 016381 6_ G TRL .can be bl ocked or inhjbited by a

smal | nol eculee thiovgh the yse of petetizimeagtibgdieshat ighibiyGITRL 3etwiE (s8¢ t hat

t hese types l.af 4 | e Q%h@ t ] be. nost benefi ci al
In the treat %a%?@#%{ngﬁam%ﬁiem%gﬁgggﬂgn sogbglllﬁmég%%%lf grry di seases, and
simlar or retsératiordestancemnent, Gfimneink segpresdiontie benefiziatinthe tedtnientos pl ant
rejection. In another enbodinment, disclosed pol ynucl eotides and

pol ypept i des vared digondarsaptuligng fromdisregplated mpoppociespanses suicliasr exanpl e by

upregul ati ng %”ﬁfﬁ‘ | CE vt : I St4 |.nding to
G TR, can bgh{l}se El%ﬂ%g%/&é%{rrbé ie}{ﬂa%l‘%déiﬂy d%f)sre aeg%g;&%%ﬁg%?gtg%ﬁb%{do@?%e I mune
system |In andidfestioasidizdasemnThe inbthodndfthaptesent ibwaintios aredifeBednsl G TRL can
be enhanced or m.nicked by _a small npolecule. It w|l be appreciated by one
of skill in CHERHFHOD G @v&@c@@%@m Bet lpited toy mgsefFdRIpenef i ci al
in the treat riﬁﬁ'bl?k and &L l’?omologs; specifically included among these homologs is

human GITRL and human GITR.

[0013] The present invention provides novel isolated and purified polynucleotides
and polypeptides related to a novel ligand for GITR (GITRL). The invention also
provides antibodies to GITRL, as well as methods for treating, diagnosing,
prognosing, and monitoring the progress of autoimmune disorders, inflammatory
diseases, and transplant rejection, and cancers and infectious diseases. In one
embodiment of the invention, the disclosed methods and molecules can be used to
mémipulate the outcome of an immune response during the treatment of a disease
or disorder, including autoimmune disorders, inflammatory diseases, and
transplant rejection, as well as cancers and infectious diseases. In another
embodiment, disclosed polynucleotides and polypeptides of the invention that
block or inhibit the interaction between GITR and GITRL, for example by
downregulating the expression or activity of GITRL or by binding to GITRL, but
do not induce GITR signaling, can be used to restore or enhance suppression of the -

immune system. In another embodiment, the interaction between GITR and



and |ike diseases, as well as infectious diseases. One of skill in the art
woul d also be aware of the likely benefits of conbining these novel

t her api esy@ihdy/©9180! 1 shed and ot her therapies. [0014] plR RR604R188F1 ment,
the invention provides an isolated nugleic acid nol ecu[Pe conprising the
nucl eoti de sequence of SEQID NO 1 or SEQ ID NO 3. In another enbodinent,
the nucleic ' ' | i . ssion
cont ol sequebaL i BEtIGt:s o REIAR by sk Rind Boudt, 1SR be Ao
transfected wné bf §kik imthelag thatathesd typeks ©€ tdghlation i QMthekeemtodfdalts)willanot her
enbodi ment, the invention provides an isqlated allele of SEQID NO1 or SEQ
I D NO 3. | n 2R&skbensisighintha treatmeat ofppigimymymefispydeeandsomes ol at ed gene
conprising t ke : I el . r
enbodi nment , F&ﬁle%%/tgﬁ{ élhg%sﬁg#/(?%@agér ]i%sﬁ(%da(?sé%rg’c Sev? %ﬂ%‘]cl}llcti& t?féb]‘l?ﬁelgc}gl e t hat

speci fi cal | y olfiythiigpliint egjedtiofie Tn Bh@hdrentbiodintge,disatesed ipblyanclestiies ked nucl eot i de
sequence set forth in SEQ.ID NO I or SEQ ID NO 3, or. the caonplenent

thereto. [00Pelypeptidesef therinwmbionitha induce GEIR sisaaking forsxampledy an i sol at ed
nucleic acid | o0 t . | Ll SLAC - | acid
sequence of gE%% aﬁ”k\@ez, %)ersgigﬁ? ?gcglrre It% %t Igir{goo?% h ﬁéﬁn%%%@ggé\rbggg ive
fragment of tchebpussdas feverse, blaoktdiabrogaie sappression dfftke innialngs systeai. dnnol ecul e,

or fragnment thereof, is operahly |inked to _at |east one expression control
sequence. | napeiberranbodument; thedpteragtiopbstweennGI TR and GIER ean be crhanerdk ect ed

with the isol o . [ [ C [ 2

PCT/ US2004/ ofggfﬁ‘l&‘;& {bﬁé‘%eo ,ﬂ%lgél?%bwv o8 l%%éfre@gfgg?’&|°\§§s?? ngﬁg} g[%g]%tgssi on
control sequdimt ¢hass typesuf rbgdlatibm wilhbeiosy beneficial ikl tredtfhenti of\eandetson provi des
a nonhunan traniﬂgaj c animal .in. which the somatic and germcel ls contain

the isol at ed 3Ad &k fiseases, @s wsileas infectioys diseasssnPre of slal apfhe artwoild lse

enbodi nent , L LV | | | ' : 1 whi ch
The sommti ¢ Saqanreibt FRIpbeNoRrar Ay Bie nbl A g A LIRS e nce
of SEQ | D NOaid otheStHrdpizsNO. 3. [ 0018] | n anot her enbodi ment, the invention
provi des an isolated protein conprising the am no acid sequence encoded for
by an i sol at §0012Y ¢th 6h€ ebodiniche the iaP&fioh peRlides AnVS14ted ARdleivasiar hi ghly
stringent conditions to the nucleotide sequence set forth in SEQID NGO 1 or

SEQ | D NO 3, mplequirecasaprisingthanuelaetidstsoquenge ahSEQAP NenbardiER B NQ:Be

' nvention prqy IaI(ljo er’einb %.?rlngﬁt,e e %\rl&%f:lagidcn%)%éﬁlg isn(%e}arll)?y fifked%o gtcllegst one

expression control sequence. In another embodiment, a host cell transformed or

=]

transfected with the nucleic acid molecule is provided.

[0015] In another embodiment, the invention provides an isolated allele of SEQ ID
NO:1 or SEQ ID NO:3. In another embodiment, the invention provides an isolated
gene comprising the nucleotide sequence of SEQ ID NO:3. '

[0016] In another embodiment, the invention provides an isolated nucleic acid
- molecule that specifically hybridizes under highly stringent conditions to the
nucleotide sequence set forth in SEQ ID NO:1 or SEQ ID NO:3, or the

complement thereto.

~ [0017] In another embodiment, the invention provides an isolated nucleic acid
molecule that encodes a protein comprising the amino acid sequence of SEQ ID
NO:2, or a fragment thereof that encodes an active fragment of the protein. In
another embodiment, the nucleic acid molecule, or fragment thereof, is operably
linked to at least one expression control sequence. In another embodiment, a host

cell transformed or transfected with the isolated nucleic acid molecule, or fragment



sequence of SEQ ID NG 2, or an active fragnment thereof. [0019] |In another
enbodi nent, the invention provides an isolated nucleic acid nolecule
conprisiaggggﬁ §1c§9t i de sequence conpl ementary to the npergRyJFB1638EAUENCE
of SEQ ID .IHor SEQ I D NO 3, or a fgagment thereof, V\Eer@?n expressi on of
the nucleic acid nolecule in a cell results in decreased production of

G TRL. In an 'BEB;, t | ol

thereof, is 9%%%&%@#§£ﬁ*n eé“?gp2?8#%5gﬁ&g%%hg%%@ég%%gﬁmgg%P%%ﬁggg%%ence. In
anot her enbeanbtherdmbaihestt the éhventiompoiidesa tonliurharatpafsgatie dnivdal m t he

I sol ated nucl ei, cid nolecule, gr fragment thereof, operaply |inked to at
| east one ex &ﬁ’é‘g"s'i%ﬁﬁo@éﬁ*ﬁmger@é’& & @%F@ﬁ‘ieg@&‘?lﬂcr?c&n@f’gé‘ﬂe%odi nent ,
the inventio ' . Is ' I lofhush somati c
and germ cel pﬁ@gﬁﬂgtg@g@%ﬁ@g@%@%ﬁﬁ@ ﬁg@?ﬁﬂ%@&bﬁﬂe}i’o or ?[fagmsnt

t her eof . [ 00B@hsgenicamirhsicn wénidiottie sematic andegerm\celid comtaip DINA demprsingnt i sense

ol i gonucl eot i de onpl enent ar NA cqrr ding to a nucleic acid
mol ecul e Cong}q@cf@ﬁﬂgﬁ@uﬁméﬁqﬁ)@bﬁgﬁ%@ﬁﬁé.l DNO1 or SEQ ID NO 3,
or a fragnment thereof, wherein the oligonucleotide inhibits expression of

G TRL. I n antRHS] Ieaedberrsphodimernt, thenwaatianpreviges areisolatai malaimo| ecul e

correspondin Q.. | el i I .S I L. de sequence
of SE0 | D NOFBr R Ehip afl ol piloleE ARl il FuHE LG8 R
mol ecul e i nhigpédificatlyybagizeduriler highlhftringdft aitiohd TEthd niclebl 4éried6381 8
[ 0021] In anot her enbodi nen the invention provides an_ isolated anti body

t,
capabl e of Sgiderthin8EQIDINQ orSEQ I3 NQ:3gprdhe sompplsmentihersta rngna§er he ami no

aci d sequenc j - « ' . d: i.fically
ybri di ses ugHepuRRaE e Rleloilolinl BS:AUGHRH Bilishadhe BRECHLT Y (.,
forth in SEQs¢dquehs df SEQ BEORDoMNG adtive fragentaherpdfenent t hereto. I n anot her
enbodi ment, the antibody neutralizes GTRL activity. |In another enbodi nment,
the anti body jog19p I dnothé dnitbdirAdieGhe iR o Prividddin iselateiubRic 29y ng ATCC
number PTA-5337.7In another enbodinment, the antibody conprises the antigen
bi ndi ng f r agniestiofonyFising a nudectide s¢quenerotomplerertianyi tordhenucteetidé nvent i on

o Seol at ; e b ng t
ol ated pr ot SHEE BRI g SRR N3 R S pmatB ISP NG, 5 or an
active fragmeppresdied 6Cthe nhéleidneidifsle@NOROA S8 Yesultstin dectBised pEbAuDIESH 62! | Zes

G TRL acti vi t@/ I n _anot her enbodi ment, the antibody is
ITRL. In another embodiment, the nucleic acid molecule, or fragment thereof, is

operably linked to at least one expression control sequence. In another
embodiment, a host cell transformed or transfected with the isolated nucleic acid
molecule, or fragment thereof, operably linked to at least one expression control
sequence is provided. In another embodiment, the invention provides a nonhuman
transgenic animal in which the somatic and germ cells contain the isolated nucleic

acid molecule, or fragment thereof.

[0020] In another embodiment, the invention provides an antisense oligonucleotide
complementary to a mRNA corresponding to a nucleic acid molecule comprising
the nucleotide sequeﬁce of SEQ ID NO:1 or SEQ ID NO:3, or a fragment thereof,
wherein the oligonucleotide inhibits expression of GITRL. In another
embodiment, the invention provides a siRNA molecule corresponding to a nucleic
acid molecule comprising the nucleotide sequence of SEQ ID NO:1 or SEQ ID
NO:3, or a fragment thereof, wherein the siRNA molecule inhibits expression of
GITRL.



5171, having ATCC nunber PTA-5336, or 10F12, havi ng ATCC nunber PTA- 5337.

I n anot her enbodi nent, the antibody conprises the antigen binding fragnents
of 5F1 or 10F12. [0022] | n another enbodiment, the invent.i ovides a

met hod oVE¥WPEWIPy for test conpounds capabl e of inhi%ﬁyﬁ%g‘{ﬁ‘}“#ﬁqocki ng
the interaction of GTRL with G TR conprising the steps of contacting a

e oLt S el ook e S Ml ST
relative to n%ﬁ%ﬁ%}@%@%%@@ tQhn bER eﬁ%ﬂe{h GrlRisidy th@aﬁﬁHH)a{cgdf &gherfcent acte

with the co a decrease in the'interaction 4 TRL with G TR
in the sanpl encodext foc bydnisoldted herleioagid tred spetificaily ihybridines undenkighblyd as one

that inhibits. I t i nt [ f A TRL,w 3. T. th
enbod ment . HBE e Rois o S EIRats Sausies seh b sRopRoH Buefg o°"
subj ect at rirsKJ:9 or thE cothPeReHQHerdol Tn 2ARhEUHITHER, BE SREKEEy. an

inflammatory disease, or transplant rejection, the nmethod conprising the
steps of i soheutialigesTGHRL activityoin arethes gtbediment, tbaantibgdy issSHilsbédngd T cel | s

with the identified co u an ransferrli t he a cel l s back
into the subﬁi&dfl b%%@%%%ﬁ%ﬁ%ﬁ%“%ﬁ@d&ﬂﬂﬂﬁfﬁ%&@%ﬁ;&&ﬂa % used in
a method of {readiinRet theSbbEs cotiprisbSthelafttigerMindids #ABRRAL oWsENor AN

aut oi nmune di sorder, an 1 nfldmuatory di seaSe, or Transplant rejection, the

met hod conpr 16129 Indnothersdnebadigentotht investitn providek en isotated dntibddy conpound. I n
anot her enbodi t,. the.i ntj.on pravides a,net hod .f.or .assessin t he
cf {1 cacy of  CirabR AR scetly DA 1T B £OBBRERE LR NIN A St eps of WO
2004/ 107618 EhiAISZRGHPASRBL2, F of Qb frdlncdt ﬁie&%}{f. Fﬁﬁhﬂ&er%b@&&%&,or T

cells fromthe subject prior to admnistration he conpound to the
subj ect, det thetantibody rsutrelizes (ildB&ractivity f Inempther Fmbediment, therantibody subj ect

after adm ni ti.on he. co 0 bj ect d.c L ng the
first nunber§]gl{1 ayRe Ag‘i%‘éH}}mﬁﬁﬁg‘g‘%é\ﬁ@ﬁ35@@@”%4?@‘3%“@%@e in the
nunber of ~ef{PciRhandthelhBodiRent e JoMIPRREs e afigMAiRdng 0 the first
nunber indicates that the conmpound is efficacious in treating an autoi nmune
di sorder, anfragrhérdsnfidlor gr ifd@ase, or transplant rejection in the subject.
I n another enbodiment, the effector T cells are CD4+ T cells or CD8+ T
cell's. [0023[0022] Enmiokiet embbdithent iie intéretionprevitésenmpthod ofl sseeningefohod of
screening for test conmpounds c¢apahl e of enhancing or. m picking.the
i nteraction Wt cgmmRund; ¢apablejof rahatybing piblagking thednigretion ot GRiBle Pithy a sanpl e
containing Ggffk c@ﬁgﬂ&glﬁw steps of contacting a sample containing GITRL and GITR

with a test compound and determining whether the interaction of GITRL with

GITR in the sample is decreased relative to the interaction of GITRL with GITR in

a sample not contacted with the compound, whereby a decrease in the interaction
of GITRL with GITR in the sample contacted with the compound identifies the
“compound as one that inhibits or blocks the interaction of GITRL with GITR. In
another embodiment, the identified compound is used in a method of treating a
subject at risk for, or diagnosed with, an autoimmune disorder, an inflammatory
disease, or transplant rejection, the method comprising the steps of isolating T cells
from the subject, treating the isolated T cells with the identified compound, and
transferring the treated T cells back into the subject. In another embodiment, the
identified compound is used in a method of treating a subject at risk for, or
diagnosed with, an autoimmune disorder, an inflammatory disease, or transplant
rejection, the method comprising administering to the subject the identified
compound. In another embodiment, the invention provides a method for assessing

the efficacy of the identified compound in a subject comprising the steps of



with a test conpound and determ ning whether the interaction of GQTRL with
G TR in the sanple is increased relative to the interaction of G TRL with
G TR in not contacted with the conpound, vvher&?y ' ase in
the int e‘r‘g)c ?‘gﬁ%‘& G TRL with G TR ign the sanple contac éUdﬁ\?\?‘ft/ﬂg{sﬁe
conpound identifies the conpound as one that enhances or mmcs the

I nteraction T .t h T. I net her i t . .the .1 dentified
conmpound i s ei%%g ?ﬁéw el r?gaog‘?ﬁetc&égfgeﬂa _gm @gg}%gg&%g)[or FOI SK -%‘ﬁ?ﬁdg} _

di agnosed Wi dffthe Eciscind @6 tiRfbubjebip aéteatiiy dicteabrumBbdof BEENOCT ce M Si ng the
steps of isolating T cells fromthe subject, treating the isolated T cells

with the i dehe pybjed afemgsbunistrationiofithe pempound e therribiere ardepmpazig|the back i nt o
A gt e ; 9 . .
mothod . of - et AR ARG TR el A SRTRAMM eSuliReE 10 2

i nfectious difegRslr T deleintht Bedné afbesdsREmparsdnd Secfirshgmilser idticatdsbj ect t he

i dentified conmpound. In __another enbodinent, the invention provides a nethod
for assessi rifatithecemnpouaddy eldicacipysdnityeating an adoizarwLHSPIIS, 81 subj ect
conprising t. 1ep t In d . ?Qﬁr' freff or T cells from
t he subj ect ﬁ?‘% h%.ogygjc??ng% %ﬁ{r‘agts@%% r%‘feéﬁinemqgorrpéﬁgd %noﬁ%é subj ect,

detecting a ésfdndemuiibeffectbr Tktlirireo CDR' arddlls of ODB' tThellssubj ect af ter
adm ni stration of the conpound to the subject, and conparing the first

nunber and t[gg25enAREHBHERBEdimehe R BYvetish PRivides Atheth\E 68RFRning fhhe nunber
of effector T cells in the second nunber as conpared to the first nunber

i ndi cat es t Hast compeundsmapahielof enhafiding excinduiscking the imtaractipned KdERLovitlan

i nfectious di se in.th ubj ect. 1.n anot her epbodi t fector T

col | 5 are. il ocmpile e slspsbfSontastig 3 SheplsoRPyo: 0b et 5804 016381
10 [0024] 'ﬂnﬁ‘lﬂ‘gfté%?éoﬁﬁﬂiﬁﬁ'aﬁ&ﬂétenﬁl%g' WS R inBir Sitiod ©F ATRE MA@ f or

di agnosi ng an autoi nmune di sorder, an inflammtory di sease, or transpl ant

rej ecti on i "GHRinghesample imipricasedgelative totthpinterhctivatad FITRY. with €3TRamount of a
G TRL gene product in a e.fromthe subject,.and conparing the test
AUt S & SRS 9! CaRBGE VB e FATeg o SHEREY bt GRIGSS FHBATBARIBY sanpl e,
whereby a t etGIATIUWRth SITTRIiA Hiedahple coabiied wilethe bApbui LM iRy | des a
positive indication in the diagnoSis of an autoinmune di sorder, an

i nf | ammat or ycodippand es oner thatrenhadea nt mimjce the interaction af GIRRE withnGBR.nant , t he

I nvention provi,des t hod f.qr di agnosi ng, cancer or an, i.pfectious di sease

i n e sub] eorabbifE e diBienh et dtoRRe Rt PGS Che B obReEE D o TR

gene productsybikcPatTRARMGE of SABAIBE wiHDEREEr oraR InROHRA didRekse! 1R rhéiBdd amount
comprising the steps of isolating T cells from the subject, treating the isolated T

cells with the identified compound, and transferring the treated T cells back into
the subject. In another embodiment, the identified compound is used in a method
of treating a subject at risk for, or diagnosed with, cancer or an infectious disease,
the method comprising administering to the subject the identified compound. In
another embodiment, the invention provides a method for assessing the efficacy of
the identified compound in a subject comprising the steps of detecting a first
number of effector T cells from the subject prior to administration of the
compound to the subject, detecting a second number of effector T cells from the
subject after administration of the compound to the subject, and comparing the first
number and the second number, whereby a significant increase in the number of
effector T cells in the second number as compared to the first number indicates that
the compound is efficacious in treating cancer or an infectious disease in the
subject. In another embodiment, the effector T cells are CD4" T cells or CD8" T

cells.



w th a normal anount of the G TRL gene product in a control sanple, whereby

a test anount significantly bel ow the normal anount provides a positive

i ndi cati ' di agnosi s of cancer or an infectious,gdi 025] In
200471 gn ! . .

anot her gﬁ)bo%’l /ngrglt‘?8 the invention prqyides a method of ?%@S@gﬂlggﬁsubj ect

at risk for, or diagnosed with, an autoi mune disorder, inflammatory

ot | ot ol dminister! o th Y ot
G TR ant agol2AT B Rl SrBsbinkihy SROR P bR R AR didaloRie Lt er i ng
the G TR anh@biihtie dbcidert, Bﬂhﬂaﬂﬁna&@%@i&a&é}& trhnspRint tdjectioh e s bwbject cells in

t he subject to suppression by CD4+CD25+ regulatory T cells is naintained
(e.g., in ancempising themsieps of Jeteating pdpsirmonntefaG gereimpdyctina | n anot her

enbodi nent, nj ' ct ro r sisiing of a
neutrali zi ngyﬁqlgﬁmgﬁggﬁ %@ffﬁgﬁﬁéﬁ}eﬁgﬁi@oﬁ@ %’ﬁﬁﬁga Ll‘% an ulnt)(?)%y, a
fusion prot eilr GRIAgHePFoddcT R a contrbUSingile, WiRkebyh testhdunt signifiGadBt | ve
fragment of G TR _an antagonistic small _ nolecule, an antisense G TRL

nucl ei ¢ aci dabpyedbememal parountarexides@ pRitivieuedieation in dheglipgnosis@fen | n anot her
enbodi nent . 3 ' ' der..on - nf | anmpak or P ey ect ed
fromthe gr 0%1%}8%% é‘i%s | nggrtf)g{l f’ﬁfedL m%t%iydil %Iafeh W?%g?yané%é%g al %ﬂnj%lléjlﬁfé{i S,

ost eoart hri t e@boditeht, ecinseltidhPsoddesairhohodtiialifassing tarker osarst em ¢ | upus
eryt hemat osus, psoriasis_and aother inflammtory dermatoses,

t |
di abet es, asiHemtiouafiseasgyn a suhiest spmprpmg Brostanswé detgetingntest %@feﬂa ng

Crohn's di ive coldt] 6 pent, th
i n\c/)egt ?on Lfﬁlﬁg@@ge ??é’tﬁﬁ%tgﬁg}égrppfé%a O%gjeghgjgétbfl‘%%gbwggﬁe @giir)%?ﬁidodrmgi agnoged

with, cancer with adidrinal 866008 thdiGT @ BRsdust G conttol fangils whegebya t he

subject a G TR agonist._ In another enbodi nent, the_ nethod, WO 2004/107618
PCT/ US2004/ 0 tesbgnount sigaifipgnily belowdhs rerarabrmagntirevidgsaposiygimdicationn t hat

A TR agoni Stinoﬁlg\ﬂiagﬁﬁ%g%‘ﬁ?aﬁ’lééljdpimﬁf%tﬁu%:d%@@g. to effector T cells in the

subj ect and render ess ~suscep suppressi on by CD4+CD25+

regul atory T gel i n . the suhjec e.d.,.1n_an amupt .ef.fective to provide
such a si gna{@?sj _ﬁ‘%ﬁ?&]ﬁ’igm 83‘%%5’ﬁﬁ%¥1?’efétw&rt§‘i‘1*@es aaﬁ‘SﬁﬁogtOfFrgatg’&aect ed from
the group Co&ﬁdjéét'af‘ﬁslpfor,qr-ﬁ%no;ﬁﬂ VA, laH Quioi ASRE HisBider, B flAkmatdry USI ON
protein containing G TRL, a fusion protein containi n%han active fragnent of

G TRL, and adiseapeydrdtanspl@itThjeatimon domapyisigr@phistenng bothieenbjectiao@ITient , t he

I nvention provides a._nethod of induci rqliferatiagon.of a cell ul ation

cont ai ni ng offitagenist. In angther emgﬁ?,r{ggmeﬁma compnsesla%mmlstenng fhe Gﬁ%’ .
antagonist such that the susceptibility of the effector T cells in the subject to

b}

suppression by CD4*CD25" regulatory T cells is maintained (e.g., in an amount
effective to maintain such susceptibility). In another embodiment, the GITR
antagonist is selected from the group consisting of a neutralizing anti-GITRL
an_tibody, a'neutralizirllg anti-GITR antibody, a fusion protein containing GITR, a
fusion protein containing an active fragment of GITR, an antagonistic small
molecule, an antisense GITRL nucleic acid molecule, and a siRNA GITRL nucleic
acid molecule. In another embodiment, the autoimmune disorder or inflammatory
disease is selected from the group consisting of rheumatoid arthritis,
encephalomyelitis, osteoarthritis, multiple sclerosis, autoimmune gastritis,
systemic lupus erythematosus, psoriasis and other inflammatory dermatoses, type I
diabetes, asthma, allergy, and inflammatory bowel diseases, including Crohn’s

disease and ulcerative colitis.

[0026] In another embodiment, the invention provides a method of treating a
subject at risk for, or diagnosed with, cancer or an infectious disease comprising

administering to the subject a GITR agonist. In another embodiment, the method



adm nistering a G TR agonist to the cell population. In another enbodi nent,
the G TR agonist is selected fromthe group consisting of G TRL, an active
fragment w@hooihdidts @ fusion protein containing G TRL, | tein

contai ning an ach ve fragment of G TRL, and an agoni stlﬁ%{@@@zﬂgﬁ?l body. In
anot her enbodinent, the effector T cells are CD4+ T cells or CD8+ T cells.

[0028] In an ls [ ' | | . of inhibiting
proliferati o‘g&%@‘isgggﬁe}ﬁ ﬁﬁ%%é)}ﬁ tg{e ?’gﬁkc&éﬁﬂg Sﬁ?l?lg{agp:r@gt% é&uﬁgﬁﬁ%‘q %:onpr I si ng
admi ni st er i ngpstinfalatityaigrapndfikctot T detieirck butijeq iha ténders them daet her

enbodi ment, the G TR antagonist is,selgcted fromthe group consisting of a
neut r al i zi ngSuspEntibledpsRPPrEFHISHG DA LI  tregulpterng caltt inthy sRich{s-Holdy, a

fusion prot o S 3kl to?l’c;%ieﬁcﬂﬁ%*@gl%gpgcuk%r%%gﬂiﬁnﬂ%@@@tiVe

fragnent of , an antagonistrc sm an ant1 sense TRL

nucl ei ¢ aci dagonise tsletectedfebna tit grdifp édndisling BUGIERK, sacictverfhgaedtdf |1 n anot her
enbodi nent, the effector T cells are CO4+ T cells or CD8+ T cells. In

anot her enbotlHehta fusiga prytein coptaiges CEERL.s2 Risipn groteingontaining)apeqtiven anot her
enbodi nent ﬁ?&n&ﬂ\éﬁﬁﬁrﬁﬂ #Hdoéﬂ ﬁisﬁd@fﬁ%ﬂﬁ@cﬁ;j. nhi biting or bl ocking
populati o e

suppression of~a ce conprirsing e ctor T cells in the

f 25+ X | | s. dm pi steri G TR
goni ot to. t MBLEER a5t Eappue: ioGRumRioh PERGOR TRt PRCHEREod compr i Ses
adni ni st eri ngeoliRGatfdnld? AL Pophlafisks CoritdlAing lehBctet TReAOQMSIsidY ovi des a

costinulatory signal to the effector T célls and renders themless
suscept i bl e adminsteringesSIBhagopist kethepdl popgatiane dulagethenertbasiment, the. g., in an

t effective to. ' i gnal ) .. | bodi nent, the G TR
Soni st 1 5 <OIR abdhist felecd L BR dne 2B s sting S5 PAERbein SRC HABRGR ¢ ngront
of GTRL, a §HGITHL,RIRESH Profén2004ihid/GRRIPGHILER PRALIALERRHinglar coNt ai ni ng

G TRL, a fusion protein containing an active fraigrrent of ATRL, and an
agoni sti ¢ G Frivadtagmediof GHRL»end ar agonishigi G antibndy.chfanothsr T cells are

CD4+ T cells pr,.CD84.T cells 030] nqgi her diJrent, the invention
provi des a n@ﬁ%%?t’gﬁfﬁ‘%gt’grr%ﬁ%me@? @B%ffﬂétqm%ﬂgfi sing effector T
cells in the presence of +CD25+ requjatory . T cells c ti.Si ng
adni ni steri n&’%asﬂnmomg Ailigtent, the igxertion provides a methor of PIbiteg her
enbodi nent, C ' L] | . agoni st such
that the sus%ﬁég{%%ﬁh??ya %M°h§ﬁ§?‘?g‘??or %(rf:fg g’i‘[& gnsé(ﬁ%p]ﬂ-p&%g on

administering a GITR antagonist to the cell population. In another embodiment,

the GITR antagonist is selected from the group consisting of a neutralizing anti-
‘GITRL antibody, éneutra]izing anti-GITR antibody, a fusion profein containing
GITR, a fusion protein containing an active fragment of GITR, an antagonistic
small molecule, an antisense GITRL nucleic acid molecule, and a siRNA GITRL
nucleic acid molecule. In another embodiment, the effector T cells are CD4" T
cells or CD8" T cells. In another embodiment, the GITR antagonist is 5F1 or
10F12.

[0029] In another embodiment, the invention provides a method of inhibiting or
blocking suppression of a cell population comprising effector T cells in the
presence of CD4"CD25" regulatory T cells comprising administering a GITR
agonist to the cell population. In another embodiment, the method comprises
administering the GITR agonist such that the GITR agonist provides a
costimulatory signal to the effector T cells and renders them less susceptible to
suppression by the CD4*CD25" regulatory T cells (e.g., in an amount effective to
provide such a signal). In another embodiment, the GITR agonist is selected from
the group consisting of GITRL, an active fragment of GITRL, a fusion protein



by the CD4+CD25+ regulatory T cells is maintained (e.g., in an anount
effective to maintain such susceptibility). In another enbodinment, the G TR

ant agoni cted fromthe group consisting of a

anti-d T%io %@%’ﬂ@%ﬂe neutralizinganti-G TR anti bodwéﬁ /@ﬁ%r otein
containing G TR, a fu5| on protein cont aining an active fragrrent of TR an
ant agoni sti c_snal. sense G TRL cle cuI e, and
2" BNA o reeonane PETEE, & fiioRbrofR ot SR 6t O e cHBBUPT R G R IR f ect or T
celI's are Clihgdnisft GITRanfilédy. I at®thérembodirAé! the effedthor camtre D% G TR

antagoni st is S5F1 or | OF 12. "[0031] In another enbodi ment, the invention
provi des a reedlls@r &D§ Aheddlsti ng the expression of GTRL in a cell
popul ation conprising treating the cell population wth an isolated nucleic

aci IOI rr:)I gcul[eowmmeﬁlla%eénbﬁﬁsnél?)pﬂmdmeﬁ%sgmnqjhc&ir@ﬁglppmssin%aPﬁ .
nucl eoti de seguence .o + gnen er eo
wher ei n expﬁéﬂ?PBﬂaB?n? %;’*\%‘Eﬁ qgtcggqup thepresenge oofrgg‘f’l Iﬁ%sul ts in

decr eased prr?%d&[, cQﬁs Wﬂﬁdﬁﬁﬁgﬁﬁf‘g%mw msf %é eé/lpntlon provi des

a met hod of NI bI"ti ng the "'expression o RL 1n-a ce popul ati on
conpri sing pupahtmmghtdmthsaebinbpd:mh’atthmeﬂmd bompnmtadmﬂmﬁmng thgonucl eot i de

Che’ nuol EE?fférgﬁz"@Eeﬁm”RNé\u 24368 oronRbis pf G gfienoRB s 9&”?%5%?%%?73‘3?" eine
t her eof , r@gQCmQCDQB* Rl \f/drg?tdeﬁ&s'xﬂé]hp é@%eﬁ:ﬁ%g&glfi‘uﬁ ﬁt%ﬂ%% [0032]

I n another dinment, the~In tion provid Iting the
expressi on Qﬁalﬂailiﬂuch lsusmepmﬂhhtymohuimtheo ambodmrens rthagGI’l?lé antagmnisthe cel |

popul ati on NA nol ecul € targeted.tio a orresponding to an
i sol ated nucf d%@ﬂgerﬁ?‘&‘iﬂnﬁs ¢ aquiygl l%ﬁgaﬂﬁm g%‘i’h&ence of SEQID
NG 1 or SEQ d&uﬁlﬁﬁgmd Glm%ﬁwdyey‘ﬁﬁ?dn!ﬁafem é&ﬁ%‘aﬂuﬂ @HerOQ fii@yi des a met hod

of inhibiting t xpression of "G TRL In a cell population conprising
treating therotein coptmmmgan activedrapaat 0GRS aﬁ@ﬁta@@ﬁ@%lﬂdlﬁﬁﬁ]lecu]bm th a

I RNA nol t | [ i ol at ed | ei id
ol coul 6 corBiReRR b BB e gl TORDPHLHARISES 3e nucl cot do
sequence of SEQIP HOlsbus «SHRIHR m&ff&msaeugw@smeemmm the

i nvention provides a net b| ting the expression of ATRL in a cell
popul ati on cbogllsi ha@mmbodgnd:ﬂt,ethcéiITantagbmsu isAFlwr {0FEn anti sense
ol i gonucl eotide to a nucleic acid nol ecule encoding G TRL. In another

enbodi nent , .[0b31]iIA\waethePEmPs@Ybitethe anveRtibR frovides Amidihdd SRinhibRingxEE eSsi on
expression of GITRL in a cell population comprising treating the cell population

with an isolated nucleic acid molecule comprising a nucleotide sequence
complementary to the nucleotide sequence of SEQ ID NO:1 or SEQ ID NO:3, or a
fragment thereof, wherein expression of the nucleic acid molecule in a cell results
in decreased'production of GITRL In another embodiment, the invention provides
a method of inhibiting the expression of GITRL in a cell population comprising
treating the cell populaﬁon with an antisense oligonucleotide complementary to a
mRNA corresponding to a nucleic acid molecule comprising the nucleotide
sequence of SEQ ID NO:1 or SEQ ID NO:3, or a fragment thereof, wherein the
oligonucleotide inhibits expression of GITRL.

[0032] In another embodiment, the invention provides a method of inhibiting the
expression of GITRL in a cell population comprising treating the cell population
with a siRNA molecule targeted to a mRNA corresponding to an isolated nucleic
acid molecule comprising the nucleotide sequence of SEQ ID NO:1 or SEQ ID

NO:3. In another embodiment, the invention provides a method of inhibiting the

expression of GITRL in a cell population comprising treating the cell population |



of GTRL in a cell population conprising treating the cell population with a
Si RNA nol ecul e targeted to a nRNA encoding G TRL. [0034] In another
enbodi e Lnvention provides a nmethod of inducin ressi on of
G TRL i nwé”é’{e"w"ﬂé@pu| ation conpri si ”?3 treating the cel ?"éplggiﬁ"@‘ﬂtiﬁi by
transform ng or transfecting the cell population with an isolated nucleic
acid nol ecul e conpriSi he nucl eot | sequence. of, SEQ | | 11 .or SEQID
NG 3, or i YR AR it ettt SRR AR E iele B melledmetef o of
~conpri sing tded memciie c@ﬁipﬁsﬁg%ﬁeﬁeti@ segqiécelCoplefnentiry @ theaapRpiidd her eof
t hat encodes an active ragment of the protein, wherein the nucleic acid
mol ecul e i s ssgeengdo§ SEQHINOr horREQ MBN®:3one expressi on control sequence.
[ 0035] In another enbodi nent, the invention provides a popul ati on of
effector T [0633]sIntdnathehembodiment, therihvartion providdstarmethod af inkibvingthe h a G TR
agoni st. I n anot her giln:?ﬁgi_rrent th? G TR agoni st i.s sel eﬁt ed fromthe group
consi sting ofxpegssign of A0 3 oell pepy op-RomPTSmEd RS the cell PPBHaDt ei n
containing G ; ' REALRIdR to § AL 1B LM g{)@ltmof G TRL,
an agoni sti?w:s{ﬁn%?ﬁ&rgg#%cd& 8, cgn ano ggoﬁilcstfla%nglﬁ‘t:@-eépgn{%?l ody. In
anot her enbaatiothen tmbodiemest, tiecineentibnpedvidesar methGiDéfinhibithg theexpEseh T cel | s.
[0036] I n another enbodiment, .the invention, provides a nmethqd of treating
cancer or aﬁ’# &c%%ﬁ?&lmg@gg’éc?lﬁp%s%ﬁfaé@ﬁ,tﬁ??@e hGen el i sing the
steps of obtahfy Ll tPh £ I lls, treating the

SRR |8 R n&gvan &algér’%ﬂirfg GITHIE

popul ati on w goni st nistering the treated population to

t he subj ect Ict .t I . ' ' . not her
erbodi ment ORGP ARORSE HEGARER, tinflop Bisiidesd Hefbd SAMab RNy of
G TRL, an acéspyesiohaf GETRLGh a ChIT; ﬁ’bpﬂ@ci&d&bhﬁiﬁsﬁffgﬁfe@ﬁﬁg the@ell popalagord TRL, a
fusion protein containing an active fragnent of G TRL, an agonistic small

ml ecul ¢ /anlw@@sﬁgm&@rlttanafepting;hﬂqelém)ptg@f&nWiﬂhalaiﬁ@.lmnmb@ml/ 107618
T U200 O MRS UL SN L S Encer o

the treated p use as a nor vac her

enmbodi nent, éhgith fvBolatedhupleivdciemotchleahdteacodes & proteia @oRPSiking @e conpri si ng
a G TR agoni st_ and,_a pharmaceutically acceptable carrier. |n another

enbodi ment , ' hiEO @FiRCARFIAE gf SEQ IDaN@e evia fiagmentiibergeidhy eagerdes enjapiveof
G TRL, ' i ' i ] TRL,
fuston - pr ot eieet EPETRN, witiEi e RbE B0 REBLEL B GY MBRGH . 2

nol ecul e, anast one expression control sequence.

{0035] In another embodiment, the invention provides a population of effector T
cells that have been contacted in vitro ot ex vivo with a GITR agonist. In another
embodiment, the GITR agonist is selected from the group consisting of GITRL, or
an active fragment of GITRL, a fusion protein containing GITRL, a fusion protein
containing an active fragment of GITRL, an agonistic small molecule, and an
agonistic anti-GITR antibody. In another embodiment, the effector T cells are
CD4" T cells or CD8" T cells.

[0036] In another embodiment, the invention provides a method of treating cancer
or an infectious disease in a subject, the method comprising the steps of obtaining
a population of effector T cells, treating the population with a GITR agonist, and
administering the treated population to the subject afflicted with cancer or an
infectious disease. In another embodiment, the GITR agonist is selected from the
group consisting of GITRL, an active fragment of GITRL, a fusion protein
containing GITRL, a fusion protein containing an active fragment of GITRL, an

agonistic small molecule, and an agonistic anti-GITR antibody. In another



an agonistic anti-G TR anti body. [0038] In another enbodi nent, the invention
provi des a pharmaceutical conposition conprising a G TR antagoni st and a
phar maceyld o/ lossRCCEPt abl e carrier. In another enbodi szoﬁﬂﬁsngR
antagoni st 1s seFected fromthe group, consisting of a neutrallzing

anti -G TRL anti body, a neutralizing anti-G TR antibody, a fusion protein
containing G TR,. a fusion.protein nt.ai ni n acti fragnent of GLTR, an
ant agoni st i gnigﬁg}qlenﬁ%%ﬁ%gﬂp c,t ?sa%lgﬁ%%?@}ﬁg@cagafg[{hﬁﬁ’gﬁtécfgop & {8t cul e, and
a si RNA G TRk amwebevdecimel d nol ecul e. I n anot her enbodi ment, the anti body
conprises the antigen binding fragnents of 5F1 or 10F12. [0039] In another
embodi ment . by iR UASHERIRIRAEHChe BveAG6H BSVAI b bAfmaceamERl | Sing a G TR
agoni st and an antigen selected fromthé group consisting of a viral
antigen, a wampesitiah comprisiega GITRaggaikt andta pharmackutcallysictéptabdercirgjem, a

cancer antigen,_a tunpf-associaled antjigen, a fragnents thereof, In
anot her enﬁg@{“?@?ﬂ‘?m.ul?oﬁém@t’ e Ly Riagemskt §&Fg8‘§1gﬂn¥tﬁgﬂquﬁé’°6§16w ‘.Z:fo.nsi sting
of G TRL, OIGITRY, 3fi hétyR f4RMRERE GRIRIG fbion rJt?iﬁ'cBﬁ'ta ETTREO ol NY

G TRL, a fusion protein containing an active fragment of G TRL, an

agoni sti ¢ srpabdteinnhtinihg an activedragnrgboli GITRL, antager@ticRnaalt inbledyle, 4md040] | n
anot her enbodi nent,, the_invention provides a vaccine adjuvant conprising a
G TR ant agorfRSBoRIsEe %‘H"Qhﬁ@%’ﬁb@éﬂ ected fromthe group consisting of an
aut oanti gen, anyloid peptide protein, an al oantigen, a transplant antigen,
an al | er gerl0038] dn ppeifarsvebodimentclhe invieptiempronides a phymageytical t he G TR

. ot i _ " . g : c
At o TR SomeRSHSE batbiEREh Gl MR Gl beRE D o
contai ni ng Garkfér. B ineshe @mbpdidicat, the GITR atafishistiis seléctadefrémangotpof G TR, an

antagoni stic small nol ecul e, an WD 2004/ 107618 PCTI US2004/ 016381 15
anti sense Goppaistingofa neuaiznganteGiTRL agiibpdy, & pewprligngrntifgkiRei ¢ aci d

nol ecul e. | J I ' . i : : l.gen bi ndi ng
fragments ofuaidss i BRERRmhitl GITK REMEBORE Sonanly AOELET, 0

provi des a reigarit of GEIR,efkintagohistic sthdlbinokoilppamndsisesp GITRLoduchkadit r al i zi ng
G TRL activity conprising the steps of .contacting a sanple containing G TRL
and a neut r @cidnplgcwla:ang FRRNAL GL u%ﬁ%émﬂlefé’?ﬁi Inapether ni ng whet her the

I nteraction e%bo@n-{é%lt, b taﬂtiﬁo'&? comprises the antigen binding fragments of 5F1 or
10F12.

[0039] In another embodiment, the invention provides a vaccine adjuvant
comprising a GITR agoﬁist and an antigen selected from the group consisting of a
viral antigen, a bacterial antigen, a fungal antigen, a parasitic antigen, a cancer
antigen, a tumor-associated antigen, and fragments thereof. In another |
embodiment, the GITR agonist is selected from the group consisting of GITRL, or
an active fragment of GITRL, a fusion protein containing GITRL, a fusion protein
containing an active fragment of GITRL, an agonistic small molecule, and an

agonistic anti-GITR antibody.

[0040] In another embodiment, the invention provides a vaccine adjuvant
comprising a GITR antagonist and an antigen selected from the group consisting of
an autoantigen, amyloid peptide protein, an alloantigen, a transplant antigen, an
allergen, and fragments thereof. In another embodiment, the GITR antagonist is
selected from the group consisting of a neutralizing anti-GITRL antibody, a
neutralizing anti-GITR antibody, a fusion protein containing GITR, a fusion

protein containing an active fragment of GITR, an antagonistic small molecule, an



neutralizing antibody in the sanple is decreased relative to the interaction
of GTRL with the neutralizing antibody in a sanple not contacted with the
conmpoun er a decrease in the interaction of G TR

neut r al h?ﬁ@“““ﬁ%? body in the sanple_contacted with thgkgy(ﬁ%(gjﬁhb&“dent ifies
the conpound as one that inhibits of bl ocks the |nteract|on of GTRL with
the neutrali zj.n I n, anot h ntlb dy is 5F1 or
10F12. [004211“9161%8%&&1%'&{@%&8%%%0“ w%ﬁ%ﬁ%w BAG8E9d et hod of

provi ding amdiasid. M abbel erib&iiAknt thenfibbdy RARiHR! Ko hdhgg effector T
cells, the rIrnetﬁﬁﬂ npri s? ng adm ni s?t erlsngy 'ISR agonﬁgtqpt;1 gnot her

enbodi nent , ftagmeﬁls'bRSthoihﬁ)EIZ is protein selected fromthe group consisting
of selected fromthe group consisting of G TRL, or an active fragnment of

G TRL, a fug0es] mi ehcthé entbvdineit e ifvediiin provides b artiddfebregiagt@i ni ng an

active fragment of A TR, and an gonl stic anti-G TR anti body. In anot her
enbodi ment , 1esheorBpeUngs sapaplecefineytralizang GHIR T agtistitycomprismpghe stepedfi s. BRI EF

DESCRI PTI ON s h t (based
BLOSUNB2 amcsr?gt %Mlyf""lﬂ' "éﬂ”ﬁ?“%ea &“%%5 Ko [m%gﬁ%ﬁ{[@ﬁl kf)f f S(elggg)

Proc. Natl. Sﬁlﬁdun@@nddéﬂ&ﬁnn&%mﬂ%tﬂéﬁhte@échbh@f@ﬂmvﬁﬁiﬂhesequences for
nouse (m and human G TRL [0044] Figure 2 shows the results of

experi ments n@#ﬁlﬁéﬂgeﬁnlt edyinghe sgoype i ePF@aSQﬁ reltivg tothe prteractier af i on of
CD4+CD25+ T (fﬁh:[f\mtﬂ_ ﬁ%@eﬂ@%ﬂ%&‘%ﬁ@%ﬁ% Ae Qagﬁhé Hotr@%ﬁﬁpﬁgﬁvﬁhqﬁw as a means of

assessing ce proli an agoni stic

anti - G TR arbmpoahd, siheroblyatdeerebdtein tlicdinteratioh iof GITRL G- hodbutrdlizingel | s, but
not CD4+CD25 T cells. Figure 2B shows that YB2/0 cells_ expressi ng G TRL
stiml ated PREbdYINthesamblosontacted Hitictiesempepndidepigiestha campenng as

PCT/ US2004/ s Yﬁ%ﬁ y YB2/0
cells (-50, 8%8@%%1 tslq(}%ildgi{sgigg%ﬁres cﬁ@hﬁf‘@ %L@I@t{?@é%%ﬁw rever sed
t he suppr esgh afiothér. eétabodiraért] the antifpdydesifl sulgilessi on) produced by freshly
I sol ated CD4+CD25+ suppressor T cells (# suppressors). Figure 3B shows that

G TRL- YB2/ 0 | OMZF 3n biotABAHoRih & Sthb hﬁz@nﬁé@px@@ﬁieé b ni%thodo?p@@sﬂdl%é a000) vere

able to partially reverse suppression in a dose dependent nmanner. [00461
Fi gure 4 shoastimplatoryGigmil-tor82¢lbpemilationcobprismg)effdcior ieells,dheemethod suppr essi on

when activ atcgr%pr(}gﬁg C%nﬁstem?gealt bﬂ%goms > ?Iclj ano gl cbeod%Lentrfgs IE"JlIéfR

.agonist is protein selected from the group consisting of selected from the group

consisting of GITRL, or an active fragment of GITRL, a fusion protein containing
GITRL, a fusion protein containing an active fragment of GITR, and an agonistic
anti-GITR antibody. In another embodiment, the effector T cells are CD4" T cells
or CD8" T cells.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043] Figure 1 shows the alignment (based on BLOSUMG62 amino acid
substitution matrix; see Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA
89:10915-19) of the amino acid sequences for mouse (m) and human (h) GITRL.

[0044] Figure 2 shows the results of experiments on the effects of GITRL:GITR

. binding on proliferation of CD4"CD25" T cells. Thymidine incorporation is
measured (CPM) as a means of assessing cellular proliferation. Figure 2A shows
that an agonistic anti-GITR antibody stimulated the proliferation of CD4"CD25" T
cells, but not CD4"CD25™ T cells. Figure 2B shows that YB2/0 cells expressing
GITRL stimulated the proliferation of CD4"CD25" cells.



| sol ated CD4+CD25+ T cells; simlar results were obtained with agonistic
anti- G TR anti body. [0047] Figures 5A and 5B show that the A TRL-i nduced
reversal “Q;%ﬁ)n?o%ﬁuppressi on produced by freshly isol aﬁf&]}/@%ﬁ{ﬁﬁ%&ﬁ T cells
can itself Dbe reversed (i.e., rest05@t|on of suppression) in € presence
of anti-A TRL antibody ("anti- G TRL" = 5F1 anti body). Figure 5B includes an

nor 1ot or e LAE} Eke T4 SRhnat GPiR P ERALES Ly SR PO (SO HpiP oy Can
only enhancea$aldRisgs shGITR anliB@d)pWﬂﬂ)?r@ErsWﬁtssTo&ﬁ!el,%egéﬂvﬁur e 6A

shows the suppression of the proliferation of ly node cel'ls"in the
presence of percént@naREssiom) prsiyged nFiyshly ﬁblgmd&%ag)ﬁﬁ/\suppressmf lcells t he

suppressi ve tivit fanti - RL anti he | h ,no cel |

popul at 1 on viEnbiseierd ot 3 sbEsn Bk GRERYY SR ool Gamiifed 19%0Rete ¢ he

di stributi on50H063i BR~3000:255600) §ceABIS td phriial FPRGérse suppctbie in Tdgdéee 7A: Fl ow
cytonetric analysis was perf’ormed on CD" lIc+cells, énriched fromthe spl een
of BALE/ ¢ ni devenilerti mamgeret i ¢ beads, by staining with anti-CD4, anti-CD8 and
anti -G TRL anti bodies. G TRL expression was determ ned by conparing the

f | uor escence[00d6pRizute/d showsiMat, GITRI + Y B2/icellD4~50,0005 did gettrevkrssubset s ('t op,

m ddl e, and bottom hivé,tgogram ane I vely) . .stai ne? wi.th anti-d TRL

|
anti body (fi PYPPEFSRICR MERAAR at?@?ﬂi@iﬁ%ééﬁ?%%”*ﬂt‘%ﬁ ce ¢ figghly hese celI's
tai ned with; | . 1l a6 s - Fi 7B:
Expr 65si on oFCHOIDEL T (et ARLDRQU WD bbeiid HE R 1 947 L]

det erm ned b@GIER antibody. f reshly i sol ated BALE/ ¢ CDl1lc+ splenic DCs (top
hi st ogram panel ) and CD11cl" $220+pl asmacytoi d DCs (bottom hi st ogram panel)

Wi th anti-G [ge47 dsisA &l 4B shovg itk GITRAMintedrprRrsed0f Rl  anti body
(unfilled WO 2004/ 107618 17 PCT/ US2004/016381 hi stograns) and perform ng

f1 ow cyt onet sunprespignpedicedhyfredhly Solates CIR¢ Si18%r dnsells gaityell twsversebr escence

intensities pf Q.. t S ) Il 1 £d.hi st ogram,
and CD |b' B@fo%igsg%ﬁatég‘ %ﬁgr“!@%egge@@q{‘%%r@fseﬁigéigﬁa%gyé?@ é%+4°é§q| %}ﬁ‘é unfill ed
hi stogram sGITREU=\SFY hnﬁBédy?.GFﬂglake SB ANy anvedditi Gl BRE & En bt bﬂibvh'h%
fluorescence intensity of cells stained with an isotype control (broken Iine
unfilled hi 8abgeenol amibpdyd “cootroble) dichnief sastese supppBpien) : A conpari son of
the fluorescence intensity of G TRL-anti body stained (filled histogran) and
i sotype ant {948} Fipned 6 eltbw(suthdti anti eGL TR s driipodyry arpent € enteenice plppgessiof GDI

P E220 ol g ppestncs B DA el P BEYhSTs S balatist e expression

proliferation of lymph node cells in the presence of anti-GITRL antibody (5F1).

Figure 6B shows the lack of the suppressive activity of anti-GITRL antibody when
the lymph node cell population was depleted of CD4*CD25™ T cells.

[0049] Figure 7 shows the distribution of GITRL expressing cells in lymphoid
tissues. Figure 7A: Flow cytometric analysis was performed on CD11c" cells,
enriched from the spleen of BALB/c mice with magnetic beads, by staining with
anti-CD4, anti-CD8 and anti-GITRL antibodies. GITRL expression was
determined by comparing the fluorescence intensity of CD4", CD8*, and CD4"
CDg& -gated subsets (top, middle, and bottom histogram panels, respectively)
stained with anti-GITRL antibody (filled histograms) to the fluorescence intensity
of these cells stained with an isotype control antibody (unfilled histograms).
Figure 7B: Expression of GITRL by splenic dendritic cells (DCs) and B-1 B cells
was determined by staining freshly isolated BALB/c CD11c" splenic DCs (top
histogram panel) and CD11c°"B220" plasmacytoid DCs (bottom histogram panel)
with anti-GITRL mAb (filled histograms) or an isotype control antibody (unfilled



either G TRL or an isotype control. The fluorescence intensities of CD4+CD8-
(top left quadrant), CD4+CD8+ (top right quadrant) and CD4- CD8+ (bottom
right quadrant) cells stained with anti-G TRL anti body (filled histogram
were coWeua08410768h t he fl uorescence intensities of thd¥d/ER004018384i ned wi t h
an isotype control antibody (unfill&d histogram). Figure 7E: Expression of
G TRL by gated CD44+CD25-(Rl), CD44+CD25+(R2), CD44- CD25+ &qRS) or -
CD44- CD25'  ( histograms) and perferaning e cytosneide anakysice FipyreJSntien Mistperare

{1 uor escence, gl sy aldeco BRI o3I AT 1831 LA L |1 e

hi st ogr am wP t he uorescence o se i'Sotype

control anti (filtid Histogram) @ﬁhdiﬂ]:sllcb@BmﬂgaEed@umon'éEl (pet®)B-i Bitellsésblidynph node
cells were stained with anti-CDb4, anti-CD8, anti-CD25 and/or_ anti-G TRL

anti bodi es. tnewetied higpgram) sigimed it apti- R, putibody Wese camparedith thes| |

xpr eos] on o uEEEhEE s bEod Skl B AT SA Bt SBRAPEIe IR . (o,
ri ght hist oghﬁmgmm)elﬂlgurmr(ﬁﬁﬂoxﬁm?ﬁdgrém@a&ﬂ) rAgdsrhpinsah@gﬂ&m panel ) or

CD4' CD8+ (bottom(mddl e). hi st ogram pane at ed Iyrrph node cells was
det er mi ned bilUeISHRTAPS WtpnEeof ¢ E’gﬁe@e&@éf lled histogramakanddsotyge st ai ned

h - | f th
PR B soféﬁégem%g#@#nz&v%?n@%gg%ﬂg%mlﬁf {hanrsagenge of these
Resul ts are gewe Skigiet7D: Thytiocitey @etestananide atpressiparof1GId, CDE,8801 Fi gure 8

shows the downregul ation hy APCs of G TRL following _stinulation. Figure 8A:
Expr essi on ofitlgr RWWH%"FYI&P%‘BP]@% We@eé@ﬂ%ﬁ?ﬁﬂf@?ﬁ LD%er i t oneal

Fol | oui ng.tr Go S aUadtnd. €54 EDR"RoB B! daBRHY o CBS CBE=Thutal SBEN) o5
1M, anti- coqwachma) dellls 4tafribdorit amnGTPRID ghtibody(AHabhisiogeiy)wasd WO

2004/ 107618 PCT/ USZOO4/ 01&&81 18 anti-| g%gglz (ab!)2 fl’g I"%nt of
goat - ant i - | gkPmpaed Withithe Hugrescepge 1PF398F1 g cell ‘h%té‘HE pithandgotype

anst i mul ot ed R g T g B TR o R ot ypo
control anti obey D25 IR, &)44§CDB50(PR@J), (D]DM&CDQBT M@r@mmwﬁi@ar e

presented. Figuyre 8B: Expression qof G TRL by B220+B cells (filled
hi st ogr am pﬂ@@@ﬁprecwqus&ﬁzﬁmw#@memp@ng the dlugresggnce ohthese eglls mab

(0,595, ), <ty S0 s RS SGHIRE gl spgas on o
B220+ B cel | selitstdimsicwith isbtype comiedlyyptibody (unfilled histogram). Flgure 7F

Unstimulated lymph node cells were stained with anti-CD4, anti-CDS8, anti-CD25

and/or anti-GITRL antibodies. CD4'CD8" cells (top left quadrant), and not CD4"

CD8" cells (bottom right quadrant), were further delineated with respect to the

expression of CD25 by these cells. Expression of GITRL by CP4'CD8 CD25"

(top right histogram panel), CD4"CD8'CD25" (lower right histogram panel) or

CD4°CDS8" (bottom (middle) histogram panel) -gated lymph node cells was
determined by comparing the fluorescence intensity of these cells stained with anti-
GITRL antibody (filled histograms) with the fluorescence of these cells stained
with an isotype control antibody (unfilled histograms). Results are representative

of five independent experiments.

[0050] Figure 8 shows the downregulation by APCs of GITRL following
stimulation. Figure 8A: Expression of GITRL by purified splenic B220" B cells or
total peritoneal (PerC) B220*CD11b" B-1 B cells was determined for different
time points following treatment with polyl:C (10pg/ml), LPS (0.5pg/ml), CpGs
(ODN 1826, 1pM), anti-CD40 and IL-4 (10pg/ml and 20ng/ml, respectively) and



control antibody (broken line unfilled histogram. Figure 8C: Expression of
G TRL (top histogram panels) and B7.2 (i.e., CD86) (bottom histogram panel s)

by puri{] + DCs following culture with or wt g/m) at

t he indiw:(g?oé)ﬁ7ldrf€ poi nts. Figure 8% Expr essi on of Glh%m%&ﬁyé)lt%%ﬁ

spl enocytes gated on CD4+ or CDB+-expressing cells after a 48-hour culture
period in the_ a r resence of ble anti - 0. 5ghnl). G aphs
are represen%‘?@@%&bmaglgen ogﬁPaﬁ"W@g%MHéﬁflme %ﬁ?ﬁeﬁ&l&%ﬁ"gﬁ?peri nent s

vere carri edifitsitiths b adti-SFHRE -stdisdd s@ﬁlﬁfia_i%/i %énngﬁhEﬁ Hisf@g&&nsgl SfrdiTgi gure 9

denmonstrates the effects of bl ocking G I nteractions on inhibition
of | ynphocyt staimed unstanelatied mediom) Felip(selid Bue wniiled Bjsttgrams) andiisetyee t he s. d:

I . Fi OA. Prali ti - axi h LN: 05 d
Lo e oot Pobe e o S O o U SS bl 221
respectivel y¥iguass: ;ﬁéé&ioﬂ‘%ﬁ‘_(ﬁfl‘kﬁby@ﬂ@ﬁﬂceﬂb‘@Wd%i%éﬂﬁnﬂ'pfréséﬁtem _ _
concentrations of soluble anti- CD37(x-axis). l1s were i'ficubated either in

t he pr esenceambngtotilfspledoayidsi tre@iclRbith mAdbCD3GA Q.5 cp/od paftariardB-lem)y or a rat

| g&a i sotype control (10gg/m; open circles), Results are representative
of three i ndeYBREBFIOGYRLSIRRATIEWIERpRrewIappL wﬂnﬁﬂa@ﬁﬁ%& Rells were

cultured in e e o | i . APCs and
5x104 irradi g%lgo(%(l 00 m@ﬁ%%% a[fpg_ op?rf%c?eglgges; (;’J-r1 ﬂg%ﬂsggﬁgYBZ/ 0

(cl osed ci r ctastjol antibwly (broken linsuniilied Hstogram).eBigurd 8C: Bipréssionrdf
concentrations_of solyble anti - X-axis), and proliferati (y-.
axis) was ne m&toafhlwgrammnﬁ%dcn%% ﬁ.lfee @a§$)cib?ﬁqin§eﬁt%gr§ezp%§ﬁ)y

fl uorescence_ . (- axi |.fE +, - |4l ' Lih anti-Ad TR
ant i body vvaspmcgl%?(gerﬂr)ni%ce %{fb@ﬁﬁ:ﬁ%@?%gﬁg{%@ﬁ %%l%ﬂgc Ivation with
sol ubl e anti idiBted(tineopdifils) Figuré BD: BxpeeisicofGITRL Beliotd] efleh SOk gatel- depl et ed
spl enocytes. Resul,ts are representative of at |east two i ndependent

exper i nent s. OMBDA o1 CRB/ expressing eslbsadior v 48bgur cultyrepryipgd)in theabsenceor
d trat hat T ] =T [, i ired ..t
Subpr ess; on. Piergise O IahBR BRER Y AN ol HERaD . G el et SRR848 el P

(5x104) frompyairdePendenPeipRnelisCall eRfméafsivalt BarRld Bl witR tisdeld +CD25+ T
cells (x-axis) from various knockout mce [(Aa) CD4+CD25: G TR+i + CD4+CD25+:
G TR++; ( Ab) isclatedCbns BAIe' mice.CD4+CD25+: G TR, (Ac) CD4+CD25: G TR-,
CD4+CD25+: A TR+ +; and (Ad) CD4+CD25-: G TR, CD4+CD25+: G TR-], incubated
W th irradi a{e8$1APgurd 9 demunshdtes yipeeffactseof blocking GITR/GITRL interactions on

inhibition of lymphocyte proliferation. For Figures 9A and 9B, bars indicate the

s.d. values. Figure 9A: Proliferation (y-axis) of lymph node (LN; 1x10°) and
spleen cells (Sp; 0.5x10%) with or without CD25" cells (Total or A25, respectively)
was determined after 72-hour culture with different concentrations of soluble anti-
CD3 (x-axis). Cells were incubated either in the presence of purified anti-GITRL
mADb (10pg/ml; closed circles) or a rat 1gG2, isotype control (10pg/ml; open
circles). Results are representative of three independent experiments. Figure 9B:
CD4*CD25 or CD8" T cells were cultured in the presence of 5x10* irradiated
(3000R) T-depleted APCs and 5x10* irradiated (8000R) YB2/0-GITRL (open
circles) or control YB2/0 (closed circles) cells. Cultures were activated with
different concentrations of soluble anti-CD3 mAb (x-axis), and proliferation (y-.
axis) was measured after a 72-hour culture period. Figure 9C: Mean fluorescence
(x-axis) of purified CD4"CD25 T cells stained with anti-GITR antibody was
determined at different time points following activation with soluble anti-CD3
(0.5pg/ml) in the preseﬂce of irradiated (3000R) T-depleted splenocytes. Results

are representative of at least two independent experiments.



(5x104) and with soluble anti-CD3 (O 5 sg/m) and 2 sg/ Ml of either

anti-G@ TR antibody (filled circles) or an isotype control antibody (open
circles) oa/BBERr M ned by neasuring 3Hthym di ne uptg}ter sdXi S) .
Fi gure I“@ gﬁoﬁi feration of cocul {gires was perforne as[&%lgé)u\lloelxﬁi g. 104
with variable nunbers of nouse CD4+CD25+ T cells (x-axis) and either (Ba)

nmouse CD4+ T I [ 4 r ce of

i rradi at ed @@8@5@%@ Rl e] e Y Sesiah DS PodiRSs REGREN P ©F
anti bodi es agatwate supplession. Bigtre TN PeolildiatiobBcdtRfg ofiCRf CBAsT), and were
treated with 2g either an jsotype contral open circles) or

I of (Rat 196 |
anti -G TR ( ENs {3xK0) fremg varips knopkowd mipe; gag vagiphlenymbere 8f EDARED35S I val ues

cal cul ated f 0] i an. i WMol H S pgure 10C:

Fl uor escenceée?@(}gﬁﬂs% Egéﬂ%bgﬁs%@gli({r)\ﬁetgﬁﬁ%g@g) %f(ﬂi@&(ﬂ?{eop’ panel s) and rat
CD4+CD25" T CBUIGDLY0GITRT ha(sd) D4 DS GHR "4} CP4ICIB25" GIPRES $A¢) t O
responder ratio,with isotype control (Raf, | eft panels) or, anti- G TR

e
ant i body ( DT®P#: ClR2yheIHandi4 G2 5 Jfﬁed?f? CRh G0y T@e/bl subset s

wer e di sti ngdi i ] . hof A?jtﬁi %ﬁf’tﬁ'l |es. Results
are represeﬁpg'uwjze@éﬁ?w#%%%é%%gg%%#ggn esx%oeri nen Q 053] Figure 11
denonst r at es(skhet) afdll #RhSOBBR HtiaCH3 (e %/ﬁﬂ)iaﬁdozugml 60¢TEher BRIPIBIERSI ON

nmedi at ed by endogenous re%gl atory T cells. Figure 11 A: CFSE- | abel ed | ynph

node (LN) cedtibod(filtefcircleshoma isatpeicanyiobyntitedy fepencietes) was G TR-1 mi ce
were cul tured . for. 72 hours .w & I fferent .concentrations of.sol ubl e

ot - ob. mp et iy S - Rl S BT BB BB or Wi e
(Ac) exogenpresiféehtidn of2otifiidéaWas pdefirmed hsatibap (Eige0A) with?briatte! | s ( LNA25)
were cultured wthout (qA&Llor wi.th (Ad) exogenous |L-2 (50 . Bars

d U ni
i ndi cating tmenbers af mouse (a4 (25 dneells Graxis) and cithp (Ba) mqpse EDAIED2E| ow

el 15 1 S0l at bACH PEPS CO¥ EPRR. 1 U ottt il ARG 0T O
after 72-houAPcyl Culteres Wefe SRnAROH i AbBkiTHL WBAATH AEHZR bott? At feb Ul t S

correspond to the 0.63g/m concentration of soluble anti-CD3 (as in Fig.
11A) . Fi gur emouse: ankitGR3 {92 hiwgfml pfeaghhlapd wsratkeabEDBith 2 pg/dnf sithevas per f or med

H 2Dv i t] ' |l s.t td t br ok [
N1 ed i <isOPEARITO R degh Semritale) of s T i AU LA s Bled ofFIRD it 11 ed
hi Stogr amms) , ol BaQB b theld @ PalGed Fitkutaied Bl fblilepdioh i kagcams) . CD25

expression by CD4+CD25' cells obtained from ' R+ti + m ce was
cultures. Figure 10C: Fluorescence (x-axis) of CFSE-stained mouse CD4"CD25

(top panels) and rat CD4*CD25™ T cells (bottom panels) cocultured at a 1:8

suppressor to responder ratio with isotype control (Rat IgG; left panels) or anti-
GITR antibody (DTA-1; right panels) is depicted. Mouse and rat T cell subsets
were distinguished by staining with specific anti-CD4 antibodies. Results are

representative of two to four independent experiments.

[0053] Figure 11 demonstrates that GIT R signals are required to overcome
suppression mediated by endogenous regulatory T cells. Figure 11A: CFSE-
labeled lymph node (LN) cells (5x10*) from B6 (wild type), GITR™, CD28" and
GITR” mice were cultured for 72 hours with different concentrations of soluble
anti-CD3 mAb (x-axis). Total LN cells were cultured without (Aa) or with (Ac)
exogenous of IL-2 (50U/ml). LN cells depleted of CD25" cells (LNA25) were
cultured without (Ab) or with (Ad) exogenous IL-2 (50U/ml). Bars indicating the
s.d. values were omitted for clarity. Figure 11B: Flow cytometric assessment of
CFSE dilution by CD4" and CD8"-gated lymph node T cells isolated from CD28*
, GITR™, GITR*"* or GITR*" animals was performed after 72-hour culture. The



determ ned after 24-hour culture with LN APCs fromw | d type mce, in the
presence of anti-CD3 (0.5g/m), and in the absence (left histogram panels)

or pre right hi stogram panel s) of CD4+CD25+ cel c mce at
a l:2 :‘ggéﬁ(’é‘?g%‘ggto responder ratiaq,, CD25 expression \I}\)gghg @3ﬁﬁggg{erm ned in

the absence (top histogram panels) or presence (bottom histogram panels) of
50Um rhlL-2., Results.above are, represent.ati ye.of thr | ndepgndent

exper i nent S_Tef%ﬁ§2feiﬂogﬂ?‘é&"f?%&ggﬂg‘%ﬂg‘f@%ﬂ3{?@%&5?&%‘%%1& ﬁlﬁst i mul ation
enhances G {iR)erpnes $1 ONFIRMLyiSARAR ahi $HESSCDES SidirBssictf Wwad p@Ririp¥d onet ri c
analysis of G TR expression by purified CD4+CD25-" or CD8+ cells (2.5x104)

after 72-houm HER thesisivaiCDA 626 ecells that remeinedapBtimmthtai(brokenilingi t her
pl at e- bound _h r, isotype (-aCD3') or at e- bound .ant i D28
(" acm+acmé‘ﬁ%é?‘&m&%98 Eﬁee"fb?a‘n‘?ﬁ 1)§‘B‘8 msfsoﬂg,&wa@&ﬁ% st ai ning of

CDA+CD25- T Higtbgang) lok WeRfobtfintd BomPGERENGRIcO (filldd Hétbafd). D28 | - depl et ed
spl enocyt es and sol ubl e anti - CD3 éo. ) with or wihout a cocktail of

5g/ n f
ant i - CD80/ 8&xpissionby §D4LeDRP cellao taim%émm GIBR” oaﬁtITR’iéJ;nme?was ant i bodi es)
for 72 h Fi 12 i ght, _hi 1) Anti -G TR,.St ai ni f
o oot Bt B Vb SRLABCPRPA o Bk Bl | Mmoo
spl enocyt es g@&né@bf&?ﬁiecﬁﬁgo.ls@%_ Nal),(aﬁdﬁgﬂa%i)séf‘fcé heﬁh}smfgkﬁﬁphné}smckt ail of

ant i bodi es alnst IL-2 an Figure 12C. "Proliferati

, I on ‘'was assessed
in the presepresence (righs hisograni pamels)-oCOBRY 6P25 hedlls ffoin Bad/Brt mide #adh? " aB7")
with the addition of either anti-gTR Mbéglg/g?é "DTA-1") or an isotype
control ant | HBBFSOB Y Teeponderratipy €325 expression s alse deteppined i thg o) es. Resul ts
are represe | fa: | ; [ RPp] Figure
13 denonst r;%bgésdcl\:éﬁg)? hgt%ﬁh%a{r}%}ﬁ)ﬁ&g\r%ro G@%gg%\?il %%%&lg ﬁgg%f?frgul at gry si gnal
to effector rhllc@l Resulfsiapoveart3dpredemtutive of tr¢eandefenddnit egperimen®. TR+/ TCR+ HT- 2
T cells (4x104) al one (white bars) or cocultured wth 1x104 WO 2004/ 107618

PCT/ US2004/ Op654] IFigart 12@einodbtrat@het CPL3-defenti@s Sostthalhtibroéhands
G TRL- expr essi rﬁg YB2/0 cells (filled _bars), in the absence or presence of

one or two dAER emessivadgad sespopsivencese| figuraddA: Hlovesyiometiciapakysiashir i ng
col 1 5" cooul 1t By eROR Ty Al Ko EoR L& o8 Lol s p A e Phal oosing
YB2/0 cell's, cumafb Wﬂﬁf}ﬁ%ﬂb@ﬁd@ﬁﬂ@f& kndd 2)976n1 bNEifHE plate-batidhantteran anti-G TRL
anti body (5F1.1; filled circles) or an isotype control

isotype (“aCD3”) or plate-bound anti-CD28 (“aCD3+aCD28”). Figure 12B (left

histogram panel): Anti-GITR staining of CD4*CD25™ T cells cultured in the

presence of irradiated, T cell-depleted splenocytes and soluble anti-CD3

(0.5pg/ml) with or without a cocktail of anti-CD80/86 (10p.g/ml of each)

antibodies (i.e., anti-B7.1/7.2 antibodies) for 72 hours. Figure 12B (right

histogram panel): Anti-GITR staining of CD4*CD25™ T cells cultured in the

presence of irradiated, T cell-depleted splenocytes and soluble anti-CD3

(0.5pg/ml) with or without a cocktail of antibodies against IL-2 and IL-2Ra.

Figure 12C: Proliferation was assessed in the presence or absence of anti-CD80/86

mAbs (10pg/ml of each; “aB7”) with the addition of either anti-GITR mAb

(2pg/ml; “DTA-1") or an isotype control antibody (2pg/ml; “Rat IgG”). Bars

indicate the s.d. values. Results are representative of two to three independent

experiments.

[0055] F{gure 13 demonstrates that GITRL binding to GITR provides a
costimulatory signal to effector T cells. Figure 13A: Proliferation of effector
GITR'/TCR' HT-2 T cells (4x10") alone (white bars) or cocultured with 1x10*



antibody (rlgd; open circles) was determ ned by neasuring 3Hthym di ne
uptake (cpm y-axis). Figure 13C. Proliferation of 4x104 HT-2 cells ,
cocultured with two anti-CD3 beads per cell, 1x104 d TRL-expressing YB2/0
cells, aMP?¢A¥8 ng concentrations (ng/nl; x-axis) o?c?@ﬁ?%"ﬂi’]l‘?‘ﬂr ent
anti -G TRL antibodies: 5F1.1 (filledcircles), MALT-10 (filled squares),
MGTL- 15 (open squares ol ycl onal antibody (open_circle

det er ni ned b@%%ﬁ&@%r@@ﬁ@h@tﬁh hes) QI&H!?@J‘G’H}SP&SHS&QZ@)WP@%E\Q@ IS:i gure 14
derronst at 5441t 96K b B MG B0 R fFlygi | Doy

prevents adoptl rans uced experi nmen aut ol nmune

encephal ony eliéttintinédE¥¥Eneastining i Hethghaitiee WitalksACpinyy-akisy. Riagre B3Ressed. M ce
were injected with 5x106 splenocytes that were isolated from fenmale SLJ

mi ce i nmuni zBeplfgratiom efx] OpHib-2esllsicaeulipmed with fwoanti(dPp ksadypersetlor 3 days

in three dif |t 1 yEd al: Gl )e. 10 pg/m
PLP and 10 gj ﬁ@g%ng%ﬂ%ﬁs%g con? ?%ﬁ%‘ﬁ“g%egéyﬁ%%%?ﬁ@fﬁsé@gﬂ%| es), or 10
pg/ m  PLP anaxig)dflanGhiFEITRIL artibdyly (SFA11; Klleflicirtles) m@quasotgpe cohliel i nci dence of
EAE was nonitored for 52 days (Xx-axi ﬁ) and scored on a scale of O to 5

(y-axis). DEFutbodyHeQhanencigle terpinedhyaneastney | HoAkymidineiptaksodi es t o

G TR that pr _A:he f | b Wi @ﬁ@% duce an
agoni stic si 8‘%6’% %J)ﬁiigﬁ%?? Fbglég%?ﬁgoﬁ%g\ﬁgég‘g&nggté%f' ¢ db‘{;l/1 L shoul d
al so i nhi bi t aithe€DShppdesesiced, a0t GITRL @kpresgdng ¥Baf0/cellscald incredsigg | ack of
sui tabl e reagents previoysly has precluded a detailed functiognal analysis of
G TRI G TRL imwp%ttxoaﬁ@gzwhérmﬁ%ﬁé fonndifterep b bl IR nantthodies: Siel e, the nouse
ort hol og of : i LA | L@@ LSEl i bodi es t hat
specificall y@blliléﬁtfnjta%gt’ e rrrgulg)gﬁ:l)lrb% h@%{)eé'ig\?(}gp L, B%ﬂédlﬁrﬁgan%t Ccross-react

wi th human gdly8bnallaatibodyg@pergeindes) wed detéfinindd by h¥asirhPHFtHYRAAIA4/ 016381 22
[00581 Using this reagent, the tissue distribution and regulation of GTRL
were exam nBPiaKg (SPEGYTHIn, the ability of G TR G TRL interactions to
regulate T cell suppression was investigated using G TR i mce. As both

CD25" and CDM¥S6IrFigees 14dangnsasiss thatocking GITRtGIRRy Yindiigawigh awanti-t he

previ ous stugj deppnstrat i ap_inhibiti Qf .su essor _f.uncti on upon
Pr eat ment of CEBREPRTRES MiftorehgoRBut Pisrer o Blp by ReRRE B )1 el e
equi vocal r eﬁMbﬁﬁnﬁMcéﬁHﬁ%xngﬁit%gEAEbﬁThé itideficeddf EAP daaedwmds of G TR

+

Here, using conbinations of )25+ and CDA+CD25" )
assessed. Mice were injected with 5x10° splenocytes that were isolated from

female SLJ mice immunized with 150 pg PLP peptide and restimulated ex vivo for
3 days in three different conditions: 10 pg/ml PLP alone (open circles), 10 pg/ml
PLP and 10 pg/ml of an isotype control antibody (CKO1; filled circles), or 10
pg/ml PLP and anti-GITRL antibody (5F1.1; filled squares). The incidence of

EAE was monitored for 52 days (x-axis) and scored on a scale of 0 to 5 (y-axis).

DETAILED DESCRIPTION OF THE INVENTION
[0057] As the antibodies to GITR that produce a reversal of suppressive activity
appear to produce an agonistic signal, it was predicted that engagement of GITR
by GITRL should also inhibit the suppressive activity of regulatory T cells. The
lack of suitable reagents previously has precluded a detailed functional analysis of
GITR/GITRL interactions under more physiological conditions. Here, the mouse
ortholog of GITRL has been identified, and antagonistic antibodies that
specifically bind to the mouse ortholog of GITRL, i.e., do not cross-react with
human GITRL, have been generated.



Tcells fromwild type and G TR-' mce in coculture experinments, it was
found that Iligation of G TR on the CD4+CD25' responder T cells, not the

CD4+CD2 sor T cells, was required to abrogat CQ#H?#} Qn. In the
absencels‘-(;)illoZw@)ﬁ{Z 5+ T cells, GTR, T cells nounted gpro | é‘?@@?@g
responses simlar to those of wld %ype ani mal s, although they were totally

d i f i ol-qgi . 5+ T cells.
Theve T eoul ¢ DISSELRIE YR Eheptt, aR MBI GRn AUTRENGIGH o oY TR B LiE ' °
provi des a peehined| I additiof] the dbiitg 6EGITR/GITRT eneeicton theeitite T @il | S

resistant to the inhibitory effects of CDA+CD25+ T cells. Thus, the
downr egul at | S#PPEIssion Tias mxeptigated wingGhFE gmige: Asholla €57darmd CDAF| Bnmat or y

signal s may L %%+ ' s [ ' t he

del et eri ous Ié%}%seg ltt?ggngés of an g@%ﬁ@@éQ%&?&gf@g@fﬁﬁﬁggﬁﬁ%g%e%ﬁé@ﬁﬁo%gl Thi s
r esear ch hasashdhibitieof sugbtesson fiveionaphatteamentiofdechijtiragwith en agatigicact i on of
G TR and its Ii_g}and, Q@ TRL,. ES eci.al | re?ardi ng the effects on CD4+CD25" T
cell's, the camt-GITRagihodyasl J%ﬂ\é‘?‘@iﬁé‘é sregasding e ¢elludpsdarget ofsuppr essi ve
activity. In : R0 o BofBinatiBgs SARBE! f i - mAb (the
agoni stic mﬁ%gga@%%{t?gg?r?b }gr%%s E)H °§’§’r“5“r8§ e sup%r%%%é}oaﬁa\rfgaﬁs@égonst rated

to be nedi at Tdelyfromswidttypo and GITRA hEERH cocultire EX¥etinhddfst iffwadblnsd the@s

previ ously pr.oposed bi_ several studies). APCs (anti g{en resentjng cells)
consti t ut i veligatorgt &IdRagmthe CR{CDRS| respeader keglisanef the Rg5Tol I -1i ke
receptor si Walel - I re capabl e of
nount i ng pr%]‘bl?#éesrg(g-tl; ééelfsg‘gg%ﬂ%%ﬁot%g@a\%:s}l | %%Z%ltge g@‘%&o iferation in

t he presenceCDi4'CPRYST ablbgiGIER Musddle iouafed GrslifeaAbe refpordel similihts, G TRL
provi des an _inportant sigpal E@é CDA+CD25" T cells, and other effector T
celI's (e.g., thosmot wild fipeafumals, aibevghtheywasetetally supnressed iphe prssencenedi at ed

regul ation a 1l Bl gy LAty ' T ul ati on of
G TR by i npf BiiRiclogi bEhbBR o I T 4B SR e e B R et or T
cells (e.qg., filkOLRROha GTXR/GT PRI/ engadiirbhOpio3ides a previdudiyGididlefindd sighdls) to
suppressor activity during . the course of,. e.d cancer_or an _infectious

insult. [006bt regdemseleetarT cellsrepisiantiadths mhibifonvefisstsns Cled G% Hucl eot i de

and am no acj g S . Human
G TR has becels BARE A peRaRllt Bf GITRI SR WnRyp B edhdily 55" 61.
Gurney et al inflad@9Ary signals. m&i fakilitfe TDE CBRS -mediatidi suppressicreaal mbvegt oups
very recentlﬁ1 al so reported the

e deleterious consequences of an exuberant effector cell response.

[0059] This research has shed new light on the mechanisms underlying the
interaction of GITR and its ligand, GITRL, especially regarding the effects on
CD4'CD25" T cells, the cells traditionally understood to be the target of
suppressive activity. In summary, using GITR" mice, the capacity of anti-GITR
mADb (the agonistic mouse antibody to GITR) to abrogate suppression was
demonstrated to be mediated by its action on CD4"CD25", not CD4*CD25" T cells
(as previously proposed by several studies). APCs (antigen presenting cells)
constitutively express GITRL, which is downregulated following Toll-like receptor
signaling. Although GITR” mouse CD4"CD25™ T cells were capable of mounting
proliferative responses, they were incapable of proliferation in the presence of
physiological numbers of CD4"CD25" T cells. Thus, GITRL provides an
important signal for CD4*CD25™ T cells, and other effector T cells (e.g., CDS"

T cells), rendering them resistant to CD4*CD25"-mediated regulation at the
initiation of the immune response. The downregulation of GITRL by

inflammatory stimuli may enhance the susceptibility of effector T cells (e.g.,



cloning of the murine GTR ligand (Kimet al., 2003; Tone et al., 2003; Yu
et al., 2003). [0061] In one aspect, the present invention provides

nucl eot i s, and am no acid sequences, and acf/ ts and/ or
fusi on p?&%’?&g&? ereof, of a novel use honol og of %%S@WG TRL

pol ynucl eoti des of the invention inClude polynucleotides that nodul ate
expression o -~2.4.,. expression. .vect.org conprising G TRL

pol ynucl eot |(f&g?é(&%ﬁ Terﬁfgsnﬁrs ngga%yﬁy?ggp%ﬁe&oﬁps&oiﬁg, WG Wnt i sense
and/ or RNA aeERbugiabyipucl eoti des that downregul ate the expression of

G TRL. Use of such polynucleotides to nodulate the expression of GTRL in

cel I's and/ or(ofge T ok HeSReRhOhbEfn phéiaddhé hledieThd Bnin Ry Pepti des,
the invention al'so provi des "ot her ‘agoni &Pe pol ypeptides, e.g., active
fragment s ofseGuetieks afainave] fdonisd hdmisio® of IumdreGIERL. hHunan GTTRD AiHs deaf

T Shasin kAL AT o HdSaE okl 185

pol ynucl eot i 07 M 1R e . S ' i ' 062] In
anot her aspegﬁt%?' g%? i%%l??leggd ?hmganfs?%éscﬁ ? | cgll% Iueg %ﬁgedtegﬁfﬁfgbg%\?&ed &rll%ri ne G TRL
pol ypept i descloding bfthe mwerirtel GITR ligand,(Kitn ehait, 20031dl'dne ehalged00& Yirk) algr e
provided. In_particular, neutralizing anti bodies that inhibit the activity
of G TRL (e2(8)35' anti bodi es that prevent G TRL frombinding ATR) are

provi ded; these antibodies can be said to neutralize the activity of G TRL
(i.e., rendel006iJTIRIone agpect, dleq prosent inventioneprpyidagnugleatide gequeness, ande i nvent i on

i ncl ude nonhunman and uman_ant i.bodi es AN hat_J nhibl g RL activity,
ns el T as g AP ssa R R b Hoigh§ b bRt ol Pt kot T oot es o
the inventi oibveh@buie Honktilég ofGubitin GTIRIY.i GYTRIE\bE8nidlEdtides df Hetifventibhie scope

of the invention are antagonistic antibodies that may have one or nore
nut at i ons, wiarkede pelynucleptides that modnlatecexpressiomef GETRL, §.g.eexpsessionl i ty or

affinity of ' | t ' e tor function
of the anti b‘%"gg".@%‘% ?%XW%%S%T%%I#E% Wg%l%ﬁr?gt her aspect
of the i nvenGITRL,hakr d@ifsefs £@IHr RN ASGEIRL pélyiduledtidel that Ewikegulate

pol ynucl eoti des and pol ypeptides, including but not linited to human

honol ogs t hethe gxpressien Usreofisuely pelpmisdentidss wapadilatedhe experskiani ng t he
activity of j.N. |l O ' [ ject - The.iny ien al so provides
met hods to acgs%ﬁsl,ﬁt He eg‘g?‘?%%rc%%%? sisdgéeﬁfol ﬁrggggg’o%%dtﬁ%@nt\?he y the nunber of
T polypeptides, the invention also provides other agonistic polypeptides, e.g., active

fragments of GITRL and/or GITRL fusion proteins that are capable of mimicking

GITRL, i.e., inducing GITR activity in effector T cells. Transformed host cells

and transgenic animals containing GITRL polynucleotides are also within the

scope of the invention. '

[0062] In another aspect, antibodies that specifically bind to the novel murine
GITRL polypeptides of the invention (i.e., do not bind to human GITRL) are
provided. In particular, neutralizing antibodies that inhibit the activity of GITRL
(e.g., antibodies that prevent GITRL from binding GITR) are provided; these
antibodies can be said to neutralize the activity of GITRL (i.e., render GITRL
ineffective). Neutralizing antibodies of the invention include nonhuman and
human antibodies to GITRL that inhibit GITRL activity, as well as chimerized
and/or humanized versions of nonhuman antibodies of the invention that inhibit
GITRL activity. Also included within the scope of the invention are antagonistic
antibodies that may have one or more mutations, which may function to increase
the half-life, stability or afﬁnity of the antibody, or may function to modify the
effector function of the antibody.



cells in a patient is determ ned before and after adm nistration of the
i dentified conmpound. Additionally, the invention provides nethods of

treatin subj ects using the identified co 4] 1In
addi tion t%w{g’ﬁlgl ng net hods of scr Pni ng test conpoumg%%({lg&gf
nodul ati ng GI TR activity, e.g., G TR agonists or G TR antagonists, the

' ti t hod di ' d ing th
progr ess. of "TORFYGRERPE a6cE ob eV SR Bisinise RERETRE eies RUEh Byet em e.g.
aut oi mune GITREHEnudléHtideshmd HélYpeptidA s UtmAD R to hghart i on, and

cancer and infectious diseases. 65] Methods for using G TRL and rel ated
nol ecul es of hamalogsthened, ere used taii tlfycnompbumbcpapahlepﬁmoplubtm@lﬂlng agoni stic
G TR nol ecul e TRL ., pal ynucl G TR t| des, active
fragment s thaeciggy gﬁ({jﬁgn?’ﬁ? f’reﬁ eeIB?’ Iﬁé’g‘@h#’gﬁr AdeSg) |

nol ecul es, a:ﬁ@th@&@t@'aﬁédsﬁh@éfﬁ%a@?bfmﬁhﬁﬂ conqwﬁnd@ﬁhagwt}&tmﬁlb@} dRrmol ecul es
(i.e., G TRL i nhi bitory pol ynucl eotides, neutralizing G TR anti bodi es,

neut ral i zi ngeetls R patient bd&tmnedmeﬁggaﬂéaﬁ@‘ admll’ﬁtrarmlnelftﬁh@dentl@ﬂdd G TR

fusi ons protejns a utlctre rder.s elatedto
di'sr egul at | oiPEREh AATRaLE ST es prb TR dhofhatsdlhg Bkt ng o

subj ect at gb F@tsf@{ugtﬁéld@h@ﬂap&ﬁﬁbd)ﬁma&l an aut0| mrune di sorder, transpl ant
rejection, and other inflammuatory di seases conprising adm nistering G TR
ant agoni sts, : ol 8 { ect are
provi ded; al [ggfqrretaﬁglélsﬁgé bﬁ;tﬁ(ghgglemhb o%}-%:%@;%ﬁ?l {sﬁ? ?@drs &grﬁﬂpggnosed

wi t h, cancermodulatiigsGITRadivitysegs éHTRcagomsts st GfTRantagosistsy tha gnv@htiéd agoni st s,

e.g., GTRL, or, an oni sti,c fusion rotei n thereqf, are provided.
Al ternati vel BrOVidgt 1§ melodnfor Tidiagnesing rspEoREand Wgﬂma%mpé?éﬁsaf of T cells

via the adm giedthinte o diste gﬁiageﬂefﬁlts%nm%nesyst& %, aftbiifhitd ng agoni stic
fusion proteins thereof) R antagonists, e.qg., neutralizing

anti -3 TRL adl‘sealscsduﬂhnnmat%ytchgpas&ssahdd:aﬂpTﬁt fejedtion, qurdnaaccw,nd infedtjpast i vel y,
are provided, Simlarly, nethods of blocking or enhancing suppression of T
cells in thedi§i@&ence of CD4+CD25+ T cel I's conprising WO 2004/ 107618

PCT/ US2004/ 016381 25 adm njstration of G TR agonists, e.g., G TRL

(i ncl udi ng alf9eFlsMethors fir gping (GHIRLand r@h@ﬂ@mlyculwof@mvamcag@ﬁalé@s e.g.,

neutralizing T , | so provided. T cell
popul ati ons ?&gée ?ﬂ%ﬁ&@%%&@?t?peﬁ?p@g&mg é{reél%gdt% nol ecul es
(i ncl udi ng agsipmildotidés) STPRLPodfRphides! Attive Gagmerite thereof and/or fusion

proteins thereof, agonistic small molecules, and agonistic GITR antibodies), and

antagonistic GITR molecules (i.e., GITRL inhibitory polynucleotides, neutralizing
GITR antibodies, neutralizing GITRL antibodies, antagonistic sméll molecules,
and GITR fusions proteins), for the therapeutic treatment of disorders related to
disregulation of the immune system. For example, methods for treating a subject
at risk for, or diagnosed with, an autoimmune disorder, transplant rejection, and/or
other inflammatory diseases comprising administering GITR antagonists, e.g., a
neutralizing anti-GITRL antibody to the subject are provided; also, methods of
treating a subject at risk for, or diagnosed with, cancer or infectious diseases
comprising administering GITR agonists, e.g., GITRL, or an agonistic fusion
protein thereof, are provided. Alternatively, methods of inducing or inhibiting
proliferation of T cells via the administration of GITR agonists, e.g., GITRL
(including agonistic fusion proteins thereof), or GITR antagonists, e.g.,
neutralizing aﬁti—GITRL antibodies or antagonistic GITR fusion proteins,
respectively, are provided. Similarly, methods of blocking or enhancing

suppression of T cells in the presence of CD4"CD25" T cells comprising



wi thin the scope of the invention, and nmay be adm nistered to a subject in a
nmet hod of treating cancer or an infectious disease. O her nethods of

treat men{yM4eB41PERYi ded, including a nmethod of treati ngﬁ&‘/ﬁ%ﬁﬁh t risk
for, or diagnosed with, an autoi mupg disorder, an inflanmmtory di sease, or
transplant rejection with an antagonistic conpound that decreases G TR
activity, angiﬁf ?ﬂﬁ | E W ct: Iy - Of | sed with,
cancer or an |n'1}e5iéL |oug%l|&[2§%de V\ﬁ’? “an ag%ﬁ#%ggoéﬁn%ufﬁgg{lﬁg@aﬁ%creases
A TR acti vi t thereBh)pomBIIRintagdnigts) e Sicutralidng arti-GITRE agtibsesad) uvant s,
conprising G TRL ,pal ynuc] eoti des, polypeptides and rel ated nol ecul es

(i ncl udi ng SGERFCEYSIYE a@mpmm?e@n ﬁ?%ltymmﬁhwa%tr%ﬂ%dawh@%“% anti-G TRL

anti bodi es) | i ol . ' i-on.

The. et hods BivREbEILARR A5 aAE M) Hhoitho Th8RFpRgihs Belol 3R

i ncl udi ng, Wwithinnké sdoperof i ifivention,umé ntdy HeladarinisteteRo arstbjebgina honol ogs;
specifically included, anong these honol ogs is _human G TRL and G TR G TRL
Pol ynucl eot | Bethod altresling sapser 96 an nfertiops diseaspr Othss metheds afitgamenb¥edes novel
i sol ated an L i i nal | : : a novel
|'i gand for é@gd%%]ﬁ%ﬂ@ﬂg¥%ﬁ%£%%%?%gﬁqgg§%£0?@g g?%@gltfg%g

pol ypept i desambintninmeptisosdor; an inflamimatotry idisehsggier, tramsplaniarefection withant ed t o,
nouse G TRL and its honol ogs. [0067] For _exanple, .the ipvention provides
purified andantagonistiegompe pletseregess GIdRasHItY apd meteods of feating &f er r ed DNA

sequences ofs%yéﬁb%}%ﬁ IBPdea%%s‘éﬂ_ 'thQGéRQii&r’an b zia CW@%@@%y synt hesi zed

DNA sequences. e nucCl eoti de’sequence encodi ng this novel
| i gand, desi gpoaistid compownel thatiRtreadoblGITR aceity. fRirathadenti & Qomipofifions] .
Pol ynucl eotides of . the present ([nvention also_include pol ynucl eotides that

hybri di ze un@8s Ve RgiiyRnts SFmrisseGl yycpatides, pobpeplides @Bdm| enent
o . . _ . . P e
(PO Sarr i oRBlbaRlndiaL b ICLIRICh SR Ao ApBEhaRInal WL LY

present i nvemti-GITRIL axtibadids)dfthe amtentioars afsorwithin theascopdef the éryentiore set
forth in SEQID NO 1 conprising at. | easf 21 consecuti nuc) epot.ji des. WO
2004/ 107618%@@%@9@%‘2@%&13@8ﬂm ‘@niﬁmyg]dt“?ﬁ@d%giﬁ%ﬁiaaé%ﬁ weldings 5
genom ¢ DNA j: ' TR] Waad genom ¢ DNA,
Is set forthﬁﬁﬁgg‘g%a%w@@gy%o%%ﬁgﬁg%i ‘Zg&of ot ew%r;'ggee(%czﬁkvention al so
i ncl ude pol yindndebamoesthesediomdlyps is tiuman GITRE. ant IGITRent conditions to SEQ I D
NG 3, or its conplenent, and/or

GITRL Polynucleotides and Polypeptides ,

[0066] The present invention provides novel isolated and purified polynucleotides
and polypeptides related to a novel ligand for GITR (GITRL). The genes,
polynucleotides, proteins, and polypeptides of the present invention include, but

are not limited to, mouse GITRL and its homologs.

[0067] For example, the invention provides purified and isolated polynucleotides
encoding murine GITRL. Preferred DNA sequences of the invention include

genomic, cDNA and chemically synthesized DNA sequences.

[0068] The nucleotide sequence of a cDNA encoding this novel ligand, designated
mouse GITRL ¢DNA, is set forth in SEQ ID NO:1. Polynucleotides of the present
invention also include polynucleotides that hybridize under stringent conditions to
SEQ ID NO:1, or its complement, and/or encode polypeptides that retain
substantial biological activity (i.e., active fragments) of full-length mouse GITRL.
Polynucleotides of the present invention also include continuous portions of the

sequence set forth in SEQ ID NO:1 comprising at least 21 consecutive nucleotides,



encode pol ypeptides that retain substantial biological activity of

full-length nmouse G TRL. Pol ynucl eoti des of the present invention al so
i ncl ude ﬁmul portions of the sequence set forth {4 I 1 3
conprising a ‘Dweag%t 21 consecutive cl eoti des. [0070]ﬂd?‘h/§5§)rﬁ/dr?8%gci d

sequence of nmouse G TRL is set forth in SEQ ID NG 2. Polypeptides of the
present invepll | so.lnglude continuous. I ons .of .1he uence set
Porth i n SECUOEPRERSARIAHAe Sidhsicd or bt BiA B e hulfiond TRS® °2
preferred polaspgitcd ot GITRI A6 DNAY R¥et fifthiil SEQIES N@y, conti nuous
portion of the sequence set forth in SEQID NO 2 that retains substanti al

bi ol ogi cal aRelyyealgptiges eiithe presemjtinvention alscinpiude podynpglestidesithgfes of t he

e or ot b B Coehchs R SLUBYOD bR CoBBlotiet nESHE Yo oL, o
sequence set efdcatd Poliypeptides thek NEir sitistandaldélbicalcietivizg of filblchfm@stke and t hat

differ fromt hemgol ynucl eoti des described above only due to the well-known
degener acy ofITRle Belyaedleotidss ef the@oesent ifyantips dsatmuc}&ﬂopﬁam@@pﬁu@g of the

et fy anatt apebRes i ARt BB RSl RERRT 21 BB BT o1 i 1

to those encpgblémidede di scl osed pol ynucl eoti des. Hybridization nmethods for
identifying and isolating nucleic acids include polynerase chain reaction

(PCR); Sout hgjpRofryhs &Hﬁléaat:iidosi% uerlcB of olsd GPRRI0|s%@f foPth in 8B APKOPE! N

hybri di zati on, and are wel own to those skilled in the art. [0072]
Hybri di zat i oPolypeptideoofthe presérg ipeanfion aisd inchuflercontimutius iporimne bf thief f er ent .

tri . The str| bridi zati tion includes t
S ETIeneY gAY SEhuB A bR SR PR R e (o one
anot her. Preherélh¥d pol§p&itidB v iedirddeROinP@ltHRYAIRRII 4 cOYtods BGTioh0 1 TS

correspondi ng "pol ynucl €ot’i de unegier reduced stringency conditions, nore
preferably softhegeueneaatiforthan SEQHANOD that ptafesubblaptidibgslbgicalt r i ngent

oty St 7 ntFORt eE R ienEhanGiRE L Mol e ot et el g,

for exanpl e, ifeRiadithia@@oAtd thosd g&?ﬁhﬁﬂl‘éotiﬁ@d@ﬁh‘iﬁbsoﬁgiﬁ dadcribé@aiovds WO
2004/ 107618 PCTI Us2004/ 016381 7°stringent as, for exanple, conditions GL;

and reduced pelyhuriretidys hoereticodotis amiro atid séquende sabfosthrin SEhID NO:2 bor
I?; g m) :j ? 7 a'? io gg Ic:%ﬁ]ﬂ%bf%ﬁ?@?lg BLegﬂlangttﬂa{t %ﬂ?er}%mpﬁule%)bl)!%gfelogdel'sed;'egénq)ed

above only due to the well-known degeneracy of the genetic code.

[0071] The isolated polynucleotides of the present invention may be used as
hybridization probes and primers to identify and isolate nucleic acids having
sequences identical to or similar to those encoding the disclosed polynucleotides.
Hybridization methods for identifying and isolating nucleic acids include
polymerase chain reaction (PCR), Southern hybridizations, in situ hybridization
and Northern hybridization, and are well known to those skilled in the art.

[0072] Hybridization reactions can be performed urider conditions of different
stringency. The stringency of a hybridization reaction includes the difficulty with
which any two nucleic acid molecules will hybridize to one another. Preferably,
each hybridizing polynucleotide hybridizes to its corresponding polynucleotide
under reduced stringency conditions, more preferably stringent conditions, and
most preferably highly stringent conditions. Examples of stringency conditions are
shown in Table 1 below: highly stringent conditions are those that are at least as

stringent as, for example, conditions A-F; stringent conditions are at least as



Condi ti on nucl eotide (bp)’

DNA:
DNA: DNA

SSC

RNA:
RNA:

SSC

DINA:
DINA:

SSC

DNA:
DINA:

SSC

45&% 76 %3?4@%761

Tenperature and and Buffer'
DNA >50 65C;, 1X SSC -or-

81X SSC Ta*;
50% f or mam de D

65C, 0.3X SSC 42C

1X SSC C DNA: RNA >50 67C

- RNA

<50 To*,;

Hybrid Buf f

erz A

| X SSC, 50% formam de B

% Bl

67C, 0.3X
SC E

RNA >50 70C; 1X SSC - or - 70C, 0./3X SsC 50¢C; 1X SSC 50% f or mam de F
RNA <50 * . r 65C 1X
aoc, - axiiagent €0 RYExdiple, dehaRiie (P MA steed Btin Rty iharins 3at
RNA >50 16%k€as sbingeCas, d6r exditiple, bondi®éas MIC, 4X SSC, 50% f or mami de |
RNA <50 T7*; 4X SSC Tr*; 4X SSC K RNA: RNA >50 70C; 4X SSC -or- 67C IX
50C; 4X SSC, 50% f or mam de L Agﬁ <50 TL*; 2X SSC TL*; 2X SSC M
DNA >50 C—AX_SSC-—m0r __\r S5 6.%--SSC n0/nfnumm de N
DNA <50 ?@@%‘%‘)‘( $SC ?&L&M: gﬁ)&b@ ‘;B;gc “Yaeh i '55C 2X
42C; 6X S8ditoand, £ iﬂgﬁr. de = egperie angly | soandRulfrgy &5
ybr] Buffer’
A DNA:DNA | >50 65°C; 1X SSC -or- | 65°C;0.3X SSC
42°C; 1X SSC,
50% formamide
B DNA:DNA | <50 Tg*; 1X SSC Tg*; 1X SSC
C DNA:RNA >50 67°C; 1X SSC -or- | 67°C; 0.3X SSC
' 45°C; 1X SSC,
50% formamide
D DNA:RNA <50 Tp*; 1X SSC Tp¥*; 1X SSC
E RNA:RNA >50 70°C; 1X SSC -or- | 70°C; 0.3X SSC
50°C; 1X SSC,
50% formamide
F RNA:RNA <50 Tg*; 1X SSC Tg*; 1X SSC
G DNA:DNA | >50 [ 65°C; 4X SSC -or- | 65°C; 1X SSC
42°C; 4X SSC,
50% formamide
H DNA:DNA | <50 Ty*; 4X SSC Ty*; 4X SSC
1 DNA:RNA | >50 67°C; 4X SSC -or- | 67°C; 1X SSC
45°C; 4X SSC,
50% formamide
i DNA:RNA | <50 Tp*; 4X SSC Tr*; 4X SSC
K | RNA:RNA >50 70°C; 4X SSC -or- | 67°C; 1X SSC
. 50°C; 4X SSC,
50% formamide
L RNA:RNA <50 T *; 2X SSC T.*; 2X SSC
M DNA:DNA | >50 50°C; 4X SSC -or- | 50°C;2X SSC
— 40°C; 6X SSC,
50% formamide
N DNA:DNA <50 L Ty*; 6X SSC Ty*; 6X SSC
0 DNA:RNA >50 [ 55°C; 4X SSC -or- | 55°C; 2X SSC
' 42°C; 6X SSC,
50% formamide
P DNA:RNA <50 Tp*; 6X SSC Tp*; 6X SSC
Q RNA:RNA >50 60°C; 4X SSC -or- | 60°C; 2X SSC
45°C; 6X SSC,
- 50% formamide
R RNA:RNA <50 Tr*: 4X SSC Tr*: 4X SSC

The hybrid length is that anticipated for the hybridized region(s) of the hybridizing polynucleotides. When hybridizing a
polynucleotide to a target polynucleotide of unknown sequence, the hybrid length is assumed to be that of the hybridizing
polynucleotide. When polynucleotides of known sequence are hybridized, the hybrid length can be determined by aligning
the sequences of the polynucleotides and identifying the region or regions of optimal sequence complementarity.

2SSPE (1xSSPE is 0.15M NaCl, 10mM NaH;POs, and 1.25mM EDTA, pH 7.4) can be substituted for SSC (1xSSC is 0.15M

NaCl and 15mM sodium citrate) in the hybridization and wash buffers; washes are performed for 15 minutes after

hybridization is complete.

Tg* - Tg*: The hybridization temperature for hybrids anticipated to be less than 50 base pairs in length should be 5-10°C less
than the melting temperature (Ty,) of the hybrid, where Tn is determined according to the following equations. For hybrids
less than 18 base pairs in length, T(°C) = 2(# of A + T bases) + 4(# of G + C bases). For hybrids between 18 and 49 base

pairs in length, Ta(°C) = 81.5 + 16.6(logiNa”) + 0.41(%G + C) - (600/N), where N is the number of bases in the hybrid, and
Na* is the concentration of sodium ions in the hybridization buffer (Na* for 1X SSC =0.165 M).

Additional examples of stringency conditions for polynucleotide hybridization are provided in Sambrook et al., Molecular

Cloning: A Laboratory Manual, Chs. 9 & 11, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY

(1989), and

Ausubel et al,, eds., Current Protocols in Molecular Biclogy, Sects. 2.10 & 6.3-6.4, John Wiley & Sons, Inc. (1995), herein

incorporated by reference.



Q RNA: RNA >50 60C;, 4X SSC -or- 60C; 2X SSC 45C;, 6X SSC, 50% formam de R
RNA: RNA <50 TR*; 4X SSC TR*; 4X SSC ' The hybrid length is that antici pated
for the \98%34%0?& region(s) of the hybridizing pol ynugﬁg%g’zghq@l“ en

hybri di-zi'ng a " 'pol'ynucl eotide to a tgrget polynucleotide of unknown
sequence, the hybrid length is assunmed to be that of the hybridizing

pol ynucl eot i ga- \Aﬂgﬂ i i di zed, the
hybrid | engt @%Z%lln esﬁg{teg%wr‘?g‘gﬁﬁg‘%ﬁghﬁ ﬁgégﬂ} %g&gg&aﬁga cf)eésausl(%&TE he

pol ynucl eot i lfédsidimation pbts dnd primérs ¢o idegtifyrandisalatg DN having péquendessequence
conplenentarity.., ' SSPE (1 XSSPE jis_0.15 cl, 10 2PO4,, and 1.25nmM EDTA,
pH 7. 4) can ‘E%’o@%éﬁ?ll‘h %@n?s‘d& tfgg@sqlpggglggﬁypgclgqq% "kl?al\géf’ VAR BRM sodi um
citrate) in duthi £ 3 Fa@ﬁﬂ?% r d for 15
m nutes aft eé%ﬁj%rglé I zati Oé%ﬂﬁt?é?gx‘%f%t@%‘&ﬁ%&&d a*” 8aﬂ§bdr}iﬁcf|5§%dt€?on

t enper at ur e palypdpyilies that aeaidentica tedr have bignifecant dilmdlarifyCo hlesgolpseptides n | engt h

shoul d be 5-10C | ess. thap the nmelting tenperatur . Tm .of the hybrid, where
T. is deter néisedediuethe diss S@fgp?lmuqlmhﬁsw Prrsfeéﬁ%ﬁ?lsfa%.vmmts haygat gast | ess

than 18 bas e%(p/%lis ch 1h@ﬂﬁg rﬁfgi% aé{gﬁeﬁag)l)é Gt'1e8t 9804 idInBFS ARl I%feéﬁziégz}p bt G C

bases). For hybrids betwee ase pairs 1n-fengt C) =81.5 +
16. 6( | 0g, oNaleast 99%/Ad¢iypeiththe difcdaiad Mplynudlesteledl i s t he nunmber of bases in
the hybrid, and Na is the concentration of sodiumions in the

hybri di zat i opot4yf Ties isé1BRd poBinutKothis of tHeptéfenivhverfibi thiPilsd be&yaRkes of
stringency conditions for pol ynucl eotide hybridization are provided in
Sanbr ook et kybridizetipepiebes andprimers do idantifyand asodaty Dibhibavingequerge, 11, Col d

Spring Harbor bar ryv.. Pr ! | d i rbor (.19 and Ausubel
or "l "ote achiRR pRb BN BaftolqRR s ioBE o P 90y Chese 30, 6-516%%,
John W1 ey &no‘ima%s dro polyhil186tides la6d pol9peptideisplatcdt fosh \diffaterspasies WO
24104/ 1417618 PCT/ US2004/ 016351 28 | 3] The isol at engglltgnucl eoti des of

the present thaw8ut piihe disglosed pelxpepbides andmoalaueleotides, pr vl @MY i ners to

identify and_j ‘ ' ces ..encedi ' j.ants of the
i scl osed polaguprith SRRty Ee SRRy RFBE o B Botyfncl BBy o
al ternative imrpotypeptiddie Peéferibbs polynadlystideeaiolcishavbat lestso%e pol ypepti des
that are identical ;to or have significant_simlarity to the pol é/pe tides

§as

encoded by t$eduerics idestibo(me praferably; atdeast 76 ddantifysimost prafepbly, af nts have

at |l east 90%, [ Jydent.d .era I t % i dentity;
nost prefer aﬁ%?&gﬁ%ﬁ&g@ﬁe %X%%{lﬁ%e%\%ﬁ%ﬁﬁaﬁga‘gﬁgﬁ %’;%dé%g 0;10 gcl eot i des.
[0074] The iBaeat RAstBObY sudabmtitetsy gﬁoﬁlp&farasg/,eﬁm_eamsmh_@ﬂit; ostl so be
used as hybridization probes and prinmers to identify and isol ate DNAs

havi ng sequepretesablisrit lnastri)"p idepiibp withdbe disstosed polipepdash drefeblios ed
pol ynucl eot | ﬁg‘?golag% it eegig&@é&gﬁbggﬁfcﬁeoBgésya?lﬁ%loﬁ%%bgfe% PDHBLIYRRR! | des

isolated fro spe
from mammalian species.

[0075] The isolated polynucleotides of the present invention may also be used as
hybridization probes and primers to identify cells and tissues that express the
polypeptides of the present invention and the conditions under which they are

expressed.

[0076] Additionally, the isolated polynucleotides of the present invention may be
“used to alter (i.e., enhance, reduce, or inodify) the expression of tﬁe genes
corresponding to the polynucleotides of the present invention in a cell or organism.
These corresponding genes are the genomic DNA sequences of the present
invention (e.g., SEQ ID NO:3) that are transcribed to produce the mRNAs from
which the cDNA polynucleotides of the present invention (e.g., SEQ ID NO:1) are

derived.



e

than that of the disclosed pol ypeptides and pol ynucl eotides, or within the
sane species, but with significant sequence simlarity to the disclosed

pol ynucl %é})ﬁ?ﬁomwd pol ypepti des. Preferably, polynucl g&lh%&?&g@éﬁfgs have

at | east sequence identity (rmrg preferably, at le ity;
nost preferably, at least 90%i denti %y) wi th the disclosed pol ynucl eoti des,

wh | i de honol h t 1east 300%. i dent,i
ret el y. ~ (7188630 E5piiion S efioso? RimdplBFRER; TelidBE bdet dont i ¢ y)
with the di SEhaseth MOhLGITRIOAN itFKPAas@hindy be REHTBYdin aelllon 8rghhizal osed

pol ynucl eoti des and pol ypeptides_are those Isolated from mamralian species.
[0075] The i&stughdle yrelofvadpessinhibieryyiolynvelegtidese sitchiagwtisensm nay al so be

d hybr i.di zat i bes. and Ak to | i f | d t] t hat
oxpr oo t o PISRGRaAR B e RS RTRERERIel el RBlccliba" Bstbod et 355 G ncier
whi ch they abiad aB¥BF 888R0he IN AR lrafislelibbd 60a thy gedRF ilePinéRidn{8dey NuCl eot i des

of the present invention maél%)t))g Gused to alter enhance, reduce, or
e

i.e.,
nodi fy) the egpleldstisiet gl (1 déPhﬁ&l-rbgéplﬁidékéiQ@ ael)dairy.idel eot i des of
the present | Nt i cel.l. . or organi These correspondi ng _genes are
the Genon ¢ ek LELTEN: dulnfiybiest pRLAR0oRrs iy st [ PRRRERE ROS) Tha
are transcripefingauinihiae disbRlcRNRnliNoRy didasd, fiBpRBNAjeEbyugl eot i des of
the present invention (e.g., SEQID NG 1) are derived. 2004/ 107618

PCT/ US2004/ ogiB@lgt or relatqdgbsorflersl t er ed expression of the genes of the present
I nvention, including but not Ilimted to nmouse G TRL and its honol ogs, may
be achi eved [0078] Thkd dntisensepgiymuslentiddsoo tihbzynies of ¢kee infzentiomi candei nhi bi t ory

pol ynucl eoti des,, such as antj.sense ol y- pucl eotides (e.g., antisense G TRL
Picl of o aci doaHERHE) 5 A gt yeeland afd Ses g i BEPOIE nRvA
transcribed bah ofedtCARSrlivbdCaRYRE pbBRdIER cs of riforymlcdfbE s et al
(1999) J. Cell Physiol. 181:251°57; Sioud (2001) Curr. NbL Med. 1:575-88).
Such i nhi bi t complpmeytatyctb actondedingreegidneofilbedading sirapd@fergenagftbe treati ng
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of a gene of the invention, or"to onfy a portion ereof Alternatively,
anti sense pointheatt.edhe vedeasidelinkagssufshemivalhe synthesized polynucleotides can

be modified to enhance their ability to resist nuclease-mediated degradation, as

well as to increase their sequence specificity. Such linkage modifications include,

but are not limited to, phosphorothioate, methylphosphonate, phosphoroamidate,

boranophosphate, morpholino, and peptide nucleic acid (PNA) linkages (Galderisi

et al., supra; Heasman (2002) Dev. Biol. 243:209-14; Micklefield (2001) Curr.

Med. Chem. 8:1157-79). Alternatively, these molecules can be produced

biologically using an expression vector into which a polynucleotide of the present

invention has been subcloned in an antisense (i.e., reverse) orientation.
i

[0079] The inhibitory polynucleotides of the present invention also include triplex-
forming oligonucleotides (TFOs) that bind in the major groove of duplex DNA
with high specificity and affinity (Knauert and Glazer (2001) Hum. Mol. Genet.
10:2243-51). Expression of the genes of the present invention can be inhibited by
targeting TFOs complementary to the regulatory regions of the genes (i.e., the
promoter and/or enhancer sequences) to form triple helical structures that prevent

transcription of the genes.

[0080] In one embodiment of the invention, the inhibitory polynucleotides of the
present invention are short interfering RNA (siRNA) molecules (e.g., siRNA



conplementary to a noncoding region of the coding strand of a gene of the
invention. The antisense polynucleotides or ribozynmes can be constructed
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(Elbashir et al. (2001) Nature 411:494-98) or produced by in vitro transcription

using single-stranded DNA templates (Yu et al., supra). Alternatively, the siRNA

molecules can be produced biologically, either transiently (Yu et al., supra; Sui et

al. (2002) Proc. Natl. Acad. Sci. USA 99:5515-20) or stably (Paddison et al. (2002)

Proc. Natl. Acad. Sci. US4 99:1443-48), using an expression vector(s) containing

the sense and antisense siRNA sequences. Recently, reduction of levels of target

mRNA in primary human cells, in an efficient and sequence-specific manner, was

demonstrated using adenoviral vectors that express hairpin RNAs, which are

further processed into siRNAs (Arts et al. (2003) Genome Res. 13:2325-32).

[0082] The siRNA molecules targeted to the polynucleotides of the present
invention can be designed based on criteria well known in the art (e.g., Elbashir et
al. (2001) EMBO J. 20:6877-88). For example, the target segment of the target
mRNA preferably should begin with AA (most preferred), TA, GA, or CA; the GC
ratio of the siRNA molecule preferably should be 45-55%; the siRNA molecule
preferably should not contain three of the same nucleotides in a row; the siRNA

molecule preferably should not contain seven mixed G/Cs in a row; and the target
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ordi nary ski in the art. [0083] Altered expression of the genes of the
present i nveltheartingaBogkagameisah PhujolaFeamies, d&Hil8vR2d200Dbugh t he creat i on
of nonhuman transgenic animals into whose genones pol ynucl eoti des of the
present i nvefl08éhAkered ehpessibmofwdgm ofttslpresen‘riannslgmniiuaamgmism i ncl ude

ani mal's that m@l?" so%glagllngve% thrd gﬁ%he creae%lo% '(rrlxa]se whose endogenous genes

corresponding to the polynucleotides of the present invention have been disrupted

)

through insertion of extraneous polynucleotide sequences (i.e., a knockout animal).
The coding region of the endogeﬁous gene may be disrupted, thereby generating a
-nonfunctional protein. Alternatively, the upstream regulatory region of the
endogenous gene may be disrupted or replaced with different regutatory elements,
resulting in the altered expression of the still-functional protein. Methods for
generating knockout animals include homologous recombination and are well

known in the art (e.g., Wolfer et al., Trends Neurosci., 25:336-40 (2002)).

[0085] The isolated polynucleotides of the present invention may be operably
linked to an expression control sequence and/or ligated into an expression vector
for recombinant production of the polypeptides of the present invention. General
* methods of expressing recombinant proteins are well known in the art. Such
recombinant proteins may be expressed in soluble form for use in treatment of
disorders resulting from disregulation of the immune system; such disorders

include, for example, cancers and infectious diseases, and autoimmune disorders



t he transgene) of the present invention. A tissue-specific regulatory
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not limted tQ, rheumatoid thriti.s nGe | o | 31S, osteoarthritis,
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recombinant expression vectors (or simply, expression vectors). In general,

expression vectors of utility in recombinant DNA techniques are often in the form
of plasmids. In the present specification, plasmid and vector may be used
interchangeably as the plasmid is the most commonly used form of vector.
However, the invention is intended to include other forms of expression vectors,
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and

adeno-associated viruses) that serve equivalent functions.

[0087] In one embodiment, the polynucleotides of the present invention are used to
create GITR agonists, e.g., GITRL polypeptides, including active fragments and/or
fusion polypeptides thereof, which are also within the scope of the invention. For
example, a GITRL polypeptide or active fragments thereof may be fused to a
second moiety, e.g., an immunoglobulin or a fragment thereof (e.g., an Fc binding
fragment thereof). In some embodiments, the first polypeptide includes full-length
GITRL polypeptide. Alternatively, the first polypeptide may comprise less than
the full-length GITRL polypeptide. Additionally, soluble forms of GITRL may be
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t hereof, wh re also within the scope of the invention. For exanple, a
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t hi oredoxin ( or mal tose-binding protein (MBP), may al so be used. [0088]

The fusion prast edllgy exprgsaeniimd/errgrteiion aEGUIRL eanl beninereasaddhongl upedie ng t he
G TRL or GITI\%kerff;qg ngasq%q gethecesecond noi ety. Use of such |inker sequences
are wel | knownp e SeqSH exanple, the fusion protein can include a

peptide [Ii .g.,,4a tide linker of. apoyt.2 to 20, nore preferably
| ess than 1866%:\%‘&61%“3](}?6@53?@4 %ﬂ’g‘?eh‘.n"lflﬁe‘{)‘ﬂ %ﬁ’éﬁ’c‘]‘iﬁ’@m“t he peptide |inker
may be 2 am\KESNVALVFMVVYISYIYA (SEQ ID NO:11). If desired, one or more

amino acids can additionally be inserted between the first polypeptide moiety

comprising the GITRL moiety and the second polypeptide moiety. The second
polypeptide is preferably soluble. In some embodiments, the second polypeptide
enhances the half-life, (e.g., the serum half-life) of the linked polypeptide. In some
embodiments, the second polypeptide includes a sequence that facilitates
association of the fusion polypeptide with a second GITRL polypeptide. In
preferred embodiments, the second polypeptide includes at least a region of an
immunoglobulin polypeptide. Immunoglobulin fusion polypeptide are known in
the art and are described in e.g., US Patent Nos. 5,516,964, 5,225,538; 5,428,130;
5,514,582; 5,714,147, and 5,455,165, all of which are hereby incorporated by

reference.

[0091] A chimeric or fusion protein of the invention can be produced by standard
recombinant DNA techniques. For example, DNA fragments coding for the |

different polypeptide sequences are ligated together in-frame in accordance with
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synt hesi zer sembppdiments; GIARY, fuspaypolypspiidesexist anoligong@nsueh aytHSISOIcan be
carried OUttrHﬁérg'g anchor priners that give rise to conplenentary overhangs
between two “consecutive gene fragnents that can subsequently be anneal ed

and reanplif tO%gZIt X number of cell lines may act as suitable host cells for recombinant
expression of the polypeptides of the present invention. Mammalian host cell lines
include, for example, COS cells, CHO cells, 293T cells, A431 cells, 3T3 cells, CV-
1 cells, HeLa cells, L cells, BHK21 cells, HL-60 cells, U937 cells, HaK cells,
Jurkat cells, as well as cell strains derived from ir vitro culture of primary tissue

and primary explants.

[0093] Alternatively, it may be possible to recombinantly produce the polypeptides
of the present invention in lower eukaryotes such as yeast or in prokaryotes.
Potentially suitable yeast strains include Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Kluyveromyces strains, and Candida strains.
Potentially suitable bacterial strains include Escherichia coli, Bacillus subtilis, and
Salmonella typhimurium. If the polypeptides of the present invention are made in
yeast or bacteria, it may be necessary to modify them by, for example,
phosphorylation or glycosylation of appropriate sites, in order to obtain
functionality. Such covalent attachments may be accomplished using well-known

chemical or enzymatic methods.
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derived fr onnclusionbodies etetkmowndf therartrefhes¢ methods gemedalyrinwelvg expl ant s.

ol ypept | dessoldHling s puaBRy BT SRR RO AR Bhai TR PBE L TR a5 yeast or
i n prokaryotggy letagrtlﬁ aaéﬂaxtr bag&kevmﬁ%&s@%%mewféﬁ%nﬁﬁ%@arOrwces

cerevi si ae, h|z sacCharonycesponbe, Kiuyveromyces strains, and Candi da
strains. Popremanyakm;to seid sedplercebaftthe pioddin, it isaifles necesbarg o &cxomplisicthea col i,

Baci |l us subti and Sal none hi nuri um des of the
resent i n oAl i B saenn: PabloN oRa erpaon ot s Rt Bosary. t 0
nodi fy them Ryex §38fen§x Gk meBlHas Bf‘fé%flh %‘a?é‘&@éloé&dﬁﬁ?@cﬁh@ﬁ@@ ) Peth.
appropriate site order to obtain ctionality. Such covalent

att achrrent s Bmreymbk 1854 8795i MBG%ZSJgnd\mtbntlapphmtlonﬂéSl 8@l Nor enzymatic
met hods. @?#%7&18 PCTNS2004/ Q163% 5 [0094] Expression in bacteria
may result eSeribsrother ApREPHAte B i ncorporating the reconbi nant

protein. Thus, refolding of the reconbinant protein may be required in
order to pr o083 Heanalweptidernidhepressps invgntion mey alseperedombiganfyds f or

obtal i N9 Calk Aty BLARH, HAASE AL AR RIGREAOHAES OFDBREBL Rlenibac! us! O

bodi es are known 1 n nera I1izing

the protein forsaitallé cortrot Isetﬁieﬁdsbsti@dmesr mbRdfisedeapressionyetioss, fichtagi n
conpl etely using a chaotropic ent. When cysteine residues are present in
the pri mar ybasploNBuBrsEPs.d YARg Ehisent 6@Ié¢1ﬁpresaom systery dYatgddlessary to

acconplish t ch‘i methods for baculovirus/Sf9 expression systems are commercially available in
kit form (e.g., the MaxBac® kit, Invitrogen, Carlsbad, CA).

[0096] GITR agonists, e.g., GITRL protein, active fragments and/or fusion protein
thereof, may be prepared by growing a culture transformed host cells under culture
conditions necessary to express the desired protein. Following recombinant
expression in the appropriate host cells, the polypeptides of the present invention
may then be purified from culture medium or cell extracts using known
purification processes, such as gel filtration and ion exchange chromatography.
Soluble forms of GITR agonists, e.g., GITRL protein, active fragments and/or
fusion protein thereof, can be purified from conditioned media. Membrane-bound
forms of, e.g., a GITRL protein of the invention can be purified by preparing a
total membrane fraction from the expressing cell and extracting the membranes
with a nonionic detergent such as Triton X-100. Purification may also include
affinity chromatography with agents known to bind the polypeptides of the present
invention. These purification processes may also be used to purify the
polypeptides of the present invention from other sources, including natural sources.

As previously described, GITR agonists, e.g., GITRL protein, active fragments



refolding in an environnent that allows correct formation of disulfide bonds
(a redox system. General nethods of refolding are disclosed in Kohno

(1990) l\/laxd(ﬁﬁ? nol . 185:187-95. EP 0433225, and pat ' jon U. S.
Ser. No. }Mﬂ{ggﬁ 77 describe other gppropriate net hodgﬂgﬁ@%@gf‘ﬁﬁg

pol ypeptides of the present invention may also be reconbinantly produced by
oper ably | i nkifpg 6, beoLiR e OIADUL B bkiEReRhs A PodibENGRbsident ion Lo

sui tabl e con sequences T n ohe nor €4 nsec pression ors, such as

bacul ovi rus amécaRky&g., ang c@:ﬁﬁ&)ﬁex{t 80tha milknsfeehs@ald cospEeaS ipddy, Siyshe€Nn
Materials and nethods for bacul ovirus/ Sf9 expressjon gS@?{St ens are
commer ci al | ywhighiareshagacigized by serpptig qrezegn cellheontaining @ nelynucleatids r ogen,

Car | sbad, CAQefquérﬁg%ﬁlo@ e%%ﬁﬁi%éjsﬁ‘e' g., G TRL protein, active fragnents

and/ or fusion‘’protern ere e prepared by growing a culture

t ransf or ned | 1 s.under, culture . condptl necessary.iq.express the
desired prot B’lﬂﬁh fiﬁ? WS%(’%&FE%%F Hﬁqﬁ]ttolp&b'rggﬁ%oqlﬁs’t%’% priate host
cell's, the pelwieREliveFagherdtdEnd6RE0A ptoiMf Mer&IT, ard Yo e6tHRGe HiNdd i ed from
culture nmediumor cell extracts using known purification processes, such as

gel filtratiiotheat Forexampiaade TR proteinefithe inventiGomapbe compengated G TR
agonists, e.g., GTRL prqgjein ctive fragnents and/por fusion protein

t her eof , cangs&%g ?)Equ%e)gzaﬁ#yrqyﬁilgtgﬁmc{fq%ﬁgquﬂg%}og_ ﬁl&%nﬁ’r Smﬁ&md forms of,
e.g., a G TRAnMKRMilRpork PRIlicHY BiHfalifFhtioAinRle FESWingqHe SohcBhtBRRhisRY, @ total
menbrane fraction fromthe expressing cell and extracting the nenbranes

wi th a noni othiecortentratgsan be appliedgo Fpuribeationnowrix pueli 4s agel filirationy al so
include affinity chronmatography. with agents known to bi.nd the pol ypepti des
of the. pr esetptiafy, ANGRREN, 28 Biof e chaREE RS o B Rutrladi oy bl P Lo e o
purify the pairkeRhibiRte Rivid mmﬁylhﬁﬁﬁam&PgDEAEﬁbpt her sour ces,

i ncl udi ng natural sources. previ ously described, G TR agonists, e.g.,
G TRL pr ot ei polyeibeylensimingdREDtigsowe Jhe mainices can boquryiepode) 2046881 36 and/ or

100, P O At B S S BB B loh o0 o

or sheep, WAlteRaivety, atkios eREHaALSIstBY caBBdnloRd. BRiitableRhlién G@RkRdeR Ng a
pol ynucl eotide sequence encoding the G TR agonists. [0097] The nethods that

may be used meluderarigusdnspiubleoatrines corapusing sylfopropyp poeasbexymathylve fragnents
and/ or fusion protei,n thereof, are 0 to ose skl led inthe art. For
ol e 5 CproBhe SifbptdtS) BRbuns Ao RNE (e, S S e Tarist cp fifingh e

purification of GITR agonists, e.g., GITRL protein, active fragments and/or fusion

protein thereof, from culture supernatant may also include one or more column
steps over such affinity resins as concanavalin A-agarose, heparin-toyopearl® or
Cibacrom blue 3GA Sepharose®; or by hydrophobic interaction chromatography
using such resins as phenyl ether, butyl ether, or propyl ether; or by
immunoaffinity chromatography. Finally, one or more reverse-phase high
performance liquid chromatography (RP-HPLC) steps employing hydrophobic

, RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic groups,
can be employed to further purify the GITRL protein. Affinity columns including
antibodies to the GITRL protein can also be used in purification in accordance with
known methods. Some or all of the foregoing purification steps, in various
combinations or with other known methods, can also be employed to provide a
substantially purified isolated recombinant protein. Preferably, the isolated GITRL

protein is purified so that it is substantially free of other mammalian proteins.

[0098] Alternatively, GITR agonists, e.g., GITRL protein, active fragments and/or

fusion protein thereof, may also be recombinantly expressed in a form that



using a comrercially avail able protein concentration filter, for exanple, an
Am con or MIlipore Pellicon ultrafiltration unit. Follow ng the

concent r@,@zgph/]fsot-,ﬁg, the concentrate can be applied to gLbdddigdsi 0N Matrix
such as a ge iltration medium Al jgernatively, an anion exchange resin can
be enpl oyed, for exanple, a matrix or substrate having pendant

di et hyl am nogt. (l%ﬂ: : eyl ' ' . trices
can be acr y?f;a%ﬁ%é?s agar%tsl(geg' ch‘ceék%{[?lg%’ %8 gpﬁ)g?%ﬁs}% s érfal?ol%eheg{?&%g%eag -H(l:%m{m%nl y

enpl oyed i n witbpmiteinpsuchfas aadiosebindiNgtpesteiat (MBP)y glutathiohe-Sriraexfehsage step can
be enpl oyed. K Suitable cation _exchangers ingclude various insagluble matrices
conpri sing sﬁﬁsfu]ép‘?rcibiﬂre 1 REEx foy exprepsionsad pepficgnafpnchyiusiops are
preferred ( oS j: £+ ' f TR

agoni st s, e.e%r.g’fem&%*% pr (%{%Ziﬁﬁgvéagﬁlgga rlg%‘ar;gﬁgléﬂ g?& %@gmg{% ’N%)bt ein

t hereof , fr oPhacmbdia(Biscatgveay) NI nhd dmyitregenprespectively. @IFRmgonBisge.gol uMm st eps

over such affjnity resins as concanayal n A-agarose, heparin-toyopearl (r) or
Gi bacr om bl UelBdaPigip.AcH¥e tragmenys a’é‘?/oq@ﬁ'PByBngE‘in ¢TRete FarbalsQ e B8t ogr aphy
usi ng such resi . ; or by

I mrunoaf fi ni ‘?@hg E?%%@%@%%}?&hﬁgqg%%&%ﬁfgaﬁ plrlrﬂé)iri%d){éégﬂv%% g@éc gﬁ{ise hi gh

per f or mance dntihodyltocthe epitdpeg rAaprefer{elepitbic) is shedfiSA Graplitoye, whithyidr ophobi ¢

RP- HPLC nedia, e.qg,, Sill el havin nt thyl_or other aliphatic
groups, can®oyEn g’&“ﬁ%ﬂia&’g@ g’ﬁmt Wﬁ?&?‘?‘gg%ﬁﬁﬂ V‘PRL&B}-otei n. Affinity
colums including antibodies to the GTRL protein can also be used in

puri fi cati on[00P91AcEIGk agordss, s 8 HoTTRepweteavn erbwsiragsaents and/en fusion prdieinf or egoi ng

purification,s | B wvar.i i nat i . 1 1 h. own rmet hods,
can al so be t@ﬁ‘%ﬁg?}&# atlsc? %r%r\%%cee d%glr@ﬁ tcg‘%f%?lgﬁ%}vé%%%cgf ggﬁllegf& at ed

reconbi nant plegiogs for cheticalfbmthesidify ush palypeptides Rte well Rh@imtd thogeur i fied so
that it is substantially free of other manmmalian proteins. [0098]

Al t er nat i vel skilledjirthesgyb nPuchschemiqglly syntiretic polyneptides may possessbiglegieals and/ or

fusion protej of [ oro)] -axpr | form t hat
O 2004/ 107cHaPEE Doty B i i ERER Aok BT 3 bled B, *eampl o,
t he pol ypept éfisisyeteas H@@logbsan saived of minkifolosisal sobititufes ®rahdatatath as

mal t ose- bi ndi ng protein I\/BP?, gl ut at hi one-S-transferase (GST), or

t hi or edoxi n BotrxXptides.ts for expression and purification of such fusion
proteins are commercially available from New Engl and Bi oLabs (Beverly, M),
Phar maci a ( Fi0366it GIER aganists, esnndGITRIL proteis activeSagmuenty add/or fBidR agoni st s,

.0., G TRL tein, ti f ' . ' ,
C 0 e TR Q! Blfor 3 S A TN ok e SRR P L r - oan

disclosed polypeptides (e.g., which have a slightly altered sequence), but which
have substantially the same biochemical properties as the disclosed polypeptides
(e.g., are changed only in functionally nonessential amino acid residues). Such
molecules include naturally occurring allelic variants and deliberately engineered
variants containing alterations, substitutions, replacements, insertions, or
deletions. Techniques for such alterations, substitutions, replacements,
insertions, or deletions are well known to those skilled in the art. In some
embodiments, the GITRL polypeptide moiety is provided as a variant GITRL
polypeptide having mutations in the naturally occurring GITRL sequence (wild
type) that results in a GITRL sequence more resistant to proteolysis (relative to

the nonmutated sequence).

[0101] The methods disclosed herein for the generation of GITR agonists, e.g.,
GITRL, active fragments thereof and/or fusion proteins thereof, may be used to
generate GITR antagonists, especially soluble GITR proteins, activé fragments
thereof and/or fusion proteins thereof. One of skill in the art will recognize that



with a small epitope and subsequently identified or purified using a
specific antibody to the epitope. A preferred epitope is the FLAG epitope,
whi ch i B4 @l |y available from East man Kodak (Np/g@¥@ioiesd) - [ 0099]
G TR ag§¥1?2®s, e&ég G TRL protein, jgctive fragnents and/or fusion protein
thereof, may al so be produced by known conventional chem cal synthesis.

Met hods for ) : 1.2k Bg y%ﬁ%iﬁ%ﬁn known to

t hose skil ltgg&f%]ﬁ{@?eﬂ‘ ]ia{rsd%ll ﬁ%ﬁ’ %H’é%ﬁggﬁcgﬂs{ynt et ngs%%%ﬁ’ des may
possess bi olaadfoc filsionprotemstthasof all datrwonldiietrbquited is #teunleic goid i f i ed

pol ypeptides, and thus, may, be enpl s _biplogjcally active or

ol 001 C SPIBR T HREE SR eI REE AR LR, Dottt VREhareitont: UR00] o TR
agoni sts,  €.yfse s%@&es?éﬁﬁ@'aﬂvag&ﬁétb,v. g s%ﬁﬂﬂ@@&?R%%?ﬁabﬁé?t?Eher&ifPt ein

t hereof, al so enconpass nol ecufes that are structurally“different’ fromthe
di scl osed pahijoe fitsicgsrotensghereofhinaly bh ererated hsigp récpnlinant BiNAequence), but
whi ch have substantiglly the sa bi ochem.cal .properties as the disclosed
pol ypept i des‘feclf‘("él. S.?mg?%&’@wé%éﬂ’ 1523 ¢S 8%l |y nonessential ani no
acid residues). Such nolecules include naturally occurring allelic variants
and deliberately engineered variants containing-alterations, substitutions,
repl acenents, jnsertions, or deletions. Techniques for such alterations,
substituti oﬁ%f}tl'géﬁ]am%@? insertions, or deletions are well known to

t hose skill ' : Tueletel | ;- RALypepti de noiety
IS provi dedqglsdzi %gﬁeg%@b%ﬁ@%& ypefoigtl5 gig’%dé%\slié%gﬁr?ﬁa? | cs)ﬁ%gi n the

natural |y ocatibodies) ofdnkigen barglivegfrsgrienitd Hleredf tiedt spéuificaligbind o GITRA, G TRL

sequence nore resjstant to proteolysj rel ative to the nonmnutated
sequence) . [I@%‘?]S’{YTH@I%‘%IWB&%GI méﬁ%r@ﬂﬁl@%ﬂlﬁetﬁﬂm&ﬁ on of A TR

agoni sts, e. 8 , G TRL, active fragments thereof and/or fusion proteins
t her eof , maylBE03) e afskilljarthe at wilbrerrenine thgbas used hewygpérttarmy sol uble G TR

proteins, active {f5a nts__thereof .and/ fusion .proteins thereof. One of
S TT it he ol PSR E prool BiurSB 0o b rbeb b beste iilsae1 38 to
generate G TR)ehdid ¢idbié fogichsYabbré&@atedh&efd aERITRGhd YElehst 38RME S t her eof ,
and/ or fusmn@fprotel ns thereof, all that would be required is the nucleic

(S

acid sequemneeferablysmioright . )rhawyssiable regions (Fbbrewigted hsteinhs ¥h).aflee known.
Usi th .. AT t | st ..g.., .sol | A TR..,.act i
fragnent ot ROLB0Y VL RBiaPe Pt Ve e b Red Tel v el gl ot e usi ng

reconbi nant tMRd “complementarity determining regions” (“CDR?”), interspersed with

regions that are more conserved, termed “framework regions” (“FR”). The extent
‘of the FRs and CDRs has been precisely defined (see, Kabat, E.A., et al. (1991)
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No. 91-3242, and Chothia, C. et
al. (1987) J. Mol. Biol. 196:901-917, which are hereby incorporated by
reference). Each VH and VL is composed of three CDRs and four FRs, arfanged
from amino-terminus to carboxy-terminus in the following order: FR1, CDRI1,
FR2, CDR2, FR3, CDR3, FR4.

[0104] The antibody can further include a heavy and light chain constant region
to thereby form a heavy and light immunoglobulin chain, respectively. In one
embodiment, the antibody is a tetramer of two heavy immunoglobulin chains and
two light immunoglobulin chains, wherein the heavy and light immunoglobulin
'chains are inter-connected by, e.g., disulfide bonds. The heavy chain constant
region is comprised of three domains, CH1, CH2 and CH3. The light chain
constant region is comprised of one domain, CL. The variable region of the

heavy and light chains contains a binding domain that interacts with an antigen.



techni ques and/or chem cal synthesis, as described above. Anti-G TRL
Anti bodi es [0102] In other enbodi nents, the invention provides QTR
ant agoniyghSe 0 gtibodies, or antigen binding fragmen hat
speci fi C‘ZP % 7 to G TRL, preferaply, mamalian (e.g tP%T &%(ﬁmgssi’ﬂ TRL, and
neutralize GITR activity. [0103] One of skill in the art wi |l recognize

| cast “one. - andcpps i R anRlS SlGuu e it dathObege O S 1

(abbr evi at edniitydgite hast tﬂkﬁes ol ittt maadahg oagoRIvdlls Bf BE ety systan | | ght (L)
chain vari abl e regi ons_ (abbrevi at ed herein_as VL). The VH and VL regions

can be furt KR8 gﬁmrweamdﬁh@ﬁfséwmn@e@t (Gl of therclassical qopplengesit med
"conpl emantgg didy determ ni ng regl ons" ("CDR"'), i nterspersed with regions
that are nore conserved, terned "framework regl ons The extent of the FRs

d CDRs h fined t al 1991
ggquences gioﬁgﬁgorecgﬁgm I ne?B‘%ﬂ%e?*?ﬁ?r&F °fPP? ’P‘Hn%ﬁ ?l on( U. S)

Depar t ment  ,gf EBu&%u‘&Hﬁ&Eboﬁ@dM 16b bR T YelihniZdd- 3242, and
Chot hia, C petypgigﬁtie (1987) J. By (géG 901-917, ':\rl\hl gh are hereby

i ncor por at ediuimn imetigoglabein g@ashlclﬂdeélmi(appallatnbdanahﬂladlgm aridrlgA2)CDRs and
four arran 0 nus C Xy-t nus in the follow ng
or der | PRI ERE UeGhIeCaRbR: feeh! decersied B Bisanstatlsun efisty can
further inclydenas ﬁi%%ynﬁﬂﬁnhmgig‘lotﬁlﬁﬁ'vﬂnﬂﬂé‘%g%ﬁgénﬁﬂ'ﬂﬂl lngit hereby form

a' heavy and |ight imunogl obulin chain, respectively. In one enbodinent,
the anti bodymismneglobulimfieght ohalnsixk(abmlawlﬁdnﬂnhﬁlgmhalapldsmramdaﬁhy two |ight

i mmunogl obul i n ai ns, wherei.,n heav nd._ | lin chains
are inter- C('Serﬁggtf & EPE0n sde %\h‘c}{]ﬁ‘g ‘YS 1I1Qﬁ‘émf?e%°\]lci}?gﬂcg?ﬁaﬁi’8nstant
region is C%Fmiﬂb'iﬂ@oﬂétaﬁtl?égén donept Ao C@H-teﬁh!&u@nﬂuﬁjﬁ’ngtﬂhe l'ight chain
constant region is conprised of one domain, CL. The varlable region of the

heavy and | ightmeglabwin ‘Gwavarhaing (ghautlF0 K ddonddtramina acids), aresimiarly t h an
antigen. WO 20 07618 PCT/ WU52004/ 39 The t ant..regions of the
ant i bodi es tHPIE Q%V?Vﬁﬁlal?lﬁtr%gl?rhge%(ol&quﬁ}% CEE cf) ft‘% %grt ti ssues or
factors, i ngkdtethargtionsd conkbant eddi géneé e | @ eﬁ)éédlﬁ &1ﬁ390 amétof ect or
cells) and the first conponent q) of t cl aSSI cal conpl enent system

[ 0105] hnnuroigkle Billieiimmubglobulin eavwrc&bme;l cnnﬁmtsrﬁgpn genesfeneadls for theor e
antibody class, i.e., isotype (e.g., IgM or IgG1). The antigen binding fragment of

an antibody (or simply “antibody portion,” or “fragment™), as used herein, refers
to one or more fragments of a fufl—length antibody that retain the ability to
specifically bind to an antigen (e.g., CD3). Examples of binding fragments
encompassed within the term “antigen binding fragment” of an antibody include
(1) a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and
CH1 domains; (ii) a F(ab’), fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; (iii) a Fd fragment
consisting of the VH and CH1 domains; (iv) a Fv fragment consisting of the VL
and VH domains of a single arm of an antibody, (v) a dAb fragment (Ward et al.,
(1989) Nature 341:544-46), which consists of a VH domain; and (vi) an isolated
complementarity determining region (CDR). Furthermore, although the two
domains of the Fv fragment, VL and VH, are coded for by separate genes, they
can be joined, using recombinant methods, by a synthetic linker that enables them
to be made as a single protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242:423-26; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA



pol ypepti des substantially encoded by i mmunogl obul i n genes. The recogni zed
human i mmunogl obul i n genes i nclude the kappa, |anbda, alpha (1gAl and |gA2),
gamma (hgGheashdfess | 9G3, 1gG4), delta, epsilon and mu geg&ka&g Fg?fon genes,
as weld was -t ewnyr+ad hnnundglobullqovarlable regi on genes. Ful engt h

i mrunogl obulin "I'ight chains™ (about 25 Kd, or 214 am no aC|ds) are encoded

by a varia g cids) and a
kappa ?)r bI %ﬁﬁﬁﬁlﬁﬁ%ég?%$%§&%?§ %@?gﬁm nusigﬁ?(fl engt h
ImTUﬂOg obu astin (= 8 m(iﬂig(ﬁ:ﬂgnﬁﬁt” an @htildy. aficB®ard B are
simlarly encoded by a Vgl’l abl e regi on %Fne (about 116 am no aci ds) and one

of the ot he.fragla%tﬁérﬁe@htma%a%eﬁmvmmab IHagesi@ewndo ghose glaHﬁ%m( encodi ng
about 330 and, egi on
gones enco de i, a@ﬁhﬁ%agﬂﬁﬁ%f:@%@&ﬂh?&ﬂdlﬂyIh%%é%axﬁ@?daﬂn&%@ {ac{ '9G). The
antlgen bi ndntitgpdigsagment of an anti body (or sinply "anti body portlon or
"fragnent"), as used herein, refers to one or nore fragnents of a

full -1 engt h gyl bﬁﬂ)bffsiamtmru@éﬁtwﬂl REo@rd thhtthé thetlffd8 distiosed heteiifld to an
antlgen (e.g., ). | es of binding fragments enconpassed within the

term "ant i ggendsition qumﬁba@mnteculcs toethe polypensidys pide paesent(inyensiomab f r agnent ,

a nonoval ent frame nsi sti.n he VL, . VH mains; (ii) a
F(ab )5 1 ageiing QI and SRSuiset Westsr P opy e ests B < 1 | nkbo

by a di sul f ipeifeihs, 'e?eGFER bhmuﬁmﬂgﬁrmgceﬁbeqﬁéﬂﬂly the nisthddsaBRBeratiipnsi st i ng

of the VH and CHI donmmi ns; iv) a Fv fragiment consi sting of the and VH
domai ns of an@quglmolacruie&ﬁpp Qstrml}b@dbe pqlypepsidesref the prpsenttinyenfioniaset al .

1989) Nat 44- 46 d ’
o e e oaRcak Mo, Al RO AMR bEnGhaf @lfREOTS [ Bne (V1) Bh

the two do of . the F a L a H,_are coded. for by separate
genes, theyﬁ@gi Antibpdy Xecuﬁé?q@epeb’amﬂ%aﬁkl thr?é’tr?ﬁ?H%m"Wl%’ &Hmt hetic |inker
t hat enabl eg ﬁﬁﬁfﬂng}ﬁh@@dﬁ?ﬂﬁn ecu &lﬁé?tn Mndt idkikditd ikeh the VL and

VH regions palr to form nonova ent own as single chain Fv
(scFv); see HTBL,anBiitschoatolags, maYh@ﬁ&ﬁﬂSnpmvem@&m&ngﬁutommdutht on et al.

(1988) Proc. ad. Sci,. USA WO 2004/ 107618 PCT] U 2004/0 381 40

85: 5879- 83) i ngaiieFF gﬁf?gveatewaﬁhﬁﬁaa% Fm?aggreéﬁcgogq, ET Qerelat

enconpassed f ntlbody
These anti bdlds;émegr ?‘?}Eﬁ%‘g@%%@%ﬁgﬁﬁ%ﬁg&@g%ﬁ%& te hgl gues known

to those skiubdfeldnithe methedsof the dmdntiorefd treghirydancar mfetioesdseastganditility in

t he same man as_are ac
sﬂl%iar and related glsordters. Such antibody molecules may be produced by

methods well known to those skilled in the art. For example, monoclonal
antibodies can be produced by generation of hybridomas in accordance with
known methods. Hybridomas formed in this manner are then screened using
standard methods, such as enzyme-linked immunosorbent assay (ELISA), to
identify one or more hybridomas that produce an antibody that specifically binds
with the polypeptides of the present invention. For example, GITRL proteins of
the invention may also be used to immunize animals to obtain polyclonal and
monoclonal antibodies that specifically react with the GITRL protein and which
may inhibit binding of ligands to the receptor, i.e., GITR. Similarly, GITR
proteins may also be used to obtain polyclonal and monoclonal antibodies that
specifically react with GITR. The peptide immunogens additionally may contain
a cysteine residue at the carboxyl terminus, and are conjugated to a hapten such
as keyhole limpet hemocyanin (KLH). Additional peptide immunogens may be
generated by replacing tyrosine residues with sulfated tyrosine residues. Methods

for synthesizing such peptides are known in the art, for example, as in Merrifield



anti bodi es. [0106] One of skill in the art will recognize that the nethods
di scl osed herein for generation of antibody nol ecules to the pol ypeptides
of the RyES horﬁgention, e.g., murine G TRL, may al sgchristsRdidsgr generate
anti body nol ecules to other proteing, e.g., G TR or human G TRL.
Consequently, the nethods for generating antibody nolecules apply not only

to the pol | ! ' ' : also to, for
exanpl el,O Gy¥%> 9%3%%{1 ég} %RE’BF%%_A;?-@X%E{%%E%@&‘: gicgﬁegz??g?ty %%h'pol ypepti des
of the presait:10nvefuliFlengtheotypeptidesfithapregant hvantiorhmey & ukadl antiié ne G TRL,

I ncl udit ng bgqtnn{]uglég%qi %t d tﬁ us%gm?%g%@g oallitstsho 'E’;ﬁ&e@ﬁ?&be useful in
preventing : att aﬁﬁ’f"& hT ,gF’r?fl é’rﬁﬁq ses,

transpl ant rn‘fdﬁféds@&'._sAn?aﬂﬁ%fd}gb de BF Fﬂgﬁﬁe Lsiflle di"ﬂ?@%r‘ségeffnﬁfnv%ﬁﬁ ant i body

nol ecul es e. g.”, agonistic nti bo may be e met hods of
t he inventi eombrisestat éamsi Teontmnowy amino heid residiges dnd encomspasses an epitopel ar  and
rel ated disorders., Suc nti.bagdy nol ecul es be prodyced by t hods wel |
known to t hd¥ @ﬁﬁ%%ﬁljﬁpanwdéﬂﬁmﬁﬁﬁwmﬁg%}sm IREMeSHRIPIE di es can
be produced | ' | [ ] wn et hods.
Hybri domas f@%ﬁ%ggﬁrﬁ% t:ms% ?rjra%ﬂr%%épwégfeér% %é\ﬂ% reer?ggﬁiggf%gg&@esafsﬂ;%ard met hods,
such as enzyamend acid estiduesumarepréferablyat &ayt (5EnhiBARcidiresiduadeeenfyorone or nore
hybri domas th oduce ant i body .t hat specifical binds._ with the
pol ypept i dePrarraplygi E?aéfsﬂﬂ%mmva@m%%ﬁm%m re&%mfgr,a% afpgashiQAinAs of the
i nvention may;qabg@de used to i mmunize animals to obtain polyclonal and
nonocl onal anti bodies that specifically react with the A TRL protein and
which may i i ndi f ol I .- TR
Simarl'y QST NrleRtlthebocles 8RR ekferkfdf sV SERRMRmods own T "o
nmonocl onal  andseRRilleé $n thealt ofFpedeibinamd DINA feehidlogy.t As &h Termdthe toept i de
I rmunogens additionally may contain a cysteine residue at the carboxyl
term nus, afderariag gwaptigaelaatibedyasaseating hybtidamassa mespplond antibedttohenocyani n
(KLH). Addit ' Mpya¥icTelol= ~ I i ng tyrosine
resi dues w ﬁ%’%@a’i@g‘?&g@}‘ﬂgﬁ’ {C-)SI ne regig%g%gpg%{lﬁgggﬁ#géglagé;gn]{yﬁ%}sel%fzi#lgg such
pepti des ar e rs¢u@ibinat combirdldrial irmhusogdohulia libesyi(e g)an hfiboelyghies 2004/ 107618
PCT/ US2004/ 016381 41 (1963) J. Aner. Chem Soc. 85:2149-54; Krstenansky et
al . (1987) FMismByditrary) with-amplypeptide of the prgsent goeptien (s aeGEFREM witlesent
I nvention e . 1m : | vel ntigenic
bept | de frgg?;[%#r gou@gx%pﬁzso‘%iﬁ%gp QT 1ibRdry i et MRl Yo 1Rt 1 O

polypeptides of the present invention, or to GITR, respectively. Techniques and

commercially available kits for generating and screening phage display libraries
are well known to those skilled in the art. Additionally, examples of methods and
reagents particularly amenable for use in generating and screening antibody
display libraries can be found in the literature. For example, the “combinatorial
antibody display” method has been developed to identify and isolate antibody
fragments having a particular antigen specificity, and can be utilized to produce
monoclonal antibodies (for descriptions of combinatorial antibody display, see,
e.g., Sastry et al. (1989) Proc. Natl. Acad. Sci. USA 86:5728; Huse et al. (1989)
Science 246:1275; Orlandi et al. 1989 Proc. Natl. Acad. Sci. USA 86:3833).
After immunizing an animal with an immunogen as described above, the
antibody repertoire of the resulting B-cell pool is cloned. Methods are generally
kn‘own for obtaining the DNA sequence of the variable regions of a diverse
population of immunoglobulin molecules by using a mixture of oligomer primers
and PCR. For instance, mixed oligonucleotide primers corresponding to the 5’

- leader (signal peptide) sequences and/or framework 1 (FR1) sequences, as well as



maybe used. An antigenic peptide of a polypeptide of the present invention
conprises at least 7 continuous am no acid residues and enconpasses an

epi t ope an anti body rai sed agai nst the pept pecific
I mune éﬁﬁgﬁn“hﬂﬁﬁth the pol ypeptide, Preferably, the gﬁ?ﬁg%ﬁ?@uﬁggtld
conprises at least 10 amno acid re5|dues nore preferably at least 15

am no acid res'_ even Je f er abl 0 0 resi dues,
and nost pré’f‘g g%ﬁ%f QTS ?ﬁ]j‘s%ﬂﬁ%mngﬁ Be P%eélle%ﬂggﬁ 3[“35{‘\'%?“ ?fgcl onal

anti bodi es ﬁﬁe/héheyﬁﬁd‘ﬁgﬁtt&ﬁmb%rﬂbl@%glﬂﬁtﬁ‘&ﬁ%ﬂ@ﬂﬁéﬂofﬁunh@ﬁ?ﬂtfboﬂiéb| led in the
art of reconbi nant DNA t echnol og an alternative to ggsgrl ng

nonocl onal 4heriskgyals@ooe) ngecﬁ?ll.ﬁlwé‘dﬂnh?r 56 ﬁomlaeﬁaateman PeeED  a

pol ypepti de he t | sol ated by
screeni ng a%%decc t r@ﬁﬁé%%%gﬁg{%uwnogg} OP%%P%o% (e g., an

ant i body phaggibodiésSRlagickl ot AL &1991) Mekfivds: QonyRaph iciBlebds heEpRymskRBy | nvention
(e.g., GTRL) or with ATR, to thereby isolate inmunoglobulin ITbrary

menbers t hatz:H6n o t he pol ypepti des of the present invention, or to GITR,
respectively. Techniques and comrercially available kits for generating and
screeni ng pt{ﬂ];ﬂé‘] dﬂolwllcayll barbpmat adibodims eaydk prédused by emtnnoizegskiuittidd i n t he

t. Addit t hod d t t | arl bl
For use i n guRErhbPaRBeRRaL Mamesett FRouion: FedrayR HPERES Can bo 1 ound
0 the |1t engpiinsedtes e ARPhEmohiifed GAFRTA P ithiidard eetmgeéiys&hap' ay” met hod

has been devel oped to |dent|fy and isolate antlbod fra nts having a
particul ar anth@b]ﬁﬁstmng imobyizedmarkenprotpén. u]':fdlesm@hlthecanpbodtuce monocl onal

ti bodi t f_conbi | ant.ibody di 9.,
Sastry et armotagsies 8t poiiaiee o Bocilin Shsn malhe sl Tofo)
Sci ence 246 fioh fhe s%jeem'cu&hreqhedlal&%fuﬁhacpmmulb v%lﬁﬁnov%?techﬂ#é& 86 3833) .

After immunizing an animal with an | munoden as descri bed abové, the
anti body r epech & preteuf Atcheomaegraphy, tp 6btainlan IpGdtactioncl oned. Met hods are
generally known for obtaining the DNA sequence of the variable regions of a

diverse popfolxg if@a‘gménté nfmmbgﬂlebtdthepmppqﬁmeeefthypmsemgneemmbntnmye of
ol i goner prinmers, and I nst ance,, m xed ol i gonucl eqtide priners
corr espondi rbgmww%becleavae&&éthe(@t@%aps lﬁeaﬁt"i’féé‘}ces"é‘&}tl@ﬁﬁ’é’és WeHd/ or framewor k

tLo(gRl:Z)n:g?\l;%g&@ cons ant reg oh can(%(%z %ﬂpﬂé#@?&%ﬂ@ﬁ ??éatﬁgnp:‘):‘ nre{?]e

heavy and | ifgiginealsanday bogenshital byegeating tHe aibadiesiwit@ran@hzyme suvh agant i bodi es

pepsin.

[0111] Additionally, chimeric, humanized, and single-chain antibodies to the
polypeptides of the present invention, comprising both human and nonhuman

" portions, may be produced using standard recombinant DNA techniques and/or a
recombinant combinatorial immunoglobulin library. Humanized antibodies may
also be produced using transgenic mice which are incapable of expressing
endogenous immunoglobulin heavy and light chain genes, but which can express
human heavy and light chain genes. For example, human monoclonal antibodies
(mAbs) directed against GITRL may be generated using transgenic mice carrying
the human immunoglobulin genes rather than murine immunoglobulin genes.
Splenocytes from these transgenic mice immunized with the antigen of interest
may then be used to produce hybridomas that secrete human mAbs with specific
affinities for epitopes from a human protein (see, e.g., Wood et al., WO
91/00906; Kucherlapati et al., WO 91/10741; Lonberg et al. WO 92/03918; Kay
et al., WO 92/03917; Lonberg et al. (1994) Nature 368:856-59; Green et al.
(1994) Nat. Genet. 7:13-21; Morrison et al. (1994) Proc. Natl. Acad. Sci. USA
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(Carrick et al. (1991) Biotechniques 11:152-56). A simlar strategy can al so
been wused to anplify human heavy and |ight chain variable regions from
human [ i (Larrick et al. (1991) Methods: Conpani ods in
Enzynol 8‘892}@%8@?10). [0109] Pol ycl{gnal sera and anti%@gﬁ&&o@?/@éppr oduced
by imuni zing a suitable subject with a polypeptide of the present

i nvention. The antibady titer i e . i munized sybj ect y moni t or ed
over time b _s@%ﬁfﬁér @%%&?W&b%@)%ﬂd‘?’%oz %ﬁh“%ﬂﬁ@i}’%ﬁgﬂg bi | i zed

mar ker prot epe, chtl.QI%&H.V&@LUSA‘9O:@?20—@Q%g§Eﬁ'1ﬁfét'aﬁ§l9bl‘)%F.ef.i agai nst a

pol ypeptide of the present invention maybe isolated fromthe subject or

cul ture medilzmmdl. 24rlBR3+26pur i fi ed by wel | - known techni ques, such as
protein A chromatography, to obtain an 1gG fraction. [0110] Fragnents of
anti bodi es t[0113]eClimeyip aptibadites, Dicluding chiraerénimmmneiébudin chmiyis, caeber oduced by
cl eavage of the antibodies in_accordance with nethods well known in the
art. For exa{wﬂf@}%d LW&M&NM@&E@H‘&‘@ kngWndn dhearh pForexampleadgehes nay be

gener at ed by, | t ' [ ' pepsin. [0111]
A 11 onl 1 y7obfite e el icBaof  nhirnd (L AR KBRS MEcR el °P 2 e

pol ypept i desantibodjh@oleceledndigested®with eestrictionmenzyahetolembvdihseepiaand nonhuman
portions, na%lﬁgépgroduced usi ng standayd regonbjnant DNA techni ques and/or a

r econbi nant thearimane Fennd G caBivRicRt Pariempl eenefisPdiBg 2 BATEBodi es may
al so be prodyce ' r-@ﬂﬁ)g%' ] ' I g4 I expressi ng
endogenous irmuﬂ%g orl%%lolhrll eavykegin(%elq%j\r%yog%g?ﬁqgﬂg%%g? tf‘tate\%i ch can express
human heavy RublicatiogpRCT/RESS6/03262Akifapet abx Enpipean BatemtmAppieatidronal ant i bodi es

(mAbs) directed inst . TRL nay be generate ' transgenic mce
carrying }%84»11&%913%}1%&3%%&?%&&553 _ lqaami?fjhéﬁflﬂ%%etmmnog| obulin
genes. p | . antigen o
i nt er est rr?}ﬁﬁ%ﬁ?ﬁgh ﬁggg lf%ﬁgrlzg’ggg’%ugﬁggg%%’t ﬁat%seg%tebﬂgﬁ%n mAbs

wi th speci f iat., US.Patent Nes4,8b6,56Ti Gabibset fat. Qfurap bamiRatery Agpipticatiopsee, e. g., Wod

o2/ gle,é’ls?ADK 15/0339 %@%ﬁg{é’}gggg%’?cgt%ﬁ@%}@ Blé{e%%(?zé‘&?; ?’ngﬁe ?Y%@-egaglz 85\9959;
hcad. Soi - AR A ST B0 R AT o 3 B b B gL OO
(1993) Year (188)Fobc. NBBAd. SEaISA o2 b-1%i NiskitB@8}t al. (1987) Cancer

Res. 47:999-1005; Wood et al. (1985) Nature 314:446-49; and Shaw et al. (1988)

J. Natl. Cancer Inst. 80:1553-59).

. [0113] An antibody or an immunoglobulin chain may be humanized by methods
known in the art. Humanized antibodies, including humanized immunoglobulin
chains, may be generated by replacing sequences of the Fv variable region that
are not directly involved in antigen binding with equivalent sequences from
human Fv variable regions. General methods for generating humanized
antibodies are provided by Morrison (1985) Science 229: 1202—07; Oi et al.
(1986) BioTechniques 4:214; Queen et al., U.S. Patent Nos. 5,585,089;
5,693,761; 5,693,762, the contents of all of which are hereby incorporated by
reference. Those methods include isolating, manipulating, and expressing the
nucleic acid sequences that encode all or part of immunoglobulin Fv variable
regions from at least one of a heavy or light chain. Sources of such nucleic acid
sequences are well known to those skilled in the art and, for example, may be
obtained from a hybridoma producing an antibody against a predetermined target.
The recombinant DNA encoding the humanized antibody, or fragment thereof,

can then be cloned into an appropriate expression vector.



Proc. Natl. Acad. Sci. USA 90:3720-24; Bruggeman et al. (1991) Eur. J.

| mmunol . 21:1323-26). [0112] Chineric antibodies, including chineric
im’runoglvgﬁ%dgﬂo%qy ns, can be produced by reconbi nant ;PNAsbRGHNsgIeS known
in the art. For exanple, a gene encqding the Fc constant region of a nurine
(or other species) nonoclonal antibody nolecule is digested with

ther y SlS b oo 4 th
caut var ent " §ENE TR d fLIR e Ry AOHROHL S b oln iy 0 1"
substituted b@g@@&e@bpm gtafiddg or CDR ehibbihitAMhBRIEsHe, twhd ok bigat i on

PCT/ US86/ 02269; Akira, et al., European Patent Application 184, 187,
Tani guchi , EPRpeka imgpenslohylinichainicambea replaged: Semeig.db8. RateiNo.  Eur opean

Pat ent Appl i 1 QR. 17 ; teBlha. 01533; billy et al.,
U. S. Patent 5%%’5%@8%%1%53% @Q@W{i{tﬂﬁ{ﬂ@éﬁ&%r\)/oe\géogeg/albé:[aiﬁ(tw%pl i cation
125, 023; BetSchce23R1534; BRifior obal. €1988) 24RimtAdl 148:4053-60eWinbr, 1(8.987) Proc.

Natl. Acad. Sci. USA 84:3439-43; Liu et al. (1987) J Immunol. 139:3521-26;
Sun et al. FPetosNp. B23%53Ndhe conterdgiof allof whiginarghereby in@rpewpiedbiur a et al .

Shaw ot al . raE VodeRaebe ORa e tiapddbinday B dbroriel oG o
an i nmunogl abshimardresl ahtibediedof the Froset eaveBilon UK ®tent Appitation Ge art .
Humani zed anti bodi es, i nc] udi n%§human| zed i mmunogl obul in _chains, may be

generat ed by21886384siWintereH e Ratent Ne. 3,225, 39).1h¢ reitieuis pEwhish argharebyar e not
directly in ' ' by pdi ' R fr,om human
Fv vari abl e\ﬂr?éé) %%ﬂs?& bge}%%%g]?e'nép %ggg: (:%fr{pﬁgﬂgér‘ré |lﬁgﬁﬂ%%ﬁ{z%§?m§%t | bodi es
are provi dedbelpyplddedrigion 164s9 8 portioaiof 8 aenkRnlCDR; 6ronlPsot ofthe (1986)

Bi oTechni ques_4:214; Queen et_ al., U S.__Patent Nos. 5,585,089; 5,693, 761;
5,693, 762, tGRRewAY bafeplysed avith nanhygmpe FDRse Thisoabynecassanitorenless the

ref erence. | ] | pztall | and expressing the
nucl ei ¢ aci se%ﬂéﬁ%@gg?%da@%ggg%d%agé?fﬂgrgﬁgrgrqmg‘?%@n%?ﬁigg%ﬁobul in Fv variable
regi ons frompredetdrmartdd amtigerof a heavy or light chain. Sources of such nucleic
acid sequences are well known to those skilled in the art and, for exanple,
may be  obt G0NESY N6RBIGhal B SR B dHuRAHEED SntibdRR thA BdVe BERAIAGTfid ,
predeterm ned target. The reconbi nant DNA encodi ng the humani zed anti body,
or fragment byhegedéleting addimigeor substgiiangethénpootions of plpy aytibody, &.gxthe essi on

vector. WO %ggs e/m]t?ggqgr% a?g{sy %8%4&9 %go?f)%%f fhl}s invention. For example, an

antibody can be modified as follows: (i) by deleting the constant region; (ii) by
replacing the constant region with anc;ther constant region, €.g., a constant region
meaﬁt to increase half-life, stability, or affinity of the antibody, or a constant
region from anothe;r species or antibody class; or (iii) by modifying one or more
amino acids in the constant region to alter, for example, the number of
glycosylation sites, effector cell function, Fc receptor (FcR) binding, complement

fixation, etc.

[0116] Methods for altering an antibody constant region are known in the art.
Antibodies with altered function, e.g. altered affinity for an effector ligand, such
as FcR on a cell, or the C1 component of complement, can be produced by
replacing at le‘ast one amino acid residue in the constant portion of the antibody
with a different residue (see, e.g., EP 388,151 A1, U.S. 5,624,821 and U.S.
5,648,260, the contents of all of which are hereby incorporated by refefence).
Similar types of alterations to the murine (or other species’) immunoglobulin may
be applied to reduce or eliminate these functions. Such alterations are.known in

the art.



[0114] Humani zed or CDR-grafted anti body nol ecul es or inmunogl obulins may
be produced by CDR grafting or CDR substitution, wherein one, two, or all

CDRs of IobuI in chain can be repl aced. See, tent No.

5, 225,53@’2’%’@@% .{1986). Nat ur 321 552-25: \Ver hﬁl’e‘%%szt’?@ﬁﬁ‘( 1988)

Sci ence 239:1534; Be| dI er et al. (19 IrmunoL 141: 4053-60; Wnter,

U S Patent N§7 ]? 225,539, .the gﬁnte ts of I ch, ar? her eby

i ncor por at edl®{7] 1t i§ppgs ferthgé I}ity ICIPEORG ARt hod t hat may

be used to p fRd ion (UK
EfRRAT (e c% 3 BEF ﬁﬂﬁdnbfg@a?ér eElF ﬁté)’l\lo §£ﬁ5 mzb R‘I§ Loy

Pat ent Application 8638A; Wnt er 39), the
contents of foniCdlh binding by edp}acmgthosmmﬁbsﬂedsm;c(s)sﬁﬁt emseiueésl) hawfg athe . CDRs of

t | h | a t t f
Ronhunman CORPRUTDIE GGty of ieSie Hin. RS inttoddisasiiged Rdiainan cons.
It is only n%%ﬁﬁ SAEY ad QlubRRite6LashMeate, Wﬁﬁﬁfonguc%ﬂﬁolﬁﬁ%dﬁggtﬁhois bi ndi ng of

the humani zed antibody to a predet erm ned antigen. [0115] Mbnocl onal,

chi meri ¢ andplenyitinieg taosing dgiptephement aldmne(sbeeg. N d. 5i624,82by, e. g.,

del eting, adding, or substituting other portions of the antibody, e.g., the

const ant regjoan8] Ane#-GITRIL atibbdies bﬂﬁeﬁmp’@omﬁlayhe ubefubfor isolatingor exanpl e, an

anti body can be podifjed as follows: j ' ‘i/? del et n t he const ant region;
I%lPQ Hges

(ii) by repPHeyig mordstestingCl A SHnsERa %fse’@&]f@{ Iysalgidn, e.g., a
constant regypp.e @ﬁ@ﬁ&tf de0 AR ﬁlst'l%écn{ﬂtﬁl?mv%hﬁ@ﬂLd&ﬁ’eal&fu%&f'”'ty of the
anti body, or a constan regl on rom anot her specles or antibody cl ass; or

(iii) by mddﬁgﬁld&@cail}&o@ﬂoMGITMpMemde\(ﬂs asrparﬂﬁmm&w&mggl on to al ter,
for exanple, the nunber of ycosyl ation, sit effector cell function, Fc

receptor ( FcP%)OC?ﬂ“ﬁ‘?j iOF ﬁhm@%u’bb%etﬁ%ﬁ'f a ﬂlFTai?%Htlcdﬁog@’ﬁ"@r tq peellyr tehods f or

altering an 0 AL dies with
altered func?‘%}ltl 1%?% hquﬁ%ég{%fc}ﬁggjtll ni tyﬁ%olap ggrg&rﬁe&tor rrla %“ﬁ@%{@ﬁch as FcR
on a cell, oss ahmlﬁnommpmewthemempnmpbeﬁﬁmtmvmbnhmbe tidkedletd thyy  r epl aci ng

at | east one a no CI d .resjdue in the constant portion of the antibody
with a diffef 5‘%& O@Igf“heéhﬂ%ﬁ@tlié‘lthﬂlce} ligr §ssus egpLessise) and U. S.

?e?grseﬁgg) tﬂgrm 1 %]r%{h%r?/lbe gli‘ﬁoa terat [ g ﬁ@?é%apﬁl}ﬁ?;% iadrh[g'ﬁer speci es')

i mmunogl obul amibodigs) tindiagps GETRT @roteid nesy molﬁuseﬁﬂamﬁnetttmﬁmeﬂtuﬁct i ons. Such

alterations are, known in the art. }[\8 2004/ 107618 PCT[ US2004/ 016381
conditions involving disregulation of the immune system, e.g., autoimmune

diseases. These neutralizing monoclonal antibodies may be capable of blocking
GITRL binding to GITR. The present invention further provides compositions
comprising an antibody that specifically reacts with GITRL. Similarly, anti-
GITR antibodies may be useful in isolating, purifying and/or detecting GITR,
diagnostically monitoring GITR levels, or clinically targeting a therapeutic
modulator to a cell or tissue comprising GITR. Agonistic antibodies to GITR
(preferably monoclonal antibodies) may also be useful in the treatment of
conditions involving disregulation of the immune system e.g., cancer or
infectious diseases. These agonistic antibodies may be capable of inducing GITR
activity. Thus the present invention further provides compositions comprising an
antibody to GITR.

GITRL Screening Assays

[0119] The polynucleotides and polypeptides of the present invention may be
used in screening assays to identify pharmacological agents or lead compounds
for agents that are capable of modulating the activity of GITRL, and thereby

GITR, in a cell or organism, and are thereby potential regulators of immune



e ... - . ....,Q9. ..._.._- 45 [0117] For exanple, it is possible to
alter the affinity of an Fc region of an antibody (e.g., an 1gG such as a
human 1gG for an FcR (e.g., Fc gamma RI), or for d ‘g‘ldﬁg%; repl aci ng
t he spe¥Q 208414761 due(s) with a residue(s) having an OPa 05‘?‘51%81
functionality on its side chain, or %y I ntroduci ng a charged functi onal

e Dhenyl araRpies Foroemale SEhpe Gins CRGFaeBs € g LS
5, 624, 821) . rdcBhbflant)¥ah bEcdithctadivith ok ﬁﬁzbﬂfuréﬂ’c? of RNEnhsInABkithg useful for

i solating, purifying, and/or detecting TRL pol ypeptides ih supernatant,
cel l ul ar | ybmwiegicab agenshor $mealterighnic molegules), and thizoattivity df GETRIs édeach t hi s

i nvent i b d_di tically to moni TRL protein |evel
ns " part or BTl Baina s et b BESRA P n Yos eI RGP el o | V'S
therapeu“Cszﬁ{i/‘ﬂb!é@Ei‘ﬂrsaﬁﬁlelﬁcﬁﬁﬂaéte@ﬁdﬁlicﬁﬁéf@nttéﬁ%ﬁﬁfpﬁﬁﬁtﬁ. tdaen ant i gen of the

G TRL anti body. For exanple, a therapeutic suc as a small nol ecul e, or
ot her t her apemparisons wilhdetenmine whetherany dfdhé teskananpoond$wesul@®iTA) aant i body in

der to t _t.he th i the cell .or ti oS S G TRL.
et al 21 n§ BB B PR YRR LPIoBO Sea g LAy HBBR oncl
anti bodi es) iﬂ&ié!ﬁh@ﬁn‘iﬂﬁﬁ't&%f@‘l‘ﬁ%.@f, ARYnBOEA Pt HSRkdsl orlelihdndgs t 1 eat ment  of

condi tions involving disregul ation of the immne system e.g., autoinmune
di seases. Tiragenesuppression), oy 2)ra sahstantially morcasaddiees offeyprossianagrabl e of

bl ocki ng G TRL, bindi 0 TR.. The present i I on further provides
conpos! i ond ST, nety oot Branvapeed ¢ Fikh e Emaglt o' o T
Simlarly, @tevefsbd Rdithé ARBFRSIoNRYnRRe BEBbdiment) thSReAifidalon BEtEll Vi NG

and/ or detecting G TR, diagnostically nonitoring ATR levels, or clinically

targeting acempeundsgeapable ofdodulating @ aativity as perfarmed usiogpighsi ng G TR

Agoni stic antibodies to.Jd TR (prefe | onal ,ant.i bodjgs) nay al so be
useful in tHE® @g&f%%@r&%ass%ygh%c F%ﬁg‘g¢ﬁm@m tqr%aﬂfog? ‘éﬁ’ of the inmmune
system e. g. Ufpﬁ_@d]%@wé&%n), BB (idliintb&Ras REonahle Sfergy BAATéH), Gnant | bodi es nmay
be capable of 'inducing QTR activity. Thus the present invention further
provi des colBddi (fluorescenserprsonaneg cnergy ransferd dssays aceR as ELISA asdr eeni ng
Assays [0119‘]:1 The .pol &nucl eoti des and pol ypepti des of the present invention
may be used ?‘Ra%éﬁésé’ F'ng assays to identify pharnacol ogi cal agents or | ead
conpounds for agents that are capable of nodulating the activity of G TRL,
and thereby G TR, in a cell or organism and are thereby potenti al

regul ators gmallvivieeules

[0120] Decreased GITR activity in an organism (or subject) afflicted with (or at

risk for) autoimmune disorders, inflammatory diseases, or transplant rejection, or
in a cell from such an organism (or subject) involved in such disorders, may also
be achieved through the use of small molecules (usually organic small molecules)
that antagonize, i.e., inhibit the activity of, GITR. Novel antagonistic small
molecules may be identified by the screening methods described above and may
be used in the treatment methods of the present invention described below.
Conversely, increased GITR activity in an organism (or subj ect) afflicted with (or
at risk for) cancer or infectious disease, or in a cell from such an organism (or
subject) involved in such disorders, may also be achieved through the use of
small molecules (usually organic small molecules) that agonize, i.e., enhance the
activity of, GITR. Novel agonistic small molecules may be identified by the
screening methods described above and may be used in the methods of treating

cancer and/or infectious disease as described below.



WO 2004/ 107618 PCT/ US20041016381 46 responses. For exanple, sanples
containing G TRL (either natural or reconbinant) can be contacted with one
of a pl l,} gt est conmpounds (either biological agepiRoe | organic
nol ecul g’ ,Zb(%égl tlﬁe activity of GTRk in each of the treated sanples can be
conpared with the activity of GTRL in untreated sanples or in sanples
contacted w ' t [ . ' Wi | | determ ne
whet her any %ﬁéﬁo etﬁiisgnlé:%éﬁ éalzdr% i%'%fc%@lﬂﬁghﬁ%’ﬁg%é%g%fogm ially decreased
| evel of expression or 3t |vmty F TRL, thereby indicating an inhibitor
of G TRL (e.[9121]4t sovgibknudvit ihahe are fiadineaumaslogiodianehanismssudied snuppr essi on) ,
or 2) a substantial‘ig# I ncreased | evel of expression or actjvity of A TRL,
t her eby i ndid@HRalampdels, pagticylarly mugine groggls, gy §e and ofiepyg tEanslaiablg tor ever ses

| mune’ SuppriesHiAm; 1 BUDRYLER o Be e dBkiidatd est
conmpounds capabl e om%ﬁgtelﬁ{gg G%L{FEL a(c:)t?ﬁ\illC tey |spg§?$%rc%g%ﬂér§%lng hi gh-

t hr oughput siemeestiate thesskyef, GITRcin imsube AQPRESSion HYRTRGCR2T egniatatyi onal  AB,

Uppsal a, Swedgn), BRET (bi.ol um pescence_resqgnapce energy transfer), and
FRET (f! uor cellampgas, Heleﬁ’érﬁﬁ*gvﬂf psfors or Ji@ﬁ%& néenesing #d EL) SA and
cel | - based : Q%gt% vity in an
organi sm (O?ﬁég%ﬁggﬁg%geﬁ\ﬁaﬁg%%%ﬁ%rh or a@%?@éﬁ%o%fggh'?g’nm une

di sorders, iaufdimmunt disprdtrs ésfensmatory discxderp hmdh tramspjlamt tdjentionamd i n a cel |
from such an organjs or subject) .involved. in %h i sorders, may also be
achi eved thr a{l‘kwg’??é’é’uﬁ 5§ 1-@4&9%“@’5&‘&@@% ‘i")fg'ﬁ‘ﬁfﬁ’é]ﬁ‘gc snal |

mol ecul es) 2 | inb sch didoPddr®in b agt bMkh : Novel

ant agoni st i grg%ﬁ Et'{lﬁrrg?ﬁeuélﬁtlglenslg rsray dtl)eog(?eégnt i]jf&l:i%g %b%éh%&g%ﬁhgﬁcﬁdg@e%t hods
descri bed abnatbodsnalskitlpd attisaniwiltirecogniteethat the hwman homblogsief GITR hed pr esent

I nvention de I.bed bel oy rsel.y, increased G TR actiVi In an

or gani sm (oré@f%j’ é%fv)eﬁgfﬁlp{né{?gﬂuf%agﬂmgté@&]%tagqlg e ec%?ﬁé@’r r infectious
di sease, or dmmed%kﬂodfsroemagﬁsdm%a,grdgheﬁﬂ U XnitoPiMD s disdr@dt@lyed in such
di sorders, may al so be achi eved rough the use of “small nol ecul es (usually
or gani ¢ smallumast.ecul es) that agonize, i.e., enhance the activity of, GTR
Novel agonistic small nolecules may be identified by the screening nethods

descri bed alj0122] &g presenbiavergind providésanethddsods diapnésirgg propgosingaaér and/ or

i nfectious disease as descri bed hel ow. WO 2004/ 10%618 PCT/ US2004/ 016381
monitoring the progress of autormmune disorders in a subject (e.g., that directly

-

or indirectly involve increases in the levels of GITRL) by detecting an
upregulation of GITR activity, e.g., by detecting the upregulation of GITRL,
including but not limited to the use of such methods in human subjects. One of
skill in the art will recognize that these methods can apply to inflammatory
diseases and transplant rejection as well. These methods may be performed by
utilizing prepackaged diagnostic kits comprising at least one of the group
comprising GITRL polynucleotide or fragments thereof, GITRL polypeptide or
portions thereof (including fusion proteins thereof), or antibodies to GITRL
polypeptides or derivatives thereof, or modulators of GITRL polynucleotides
and/or polypeptides as described herein, which may be conveniently used, for
example, in a clinical setting. In addition, one of skill in the art would recognize
that the upregulation of GITRL could also be detected by indirect methods, such

as counting the number of immune cells.

[0123] “Diagnostic” or “diagnosing” means identifying the presence or absence
of a pathologic condition. Diagnostic methods include detecting upregulation of
GITRL by determining a test amount of GITRL gene product (e.g., mRNA,



47 Met hods for Di agnosing, Proposing, and Monitoring the Progress of

Aut oi nmune Di sorders and Cancers [0121] It is well known in the art that

i mmunol ogi cal mechani sns studied in animl nodels, part.i rine
nodel s, BUIYKNE often are, transigjable to the hunaﬁrf}ﬁmyé&ig%tem As
such, al though the Exanpl es disclosed herein denonstrate the role of GITR

in i mune su ssion b CD25+ requl at g ells.in.a_ nurine nodel, the
di scl osed m?ﬁ%@sq B&yﬂgﬁﬁg@f’ %ngrﬁFa%BWE Sﬁ%e%tﬁglaﬁﬂlﬁﬂl‘iﬂlﬁﬁﬁplai Gt Yer s
related to didieghaldst Rhhinin i , BB Gparfglhe tesPath QWG di Sor der s,

inflammatory disorders and transplant Tejection, and cancer and infectious
di sease, . wi hormaé apannt arohuge (e swimburt or ratiga droos ampdiviguad@hkmsiwiy and
nonitoring such disorders jn humans. Jn,practijci t he di scl d .nethods, a
Sk 1o act; Bsho GhR 8k ulemzain BRowk) i ir CEIRE erroniy Mbinel "l T
as wel | -as hy Ehfioklal Bagaoutio theindiHa RRONIE ] JefifBYe HaghSulthr n the cl al med
nmet hods of di agnosi ng, proposing, and nitoring such disorders in hunmans.
.[0122] The putesmmune disendeispi syffioes ifl e methdbpovides agositive gidigtioptlaposi ng,
and noni tori.ag.t(lileﬁg({ogress of autoi mmune disorders in a subject (e.g.,
that direct! §S 8P ASect 1y i nvol ve increases in the levels of G TRL) by
detecting an _uprequl ation of QTR activity, e.g., by detecting the

upr egul at i on[@54b|%m1:esentn@re@a%glsvbmovr$ﬁ mqﬂmdgéer Rragaesing el of such met hods
i n human subj i | 1] | j: 7: t hese

met hods can g@%@@@ﬁﬁdgm% ‘tdg#efhﬂ%lﬁ{sg glggergglagﬁla 0{ F’g’?\g%ﬁéﬁﬁ” %gﬂté’é’t I on as

wel | . These detedtinguptepuldtonedGIARIE ¢Pygnostict’lor £prognesisgyankaged di agnosti c
kits conprising. at | east qne of the group conprising G TRL pol ynucl eotide

or fragnent sPieAictiagthe nxphable deyelopaisnf end/esrsevesy of 8 patholagiceamditionc| udi ng

fusi on prot ej r | 1 [ or

deri vat Pves P@é&ggﬁ%@%@é}]@?gé@ﬂ% Pﬁétﬁ%?gpo ynagf!émg f?éand/ or

pol ypept i desprauctds arbidlegichlesagiple frovhiaGhbjeety aibconypurmgithetektyanusmelio £ or
exanple, in a clinjical setting. In addition, one of skill in the art would
recogni ze t HEQENPHHE ARAWEHOT BOED( cofn RPREL TS EP o dndiwidyale 3dthed by i ndirect
nmet hods, suc ' ' "Di agnhostic”
or "di agnosi R%Iy&%esgﬁésmuiéég%?ﬁ?@?ﬁgﬁ%ﬁé°rg§r§s%m§ﬂbg%%%%& of" a pat hol ogi c
condi ti on. DVagowsdmeumebdfthd GITREIgefdepddtetdh anest sqmplg ateadonsistenf withd TRL by

determ ning a test anount of TRL ne, praduc e.g., NRNA
g certa?n prognoses for auto?mmune esorde?s. The &etéctlog of an amount of

GITRL gene product at a particular prognostic level provides a prognosis for the

subject.

[0125] The present invention also provides methods for monitoring the progress
or course of such autoimmune disorders by detecting the upregulation of GITR
activity, e.g., by detecting upregulation of GITRL. Monitoring methods include
determining the test amounts of a GITRL gene product in biological samples
taken from a subject at a first and second time, and comparing the amounts. A
change in amount of GITRL gene product between the first and second times
indicates a change in the course of autoimmune disorders, with a decrease in
amount indicating remission of autoimmune disorders, and an increase in amount
indicating progression of autoimmune disorders. Such monitoring assays are also
useful for evaluating the efficacy of a particular therapeutic intervention in

patients being treated for autoimmune disorders.

[0126] Increased expression of GITRL in methods outlined above can be
detected in a variety of biological samples, including bodily fluids (e.g., whole

blood, plasma, and urine), cells (e.g., whole cells, cell fractions, and cell



WO 2004/ 107618 PCT/ US2004/ 016381 48 cDNA, or pol ypeptide, including
fragnments thereof) in a biological sanple froma subject (human or nonhuman
manmal ) w@9shsa0fERaer i Ng the test anount with a normal apEPiRLDIEHNTE (i €.,
an anount or range from an individuggh(s) known not to suffer from

aut oi nmune di sorders) for the G TRL gene product. Al though a particular

di agnostic : OV gc“]ﬂ I Jd Ll ' L & Qf oi mmune

di sorders, {E?{rgkggf Jl‘{%%%&?{as't lgwﬁg:t%ho grsoﬁlglodﬁe]éﬁgg E%gi?ﬁsf{)/@tls?&% isg%ﬁson t hat

ai ds in di apiesies and Bb2dd settiengtelesebt histolegidal purpakeso Ppefercedib®lopidahods f or
prognosi ng such, aut o] n I sorders by detecting the regul afi pn of A TR
activity, e.s@mPleﬁ}nctl‘Ed&%q? ﬁg’sﬁlﬁr]@@@ﬁatiﬁsli‘?]b’@?s@fp%@’ Cﬁ EF@FF%EQSP@aPor

" prognosi ng* gﬁ@?&}&mvﬂﬁ ﬁgi&%@ﬁ&%ﬂ&%@goﬁaﬁg%géf?m? lrané‘ rQJiatE@VGri ty of a

pat hol ogic ¢ ti on. rdgnosti c net I'ng the test

amount of a thit aRdlygjenfa bjulegicat sarhple acdl wit mgeesadrily aequlire rémoval af eellsj ect, and

conparing the teat, anpunt _fo a, prognostic anoun o%firang{e (i.e an anount
eled agep

or range fr StissHgiTamg the subiget. kforﬁé?I?Plﬁga@E?P&aﬁlY HibahbiRd  di sor ders)

for the G TRUTRENEnRHAELS (o o) 3iTHTesRRAL 80i8) dali 6o GiHRsdRAT pr OduCt in 2
test sanple are consrstent th certain progndses tor autol rmune disorders.
The det ect i agnbjeét aad véswmalizdd (ehen Gaurid to dlesiarget)ading statdard insapirigcul ar prognosti c
| evel provi ggc E{ﬁz%go s 5 ﬁr tRﬁ Saﬂﬁ@%& [ 0125] The present invention

al so provid i’ﬂ&@ $ ogress or course of such

aut oi mune di sorders by detecting the upregulation of TR activity, e.qg.,

by det ect i nd013yl dnthedirgnostie aud pRENOSHP ASSEYY Phie prasprddavaniiendBe  det ermi ni ng

the test a f n ct.o | | taken froma
subj cor at SRsfng R dubll R RaBhe diah sl VR P BB i el Change

amount  of  Glakfdungie iendoRspaeéd With waeindl Afolint Griragy] Aes@oehtt | mes indicates a

change in the course of autoi mune disorders, with a decrease in_ anount
i ndi cati ng sterificandy abgveshe spmmal gmountas rangeds a apsitivnsien &y ba dwgnesitinount

| ndi cat | ng. RiaGLERSLA0GRLBH PSRk IFhSieoRHChTRRNGBELGE assays are

al so useful Tor evaluating t cacy of a par erapeutic

i nterventi orﬁﬁmmbip%ﬁ@ts@d;a@cﬁb@ﬂ;mv,f or autoi nunune di sorders. [0126]
| ncreased expression of GQTRL in nmethods outlined above can be detected in

a variety offol)gphRaaRhmSAMIP bEBasekAbwdl HOGPEH. L¥nd prbtictis é& 48 . Whol e
determined for any particular sample type and population. Generally, baseline

(normal) levels of GITRL protein or mRNA are determined by measuring the
amount of GITRL protein or mRNA in a biological sample type from normal
(i.e., healthy) subjects. Alternatively, normal values of GITRL gene product can
be determined by measuring the amount in healthy cells or tissues taken from the
same subject from which the diseased (or possibly diseased) test cells or tissues
were taken. The amount of GITRL gene product (either the normal amount or
the test amount) can be determined or expressed on a per cell, per total protein, or
per volume basis. To determine the cell amount of a sample, one can measure the
level of a constitutively expressed gene product or other gene product expressed

at known levels in cells of the type from which the biological sample was taken.

[0129] It will be appreciated that the assay methods of the present invention do
not necessarily require measurement of absolute values of GITRL gene product
because relative values are sufficient for many applications of these methods. It
will also be appreciated that in addition to the quantity or abundance of GITRL

gene products, variant or abnormal GITRL gene products or their expression



bl ood, plasma, and urine), cells (e.g., whole cells, cell fractions, and
cell WD 2004/107618 PCT/ US2004/ 016381 49 extracts), and tissues. Biol ogical
sanpl es al so include sections of tissue, such as biopsies anﬂ frozen

secti on¥VQ ORI} hi st ol ogi cal purposes. Preferred bi ot BYPPAHO16& ) es

I ncl ude bl ood, plasma, |ynph, ti ssud’ bi opsies, urine, CSF (cerebrospinal
fluid), synovial fluid, and BAL_ (bronchoal veol ar_ | avaglt)a),. It will be

appr eci at ed Patieras (G amytated tganserips, drugeatedpolynepiides) raaabaidentieddysari | y

[ ' . ' . F | e,
O ST ol bR PR AL For ool
Cahen bound 10150) 1 dliesgfte, BREmair i b B Flripeies B ulabisRtip Piod *\ear” ™"
NVR (MRI), %ﬁ%l%’étecbh@%a%;%—ﬂﬁﬂihg GITRURHE pfodadd iR bW ksnplesays of the

present invention, the [ é:;ene roduct 1s detected and quantified to
yield a testGlIRbgene pryducisdselu mﬁﬁlﬁmeNAmCdeoé@emldma@bmhm anount

posi 1ve si gt Phtohu s S elRy R AR IO ReSOMBrATER T COTar et hoas
[0125] - Nor ¥ A Eeerapioxsa i eV oo ud e oo ol RuBBEN 858k bo
det erm ned fy lr')rg? c{?lgliiléeslbg Hig?i}s SRR Ndrihef l?jb@id%ﬂl\lg\h,% isﬁ&'h%r@ﬁﬁ?a”ti%,' %

baseline (n ' are determ ned by

G TRL protein or
measuri ng t hiet ammihsbetritlotsf an@ sligbhnylexttide arrays. FHRYbAidizetianibasddegsayaefemnpl e t ype

from nor nal l.e.., health subj ect s.. ter.natively, normal .yalues of A TRL
gene pr oduct® é%fﬁys%évqﬂg}ﬁép é‘&gﬂﬁv aﬁ@déﬁlyl?% _Z?‘L@ aa‘ﬁé?h?“qlﬂcﬂ%’f 1h1y cells or
tissues takefmbioadd)ehe SAE HURLEE br boMB¥baBLREd HTSERsRshifiRd POSSi bly

di seased) test cells’or tissues were taken. The amount of G TRL gene
product (ei toneleictdsl may ba DNdwRINA, aranothiee oligmtuckotideon patcipetidet er i ned or

expressed - on er cell, per total protein, or er valume basjs. To
deter m ne t 180 Gy oSS pABFaLY o Balaniraly eécuming Biclenfides, RECIPilrel of a
consti tuti vehyjosxRF P&é&f@n&‘?%eﬁﬁé&%&%&le&hﬁd&%c %H?rdlfe%_@ﬁlfehc&’f@f essed at

known | evels incells of the type fromwhich the biological sanple was
taken. [ 01283 in the prdsentiaventipn ers tasatiort thanutleie amsbseguenee o6 GETRE ahdhe present
i nvention do_ nat.necessarily require nmeasurenent of absol ute val ues of

G TRL gene proYy lmo‘ﬁ%&%&@t)r/el ative values are sufficient for many

applications of these nethods. It__wll also_be aptpreci ated that in addition
efo

to the quantPi3Z] d¥ltezmativglin GATRE ngdfN¥Aycan be amplified betore detection and

quantitation. Such amplification-based assays are well known in the art and

include polymerase chain reaction (PCR), reverse-transcription-PCR (RT-PCR),
PCR-enzyme-linked immunosorbent assay (PCR-ELISA), and ligase chain
reaction (LCR). Primers and probes for producing and detecting amplified
GITRL gene products (e.g., nRNA or cDNA) may be readily designed and
produced without undue experimentation by those of skill in the art based on the
nucleic acid sequence of GITRL. Amplified GITRL gene products may be
directly analyzed, for example, by gel electrophoresis; by hybridization to a probe
nucleic acid; by sequenciﬁg; by detection of a fluorescent, phosphorescent, or
radioactive signal; or by any of a variety of well-known methods. In addition,
methods are known to those of skill in the art for increasing the signal produced
by amplification of target nucleic acid sequences. One of skill in the art will
recognize that whichever amplification method is used, a variety of quantitative
methods known in the art (e.g., quantitative PCR) may be used if quantitation of
GITRL gene products is desired.



gene products, variant or abnormal G TRL gene products or their expression
WO 2004/ 107618 PCT/ US2004/ 016381 50 patterns (e.g., nutated transcripts,

t runcat I | des) may be identified by conparl SPET/US2009615881 9ene
products an expreSS| on patterns. [Q}30] The diagnostic, prognostic, and
nmoni toring assays of the present invention involve detecting and

quanti fyi ng . e products
i ncl ude A Té@SM@%ﬂﬁé@wp peﬁ %g&t}j %?ﬁ&e‘%éct%d\gg}_ asgged usi ng
met hods wel deﬂﬁmuwﬂmhﬁﬂegledilahdaydemployh@ the anti- GGIEB]L]anE@chl&sxarrpl e, GTRL
nMRNA can be di r Ré%/ detected,and quanti fi ed usi tﬁq ridi zatl on- based
assays, suclflescsibre Aboye %ﬁl%@ﬁswrefeﬁt%%%saysrfgm zs g0 pptbody g ot and sl ot
bl ots, and g t Y, r

DL0ts, a0 SLEIBINELAAL hiRoRbiaim HOTh RO Wb ATMBERIS” | (0,
In sone fonhaspecifidadlytbdndyad GITRE gotyqxbpudaj(nr bcﬁtalgnmnﬁhemf)bIShc]zwdll- The

i mmobilized. nucl.eic aC|q@ga er ollgonucleotlde or

D% Rl\ﬁ anot

pol ynucl eot |kB@WH“§HBm W?Ysssé“ ¢ fprd ‘PV%‘F PrgFeat (ByeBetr r i ng

nucl eoti des diSindh QR% s of selecting nucleic
acid probe sequences}} or di use&?%lssfg présen qﬁ?pnv IH}%%’ are based on the

nucl ei ¢ aci dmanmuﬂmmes@hc@tﬂﬁlateseamde-aamtedeiell shrioy(FAGCS),emdaW esterh0132]

Al ternativel NAlcan |ed bfore&gection and

quanti tati orbIottng MPP Yosht r?—aB % e detesisd using 1 qdcl‘(ll?&m inthe art and

i ncl ude polynerase chain reaction (PCR), reverse- transcr|£t| on- PCR (RT- PCR),

PCR- enzyme- [0134¢ @nemfrsmib@dhwﬁwﬂéu@@ystmﬂhc giyremeriigned methede hai n
oac o0 (L TSSO AR B0 08B I8 B g 10 o) 1 o

produced W tihf4tmutosiigis€5pS] indRiding! bt mobNmitd & rifdunfikdill larth#itid,he art based on
the nucleic acid sequence of G TRL. Anplified A TRL gene products may be
directly an@sgﬁe@ﬂmtmmuét;mwl@romwuwmmmee@stapwy@gmyp 1“B‘§5 hybri di zation to
a probe nucI i f scent,

phosphor escé ,&n&&u(rga 1003 %‘gg@feﬂﬁgf“%&%‘?&%‘?ﬁ&e tXSvar #@Eﬁ > of vvel | - known
met hods. | n aaehaf AluRgy, a8 iifdSmatoy BowaMiiseasel,iadladial Cibhin’s diseast gd art f or

i ncreasi ng the:si gna%yproduced by anplification of target nucleic acid
sequences. @ireraivesRlitis. in the art will recognize that whichever
anplification nethod is used, a variety of quantitative nethods known in
the art (e. 0135 @netdftskill nghd@Rilralgo beeogeelthiaf theufortintrtioned nethods

.or variations thereupon can also be used for diagnosing, prognosing, and

monitoring the progress of various cancers and infectious diseases in a subject
(e.g., that directly or indirectly involve decreases in the levels of GITRL) by
detecting a downregulation of GITR activity, e.g., by detecting the
downregulation of GITRL, including but not limited to the use of such methods

in human subjects.

Uses of GITRL and Related Molecules in Therapy

[0136] Applicants believe they are the first to recognize that binding of GITR on
effector T cells by GITRL, or other GITR agonists, provides a costimulatory
signal to effector T cells, wherein such signal renders the effector T cells less
susceptible to suppression by CD4"CD25" regulatory T cells and increases the
ability of effector T cells to proliferate in response to anti~-CD3 or other activating
signals. Although the murine model was used to uncover the mechanism, it is
well known in the art that immunological mechanisms studied in murine models,

may be and often are, translatable to the human immune system. As such, the



G TRL gene products is desired. WD 2004/ 107618 PCT/ US2004/ 016381 51 [0133]
G TRL pol ypeptide (or fragnents thereof) can be detected using various

wel | - kn% ZIJMHM*) ogi cal assays enploying the anti-d TFETRJ@E&OQB?&?P

descri bed above. Tnmunol ogi cal assayg refer to assays at utilize an

anti body (e.g., polyclonal, nonoclonal, chineric, humanized, scFv, and

f f h i fifald Yy i G IRL i.d
fragnent « naEyd meleis BRFRe GERE iR PR R S R AR 8t or e
practice of GITR fiteaiss, ko disofderd Rakeddo tid diSRgulatich 6f tgwhgRssay (Rl A),

| mmunopreci pitation, immunofl|uorescence, fluorescence-activated cell
sorting (FAGDUNgsystepse.gs Autoinpang digordess;rinflammajoss disortersand al so be

that the af cPEmUBRIGREISY R chferidl iRGidls dithip wiff b Bl bipll o o' ang

ot her di sor der ieatingslictbdisorderslia i, Yin Braptiomgshe disdl6deddhétBodspalt not |imited
to, rheunmatoid arthritis, osteoarthritis, multiple sclerosis, autoinmne

gastritis, dSiledgrtisangillgecogpize thabthedwman homologsnf GTARANGIGIERL, AF | anmat ory

der mat oses, I g: . ler i.ntd a ry bowel

di seases, ir}%%{ﬁa%ihng a@ﬁ?\f@go&}s?z%nggﬁgaﬁgﬁsﬁ@éyg?ﬂgeéh@&lh{[i%eﬁ [0135] One of
ski |l i n t hendhédswihsing| GITRICAPIGITRY -tdlaéd prioeeiny, 06.C GETR iagheists aRd hods  or
vari ations thereupon, can al so be used for diagnosing, prognosing, and

noni t ori ng tAAZPRISEy WdEealipg gutpinggunediperders, inflammetasy diserdersandeases in a

subj ect e. . dire | ndl.£.66 . I, eases in the levels
of JGI Tm)(by&%%ggjie%gna%g%nr%érgu gﬁegﬁédgdl%%%%g#\% {'y, e.g., by
detecting t r atign,of . G TRL, 4 ncl.udi.ng b ot limted to the use
of such ?ret H@%ﬁ%(ﬁﬁ%ﬁ@%ﬁﬁi@e{@hﬁé@go %Iefﬁ%'ea’n f%?%*&’b%ﬁ | ecul es in
Ther apy [ 013@{aghmiRlsi ﬁl@ﬂﬁ]ﬁlgttﬁbdlﬁé‘tﬁrstdi@lTR‘éq:_lc_)‘lF\}?ﬁlcfebfi&é aﬁ(po%ngﬂgg%ﬁi ts thgt

binding of G TR on effector T cells by , or other
provi des a acoBvibymdentiided/using tha aethasls desceibedabovecedn te, usedh ér wirn, a@uch si gnal

renders the effector T cells |l.ess susceptibl.e to suppr.essi by CD4+CD25+
egul atory %Pt BoaRgrat e Tpedcal shipesiSons adadmimRERdde s 1o

proli fer at e jhdividasR e $/0o kO trédt! for %}ﬂé, a%idﬁ%inﬁ@?diéb?ddr@ﬁy adth@ghion Al t hQUQh

t he muri ne nodel was used to uncover the nechanism it 1s well known in the

art that i mofadHd avagomist (kg R inkibitedy pelynueleetslesmaégonistic small
molecules, neutralizing anti~-GITR antibodies, and/or neutralizing anti-GITRL

antibodies), or, e.g., cancers by administration of a GITR agonist (e.g., GITRL

polynucleotides, GITRL polypeptides, or fusion proteins thereof, agonistic small
molecules and/or agonistic anti-GITR antibodies). Such GITRL and/or related
molecules (including modulators) include, but are not limited to, mouse GITRL
and its homologs (and antibodies to such molecules), and such homologs include,
but are not limited to, human GITRL. Several pharmacogenomic approaches to
be considered in determining whether to administer GITRL and/or GITRL related
molecules are well known to one of skill in the art and include genome-wide
association, candidate gene approach, and gene expression profiling. A
pharmaceutical composition of the invention is formulated to be compatible with
its intended route of administration (e.g., oral compositions generally include an
inert diluent or an edible carrier). Other nonlimiting examples of routes of
administration include parenteral (e.g., intravenous), intradermal, subcutaneous,
oral (e.g., inhalation), transdermal (topical), transmucosal, and rectal
administration. The pharmaceutical compositions compatible with each intended

route are well known in the art.



may be and often are, translatable to the human i mmuune system As such, the
WO 2004/ 107618 PCTI US2004/ 016381 52 di scl osed nethods for using G TRL and

rel ated nol ecules, i.e., A TR agonists or G TR antagoni st s at

di sor der WOP4t03618; o t he_disregul atign of the of the WO@@E%{@ e.g.,

aut oi nmune di sorders, inflanmmtory dPsorders and transpl ant rejection, and

cancer and ipfecti di sease, wl | be rticularly usefu for treating
such di so_rde{bégg]nbﬁtﬁrﬁﬂ‘%mﬂﬁﬁr prtaganisty W@ﬁgﬁéseé@me ods, a skilled
artisan wlleg Eﬁné%ﬂeﬁ%&mbﬁ%d%ﬁeébﬂ%}ﬂn%eﬁggalﬁg acGiptib18Bshi. Rich g5 Vel |

as human G TR agoni sts and ant agoni st's, é:d In the clai m&*é1 met hods
of using G TRImposdioBIM# contdingiedddition & ths GITReagoniSisToR aatpgomists andind

antagoni sts, in treati aut oj ne dj sarders,..infl tory disorders and
ranopl ant - reien vomus S IS Fin bolit ot dite, sOlbBech e [01371
The G TRL- 1 elnafRalsTRIAGIHWSndhe &t OBRtehR 6l bewticall BERA ks And

ant agoni sts, 1 ncl Sdi ng m)duflat ors of & T@%&ay%ugfe%%gg and/ or pol ypepti de
activity i demintéxiethateriahthat Heesmet ndatErelwith thdeffectiveness oftha bisdogisddd in vitro,

O e P ] RSP RETR  aBeuRaT

adm ni st rat i gihe@butd oPadifirddiatigRNi st (e.g., G TRL inhibitory
pol ynucl eoti des, antagonistic snall nolecules, neutralizing anti-G TR

ant i bodi es, | Zd . ks ' .e.g., cancers

by adm ni st r@??éﬁf%‘?ﬂgt ,gé%r??@tto&{léﬁé&e@%mg%ﬁ%sgcﬁ%é% des, G TRL

pol ypept i descytekinésy yraphoiires corfosher hemaiopoicig Gtdit swchsisMICSEyoiMcul es and/ or

agonistic anti-Q@ TR_anti bodies). Such G TRL and/or_related _nolecul es

gi nc: udi n? nG@E’IIt&ErE_)Z,iIh& derd; Hbﬁstlllla@élﬁ@tlhgb Heﬂd‘i%,ILnHuEe'lé_I&R:_ dand Ibtts
onol ogs (an t-ibpd lé:'ﬁﬁ'? i ncl ude, u

are not lim ?%313,[1(’)5: @xﬁ%ﬁ%ﬁ%@%ﬁﬁc@,\/@?a p ?P%hﬁgbgggg%%%%g?aches to be

consi der ed i comisdsition maygsoviielide anticyteking mitibodies @ déscribedlinanoreidéfall r el at ed
nol ecul es are well_known to one of skjll in the art and .include genone-w de
associ at i on, bdeWdThePhamgrageuticaheuarastion meeyrontals tupwbalvER Ohr of i | i ng. A

phar maceuti cal; L tel t |l L QRS f t e conpatible
Mth 1ts b RERRgL Fie Olo bl B0 dor RETALAH B3 IHET, Cns

gener al | y i nphamsigcenticall coatpositioh tesytfuxttier @ontaih dthér ahdirinfl@finatoty bgentsnonl i m ti ng
exanpl es of routes of, adm nistration include parenteral (e.g.,

i nt r avenous) s qeseribeddp mgre detal] belown awigh addifpral factory and/opaganismane

transdermal {{OBLEH the phi@RRIUHEIP AmpdfiBn't6 bidluce a synergistic effect with

GITR agonists or antagonists, or to minimize side effects caused by the GITR

agonists or antagonists. Conversely GITR agonists or antagonists may be
included in formulations of the particular cytokine, lymphokine, other
hematopoietic factor, thrombolytic or antithrombotic factor, or anti-inflammatory
agent to minimize side effects of the cytokine, lymphokine, other hematopoietic

factor, thrombolytic or antithrombotic factor, or anti-inflammatory agent.

[0140] The pharmaceutical cémposition of the invention may be in the form of a
liposome in which GITR agonists or antagonists are combined, in addition to
other pharmaceutically acceptable carriers, with amphipathic agents such as

lipids that exist in aggregated form as micelles, insoluble monolayers, liquid
crystals, or lamellar layers in aqueous solution. Suitable lipids for liposomal
formulation include, without limitation, monoglycerides, diglycerides, sulfatides, |
lysolecithin, phospholipids; saponin, bile acids, etc. Preparation of such
liposomal formulations is within the level of skill in the art, as disclosed, for
example, in U.S. Pat. No. 4,235,871; U.S. Pat. No. 4,501,728; U.S. Pat. No.



adm ni stration. The pharnmaceutical conpositions conpatible with each

i ntended route are well known in the art. WD 2004/ 107618 PCT/ US2004/ 016381
53 [013 ni sts or antagoni sts may be used as keaal

conposi t&}%%aso %@%})corrbi ned with a pRarnaceutical ly acc@pﬁggﬁg@ghtg?% er. Such
a conposition may contain, in addition to the GLTR agoni sts or antagonists
and carri ery, oD i e - f ikizers,

sol ubi li zer 54 3832?3%b%ﬁde§'§'#§?§?)[ g&?’\?\%‘f ’%HI?E%}V%&} #?ﬁ%ﬁgﬁqom%% te)ﬁm

"phar maceut irefetenye.accept abl e” nmeans. a nontoxic nmaterial that does not
interfere wwth the effectiveness of the biological  activity of the active
i ngr edi ent ( §01417 S 8@ haehe teSbing SthefapbliRalPefft@ive WhloduneaR@ME theon the route
of adm nistration. [0139 ‘i’he phar maceut i cal conposition of the invention
may al so cortetal amouny pbriohastive campaskniishe pharmaemitictlaentpopitiveof ¢ f act ors
such as M CSE CSE sl -2 11L-3 LL-A4 | L-5.1L-6,1L-7,11.-8,.1L-9,

IL- 10, I L- 11,“1“&%?5 i stlfipicnt {0 §pgw a@“ﬁ%ﬁ‘,‘gfg't%akﬁeﬁfel?@egwtgora@e fgtion

eryt hr opoi etof BymptamsITHABAE bE, lof AcreaSOiiRaR| JfheMinFeof satls Sorditidngde
anticytokine antibodi es as described in nore detail below. The

phar maceut i hercanphied tq awmdnaduat acttvgiimgredientndhipisteredalongribé tetmonbot i ¢

factors such as .plasm noge ctivator and, Factor,.Vlll. .The ar maceuti cal

conmposi tion r?,égy tgal?aﬁ H&%‘e‘@‘sﬂt@‘r&?- meélrapgﬁ?qgah?qlﬁmo 916283?1%2“5 s descri bed
in nmore det gbnbliel AniouttsT tierlsbtive @ippddidmeihal s BE (RefRLSc sffeetbe 1 ncl uded
i n the pharmaceutical conposition to produce a synergistic effect wwth GLTR

agoni sts or véhetheyadminigered in eqmbination, sesially 9 siyliapeensbaused by the G TR
agoni sts or antagoni sts. Conversely G TR agoni sts or antagoni sts naybe
i ncl uded i n [0B#2nkh ptacticing dlic mbthop af treatmlerirorage okthagreseptnpieitiones ot her

hemat opoi etic fact.or,, thranbolytic _.or_antithropboti tor, ro.
g R b A A e v A S T e
| ynphoki ne, pidieRL R Stpr&ssed @ %m&ropﬁmf{la)fﬁd nﬂf{e,aé:'t thronbotic

factor, or anti-inflanmatory agent. | 0140] The pharmaceutical conposition of
t he i nvent i meutraizieg anti-GEERE entibaglfy oa a nentpalizongeantinGIFR. eftit@dyHsagoni st s or

ant agoni sts gre .conhined, .in addition to other ar utically acceptable
carriers, vviaaﬂma {%ﬁ%@ﬁ}l@e&g%ﬁv gngaggp.alég.g., PB‘&F@@ 'tﬁ%&ﬁ@fﬂ# aggr egat ed
formas m C%{ag&nisﬂ ﬂWtHE&:ﬁhﬁ@f}Q& ﬁydagEx?rg?ﬁdle%'tﬁthefrﬁétﬁ(%@&ﬁhe Biveh@dtp! | ar |ayers

I n aqueous sol dtion. Suitable T pi | posoma ornul ation 1 ncl ude,
wi t hout | i mieith¢r abone oran oginbmatiomlwith ottiegthecapiésgdasch as tleftatentbeamploying

cytokines, lymphokines or other hematopoietic factors, or anti-inflammatory

agents. When coadministered with one or more agents, GITR agonists or

~ antagonists may be administered either simultaneously with the second agent, or
sequentially. If administered sequentially, the attending physician will decide on
the appropriate sequence of administering, e.g., a GITRL polypeptide (or fusion
protein thereof) or neutralizing anti-GITRL antibody in combination with other

agents.

[0143] When a therapeutically effective amount of a GITR agonist or antagonist
is administered orally, the binding agent will be in the form of a tablet, capsule,
powder, solution or elixir. When administered in tablet form, the pharmaceutical
composition of the invention may additionally contain a solid carrier such as a
gelatin or an adjuvant. The tablet, capsule, and powder contain from about 5 to
95% binding agent, and preferably from about 25 to 90% binding agent. When
administered in liquid form, a liquid carrier such as water, petroleum, oils of
animal or plant origin such as peanut oil, mineral oil, soybean oil, or sesame oil,

or synthetic oils may be added. The liquid form of the pharmaceutical



| ysol eci t hi n, phospholi pids, saponin, bile acids, etc. Preparation of such

| i posomal fornulations is within the level of skill in the art, as

di scl os Z%ﬁéymg¥anple, in US. Pat. No. 4,235,871, UpSr/uEabs/0188s1

4,501, 728; U. S, Pat. No. WD 2004/ 10%618 PCT/ US2004/ 016381 54 4,837,028; and
U S Pat. No. 4,737,323, all of which are hereby incorporated by reference.

[0141] As u el ti8h m.: 'R%'iﬂa' Sain . ' SR nmeans the
t ot al anount%gglfggg%ﬁlggtlveérggﬁ%gltrﬁelﬁtgl%o tLe pkﬁ?%ég’(l;&te?{ggf coﬂm%sition or
met hod t hat sacchsuidd soduteon, ot glyssiosnch asethylengfglycohatromienegdymi,idr, e. g.,
anelioration .o 0 , _heal i.n f,..or..increase in rate of healing of
Slch condi ¢ oy Cal o MHise S0giairitien h Uid v dhs BemAcsbcont
admi ni st er e‘éo_ﬁ‘%ﬁ:ﬂﬁon Emmhﬁmiﬁhﬁo.s t 90%Htwdi Bt FFhEBthdipk AB&nt, Maen appl i ed

to a conbinati the termreters to conbrned anounts of “t Re Aactive

i ngr edi ent s préfatablyefsarhtabout 1t toeh 00y wpiht oftthe bindintg agenhet her admini stered in
conbi nation, serially or sinultaneously. [0142] In practicing the nmethod of
treat ment orn0L4K Whert dthepipestivally iefféetivicl apibuntof 4 GETR pgotiistarlahigedistect i ve
anount of a G TR agoni st . Fg. g., a A TRL polynucl eotide . or G TRL pol ypepti de
expr essed tn%a@nmeﬁ%r%by HUGE R US USRS A SsQr S(%@lgal}eoas injeetiondhe GIRR anti - G TRL

anti body or rali zis |~ QT | i lnistered to a

subj ect, e. él.g?ﬂgwﬁaarﬂr%?hl? gwgmé %%%ﬁanﬁgbtfa%?gﬁf R fgegebﬁ%g}tltg%?l& ant agoni st may
be adni ni st ecegtdbie apeoussdbeonMThe prdparativhlod sudif parditerally aseptable ei t her al one
or in conbination with other therapjes,_such as treatnents enpl oying

cyt oki nes, [PyetpRERIuteas, dlavingKive regarhiogsbilwtonicity, stabHiy, agd thglike, {Snf | anmat ory
agents. Wen . | A M n ksts or

ant agoni st srq"’r%g{;lzil e Sac]ﬁ%’ﬁ#@%eﬂé%g] aer?tﬁgr?éfg?@n{ﬁag%g%zi@@& ﬁﬁg ﬁlghgecond agent,
or sequent iimkdv¢nous] catdfiéons,sdraubehtseoucinjecidn shouldéonddit dndddigopkysi ci an wil |
deci de on the appropriate sequence, of admnistering, e.g., a G TRL

pol ypept i de %%Gl}pfggg%st 05 aBtagemst Hbiselopic vshicketich ap geqhﬁgi Ghlpridey TRL ant i body
in conbinati i B . : ' ' y effective
anount of a %@ﬁ‘gnagé‘%eg ? hg?&g)gl{]%g%tﬁﬁ{sgﬁgé%o\ﬁgggxﬁ?%{%gﬁggg%%ﬁﬁiobﬁ? he bi ndi ng
agent w || Msjettion, LacthredRingers lijastiont or sth@yswehitle aglowsierin thodrtit Tign or el i xir.
When admi nistered in tablet for t he pharnmaceutical] conposition of the

i nventi on n&ya%ﬁmti%ampos&ﬂn&]itheaww imyeption may alsg eantai stabiligersat i n or an

adj uvant. The.LaBliols bEARS Unfioxiddtts RPWHRE a6RRYSRovid R hERB sl hO
the art. |

[0145] The amount of a GITR agonist or antagonist in the pharmaceutical
composition of the present invention will depend upon the nature and severity of
the condition being treated, and on the nature of prior treatments that the patient
has undergone. Ultimately, the attending physician will decide the amount of
GITR agonist or antagonist with which to treat each individual patient. Initially,
the attending physician will administer low doses of GITR agonist or antagonist
and observe the patient's response. Larger doses of GITR agonist or antagonist
may be administered until the optimal therapeutic effect is obtained for the
patient, and at that point the dosage is not generally increased further. Itis
contemplated that the various pharmaceutical compositions used to practice the
method of the present invention should-contain about 0.1 pg to about 100 mg of
e.g., GITRL polypeptide or neutralizing anti-GITRL antibody per kg body
weight.

[0146] The duration of intravenous (i.v.) therapy using a pharmaceutical

composition of the present invention will vary, depending on the severity of the



95% bi ndi ng agent, and preferably from about 25 to 90% bi ndi ng agent. Wen
admnistered in liquid form a liquid carrier such as water, petroleum oils
of ani f t origin such as peanut oil, mneralp@lys2050¥38@N 0i |, or
sesane %,2@4%&6gnt hetic oils may Rg added. The quuila ormgy t he
pharmaceutical WO 2004/107618 PCTNS2004/016381 55 conposition may further
contain Py S RLaSeif) ndld 48 AOLHI R anf BUILREGRE RIIR e BECbP | Ao
solution, or glhycol's such as ethylene glycol, propylene glycol, or

pol yet hyl eneadH indiwidualpgient diriiséontedipiated that thadueationrofNeadt wpplbationrgeut i cal
conposition contains fromabout 0.5 tao 90% by wei}ght of the binding agent,
and pr ef er 8 GI¥E agams on antpgonistapay heyin jhs 1gRge of 14 toddhowss oy agent . [ 0144]
When a ther ' y. £f. bve ' gonist is
adr st or o Opge i LA EEce AP Haerbinfy R AR AARME e S IRERIOPT G R
agoni st or asihg@gphaghacsuti¢al bempaositidreoffthe presdnt invieyitieg €Thdse @rapiearoant er al |y
accept abl e aqueous sol utjon. The preparation of such parenterally acceptable
protein sol GPiaWStﬁr&@idﬁﬁy,dﬁ@k}kﬁérn&r? prefwably sbivsailyi emonthbbilt Bt y, and the
like, 1S WoldBicBnR1ak] tht Sherk BRI addif BF hntafhbls §f FLEATBRBGARCEUL | cal
conposition Tor ntravenous, cufaneous, or subcutaneous I njectroh should
contain, intiackietapies niay betaddenifibtbedaipiln) teficecs dyntiaeoiimsd a day) etcsot oni ¢ vehicl e
such as Sodium Chloride Jnjection, Rnger's Injection, Dextrose |Injection,
Dext rose and/lswatelimhenttendipgphysigianvilkgsCide guithe apprepraie Austiomplicti on, or

ot her vehi cl [ ]@ﬁzrﬁﬁ : (o Lt on of the
present i nvgg?'?gt%%gwglt@ega ont a%ﬁmgpg%qlﬁﬁ%?E&%ﬁ@gro\?géyﬁ%ggahgﬁffers,

ant i oxi dant of thertherbpg rusingdhé pheembicamitaltcompbsitien of thelprésent inverttioa, art. [ 0145]
The armount of a G TR agoni st or antagonist in the pharmaceuti cal

conposi ti on [0f47] ThePoRMABTeotidbé &R bfvteid bf thé pRE&H iktioh BR drpédisdroand
severity of the condition being treated, and on the nature of prior

treat nents tehkibitione opatoreef the Hags of hipdogieat activities (wrcledipg thopeasgediaedi ng

hysi ci i .}, decid : : ' i th which
Po”treat  eadtith im0 ted Perpl RARHAS) priphs B 8 ohlind BRI RShy ol ci an i I
adm ni ster lpeyeid9 sLthe Presehifitvafion nfdy RiprefiedPyadhiniskatonbs@re\wg t he

patient's response. Larger doses of G TR a?oni st or antagonist nay be
adni ni st er equelhrproteinstos bypdmigistrationros peeief polatuctestidesenspding sedh f or t he

tient, d at. t int the.d ' | 1.V d further. It
e ont enpPaeE® (s B5iE" ket IF BAE hdtmlE pEReRL i letRbne tsed to
practice t hentroduction of DNA). ‘

Uses of GITRL and Other GITR Agonists to Enhance an Immune Response
[0148] In one aspect, the present invention prbvides methods for increasing
immune cell, e.g., T cell (e.g., an effector T cell) proliferation by contacting an
immune cell or a population of immune cells with a GITR agonist, e.g., a GITRL
polynucleotide or polypeptide of the invention (e.g., a fusion protein thereof)
and/or an agonistic anti-GITR antibody, which potentiates or enhances the
activity of GITR. These methods are based, at least in part, on the finding that an
agonistic anti-GITR antibody reversed CD4*CD25" T cell-mediated suppression
of CD4"CD25 T cell proliferation (Example 5). The methods are also based, in
part, on the finding that GITR binding by, e.g., GITRL or an agonistic anti-GITR
antibody, induces proliferation of effector T cells (e.g., CD4*CD25 and CD8" T
cells) (Example 9 and Example 13). Applicants also showed that GITR binding
by GITRL provides a costimulatory signal to effector T cells (e.g., CD4" and

CDS8"' T cells), thereby increasing the abilities of effector T cells to overcome



met hod of the present invention shoul d-contain about 0.1 pg to about 100 ng
of e.g., GTRL polypeptide or neutralizing anti-G TRL anti body per kg body

wei ght . 4 duration of intravenous (i.v.) ther
phar mc&&%‘&@m%ﬁmosition of the % esent invention §€¥n§§d0ﬂl6gependl ng on
the severity of the WO 2004/107618 IU82004/016381 56 di sease being
treated and the conditi.on lpal ati.c response of each

i ndi vi dual SUPPIESHON Mediaied ?,b@%f %{9?%5 sﬂ%ﬂ‘ﬁ?@?ﬁﬂ €18ach application
of the G TR.@AM BlanflCIHY (BLRHIS 1 1Y 189, i e'en Hlﬁtﬁxééaf‘@?rl@faﬁé@ss%@ogdf hours of

continuous i.Vv. admnistration.” Also con I' S subcut aneous (s.c.)
t herapy usiefifgcter ﬂ_‘mﬂsrhyéﬂ"tfR@gbms’as@gsGﬂTBh poiyplepmlqpaem@rﬁagmmtsnt i on. These

or ront hly. Mgl sSdIPt oBisfe A Bnt O ideE SRS SR ot o
ant agoni st isgs@pfibRlid sﬁsyr@seiéh%y cﬁh@ﬁzﬁé&@gma@&ynweme MBI esg.ered daily,

twce a day, three tines a day, etc. Utimtely the attending physician
wil |l decide @ﬁ"&mnmpqoﬂl@@hmﬂdemq@m&mwﬁym vffectan T sells.canbemusgsbhy or t her apy

with a snmall cule etnt%ﬂ_g c%f admnlstradt.lon of the therapy,
Usi ng the pRAFRSENERSCF g re%tﬂ%bogm B by BRRHTTYL (B CoP8147]  The
pol ynucl eot i @asamndo %%la?éaxpﬁmhﬁfér@éﬁ)ﬁ%in Vibh] 1L | BPyuRIif ne¥mact ed to

exhi bit one or nore o e uses or biol ogical activities (including those
associ at ed oancdn and ifyetious disdrders: ei n) i dentified below Uses or activities
described for proteins of the present invention may be provided by

admi ni st r at i[0149)1Tnwae embodiment) GITR agonists¢e. gh YGIARI pulatuckiotides, or use

of pol ynucl eot | des , &ncodjn such protelns (such as, for exanple, in gene
t her api es orPol¥RePRdes, aghive epis/and/of fusiom reteBls thareohpgonistissmallf G TR and

G her GITR A40BLL SuldforSOBAYS L HICH IRUADARRSPBA Be b lnd BiiEopect . the

present invention provi I Mune ce cel |
(e.g., an efdfevatxms ifnrwle defipientied mdamsarderby(mcmdhfg(sbwrg cambinedmune cell or a

popul ati on qf cel h a G TR agoni st . 0., ,GI TRL
pol ynucl eot |IH’§1‘E'P %@fl ;@p@ of-8+ HPr qgcasowﬁwgldpr iferptiop 8By ot ei n

thereof) and{jor S or
enhances t he gg{@%ty @é@@@%ﬁg&%?ﬁﬁg&ﬂy %@% gvﬂg%@rgealg\ﬂl n part,
on the fi ndlasgveﬂlrmtbaauena.lagcfuanfemahs -oBER rasli fad putodmased CDA+CD25+ T

| I - medi at CD4+CD25" T cel | I le 5
'(I:'ﬁe merr?hl)gs edg S&Iegg ;e o%%%&lﬁ%pﬂy, mfec(::t%us dlseasceg caus%s ylerglr gactenal %arrp 5.

or other infection may be treatable using a protein of the present invention,

including infections by HIV, hepatitis viruses, herpesviruses, mycobacteria,
Leishmania spp., malaria spp. and various fungal infections such as candidiasis.
Of course, in this regard, a protein of the present invention may also be usefil
where a boost to the immune system generally may be desirable, i.e., in the

treatment of cancer.

[0150] Upregulation of antigen presenting cell (APC) antigens (e.g., upregulation
of B7.1, B7.2, and B7.3), as a means of upregulating immune responses, may
also be useful in therapy. Upregulation of immune responses may be in the form
of enhancing an existing immune response or eliciting an initial immune
response. For example, enhancing an immune response through stimulating
dendritic cell antigen presenting functions may be useful in cases of viral
infection. In addition, systemic viral diseases such as influenza, the common
cold, and encephalitis might be alleviated by the administration of stimulatory

forms antigen presenting molecules, e.g., dendritic cell antigens, systemically.



part, on the finding that G TR binding by, e.g., G TRL or an agonistic
anti -G TR antibody, induces proliferation of effector T cells (e.g.
CD4+CD25y0dhfh/ok88 T cells) (Exanple 9 and Exanple 13),CT/Q\;§960|4;5%?13 al so
showed t hat TR inding by G TRL pgovides a costinulatory signal to
effector T ceIIs (e.g., CD4+ and CD8+ T cells), thereby increasing the

abilities of . I 10, /[ /. 4/ 016381
57 suppressi on %@Ee%ﬁatﬁre%m@.&%ﬁﬁ%feégﬁ? \é\?orygﬁ %nga?%g%ﬁ p#ﬂ%ﬁg erate in
response t o patitnt-b98motAngpéells fibin the patiehk, costiMulatibp et T geltf ex@GvbR expr essed

on effector T cells by G TR agoni, d TRL pol ypept | de, active
fragments tw&mmawwls%ﬁf%ﬁl?@ié%@s%grﬁ Gehls; 0D hager@ndd ef fector T

cells less D cells.

Accor di ngl y,&H%Rééégoﬁ?ésg ﬁ?ﬁgcgﬁ (r)é;’l @p@ﬁ&%ﬁ? | vﬁp 1%{nl—ef fector T
an adi tvant (org ayaad na o p”“te’“‘““mf’oﬁ'?S?Sﬁﬂ?%?‘imﬁ%““ge‘?esﬁoﬁse n
vivo, e.g., 388?13%%%‘“} H}ITR@&FW‘FECSJ)CQ P’g%fﬁﬂs (18- e%ﬂ%ﬁé’omﬁi%%&é [0149] In
one enbodi eﬁlc_{ chfS-a8d/or ﬁsmh)er eié%'iﬂé}k&%ﬁﬁﬁsa oni ﬁ+ ypepti des,

active frag usi"on proteins agohi stic sma nol ecul es
and/ or agomamtu-(&lmmnt}bﬁﬂiéﬁa maybé)sui:phed eithey absolublefpudteinrortabexpressed nent  of

vari ous i i encies a d di sorders (i.ncludi ng severe conbj ned
i munodef %ﬁ@? i Eﬁ)‘&otheént? 10d;qf e Béﬁ“@ aé\ mﬁesgﬁaseamm eration of
T cells. TRRS§ido ﬂﬁ‘e&!ﬁé ééﬂs?{bﬁ? Egat[ETiYnt%ﬁ fé&rtﬁéﬁl‘%vl‘a{ a B&1G8456d by viral

a dngaf In

(e.g., HV) as vve acteri ections, or may result from
aut oi nmune elic@rhngielCﬁTRMmeteapﬁ'dhé presdnt ynventidreay desclsbedilsmessclcﬁwis es by

iral, bacteyial h fect. be treat abl
br orel n of TN SKBRE ihoEhpAbAE of R oRTEnAR B sETcEr e O hopat 1 <

vi ruses, herﬁ@ﬁ&iﬁé&&ﬁcellﬁ%ﬁ@%a@i@hﬁ TheliffesBARBNPwSHA now Bl capae 8PP and
various fungal infections such as candidiasis. O course, in this regard, a

protein of tdtrhvm"emshmﬂeé@msmnah@wf&bonmellswewm, i.ewkespressiorhafost to t he

cancer . | 0180 KbmB{- o oe Eramegt Moot urih yeded ik At S RERERGons (o. o.
upregul ati Orkucli)f}ﬁR]l prétéindo CﬁTﬂ dRlefRbior Tefls BRAD Serfibr thelcfBbtbATIcBIEs | Mune
responses, nmay also be useful in thera py. Upregul ation of inmune responses

may be in t Hessfsusaeptible t@ﬁh@mmgbaﬂb‘i(ﬂﬂ%ngeguhmméf eadlsponse or eliciting an
initial immune
[0152] In another application, upregulation or enhancement of an APC antigen

function may be useful in the induction of tumor immunity. Tumor cells (e.g.,
sarcoma, melanoma, lymphoma, leukemia, neuroblastoma, and carcinoma)
transfected with a nucleic acid encoding at least one peptide of the present
invention can be administered to a subject to overcome tumor-specific tolerance
in the subject. If desired, the tumor cell can be transfected to express a
combination of peptides. For example, tumor cells obtained from a patient can be
transfected ex vivo with an expression vector directing the expression of a GITR
agonist (e.g., GITR polypeptides, active fragments and/or fusion proteins thereof,
and/or agonistic anti-GITR antibodies), alone or in combination with a peptide
having B7.2-like activity alone, or in conjunction with a peptide having B7.1-like
activity, etc. The transfected tumor cells are returned to the patient to result in
expression of the peptides on the surface of the transfected cell. Alternatively,

gene therapy techniques can be used to target a tumor cell for transfection in vivo.

[0153] The presence of a GITR agonist (e.g., a GITRL polypeptide, active

fragments and/or fusion proteins thereof, an agonistic small molecule and/or an



response. For exanple, enhancing an inmmune response through stinulating
dendritic cell antigen presenting functions may be useful in cases of viral

i nfectiogg igﬁh/ﬁﬁ%ﬂst ion, system c viral diseases such a%*éf?tflé&b’(ﬁ%%slt he
l'd, an

comopn Cco encephalitis mghtge alleviated by the admnistration of
stinmulatory forns antigen presenting nolecules, e.g., dendritic cell

antigens, system.call 04£107618. PCT/ US2004/ 0 81 8 [0151
A'ternac] velgomiie Ay-brr anhiid o8 SmRioatonuiihe nertdkn s B ARG ot e
patient by rofaRWrantigefl(é.g., B7TATBYNC clepbh Bidtsurfa@séf thathidrigll pisvidescel | s ex
vivo with viral antigen-pulsed professional APCs (e lg B cells,

1

macr ophages thgegcgssaryieastimulaterysignals)to a‘mllgﬁl‘ind‘d@(mé selbniediaed G TRL

pol ynucl eot i. 0 eptid ' fra ts._and/.or fusion,proteins

t her eof agélg'?e@ﬁe gggﬁﬁﬁoagﬁwgé@ﬁlﬁgé&%%% %‘}n&gg@%is[&taﬁ U0 A $%'%ant | bodi es).
G TR agoni styhiételagk MIEC Thiss Pot MHT LIRS T @f¥eculddObrwiidBh RS reddpidsye fragnents

and/ or fusion ftpr_ot eins thereof, and/or agonistic anti-G TR antibodies) may
be suppl i ed sufficignt ameusts ofiMHEC slass b@erﬁé elassdk prodesyles, cappetitapsipgiad.  Anot her

ol 1's 1 rom ABLcAle B0 didofine MU ARAFHCE HeoBitsinie e oBtrRl ' & TR
protein of tﬂ%ﬁ:idﬂ)%f&ﬁ\l\m[@‘éﬁt@éi&'&hﬁﬁpﬂﬁéiﬁﬁh&?%nﬁ%@idl}uﬁﬁﬁfdﬂeiﬁbﬁﬁn the cells

express all "or a portion of the protein on eir surface, and reintroduce
the transfeddHE dassTEaichtio proteinpatiian MEC Ghess TIfi eletieproteih (e woul d now be

Cafab't ggﬁﬁcgfgﬁ'sép%ﬁéﬁ{g‘ et bl e 4 sﬁ%ﬁ%&biéﬁs&“ %{Clﬁgﬁig{ei t bytT he
cells could I\kﬂélﬁ%st @gteéfﬁ?se@i 8?§#ﬁ§%ﬁ1%ﬁ£ﬁgg§fe§%@?e°%ttl Fée?l %m(;fag%ppr essi on by
Gnhanconent Of -an ABC et LGB funct Lan’ my. be USeLuL 1 tne. L nducti on of
tunor i muni3Yustigor @ﬁﬂjgpé]l@@uﬁe’ aé’HY?:gaﬁéP?% F‘%‘f(%%ls{ow’i‘i‘ﬁﬁ‘&ﬁa | eukeni a,
neur obl ast or{gere%gg%(?@{ @e&%@% aﬁt‘i-@?ﬁ%ﬁﬁﬁ&hﬁf énﬁ/cg S%{i& Ea #gleencodi ng at

| east one pepti nt 1 nvention”can mnistered to a subject
t o over cone activity efsameAPCiantigal (@rgaB%el, B12,tehe) mdigesatT cdlFmediateded, the tunor

cell can be .transfected to, express a conbination . of peptides. For exanple,
tunor cel | s [BBTREABRORISARRISHIEE fev&%ﬁﬁ?ﬂﬂ@r o oPerigrtigh BRIEFGRANE t h an
expr essi on \&Ghlerdh EARIAGVABR Y GBRERnOF af MBG Blas@ GRS ate: 0, O TR
pol ypepti des, active fragnents and/or “fusion proteins thereof, and/or
agoni sti c amrotefdl filthas tthenindarean) chaih,cae also be cotransifictat witina BINA a pepti de

encoding a GITR agonist (e.g., a GITRL polypeptide, active fragment thereof, a

fusion protein thereof, and/or an agonistic anti-GITR antibody) and/or a peptide
having the activity of an APC antigen to promote presentation of tumor
associated antigens and induce tumor specific immunity. Thus, the induction of a
T cell-mediated immune respbnse in a human subject may be sufficient to

overcome tumor-specific tolerance in the subject.

[0154] In other embodiments, GITR agonists (e.g., GITRL polypeptides, active
fragments and/or fusion proteins thereof, fusion proteins thereof, agonistic small
molecules, and/or agonistic anti-GITR antibodies) of the invention may be used
as vaccine adjuvants. Adjuvants are immune modulating compounds that have
the ability to enhance and/or steer the development and profile of immune
responses against various antigens that are themselves poorly immunogenic.
Cytokines and/or lymphokines can be used as adjuvants. The appropriate
selection of adjuvants can induce good humoral and cellular immune responses

that would not develop in the absence of adjuvant. In particular, adjuvants have



having B7.2-1ike activity alone, or in conjunction with a peptide having
B7.1-1ike activity, etc. The transfected tunor cells are returned to the

pati ent Vi,@ 60§ﬁPu/6t18i n expression of the peptides on thacpakiRes16881 t he
transfec eé cell. Alternatively, ggge therapy techniques can be used to

target a tunmor cell for transfection in vivo. [0153] The presence of a G TR

agoni st (€. Qion: I &R:Fﬂ' . | . -f.usion proteins
t her eof , ang%lg?ﬁas@t %@c&sﬁ%a}ﬁﬂm &gﬁf gﬁ%%%lgefp %ﬂﬁ@%ﬁ%@l&%@@@%ﬁfe
PCT/ US2004/ ahtigét in $8&ccagon Their stimnkatorhdiRityris also8yneficiab tethebi nation with a

pepti de havihg .the acti vi.t of..an APC antigen (e.qg., B7.1, B7.2, etc) on

t he surface ds?el?meﬁtmﬂ%%lrﬁpeﬁﬁsme TSR Sﬁ%é’é‘%‘ggj@g%l’mﬁ? atory signals
to T cells tgibidu : a-]{ﬂ?%é' ]m [RSRR IsNSiby t he
transfected tdgr%frg %gflgg.ghfiﬁlogddi P%ﬁl,gprteﬂirlmr cegl S mﬂﬁgiﬁﬁgdgﬁﬁ C class | or
MHC cl ass | Isermmd &iers, eslucthon of CTh (dytatbxic @ lymphpcyes and uigbraisesliulamount s of

MHC class | or MHC cl.ass, || l.ecuyl es an be transfected .w nucl ei c

aci ds encodi'Fi§oL§es %i;uv htd %Eq}mg ygipho n&ﬁ?‘&b}ﬂ&ﬁﬂ%ﬂf&}sﬁﬁﬁwg\mat ed
portion) of andYEtoRd&Esy todt migédprepRhteddd. and [32 microglobulin protein or
an MHC class Il "a chain protein and an MHC class Il (3 chain protein (or

cor respondi ﬂ@lﬁ%%’hs@b béefﬁ‘%e%tﬁas%%&@ne}@%&sﬂﬁ%{’%?yvg eﬁﬁ&gﬁﬁg‘% class | or

VHC cl ass | teins (or éorrespondi ng ecul es el |l surface.
Expr essi on dfitehided tappgan thic vdeafalGITR dgonist @&l @ssGITRMpblynuclestidiepncti on with a
G TR agonis .0., a G TRL pol ypeptide, active fragnents and/or fusion
prot ei ns t@?@ﬂolmﬁg% a&rﬁcgiﬁ)%g%’ﬂ?%%ﬁﬁ?qﬂ@‘Fﬁné}ﬁ?@%&?)ef’g%Pbr a peptide
havi ng t he RV _GRIR AR5 Is ' ﬁ%m etfm) induces a T
cel | - medi at eag%{)frﬁn%ynaelm; espoﬁsﬁfe[%cgg%ilﬁg({ﬁn% gg?nr‘gﬁgl?%g]tle tQ(SﬁBr céll.

Opti onal | y, paragiticend bactdiizigpolypeptides) mreteires ar peptidas); tor wthier intigencless. expr essi on

of an MHC cl ass |1 -assocj at ed otein, such as the invayiant chain, can
al so be cot '4ReY %r(ﬁagger\&eil ﬂ?og’f’ﬂ’(‘lﬁ{e&éﬁ%tﬁ’dlﬁ QG PEPHECHROr N9 ug{eotege_sg_ , a G TRL

pol ypept i de.enasdihy fiefahfl tenhfik 82bpress orf d{ﬁéa'g'%e%&ilﬁitg taﬁ'ﬂﬁfn@ﬂé and/or an

ih
agonistic anti-Ad TR antTbody) and/of” a peptl havi ng e activity of an
APC ant i gen respopsecotheariges.e Forthe parpose ¢fithisrdefiad®oc feambinationT gfmfls and i nduce

tunmor specific imunity. Thus, the induction of & %’ cel | - pedi.at ed i mmune
esponse i n TEHUE R SOMFRSHON Ml HEliFiaohs PECormbingd of WSREBHIRDAE speci | i o
tol erance ing d‘éﬁtigl%ﬁﬁyana{lﬁ’%é{l] I n other enbodinents, G TR agonists (e.g.,

G TRL pol ypeptides,” active ragnents and/or fusion proteins thereof, fusion
proteins t h%ﬁg] THIGH &dcing Imjlujvan’[ composition” refers to a vaccine adjuvant that

additionally includes immunologically acceptable diluents or catriers in a
conventional manner to prepare injectable liquid solutions or suspensions. The
vaccine adjuvant composition may additionally include agents that further
enhance an immune response elicited by a GITR agonist. For example, the
vaccine adjuvant composition may additionally include 3-O-deacylated
monophosphoryl lipid A (MPL®; Corixa Corporation, Seattle, WA) or
monophosphoryl lipid A and derivatives and analogs thereof. MPL® can be used
in a range of 1-100 pg/dose.

[0157] The antigens used for vaccine therapy include proteins, peptides or
polypeptides derived from immunogenic and nonimmunogenic proteins, as well
as any of the following: saccharides, proteins, polynucleotides or
oligonucleotides, or other macromolecular components, or fragments thereof. As
used in this section, a “peptide” comprises a series of at least six amino acids and
contains at least one antigenic determinant, while a “polypeptide” is a longer

molecule than a peptide, but does not constitute a full-length protein. As used



nol ecul es, and/or agonistic anti-G TR anti bodi es) of the invention maybe
used as vaccine adjuvants. Adjuvants are inmune nodul ati ng conpounds t hat
have tRgoahisdiobedigt © enhance and/ or steer the devel opmpgiryRRghsiddi | € of

| Mmune responses agai nst various angji gens that are thensel ves poorly '

i mmunogeni c.  Cytokines and/or |ynphokines can be used as adjuvants. The
appropriate I: » HHRg nd cel | ul ar

I mune respol}lezgisl’e& éhft ?‘gﬁnot %gvﬁ%gp&#géétgﬁleﬁ%ggoeﬁlc%e{)@gﬁ uvant. In
particul ar, prdjeim@ntymudamdeﬁ\@r ahgphuRF6ds] oPaThet IRAG0MDLERB1 60 si gni fi cant
effects in enhancing the i Mmune response to subunit and peptide antigens in
vacci nes. Tl‘f@mpoé'{aﬁltgul atory activity is also beneficial to the devel opnent

of an'tigen-s[pemflc i mune responses directed against protein antlgens For

a variety of 0438 @éﬁ%edthi’éﬁmsrt'@?] meeﬁﬁwﬁgdmwwmn@%omwaclﬁsgﬁ serum

iters, UGk ffhaoTbe LBl BHGREIR ANIER k. b dRfiaHS col | Ul ar

responses, Juvant and ¢ 1N "CONbI RAtT ONS provide stinmuli

that are nthmmudmdmlayes@scﬁiemmtvbgajiaﬂ@m@tarlaielpaﬁ&ula{r%wevﬁﬂ used herein,

t he phrase "vacci ne adjuvant” or "vaccine theraé)¥lg f i ntended to mean the
@0

use of a G pa@bmwwr@nghe a&@@erahtalpddmrﬂmlwe@ thejhpsy, 2pwEY pept i de, an
active frag% %%o‘?f)ctf el #ﬁ wereof and/or an agonistic
n Wih g

anti-G@ TR a InCco |na I'on nantigen (e.g., viral, parasitic
and bacteri e tides teins .. des or other. a ens (e.g.,

t unor or caﬁ]gégé)] ﬁq aggﬁnf,,gglg,@?rﬁggmpmlﬁ%ﬁﬁ@eg,r}vegégq PafeRs ‘ﬁ‘i"mﬁ&‘iﬁ%ﬂcl eoti des

encodi ng the, mﬁﬁw&m&nﬁuﬁaﬂa&@&méBparvﬁﬁéty%rmt&eiﬁmcﬁn@dvﬁ&qm&a | mune

response to the antigen. For the purpose of this defini conbi nati on"
shal | nean tosistranaseh n}“almcagmh regtalppareritenal, mousalmrmsdémlrﬁﬂeneﬂdg or

unconbi ned) aIl { 56] The. term "vacci ne
adj uvant corf]gli)e&% aplp %‘%%/@ég h’gﬁbﬁ 131{5&9?{ “{l“ﬂg?r teél ¥ tional y
i ncl udes | MdRe&RE), GRttdnvuseEI6E RitedpeRtodbd URBE Stafdous Ahfrh®indud shdd@ _conventi onal
manner to prepare 1njectable l'iqui d sol utions or suspensi ons. The vacci ne
adj uvant cornipbearteriah mﬂm@mtpfgn@anugenmpmmag@nmonmwoﬁtmther enhance
an i mmune response elici El q¥ g.l Lagani st Foh}?g the vacci ne
adj uvant co @F‘PFSR%? ATt Yo F]i’e"“ m@ d %rgﬁ%f’fé nonophosphor yl
lipid A (NPLa(tﬁlken,QﬁMeﬂ%ﬁ@bﬁﬂi@égb%mgﬁ%ﬁ%ﬁwa“&mﬁﬁon oraepligediary! |1pid A

and derivatives and anal ogs t her eof . MPL(r) can be used
well as on the method of administration. Again, suitable doses are readily

determined by persons skilled in the art. It is preferable, although not required,
that the antigen and the combination of adjuvants be administered at the same
time. The number of doses and the dosage regimen for the antigenic composition
are also readily determined by persons skilled in the art. In some instances, the
adjuvant properties of the combination of adjuvants may reduce the number of

doses needed or the time course of the dosage regimen.

[0160] The combinations of adjuvants of this invention are suitable for use in
combination with wide variety of antigens from a wide variety of pathogenic
microorganisms, including but not limited to those from viruses, bacteria, fungi
or parasitic microorganisms that infect humans and nonhuman vertebrates, or
from a cancer cell or timor cell (e.g., sarcoma, melanoma, lymphoma, leukemia,
neuroblastoma, and carcinoma). The antigen may comprise peptides or
polypeptides derived from proteins, as well as fragments of any of the following:
saccharides, proteins, polynucleotides or oligonucleotides, cancer or tumor cells,
or other macromolecular components. In some instances, more than one antigen

is included in the antigenic composition.



in a range of 1-100 jig/dose. [0157] The antigens used for vaccine therapy

I ncl ude proteins, peptides or polypeptides derived fromi mmunogeni c and
noni nmunogeni roteins, as well as any of the followagy i des,

pr ot ei n&'&f)@f‘@wg&q eotides or ol igonycleotides, or otm)ar n%@?‘g% elcul ar
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2004/ 107618 PCT/ US2004/ 016381 61 herein, a "fragnent' 'conprises a portion,
but |ess th&#sel py.ovithow deeitpn.damaymspeadeligigrpnieisedimises or

ol i gonucl eo . . 0 sed herein,
the term"” e?ﬂ@&?&eﬁc&%ﬁ\%ﬁﬁ%% aﬁ%&%ﬁ%ﬁﬁ@éﬁmgﬁlﬁ% t@’(s)eﬁgi nati on of
adj uvant s déshifiubrch HekcHerpesdimplexirus, Hinakh eytbmegdlovitis, HepatitisX eased | nmune
response in a vertebrate, hoi_&. The particul ar dosage wll _ depend in part
upon the ag¥Tusd{epattinh yimeHepahtis 6 vaus, Bany: ramdomadrus, pliofly, as  on t he
net hod of admini.st ' 0t J,gl]ug ' .uvant

conposi ti ongj(sc}‘%1 ééﬁfﬁa‘gﬁs?%gdégglﬁs glg&slé M P St er’z%“qégﬁvgﬁgfﬁir%g%@?l]s’nonhun&n
vertebrate babies was] cinjheafistermpérasrus, iielerptsingruspedromfirub, partavirus,t o,

i ntranasal, ,oral, vaginal,. rectal, B&r}enteral . I ntradernmgl, transder nal

(see, e.g., nfpetious RupotIRPitE SPPIcSalelivnlcpisan vitys JElingWiRHoPS her eby
| ncor por at efelinfi RENS o infebhi S ABIRGiREase WIHHE ARFidL A RRMase S UL aneous,

I ntravenous Intraarterial. The anount t’he’ anti gen conpohent or
conmponent s Marekie disasseiviyas) poreineeepirdtorgrandireprodwstive dapkome ngus,n part upon
the identity of the, antigen, as vaeII ha%s:',up,on t he age, wei ght and nedi cal
condi ti on qu‘PH%a’ét?IH}Se‘E’E‘{S%ﬁ@V%S EPIBHE KBUSESt hod of adni nistration.
Again, suitable doses are readily determ ned by persons skilled in the art.

It is prefel@k2é Desiratdebapteriad vagoenes containing the adjument gambipationsaf thise

conbi nati on.Qf | uvant L Nj red the, s { . The nunber of
doses and tﬁgveﬂﬁ‘g‘laﬁ‘sﬁ‘?isg?#gﬁﬁ gw{oﬁéggﬁ"?@% "‘é‘%{:"éﬁ%%‘%‘ﬁ“.* gﬁdls%ls% al so readily
det er mi ned lyuse@ by onihdik lindiR€oh,[HiddpAilhs infllerzREthdttipaieasd the adj uvant
properties of the conbination of adjuvants may reduce the nunber of doses
needed or t Rentypzhie) Haemeplitussoranies MogerdllagutasrhalispYegyocpeeusconbi nat i ons of

adj uvant s Ofvnéu%ésniclzer,lggg})tlogonccﬁsr' Eyo%lé;'zés?.?Are?vtggorccﬁjssc?gallgctiae, Streptococcus

C

Jaecalis, Helicobacte_r pylori, Neisseria meningitidis, Neisseria gonorrhoeae,
Chlamydia trachomatis, Chlamydia pﬁeumoniae, Chlamydia psittaci, Bordetella
pertussis, Salmonella typhi, Salmonella typhimurium, Salmonella choleraesuis,
Escherichia coli, Shigella, Vibrio cholerae, Corynebacterium diphtheriae,
Mycobacterium tuberculosis, Mycobacterium avium- Mycobacterium
intracellular complex, Proteus mirabilis, Proteus vulgaris, Staphylococcus
aureus, Clostridium tetani, Leptospira interrogans, Borrelia burgdorferi,
Pasteurella haemolytica, Pasteurella multocida, Actinobacillus

pleuropneumoniae and Mycoplasma gallisepticum.

[0163] Desirable vaccines against fungal pathogens containing the adjuvant
combinations of this invention include those directed to the prevention and/or
treatment of disease caused by, without limitation, Aspergillis, Blastomyces,

Candida, Coccidiodes, Cryptococcus and Histoplasma.

[0164] Desirable vaccines against parasites containing the adjuvant combinations
of this invention include those directed to the prevention and/or treatment of

disease caused by, without limitation, Leishmania major, Ascaris, Trichuris,
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antigeniccmi i o066 /Qi&g@, : : 1] Desirable
viral vacci (rges C(Prﬁsgi&hlf\r?gc%%éfa%%&\ga taﬁ{#ﬁgﬁgn f %?%?@Ja?%e\?enti on

i ncl ude t hoséfediineokegebmte host whichwentaimtheadpWwant dormddinations ofthisdi sease caused
by, w thout .Iim.tat.iqn uman..i tmunodefi ci.ency virus, § m.an,

i munodef i ci“é‘f?&‘?%ﬂ‘?ﬁg‘?e g@%"p‘%?’%%ﬁ%ﬂ&}‘ﬁg% Xr\/‘i'“ﬂ?&ass@&%ﬁdﬁppﬁghza vi rus
types 1- 3, ; : AV : i { u al ovirus,
Hopat i 11 s A HAHE ARO i b bR ORI ki (i A ROl p TR

papi | | omavi musnbrpmd anigen (BRSMA) otaznmo-ambryoalc antigen (Glés), MBES], #&rdsi r us, Minps

! nder pest A RE MAGIRIEOKK, Hirp GOL, (Db RristabPont S TR e 11 o
viruses, feljhngqhoukgisa virus, feline infectious peritonitis virus, avian
i nfectious bursal disease virus, Newcastle di sease virus, Marek's disease

artorths viOf J AP0 AR SRV e kiel o SRR hlise PN ® v
vacci nes comhaproteig, pdigpepdile|\veptidecartigamit derbredfronhssid viray eliatsome i ncl ude

those directed to the prevention and/or treatnent of disease caused by,
wi t hout | i nisianceh muliplgdHY; ord Vinseteme ol wephdess pertiies ped/arfgagm@tt ypabi e)

Haerophi | us ,SOMISeq j}%gé?g}%e%é(%%o okikahi s, Streptococcus pneunoni ae,

St rept ococcus” pyogenes, cus agal acti ae, Streptococcus faecalis,

el on s Sprocoscus A ¢ ) ; |
Ol e o BN e VR oo At cRs o B RS o HRE St S8EBRL,, st e 1
pertussis, $aiiABRSbhas by Bljuvanbai ﬁﬁslmdée%ﬁﬁ& PRI I(MEd kiRTRIIBNIAR

chol eraesuis, Escherichia coli, ella, Vibrio cholerae, Corynebacterium
di pht her i ae vacdigespbSuachevacoimes mpy frthep iicknde fgaibitoting agantrsugyaim  Mycobact eri um

I ntracel | ul qlpﬁ?c?ﬁllee()s(ée llj).rs(?i’gtléﬁt ﬁg.rfggiéﬁ; wﬁlrc%tig Hesre‘t\{yl(J {n%grrpklsa’te tyaphyl ococcus

reference).

[0168] Methods of 1) stimulating antigen presenting cell function, e.g., dendritic
cell functions; 2) removing T cells from the patient, costimulating them ex vivo,
and reintroducing them into the subject; 3) transfecting tumor cells to induce
tumor immunity; and 4) using vaccine adjuvants are well known in the art (see,

| e.g., Cerundolo et al. (2004) Dendritic cells: a journey from laboratory to clinic.
Nat. Immunol. 5(1):7-10; Ko et al. (2003) Immunotherapy of malignant diseases.
Int. Arch. Allergy Immunol. 132:294-309; Valmori et al. (1999) An antigen-
targeted approach to adoptive transfer therapy of cancer. Cancer Res. 59:2167-
73).

Uses of GITR Antagonists to Decrease Immune Cell Activity

[0169] In yet another aspect, the invention features a method for maintaining the
susceptibility of effector T cells, e.g., CD4" and CD8" T cells, or a population
thereof, to suppression by CD4"CD25" regulatory T cells. The method may



aureus, Costridiumtetani, Leptospira interrogans, Borrelia burgdorferi,
Past eurel | a haenol ytica, Pasteurella multocida, Actinobacillus

pl eur op i nd Mycopl asna gal | isepticum [0163] ci nes
againstqﬁﬁgggpﬁﬁaghogens cont ai ni ng the adjuvant conbi ztﬁgﬁgﬁg¥gfhis

I nvention include those directed to the prevention and/or treatnent of

di sease caused by out I atl s, Bl ast Candi da,
Cocci di odes,“° FBE’H@ tlé’fl(?g&é’gﬁg&t[‘%% @é@%?&/véémes agai nst
parasites coph®iy 1&%&§/aﬂsms%§1@gtﬁ%iﬂamﬁoleaﬁe taiedir Ishﬁ%eaﬁge‘s hdtn include

those directed to e prevent'on and/ or treatnent of caused by,
wi t hout | i m@GHR mt;bodg; aidr’mmrmutrd}zmg antisGEIR anﬂqugf)mrarsqmdm 2004/ 107618

PCT/ US2004/ 016381 . .63 .G.ardi a, .Sc t osonm, pt ospari di u Tr.i chononas,
Toxopl asna g%‘g% ?ntéﬂwm%ﬁ&‘ﬁﬁﬁﬁvgf&ﬁ%mm‘? Ceﬁ% Hé% AaBEANISS O i nes f or
eliciting a iphiSRR rtebrate
host, which G‘Ci(;l%g)?g‘é%shg)e%g ] uvant C%Qﬂ%dl é‘%{‘@%@ﬁfﬁ?ﬁr&&&?%%ﬂnﬁﬁﬁﬂél ncl ude
those util i zesppnse salesieed. aﬂt%gmn@ommdeasgoaumﬁMuamd]sgmnrs (esggl udi ng,
without Iimtati.o tate specific anti en(PSA ost ate-specific
nmenbr ane antz}‘ﬁ‘gﬂ ?jﬁg%s% M r@r‘}bﬁﬁ%ﬁl% n MUC- 1, Her 2,

CA- 125, MAGE-3, EGFR, HELP, GCC, CD66-c, prostaS| n, TI\/PRSSS TADG 12 and
TADG 15. [ 0188701 Thesamethods agsrbasgdy ablaest &) Rert;ondhe findigs that redyaiensek i ons

conpri se at r nt derived
fromsaid wdr}@?&it brrg Bﬁﬁhlﬁgﬁ%@[ﬁﬁ&gﬁﬁ 093025’\}1 ei ns,

pol ypept i desCDp’Efmlii‘aﬁedmﬁéd@upp‘reﬁg)m{mzanplarle) ii8G howtedizing 'cinhGGHTRII. geni ¢
conposi tion. @%19167] The adj uvant conbination_formul ations of th,J S invention

are al so suid¥iBpdy magtains,the suscgptibility.nf edaptan Anells: 5 ﬁo&%tﬂd&}? dE vacci nes

]ggl:;s?l fggmg&ag’ent spsuc@nm?é upt vi caé%ﬁétglsﬁr B%}’Sﬁﬂégt&g%]lj E@li&gﬂg% 972,

whi ch i s herleloy demonstitedatheidinbybatioedfefésetr )T cdlld Wath norbhicing amtf- 1)
stinmul ating antl gen presenting cell functjon, e,g., dendritic cell
functions; 2yIIRdxantibedy pmelipr Sfdﬂssﬁﬁetlﬁaaw.eén%mn%gtwwatmﬁg t hem ex vi vo,

and r el ””Odéh%éﬁ]ﬁhhgfﬁwaj‘%%? " BHCUSEily CARSLBRERRG, fpror ol s to

i nduce tunor muni usi'ng VaCCI known in the
art (see, molecules that inhibit GITR activity (e.g., anti- GITRL antibodies) may be used to

maintain the susceptibility of effector T cells to suppression by CD4"CD25* T
cells in vivo, e.g., for treating or preventing immune cell-associated pathologies,

including transplant rejection, inflammatory diseases, and autoimmune disorders.

[0171] The methods of using GITR antagonists may also be used inhibit the
activity (e.g., proliferation, differentiation, survival) of an effector T cell, and
thus, can be used to treat or prevent a variety of immune disorders. Nonlimiting
examples of the disorders that can be treated or prevented include, but are not
limited to, transplant rejection, autoimmune diseases (including, for example,
diabetes mellitus; arthritis (including rheumatoid arthritis, juvenile rheumatoid
arthritis, osteoarthritis, psoriatic arthritis), multiple sclerosis, encephalomyelitis,
myasthenia gravis, systemic lupus erythematosis, autoimmune thyroiditis,
dermatitis (including atopic dermatitis and eczematous dermatitis), psoriasis,
Sjogren's Syndrome, Crohn's disease, aphthous ulcer, iritis, conjunctivitis,
keratoconjunctivitis, ulcerative colitis, spondyoarthropathy, ankylosing
spondylitis, intrinsic asthma, allergic asthma, cutaneous lupus erythematosus,
scleroderma, vaginitis, proctitis, drug eruptions, leprosy reversal reactions,

erythema nodosum leprosum, autoimmune uveitis, allergic encephalomyelitis,



e.g., Cerundolo et al. (2004) Dendritic cells: a journey fromlaboratory to
clinic. Nat. Immunol. 5(1):7-10; Ko et al. (2003) | nmunot herapy of

mal i gna ' . Int. Arch. Allergyl mmunol. 132:294+3R%00Ya13%y 1 et al.

(1999) %Og%@ﬁgﬁ§ targeted approachsto adoptive transf‘erR]t%ﬁer apy of cancer.
Cancer Res. 59:2167- 73). Uses of G TR Antagonists to Decrease | nmune Cell

Activity [0169] .1 n v.et another .aspec { l.aventiqn, features a nethod for
mai nt ai ni ng]aﬂ%% ne rt?é%@ﬁﬁeglio ?‘f‘%lw 8&068#1?18%3?@’ 1¢og%cg),lla£§rap,ro%ﬁ§yeand CD8+ T
cell's, or a seaypkinairabRearinf $6s8 Odplasti® asdniip] 56 réd cellyaneidat (ddgfuthicegul atory T

cells. The nmethod may WO 2004/ 107618 PCT['USZOO4/016381 64 conprise
cont acti ng dhgesperstopenia.grolycherdritis, Wegpnes's grampiemagiosigy shtogic gcive. | G TRL

i nhi bitor C | d ok SL i l{s e eutralizin
anti - G TR AP BHESRObER sl ARARP AT, TR (R BB GrleR ™ B Aot
sufficient tdiseasd)sdrcdidbiis prizhary biliryodirrthbeds, uveitis ostetior, aid Pepstitat i on.

Ant agoni sts of _G TR may_ al so be adm nistered to subjects for whom

suppr essi on leag Bropigmgralt-versugnst dispase,adaflergy syeleat atopiralier®is i ncl ude,
e.g., autoi i Lt I.SQl:de - ammat or

di geases, o[ﬁ%@gg% ?gdr%gi) %é\c%g#oﬁr??tg{lggl%}d%ogdssgﬁﬁn& og%gsnsgiﬁ;eé based, )altt | east
in part, on ddhgnibiratibnng GITR ant£duBts| €., @heutedliAhAGITRIL hivtibody dncluby usi ng a
neutralizing anti-A TRL anti body, restares CD4+CD25+-nedi ated suppression

(Exanpl e 13)arthritie disopfers (eed- theypataidiar thufis puvenis thevsrajoidarthits. ns t he

suscepti bili . . . + . elicells, to
suppressi on ‘%@W + rlg-ggﬁtﬁlg Adr%)l/d %“‘@%‘W‘%&H@ﬂ‘é cl“ilr?bl ppl i cants have
denonst r at edhédimdtoidnethbiak)) onultibleaklepmis) typé Icedbetesytupis (SE8),IBD,zi ng anti -

G TRL anti body aneliorates disease in nurine experimental autoinmmune
encephal i t i CTobREyliseasenagiiaa yasculifs,ablexsynsplsrodeymprand pseiasi sts, i.e.

nol ecul es that inhibit TR activity (e.g., anti-A TRL anti bodi es) may be
used to nailAlR]dnezhethetemlbgstiingit) GIAR eftagdrfigis,taboneTor de bombinationuwith,essi on by
CD4A+CD25+ T ,cells in.vivo, e.g.. .fqQr treati r _preventing i ne

cel | - associ 4t tekemis grats & it (Eavm NG REIEBRER] (0hhe AT | ammat or
di seases, ang irRuRLRPIRYEAbHARACTIated BAriphoclfis miiehattfesqBranne . &8 TR

ant agoni sts nay al so be used inhibit the "acfivity (e.g., proliferation,

di ff er ent i atd.dA002)Heed/39(1003758r62f f ector T cell, and thus, can be used to
treat or prevent a variety of inmmune disorders. Nonlimting exanples of the
di sorders t {8173} dfsilneGITR ahagomsts (e, g y@HERId irihilsitard e olyautleatides,not

antagonistic small molecules, and/or neutralizing antibodies to GITR and/or

WO

GITRL), it is possible to modulate immune responses in a number of ways.
Downregulation may be in the form of inhibiting or blocking an immune
response already in progress, or may involve preventing the induction of an
immune response. The functions of activated T cells may be inhibited by
enhancing the suppression of T cell responses, or by inducing specific tolerance
inT cells, or both. Immunosuppression of T cell responses is generally an active,
non-antigen-specific, process that requires continuous exposure of the T cells to
the suppressive agent. Tolerance, which involves inducing nonresponsiveness or
anergy in T cells, is distinguishable from immunosuppression in that it is
generally antigen-specific and persists after exposure to the tolerizing agent has
ceased. Operationally, tolerance can be demonstrated by the lack of a T cell
response upon reexposure to specific antigen in the absence of the tolerizing

agent.

[0174] Downregulating or preventing one or more functions of an antigen

presenting cell antigen (e.g., B7.1), and thus preventing high level lymphokine



limted to, transplant rejection, autoinmune diseases (including, for
exanpl e, diabetes nellitus; arthritis (including rheumatoid arthritis,
juvenile rheumatoid arthritis, osteoarthritis, psoriati thritis),

mul ti pl 8YQBABEIE  encephal onyel it i6§, nyast heni a gr agti/}}géwé/?ié‘f’r#lc | upus
erythematosi s, autoi mmune thyroiditi’'s, dermatitis (including atopic
dermatitis and, eczemat ous dernatitis), psoriasis, S ogren' s Syndrone,

Crohn' s di sé&yatbesinby aotbiated ) edls willbeuseful insitpationsiof tissu, skin and organ

ker at oconj uRGhkMh ik r@ﬁ.ﬁ_ ol dob ks Wj@ar ﬂ@& | osi ng
spondylitis, |r‘ﬁ{ %Jl&t?g?ncéﬂggﬁ ma, V%F]%gédgsjli@%agﬁﬁérm, utP%Egou lgﬁbpl)%(gagé/

er yt hemat oswf T celldisstimdahoud resaftiinirddused tissoe teshiustiordinutigsws upt i ons, | eprosy
reversal reacti qns, . erﬁt&ge nodosum | epr osum ,autPi nune uveitis, allergic

encephal ony f3ER Lt 921878 5 SUSCTINSRS e AerPEoB ¢ hg FaBplitt iecr ot i zi ng
hemor rhagi  sEH bARRK ookl PR BIdePb] FBIEI B AMIRSS] ifuensor i neur al
anem a, cel l

hearing | oss, aplasti pure re afem a, idiopathic
t hr ombocyt opeatiian thab ysttogs threi transplaié Jhe adininigjraionlof avGIdR antagohisbni ¢ acti ve

hepatitis, Stev -JQ on syndrojre, . i di opathi ¢ spruge, lichen planus,
Graves' di %gsgﬁgiﬂg@;ﬁ%@i%’,lyn&geﬂ%ﬁ% ﬁ&W@FFﬂ#ﬁﬂ‘g?"%éi tis posterior,
and i nter st i @iz o & : - S - _cah al |l ergy
such as, at gp?@%ﬁ#‘%r gyﬁlﬁ%@é@bﬁdybﬂfdﬁrgo%ggﬁgﬁ?ggﬁ g?l %ﬁtﬁ?oe%?’gg usi ng

met hods whi chmbomhion swetht dvaoleaulawhicht inkibite or bibckd ihferactibagbaBsts, e.g., a

A the it o RS ST il T s lS) SR el (R 26 Egblsy 1o o ¢
arthritis, | i ; ; tic
arthritis, 3nchoak!B%h esaﬁgfl%fa@mhbihgm?mfv?g@%ﬁorMé@lﬂalﬁgﬁg @ﬁrt hritis)),

mul tiple sclerosis, type | abet es, | upus | BD, | sease,
ast hma, vasaudropiegic fainh ef gpepteleheving an metivtybfiznothenBilgmphdry®2intigen anot her

nmbodi t, AT t | sts, .al ‘ ' i nati i,t h tk

her apeut | ¢ (GeRyal 5E DREkEie LB RETuith 1 BuPEowtEn oAt g0 LeLEH be used
to treat nuldrigpl Boryak aihe 3afrdl HeRb &S & thy TRARGEY bl Wik Ramgifmg( Br enne, A
et al. (2002) Blood 99(10):3756-62).”" [0173] Using G TR antagonists (e.qg.,

€] TFL : nhi bithmc%qq;mryﬁmg?cmﬁlén%@ysid@ah d@l&dunRgL Bdlgxgnpmcytﬂmmiggh esi and{j olr t
neutrall zin anll nodl.es 0 an [ L IS S e 10 nodul ate
"une. r 66 HELON R 1S R PEnRdyioknessuFug by dmbie FB BELAR (he f or m o
i nhi bi ting QEBLPTHENY apl HSTHERSSs aﬁﬁ&ﬂﬁﬁ?ﬁn#gileéé%nﬂﬁ%&o%ﬁﬁfeQ% ofOr nay

I nvol ve preventing the i nduction of an ne response. The functions of
activat ed T costithglatisyimay ialshibbistffiticnt/to anergize the T cells, thereby inducing

tolerance in a subject. Induction of long-term tolerance by B7 lymphocyte

antigen-blocking reagents may avoid the necessity of repeated administration of
these blocking reagents. To achieve sufficient immunosuppression or tolerance
in a subject, it may also be necessary to block the function of a combination of B

lymphocyte antigens.

[0175] The efficacy of particular blocking reagents in preventing organ transplant
rejection or GVHD can be assessed using animal models that are predictive of
efficacy in humans. Examples of appropriate systems which can be used include
allogenic cardiac grafts in rats and xenogenic pancreatic islet cell grafts in mice,
both of which have been used to examine the immunosuppressive effects of
CTLAA4Ig fusion proteins in vivo as described in Lenschow et al. (1992) Science
257:789-92 and Turka et al. (1992) Proc. Natl. Acad. Sci. USA 89:11102-05. In
addition, murine models of GVHD (see, e.g., Paul ,ed., Fundamental
Immunology, Raven Press, New York, 1989, pp. 846-47) can be used to



enhanci ng the suppression of T cell responses, or by inducing specific
tolerance in T cells, or both. Immunosuppression of T cell responses is
gener al Iy &Mﬁﬁﬂﬁye, non- anti gen-specific, process th?&TﬁﬁﬂHh@ﬁﬁs ont i nuous
exposure of the cells to the suppressive agent. Tol erance, I'ch invol ves
I nduci ng nonresponsi veness or anergy in T cells, is distinguishable from

I mmunosuppression i.n that ki, neral |y antigen-specific and persists
after exposﬁ?%wettﬂeee&%qtt8?%@?@5‘%%3&’?%%‘9&6ar@ﬁgﬁgglﬂ?é élfgf'?%ﬁ}el y, tolerance
can be denp@sidlaimenhtldf tidddiseaek of a T cell response upon reexposure to
specific antigen in the absence of the tolerizing agent. [0174]

Downr egul at i BN EMe REBASF A APRY St ' f ljgen presenting
cell anti gerllm(yg?gl, IéE',h(?é.el) ,f&%nd thglg pre:%\%1 F@ﬁ%&%&gﬁ&%@ﬁ%ﬂ hoki ne WO
2004/ 107618 urgil foshealidgasdgimureslisyses h Mny abtoimatune disertlels areties wi | | be
useful in situations of tjssue, .skin and _organ transplantation and in
graft-versug® .ﬁf%pgm{e.( on gf rceg)?%%&remtlgg@g pst Sﬁﬁth?s“t‘?é‘ﬂ" functi on
shoul d 1 es uhinidtpioRRHCAE podueith BRSS!0 abfbah iR infdIARSRIGD! at | on.
Typically, in tissue transplants, rejection of the transplant 1s initiated
t hr ough i t s patholgyiafithendisenséso Rrévpntihy the activdtion of eliforssetiverY celts mayrune

i agoni st 18 ot SEle b RERNGh oA JRREP A3 O11 B OB F € ¢ sral |

mol ecul e, a GI'T_REihﬁﬂbitamlﬁmkiebﬁhééﬁaﬁagd&&%mamﬂé1efu1@s, Beyby al i zi ng
anti -G TRL anti body), 1'n conbination wth a nolecule which inhibits or

bl ocks i nt emavtralinngxntibodies td GHgh awd/orGHIRT)ge combination withacagents thatgand(s) on

' .cel | h. bl ic f f,. tid ' B7. 2
activi Ly al SSRAPSafag ahL ee by SRS ERE AR eREBT T | o havi ng
an actiVvity aafiodd @b 8E ukbd tié REHIBHE T iRl Q&Naiﬁgg amg gret%nt ;ﬁt_?duc_ﬂibn ef bl ocking

antibody), prior to transplantation can d he "bi ndi ng of the nolecule
to the nat uraatoahfibpshies(as)T eall-ddamved aytokinesthat maywbe inyotvet imtherdiseasang t he

correspondi ng cost | .at ignal . .Bl.ockin l ocyte antigen function
in thig rranrli’g(?cefﬁ‘ eé)@bgnag@gﬁgéna@§?f?ﬂ§§?%’ %}IM”@%%?/' s, sucﬁ as
effector T %lﬁnﬁcleéﬁkﬂes} 5|1H§go%¥s‘ti§ sl 3iblécuies ARV HeRE SR e arl¥Pogey®y . the |ack

of costinulation may al so be sufficient to anergize the T cells, thereby
i nduci ng t HERandériGITRLY ith peubinationdwith blocking réagants mayrinduse@ntigare by B7

S T N T T I
| MTuUNoSUPPr ¢l therdideades " ficacy of these agents in preventing or alleviating

autoimmune disorders can be determined using a number of well-charac;cerized

animal models of human autoimmune diseases. Examples include murine

experimental autoimmune encephalitis (EAE), systemic lupus erythmatosis in

MRL/lpr/Ipr mice or NZB hybrid mice, murine autoimmune collagen arthritis,

diabetes mellitus in NOD mice and BB rats, and murine experimental myasthenia

gravis (see, e.g., Paul, ed., Fundamental Immunology, Raven Press, New York,

1989, pp. 840-56).

[0177] In one embodiment, GITR antagonists (e.g., GITRL inhibitory
polynucleotides, antagonistic small moleculeé, and/or neutralizing antibodies to
GITR and/or GITRL), including pharmaceutical compositions thereof, are
administered in combination therapy, i.e., combined with other agents, e.g.,
therapeutic agents, that are useful for treating pathological conditions or
disorders, such as immune disorders and inflammatory diseases. The term “in
combination” in this context means that the agents are given substantially

contemporaneously, either simultaneously or sequentially. If given sequentially,



in a subject, it may al so be necessary to block the function of a

conbi nation of B |ynphocyte antigens. [0175] The efficacy of particular

bl ockin ts in preventing organ transplant rej ' D can be
assesseg'(iqu%?@&gfﬁ mal nodel s t hat arﬁ predictive of 2‘?‘?*/@%@3‘{’% lurrans.

Exanpl es of appropriate systens whi & can be used incl ude al | ogeni c cardi ac

grafts inra and xenogeni.c .pangreatic.islet cell graf [h mce, both of
Which have BeBR OBt AT AEERARESE e Sromhd soubppib o el felte Tof - cridl g
fusi on prot gbmpoirds\sé pRfcrsbl{ e8¢ Aétb@sblk Bt sfBREGHBMcBhtraAlons GAAB dite SE1 €NCeE
257:789-92 and Turka et al. (1992) Proc. Natl. Acad. Sci. USA 89:11102-05.
In additi offeatment.ne nodel s of GVHD (see, e.g., Paul ,ed., Fundanental

| munol ogy, Raven Press, New York, 1989, pp. 846-47) can be used to WO
2004/ 107618 [(AT8] Beg &txipild,6B8domiizatibat therapy eart ineludé breor mbretEAR ng B

| ynphocyte antigen functi L.n.vivo on the . devel opnent of that disease.
[0176] Bl ocR{A I.Pﬁé(?&nb;[f]ghl bltacﬁygﬁ%ng‘ﬂ?qt RM&SE‘%SIB@IF herapeutically
useful for tffahldd0aridHAHRAEe Qitfb%?é?fo Gpggx?ﬁweﬂmweoﬂhﬁﬂ%ers are the

result of inappropriate activation of T ce at are Teactive against self
ti ssue and wthi aid/pr coadinénisthed prithg ond oronomrefadditiookli therapentic agenteang.j bodi es

I nvolved in the pathol.a of th | seases, Preventing the activation of
AUt or eact | vERTSLBPTCHRFRY pEtgRR oS RIS MBS PP |
Adi ni st r at iafhfthatShTikeAR! AEABbE BhfbRofl enzyileTiiblibl] Rld@iondialiyuc! eot i des,

ant agoni stic smal | rolecul es, and/or neutralizing antibodies to G TR and/or
G TRL) i n coytostatic agantsyas Hescabegkintngore dethil belows KFurthetmong) et aymmare T cel | s by

di srupting r ptor:ligand interactions of APC .antigens.can be used to
o bt T Gl CRo et 2 i TR SO EOR mobE oai e gt relai e or 7
cel | - deri veghdladuRs! ARBorleafraliByg ARibbBU Y EGHTR Bnd/HEGHITREARRCritRAOC eSS
Additionally, GfR antagonists %e. g., GTRL inhibitory ~ polynucl eoti des,

ant agoni st i bersirainky he hestlinsembimativmwith éwo oahiors oftha therdpsdiieageants G TR and/ or

G TRL) in cqgnbi.natjon. h. bl ocki eagent s i,nduce ant.i gen- specific
tol erance o e%?HgS‘ﬁ hgg’ﬂ‘ \)Slél_"l?’c@é‘ﬁng&&b\ﬁ?le leé&ﬁyﬁx'@gagetoﬁlp'd‘ﬁ'ﬁ;‘-z‘?%r elief
fromthe di g8@ges of R alinidiaey 1Rkages SoRBC HuS abMdRiPERAbIeNSkilikied! | €VI ati ng
aut oi nmune di sorders can be determ ned using a nunber of well-characterized

ani mal modelbs carfiplications snsodatudmith thi veue monplhermpiass Moredadgheuri ne
experi ment aly, At Ol SoGSRA Reteid Sot bir pathway Haf diefer ol e SrYRE™ OST S 11

receptor pathway, and thus are expected to enhance and/or synergize with the

effects of the GITR antagonists, i.e. wherein effector T cells maintain their

susceptibility to suppression by CD4"CD25" regulatory T cells.

[0179] Preferred therapeutic agents used in combination with a GITRL
antagonist are those agents that interfere at different stages in the autoimmune
and subsequent inflammatory response. In one embodiment, one or more GITR
antagonists (e.g., GITRL inhibitory polynucleotides, antagonistic small
molecules, and/or neutralizing antibodies to GITR and/or GITRL) described
herein may be coformulated with, and/or coadministered with, one or mbre
additional agents such as other cytokine or growth factor antagonists (e.g.,
soluble receptors, peptide mmhibitors, small molecules, ligand fusions); or
antibodies or antigen binding fragments thereof that bind to other targets (e.g.,
antibodies that bind to other cytokines or growth factors, their receptors, or other
cell surface molecules); and anti-inflammatory cytokines or agonists thereof.
Nonlimiting examples of the agents that can be used in combination with the

GITR antagonists (e.g., GITRL inhibitory polynucleotides, antagonistic small



VMRL/ | pr/lpr mce or NZB hybrid m ce, nurine autoi nmune collagen arthritis,
di abetes nellitus in NOD mce and BB rats, and nurine experinental

myast he%é‘zotﬂflﬁ%ﬁtﬁ (see, e.g., Paul, ed., Fundanental paPRSJ9a6381RAVEN
Press, New York, 1989, pp. 840-56).69[ 0177] In one enbodi nent, G TR

antagoni sts (e.g., GTRL inhibitory polynucleotides, antagonistic small
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humanized, human or in vitro-generated antibodies (or antigen binding fragments
thereof) that bind to IL-12 (preferably human IL-12), e.g., the antibody disclosed
in WO 00/56772; IL-12 receptor inhibitors, e.g., antibodies to human IL-12
receptor; and soluble fragments of the IL-12 receptor, e.g., human IL-12 receptor.
Examples of IL-15 antagonists include antibodies (or antigen binding fragments
thereof) against IL-15 or its receptor, e.g., chimeric, humanized, human or in’
i}itro-generated antibodies to human IL-15 or its receptor, soluble fragments of
the IL-15 receptor, and IL-15-binding proteins. Examples of IL-18 antagonists
include antibodies, e.g., chimeric, humanized, human or in vitro-generated
antibodies (or antigen binding fragments thereof), to human 11.-18, soluble
fragments of the IL-18 receptor, and IL-18 binding proteins (IL-18BP, Mallet et
al. (2001) Circ. Res. 28). Examples of IL-1 antagonists include Interleukin-1-
converting enzyme (ICE) inhibitors, such as Vx740, IL-1 antagonists, e.g., IL-
1RA (Anikinra, Amgen), sIL1RII (Immunex), and anti-IL-1 receptor antibodies
(or antigen binding fragments thereof).
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[0182] In other émbodjments, the GITR antagonists described herein can be

administered in combination with one or more of the following: I1.-13

antagonists, e.g., soluble IL-13 receptors (sIL-13) and/or antibodies against IL-
13; IL-2 antagonists, e.g., DAB 486-IL-2 and/or DAB 389-IL-2 (IL-2 fusion
proteins; Seragen; see, e.g.,ArtIzritis & Rheumatism (1993) 36:1223), and/or
antibodies to IL-2R, e.g., anti-Tac (humanized anti-IL-2R; Protein Design Labs,
Cancer Res. (1990) 50(5):1495-502). Yet another combination includes GITR
antagonists (e.g., GITRL inhibitory polynucleotides, antagonistic small |
molecules, and/or neutralizing antibodies to GITR and/or GITRL) in combination
with nondepleting anti-CD4 inhibitors IDEC-CE9.1/SB 210396; nondepleting
primatized anti-CD4 antibody; IDEC/SmithKline). Yet other preferred
combinations include antagonists of the costimulatory pathway CD80 (B7.1) or
CD86 (B7.2), including antibodies, soluble receptors or antagonistic ligands; as
well as p—selectin glycoprotein ligand (PSGL), anti-inflammatory cytokines, e.g.,
TL-4 (DNAX/Schering); IL-10 (SCH 52000; recombinant IL-10



in WD 00/56772; 1L-12 receptor inhibitors, e.g., antibodies to human |L-12
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01/55112, agglifashiahin@i(soeyé.0r AvMmIEHe &, el 28PF - 022
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descri bed h@tqumyémpﬂ@d]me ylannno]benzoyl]-L—glutaImc acid); and inhibitors of
pyrimidine biosynthesis, e.g., dihydroorotate dehydrogenase (DHODH) inhibitors
(e.g., leflunomide (see, e.g., Arthritis & Rheumatism (1996) Vol. 39, No. 9
(supplement), S131; Inflammation Research (1996) 45:103-07). Preferred
therapeutic agents for use in combination with GITR antagonists (e.g., GITRL

inhibitory polynucleotides, antagonistic small molecules, and/or neutralizing
antibodies to GITR and/or GITRL) include NSAIDs, CSAIDs, (DHODH)

inhibitors (e.g., leflunomide), and folate antagonists (e.g., methotrexate).

[0184] Examples of additional inhibitors include one or more of: corticosteroids
(oral, inhaled and local injection); immunosuppresants, e.g., cyclosporin,
tacrolimus (FK-506); and mTOR inhibitors, e.g., sirolimus (rapamycin) or
rapamycin derivatives, e.g., soluble rapamycin derivatives (e.g., ester rapamycin
derivatives, e.g., CCI-779 (Elit (2002) Current Opinion Investig. Drugs
3(8):1249-53; Huang et al. (2002) Current Opinion Investig. Drugs 3(2):295-
304); agents which interfere with signaling by proinflammatory cytokines such as
TNFa or IL-1 (e.g. IRAK, NIK, IKK, p38 or MAP kinase inhibitors); COX2

inhibitors, e.g., celecoxib, rofecoxib, and variants thereof, see, e.g., Arthritis &
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7:1209-13), nel oxi cam  piroxicam diclofenac, and indonethacin;
sul f asal azi ihibisas, e.g, phibitorstdficytoselicgptRspholipasesh(cPLa@d e.g.,

39(9) (suppl nt):S281): corticostem ds such as predni sol one; cytokine
suppr essi Ve%ﬁ?‘?&’ﬁnﬁﬁlﬁﬁﬁﬁe@wo%r ug(s) (CSAIDs); inhibitors of nucleotide

bi osynt hesi 'th't bitors of purine biosynthesis, folate antagonists
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i nhi bi t ors azathioprine sulphasalazine; mesalazine; olsalazine

chloroquinine/hydroxychloroquine; pencillamine; aurothiornalate (intramuscular
and oral); azathioprine; cochicine; beta-2 adrenoreceptor agonists (salbutamol,
terbutaline, salmeteral); xanthines (theophylline, arninophylline); cromoglycate;
nedocromil; ketotifen; ipratropium and oxitropium; mycophenolate mofetil;
adenosine agonists; antithrombotic agents; complement inhibitors; and adrenergic

- agents.

[0186] The use of the GITR antagonists disclosed herein in combination with
other therapeutic agents to treat or prevent specific immune disorders is discussed
in further detail below.

[0187] Nonlimiting examples of agents for treating or preventing arthritic

disorders (e.g., theumatoid arthritis, inflammatory arthritis, rheumatoid arthritis, ’
juvenile rheumatoid arthritis, osteoarthritis and psoriatic arthritis), with which a
GITR antagonists can be combined include one or more of the following: IL-12
antagonists as described herein, NSAIDs; CSAIDs; TNFSs, e.g., TNFa,

antagonists as described herein; nondepleting anti-CD4 antibodies as described
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i nhi bitors of angi ogenesis. Preferred therapeutic agents for use in

conbi nat i onazgthipprmer(sea stgaglinfirdisst Rbematisy (tRO6) Vol BNy pol ynucl eot i des,
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sol ubl e rapanycin derivatives (e.g., ester rapanycin derivatives, e.g., CCl -
779); COX2 inhiter obvascular gndothetipkeelhgrewtniactoner vasewlat endothshial cgld

phosphol i pa ighihitors: e. 2 Lo it or f. | i sphol i pase 2
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one or nore of. 6-nercaptopurines (6- I\/P}l ,

convertase inhibitors; 1L-11 (see, e.g., Arthritis & Rheumatism (1996) Vol. 39,

No. 9 (supplement), S296); IL-13 (see, €.g., Arthritis & Rheumatism (1996) Vol.

39, No. 9 (supplement), S308); IL-17 inhibitors (see, e.g., Arthritis &

IRheumatz’sm (1996) Vol. 39, No. 9 (supplement), S120); gold; penicillamine;

chloroquine; hydroxychloroquine; chlorambucil; cyclophosphamide;
cyclosporine; total lymphoid irradiation; antithymocyte globulin; CD35-toxins;
orally administered peptides and collagen; lobenzarit disodium; cytokine
regulating agents (CRAs) HP228 and HP466 (Houghten Pharmaceuticals, Inc.);
ICAM-1 antisense phosphorothioate oligodeoxynucleotides (ISIS 2302; Isis
Pharmaceuticals, Inc.); soluble complement receptor 1 (TP10; T Cell Sciences,
Inc.); prednisone; orgotein; glycosaminoglycan polysulphate; minocycline; anti-
IL2R antibodies; marine and botanical lipids (fish and plant seed fatty acids; see,
e.g., DeLuca et al. (1995) Rheum. Dis. Clin. North Am. 21:759-77); auranofin;
phenylbutazone; meclofenamic acid; flufenamic acid; intravenous immune
globulin; zileuton; mycophenolic acid (RS-61443); tacrolimus (FK-506);
sirolimus (rapamycin); amiprilose (therafeptin); cladribine

(2-chlorodeoxyadenosine); and azaribine. Preferred combinations include one or
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ar ni nophyl |'i ne); croanchate nedocron1| ketotlfen | pratropi um and

oxi tropium myco olate.no Qsi ne a I st.s; antithronbotic
agents; conpefe Pﬁ{]'f‘l‘iﬁ‘f‘%‘?ﬂc‘%ﬁ‘é& églgdl”g‘ﬂ?épﬁff@l ‘?ﬂt’éles=[aﬁtf§%1}ls e use of the
G TR ant agonislipnlicele S of Sbdlizinf £ABSAAIOMRiddr sfihey dhher apeuti c

agents to treat or prevent specific inmune di sor ussed in
further det a¢dmiiedtion withagtiotrsioaie Dnieﬂumgndxaamilmmqﬂerw@mﬁeserbor treating or
preventing arthrl{%(f di,sorders { rheumatoid arthritis, inflammatory
arthritis, RIS eRPes; @/elospeiieni | e rheunatoid arthritis,
osteoarthrltls and psorjiatic arthritis), with which a GITRantagonlsts can

be conbi ned [H88LBelesrd expmplss of Wihihitess fogise iuserapinationgwith GEFR goni st s as

descri bed he

descri bed hegrﬂe%%mnonc]{e% etl ng antraygglf t Eo@g@masgﬁe@ Cri Béﬁdé

2004/ 107618 Eﬁ[ﬁh&ﬁ@ﬁ@h&i%ﬁhtﬁ@eﬁﬁt@d anuﬂourez a@rihtiganbiatingdmearatr i bed

her ei n; antl-lnflamr%tory cvt okj n , IL4 | L-10, IL- 13 and TGFa, or

agoni sts_t hetheeses, that ;o @e’%ﬁ%ﬂeﬂt%ﬁaamﬁir%qeﬁmése SRS her ei n;

hosphodi est r rs a
gesilrol be:j ﬁe@ier?%? op%{so? f(slglgva%.&cﬂl% %e ﬁl%@r&t I'Sm 1936) SVoI .
39, No. 9 (s:epﬁitmo} Jusioi§2gteingBhbret 9:)1155@ TNEIre@pmrdgG(fﬁaen p®ign;,

Arthritis & Rheumati sm (1996) Vol. 39, No. 9 (supplqalgrs 5282) and
t hal i domi de- MW@F@F@%‘“’(‘%S §:8-» 1O aeonyertingrenzyiBe inhibiory of

I . t &
Rhoummt  om (TO0E G 1B IO 1S, HGP T I B2 { ool B Sl b tor.
e.g., T-614; ageats (eq.,gnti-Gid4 h:ramll-@DZ&aﬁ%lﬂmdum) Isﬁ'fﬂl(]ﬁ(ﬂ@@)le idﬂ)ibltoﬁeﬁﬁ.guo. 9
e
AU S & Boeridoat (98 iR AT pobSRBEATII 2 SR o1

i nhi bitor of ‘interleukin-1 converting enzy
i nhi bitor (|Nﬁkbm}nb1tcm§ RA]@EtoysalablaéUkGE;aB-eelw:mci(PSﬁLﬂmkt)lbltarl (e.gnhi bi tor of

vascul ar endot ceII rowthf r or vascul ar, endotheljal cell growth
f act or recep%IB‘;]? S’H’@PQ? es r"lt‘hl‘?r&?l%i;’o@?s "err)g?‘gifé‘ﬁbm s as

estrogen receptor beta (ERB) agonists or ERB-NFkb antagonists. Most preferred

additional therapeutic agents that can be coadministered and/or coformulated

" with one or more GITR antagonists (e.g., GITRL inhibitory polynucleotides,
antagonistic small molecules, and/or neutralizing antibodies to GITR and/or
GITRL) include one or more of; a soluble fragment of a TNF receptor, e.g., p55
or p75 human TNF receptor or derivatives thereof, e;g., 75 kdTNFR-IgG (75 kD
TNF receptor-IgG fusion protein, EnbrelTM); methotrexate, leflunomide, or a

sirolimus (rapamycin) or an analog thereof, e.g., CCI-779.

[0189] Nonlimiting examples of agents for treating or preventing multiple

' sclerosis with which a GITR antagonist can be combined include the following:
interferons, e.g., interferon-alphala (e.g., Avonex™; Biogen) and interferon-1b
(Betaseron™; Chiron/Berlex); Copolymer 1 (Cop-1; Copaxone™; Teva
Pharmaceutical Industries, Inc.); hyperbaric oxygen; intravenous
immunoglobulin; cladribine; TNF antagonists as described herein;
corticosteroids; prednisolone; methylprednisolone; azathioprine;

cyclophosphamide; cyclosporine; methotrexate; 4-aminopyridine; and tizanidine.



described herein; corticosteroid anti-inflammatory drugs (e.g., SB203580);
TNF- convertase inhibitors; IL-11 (see, e.g., Arthritis & Rheumatism (1996)
Vol . 39.wo binfreisuppl enent), S296); 1L-13 (see, e.q., péiiRidolofssst

Rheurmati sm (1996) Vol. 39, No. 9 (sypplenent), 5308); IL-17 inhibitors
(see, e.g., Arthritis & Rheumatism (1996) Vol. 39, No. 9 (supplenent), S

120); gol d; l: Gl L Ne. r Lne: : or anbuci | ;

cycl ophosphé%igfééﬂall %@tg%%g%%]}h%ﬂéﬁ %g#g‘?ﬁﬁ @%ﬁ@%?ﬁgﬁ%?@%@%&% i t hynocyt e

gl obgl in; CQE.gk@{TREinhiblitai}ipblﬁdMenﬁdésemdg@mm' isttal msldcules, hadjen; Ihobenzari t
I sodi um cytokine regulating_ agents . BP228 and, HP466 ( Hought en

Phar maceut i é]é}l@?hﬂll?ﬁ:?‘)t&md’le%ﬁ%ﬁﬁ?&g’é&%ﬁﬁ@ﬂé@?ﬁ%‘? for (Foug

ol | 90deoxy Nl ERHAST idosh ByiRRARs of mﬁ%&m&gggﬁ}aﬂ,w RE: ir150! ubl e

conpl ement receptor Ci ences, . predni Sone’ orgotein;
gl ycosam nodLy2; dh-6p8l-7sIIl-phidt B Iwi 51dEyid, Iné 8, BVHAP-11,IGIVR-G3H,iHiditiand; mari ne

3" (1565)  ARiGhy CHTR miaBpySl e, Ps AERE THibnay pYbFiIigidaiompagoniste o ©

phenyl but az Qa6 ABIEHAEES BRNbENREhEzink hitiiRiadEe IR Gnd/oP GIERENAUS | Mune
gl obulin; zileuton; mycophenolic acird (RS-61443); tacrolinms (FK-506);

sirolinus ( rdepaibedihalein can herdombdred(witleartibodies ) othet eellrsutfaceemolecules

(2- chl or odeoxyade [ ; d o) r re C l.nations | ncl ude one
br W0 20041 UUbEEC Bert DAGBH GRBas o HPA D R Rgr e e Gabd” G TR

i nhi bitory Rgbgﬁ!@jﬁpéﬂtﬁﬁﬁli%ﬁﬂk.agﬁé‘ R"anta'éﬁﬁktk (é’.@;', G?PREﬁnhiﬁi%{/yPr
neutralizing antibodies to TR and/or G TRL) in ~conbination Wth

met hot r exat eotynuckeptidesoaitagonisticdmial nnolemes; enddor neutralizing antihodiesdd d arthriti s

cases, cycl I ne. 1 Preferred.ex les of inhibitors to, use in

conbi nat | on Gk TIRTO Tes s te GtH LB fedts pikd MmahSEb@ ncl ude ThE
ant agoni st s dygloSporire!'FRB0O6, ¢apantlié i fiye6phenblabPiofetil, 1éFmohdide, MEEMR!L ed

anti bodies, or antigen binding fragrents thereof, that bind to TNF;, sol uble

fragment s offornexprmple,dounsefsn, costiepstergidssush ap prdnisalens, pheFphodissisrase or
derivatives .thereof .e.qg. . 75 kdTNER-1gG.(75 kD TNF. recept.or-19G fusion
pr ot o1 . EntiPRPS #isBodfes satisf Aisrosls Bt shmplepteBt AR o zy me.
ant agoni st s,adean@rgic 8¥nes, EdMYLKhich thtérfiery Wath(sIgiatihg b btdinfiahdmiiory ant agoni st s
of IL-12, IL-15, TL-17, 1L-18, 1L-22; T cell and B cell-depletin agents

(e.g., anti-cgivkings agdescribespberging [lbBueaayprting eazymevphitdiore(cighVoi40drs, e. g.,

et hot rexat &) SEGHPALHS B! Tl GEARAME ot ilarihnge her eof,

inhibitors, metal loproteinase inhibitors, sulfasalazine, azathloprine, 6-
mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof, as described herein, and anti-inflammatory
cytokines (e.g. IL-4, IL-10, IL-13 and TGF).

[0190] Preferred examples of therapeutic agents for multiple sclerosis with which
the GITR antagonists (e.g., GITRL inhibitory polynucleotides, antagonistic small
molecules, and/or neutralizing antibodies to GITR and/or GITRL) can be
combined include interferon-b, for example, IFNb-1a and IFNb-1b; copaxone,
corticosteroids, IL-1 inhibitors, TNF inhibitors, antibodies to CD40 ligand and
CD80, and IL-12 antagonists.

[0191] Nonlimiting examplcs of agents for treating or preventing inflammatory
bowel disease (e.g., Crohn’s disease, ulcerative colitis) with which a GITR
antagonist (e.g., GITRL inhibitory polynucleotides, an antagonistic small
molecule, a neutralizing anti-GITR antibody, and/or neutralizing anti-GITRL
antibody) can be combined include the following: 'budenoside; epidermal growth



CCl -779; cox-2 and cPLA2 inhibitors; NSAIDs; p38 inhibitors, TPL-2, M-2 and
NFkb i nhibitors; RAGE or soluble RAGE; P-selectin or PSG-1 inhibitors
(e.qg., (g'?dl cule inhibitors, antibodies thereto, hhodies to
P- sel ect"?$ ;04/15eqs%58$ogen receptor betgg(ERB) agonists orp%-sﬁlgggf%ﬁt agoni st s.
Most preferred additional therapeutic agents that can be coadm ni stered
and/ or coforyjulated. with one.or nore G TR ant agoni.st e.g., GTRL

i bi tory SOTgRGER St P VLR LR R R L5 and! or

neutral i zi ngn&RiHtb R Saathibpriie, MEROMazoH; Tiphlydeffdehibiitg; Or nmore of . a

sol ubl e fragnent of a TNF receptor, e.g., pS5 or p75 human TNF receptor or

deri vat i ves méselapufe; ofsalpzine7mlsedipideRantyBidants; #bombowrane dddpitars;- ILglG f usi on

protein, Enbrelf); t hotrexate, |efl.unqm de ..or a. . sSi.rolimus (rapamycin) or
an anal og t H&Y® anggﬁmsm ﬁ%bmoflﬁilgﬁaﬂ@?ﬁql?ﬁ ??qﬁgﬁ’gﬂ??bq%af)f agents for
treating or JRfiByEeY; ioftfviiifadiomn] Qastase ifibiedr§; piidihyihidazéle Ghfo@didsagoni st can
be conbined include the following: interferon, e. I nterferon-al phal a

; g.,
(e.g., AvonéivantEganisnys daseribedthsreinrlbrd, b-10( Bel3 gad/onTHFb cytioking Ber | ex) ;

Copol ynmer 1 (Cop-.1: ..Co oneTM . Tev Phar. eutical .lndustries, Inc.);
hyperbari ¢ @&ﬂé&ﬁgﬁ W&’ﬁ%ﬁbﬁ%@m%m éﬁsg I n,gfu(?}]ﬁ’m‘iebf’ﬁé?x ant agoni st s
as descri bedofipigied prode@dstdfpesinBoRing SdexBimeghaidie!o? BedesoBidbylCXdni sol one;
azat hi opri ne; ~ cycl ophospham de; cycl ospori ne; nethotrexate;

4&3'm nopylri dinfigensankbsphoraiienthelizoderooodleatdes (BIPCIILEs004/ 016381 75
(o0, "G Tre ARty Hok 5fAte Sp et RofBH (O PilghE o7 =

and/ or  neutih@);istdvirgel €t nleeglhfific; methatldRarn sht@Fonist T HitplatelRe hethatiagt i bodi es to
or antagoni sts of human cytokines or growth tactors, for exanmple, TNF, LT,
IL-1, | L- 2 fagior @AR)) ciproflokaqin; apd lippogaine; 5 | L-16, 1L-18, EMAP-11, GW CSF,
FG, and PDGF. G TR antagonists (e.g., G TRL inhibitory polynucleotides,
ant agoni st i d019}dhloneroinbediinsst, a{dRomtagonist @i g. ZGHRamhilitedy es to G TR and/ or
G TRL) as descriped.herein can.be conbi.ned with gntibodi o ot her cell
sur f abe. ol FODFESIoRIEr LBt E Sl ERIE e d neddRinecoeCT R0 Cono.  cous,
CD6Y, CDBO, anfiblify, ahdBPn&ralififh hﬁ-mﬁnﬂjfanﬁi{&ﬁjl) Ghil be A4¥daAeMBinat6e- 9- . G TRL
i nhi bitory polynucleotides, antagonistic small nolecules, and/or

neut r al i zi ngvimeneherdners apntibodigsTireated abothat targels inngived mgep@atingrbi ned with

agent s, SUCh a5 TELNOL XA ©¢ o SHE) QAR B0graPROS ol 2R Rl OPPENO) at €

examples of agénts for treating or preventing immune responses with which a
GITR antagonist (e.g., GITRL inhibitory polynucleotides, an antagonistic small
molecule, a neutralizing anti-GITR antibody, and/or neutralizing anti-GITRL
antibody) of the invention can be combined include the following: antibodies
against other cell surface molecules, including but not limited to CD25
(interleukin-2 receptor-a), CD11a (LFA-1), CD54 (ICAM-1), CD4, CD45,
CD28/CTLA4, CD80 (B7.1) and/or CD86 (B7.2). In yet another embodiment, a
GITR antagonist (e.g., GITRL inhibitory polyﬁucleotides, an antagonistic small
molecule, a neatralizing anti;GITR antibody, and/or neutralizing anti-GITRL
antibody) is used in combination with one or more general immunosuppressive |

agents, such as cyclosporin A or FK506.

[0193] In other embodiments, GITR antagonists (e.g., GITRL inhibitory
polynucleotides, an antagonistic small molecule and/or neutralizing anti-GITRL
antibody) are used as vaccine adjuvants against autoimmune disorders,
inflammatory diseases or transplant rejection. The combination of adjuvants for

treatment of these types of disorders are suitable for use in combination with a



for exanple, ibuprofen, corticosteroids such as prednisol one,

phosphodi esterase inhibitors, adenosi ne agonists, antithronbotic agents,
conpl engpg 2bARbRIEOrS, adrenergic agents, agents whi cBcirifsgdoliBid@sM t h
signaling by proinflammatory cytokises as described herein, IL-1b
converting enzyne inhibitors (e.g., Vx740), anti-P7s, PSG, TACE

i nhibitors S: Ki h met al
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derivatives th reof é:\s descri bed herein, and ,2;1? |-LnflanHatory cyt oki nes
(e.g. IL-4, PePtll_ Pyotei of tigysplang auftgenp egd AlloartigeRg P antigen  her apeut i ¢
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I L-12 ant agofesless, o[rgﬂh%ﬂnammdlé@uta!r@&nﬁ %s%e%%?d?k@s inffre izt | NQ OF
preventing inflammtory bowel disease (e.g., Crohn's disease, ulcerative
colitis) w tdunewhfigdn iair@luded imfiteagtiperse c<(mpqm1t10nGI TRL i nhibitory

pol ynucl eoti des, an antagonistic small nolecule, a neutralizing anti-G TR

anti body, ar{0194] Fog ekdraplezdesgatile vaccies Rbr medurathpdysponsds tballegaiy inad i ncl ude
the follow ng: budenoside; epidermal growth WO 2004/107618 PCTI US2004/016381
76 factor: ctriebiatsdhost syhich comiain %ﬁéﬂvﬁm combiationsof this inventieBsal i cyl ates; 6-

mercaptppurllﬂﬁ %@EJ‘&&W ﬁgg?gg QIIl'Ib &gg%@%xﬂﬁ‘%@ngoxmb'tors

nesal am ne; azl ne; oxXl ane i nhibitors;
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oyt i - 1 it APBEgBaim L0 SRS hgh %%géie%aéﬁ‘@‘ég%aq%éia herein; IL-4,
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anti bodi es) ucuroni de- or ran- conjugated prodrug$ of
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phosphor ot hi oa e ol i C | des (1S1.S.2302; Isis _Pharpaceuticals,
Inc.); sol LTOE B%ngaiﬁ %e@s oo fﬂle@qlrea@aﬂnéné%notﬁ@nc );

| | { t t
0 3t e R 0 g 17

amyloid deposition in a vertebrate host, which contain the adjuvant combinations

of this invention, include those containing portions of amyloid peptide protein
(APP). This disease is referred to variously as Alzheimer’s diséase, amyloidosis
or amyloidogenic disease. Thus, the vaccines of this invention include the
adjuvant cbmbinations of this invention plus Ap peptidé, as well as fragments of

AP peptide and antibodies to AP peptide or fragments thereof.

[0195] Methods of 1) downregulating antigen presenting cell function; and 2)
combination therapy for managing immunosuppression are well known in the art
(see, e.g., Xiao et al. (2003) Dendritic cell vaccine design: strategies for eliciting
peripheral tolerance therapy of autoimmune diseases. BioDrugs 17:103-11,;
Kuwana (2002) Induction of anergic and regulatory T cells by plasmacytoid
dendritic cells and other dendritic cell subsets. Hum. Immunol. 63:1156-63; Lu et
al. (2002) Manipulation of dendritic cells for tolerance induction in
transplantation and autoimmune disease. Transplantation 73:519-S22; Rifle et al.
(2002) Dendritic cells and second signal blockade: a step toward allograft



[0192] In one enbodinent, a G TR antagonist (e.g.; G TRL inhibitory

pol ynucl eoti des, an antagonistic small nolecule, a neutralizing anti-G TR
anti bodyw@mm@(mﬁeut ralizing anti-G TRL anti body) can ger/tsR6s/s183s1
conbination wth one or nore antiboedges directed at other targets invol ved
in regulating inmune responses, e.g., transplant rejection or graft-v-host

di sease. Nonl % f L Lir g i mune

responses w t%@\ﬁb@%m’% gr?tgasglgﬁ?'yé?cflﬂ ot bf @@Q@h@ﬁﬁé ory it of!

pol ynucl eot i aiamunasupgrﬁsagmrthshntan&ﬂmlsbwncm[hﬂﬂ]wg Bumye X 2’&51-264)19 anti -G TR

anti body, and/or neutralizing anti-G TRL antibody) of the invention can be

combi ned i ncljomds] tAiwtHep hipeel dThe piRbédd dfliettion &gaidisgly edlites toddislfosur f ace
nol ecul es, including but not Limted to CD25 (interleukin-2 receptor-a),

CDll a (LFA- 1)caﬂmsauk thessmbined edppinigtration of GEPRR autrgomsts (pgo GIBRL1) and/ or
CD86 (B7.2 t G TRL
i nhi bi(tory) poly oer&g Bﬂg&%m%gbag% go%?% ?ltlzﬁsol-a 5 ﬁgﬁg ﬁtr&&"ggneut ralizing

anti -G TR antanbmxes ta BT Rrantau GIERILY it odiidr itheédipbitic canpourddy In ke used in
conbi nation with _one or nore general |mTunosuppreSS|ve agents, such as
cycl osporin Ambed ﬁ@béhemi%ll’nﬁeﬁ oB¢ RemoEiBdnEasrnds fornyply eélrﬁlégoni sts (e.g.,

d TRL i nhi b N - d/
neut ra: |nz: nlg an %&kféﬁ anf %%éj%qfasg?%@'{% 8?’5’%& cel%lﬁg g jhvgﬁ sfaeaggl ng[

aut oi nnnune dk spprdprise, inioné beuiord sepyrath phaasasutidal prepastibant rej ection. The
conbi nati on of adjuvants for treatnment of these types of disorders are

sui tabl e for [0BH] The pes¥bntiavdntibn ¥4 fllasiatdby B F61ldwiag BxHaples/rafiediPd 6381 77

wide variety of antigens from target ed self-antigens, i.e., autoantigens,

i nvol ved i nnauelanonsa APNA, déSlgnate pseGHRY: eDNAoergoding amavshligandr y
sel f-anti gen?)bafggéideﬂ,lergﬁi%t %uE’eeﬁgyﬁlg,o eﬁlee{s%bvélrani Bé‘&lés“’% ntigens,

e.g., alloan I'se peptides or epti des
derived fromQueqfekilisn tisarywbhldamderdstaad MR tbachitios @f3hedix esfte lbeowi ng:
sacchari des, proteins, % | ynucl eoti des or oligonucl eoti des, autoantigens,
amyl oi d pept iaEpligsblstte2H homologs of meuse@iTRlens, al | ergens, or ot her
macr onol ecul ar conponents. In sone instances, nore than one antigen is

i ncluded in the antigenic conposition. [0194] For exanpl e, desirable

vacci nes for noderating responses to allergens in a vertebrate host, which
contai n the adjuvant conbinati ons of EXAMPLE&enti on, include t hose

contai ni ng aTOfSJ8l] Tne %&a&&)lefsr %gcrﬂat%ilo%vha% S forthEt>6 a?;P e %Ldesrs anding of the

invention but are not intended to, and should not be construed to, limit its scope

in any way. The Examples do not include detailed descriptions of conventional
methods, such as flow cytometry (e.g., FACS), PCR, Northern and in situ
hybridization, or those methods employed 1n tﬁe construction of vectors, the
insertion of genes encoding the polypeptides into such vectors and plasmids, the
introduction of such vectors and plasmids into host cells, and the expression of
polypeptides from such vectors and plasmids in host cells. Such methods are

well known to those of ordinary skill in the art.

EXAMPLE 1

Identification of GITRL DNA sequences

Examp(le 1.1 Identification of the Mouse GITRL ¢cDNA and Genomic Sequences
[0199] Two approaches were taken to identify the murine GITRL homolog. In
one approach, the amino acid sequence of human GITRL (from GenBank Acc.



all ergens are described in U S. Patent No. 5,830,877 and published
International Patent Application No. WO 99/51259, which are hereby

i ncor ponghagosdareigef erence in their entireties, and i necwds2@alole3s: i nsect
venons, ani mal dander, fungal spore® and drugs (such as penicillin). The
vaccines interfere with the production of IgE antibodies, a known cause of
al I ergi c reaNbl AX®77013) *AFuERT in 2CPHIEN SardhQBhinsdie] \BeEidies dival; preventing
or treating disease characterjized by anyloid deposition in a vertebrate
host, which slivau,Celera mepspam); and dathaduserdna databaspss Geneariei on, i ncl ude

t hose cont ai gj t} ' i de pr ' LARP) . This disease is
referred to é\;gglﬂ %%gayéﬁaﬁﬁ%@y rrlé"(raé ghegiggéeda%eqngé)%yhﬁ# 3%1@%31@%? anyl oi dogeni c
di sease. ThuBwedtipatey Missing amiro ddid sequanes vetridentifiodde atTidastraghatthant

conbi nations of this, invention plus A(3 el%ii(de, as well as_fragnents of

A(3 peptide Wihthgamingaridsequsngg of lyepan ¢ GenRpak fics. Npef 67701591951
Met hods of 1 | i J ction...and 2)
orbi nat 1 on PERLH AL CIBR SR (BLETE AT b v 7 e
art (see, evdue (BYi=10 (défadlt), 1(RAB)000e Ghbiicseqatdcevacci ne desi gn:
strategies for eliciti n%%geri pheral tol erance therapy of autoi nmune

di seases. Bi FDXAPPTW7WA: $m_ay 2 wasddentidisd ps thegsapmsnsegientser gi ¢ and
regulatory T . j itic cells and other dendritic cell
subset s. Hun?&j%mhnﬁjlﬁg%ﬁ%@%@égdﬁﬁﬁg?&&al . (2002). Mani pul ation of
dendritic ce r.taler i pduct.i on .i t r anspl ant atq d_aut oi nl mune
di sease. Tr aLd.Z,‘gpi;\n %{Oﬁ}?ga&g'g%ﬁ%f%mwﬂlge%"tm% %@G%@ﬁ%ﬁti c cells
and second sGgiBinkbA&s; KedEM 00508 WwawREd inal Tl béardih {ht07618

PCT/ US2004/ 016381 78 tol erance. Transplantation 73:51-52; Mancini et al.

(2004) The nHrBkadFeless monsergeneaimassankly dem) usieg dafeulhpxpectsionvalipce. Crit.

Care. oNurs., 4D Bt ochBAESahal b sBRGFYOheLIF, BOSGH | Tvem ot

accordi ngly ates to g I'red-adm ni stration of
G TR ant agonidehtifiédeasghe gédohi® sequeiidetiohRining thrashigh ecviringgmir AISPagoNi sti ¢

smal | nol ecul es, and/or neutralizing antibodies to QTR and/or G TRL) with
ot her therapB§9né- conpounds. I n one enbodinent, the kit conprises one or
nore binding agents fornmulated in a pharmaceutical carrier, and at | east
one agent, e[020]1] Amstaiiyemduse PNt seqhencamaaicenstrugteddbppadopr thatleee i n one or

nore separ at har.maceut.i ¢ reparations. 197] The,.pte invention is
i Ilustrated ﬁ&B trﬁ%o?socﬁgwcﬂj’é‘ t%(%le%tes eg{l‘%gas%ps]egrcﬁng@gcﬁﬁése cDNA,
desi gnat ed ngyasEndeiwdsledREdhse& BR B ddthpArifsVIRtwbdriRB dlignments of the -
three human exon sequences with the corresponding human genomic sequence
from Celera (ga_x2htbl3vud5 66.ch_r25h_1) and the three derived mouse

putative exon sequences with the corresponding mouse genomic sequence from

Celera (ga_x5j8b7w7wj5_041.cm_aa 2). This editing took into account the
splice junctions for the human sequence. The edited mouse GITRL cDNA
sequence contained an open reading frame of 519 bp (coding sequence of 522

bp), corresponding to aprotein of 173 amino acids.

[0202] Primers were designed based on the putative exons of mouse GITRL
genomic sequence and used to isolate the corresponding physical cDNA clone
from a murine thymus cDNA library by PCR. The sequences of the forward
(SEQ ID NO:4) and reverse (SEQ ID NO:5) PCR primers were:

5> ATGGAGGAAATGCCTTTGAGAG 3’ (forward primer), and

5* GAATGGTAGATCAGGCATTAAGATG 3’ (reverse primer).



pol ypepti de desi gnated nouse G TRL, as well as novel antibodies to G TRL.
One of skill in the art would understand the teachings of the Exanples to be
applica JoBu/Abb1ghonol ogs of mouse G TRL. EXAMPLES [ GkS9%¢s2dd¥pigsanpl es
which follow are set forth to aid ingghe understanding of the invention but
are not intended to, and should not be construed to, |imt its scope in any

way. The Exa i | L N , ent i onal

nmet hods, sucm?ﬁe??fﬁ1 g\fv&giﬁng% ryﬁ%%ﬁ%ﬁi&@ﬂ@? E@Nﬁg?@éﬁtﬁgd in situ
hybri di zat i odetennineé osieg stehderd metinguls o Thelrdsaltinp dragmest conditmedthef vect ors, the
I nsertion of genes encodin peptides info such vectors and plasm ds,
the. | ntrodueteBrcas et A FoRessheal Hike et Buams deetand « ho
expr essi on OkejoRf) T%fﬁd@ﬁ%t%@éﬂt&kféﬁt&?ﬁ&%%h@ﬁ%l%&ﬁ ?gﬁné{rﬁ fast cells.

Such met hods are” wel nown to those of ordinary skil art. EXAMPLE
1 Identifi camimmacids) 6f thRlcDDMAby E¢Rcamplsfidak ampf thisiredultivig aDNA clatd. on of 1t he

Mouse G TR L.£DNA and omc S 19 Two r e taken to
identify the F?WH@S%&%?B%"@S%&%%%QQ&B%l%ﬁ’ésﬁ (gﬁﬁe@ﬁaﬁ?; ng d sequence
of human GTBHn{erBFﬂﬁ?ﬂ%?%re‘.\CC- WO 2004/107618 PCT/ US2004/ 016381 79 No.
AX077015) was used in a Tblastn search against divl; div2; div3; div4,

gbdi v_cu; CeleTATARACTCONCCGATGCHATHCAGHUAATOL TR THHACAST 3 Ghorward

sequence ga 69772862 cnl_4 was identified as one of the possible hits to

i nvestigate. P P am no acid sequences were identified in a Tblastn
search wi t hst peTAN ACAATTETCAPEARG AGA PORNTEETRG ATEABtAGE. No.
AX077015) agai nst the unmasked Cel era nouse genom ¢ assenbly (cm using
expect ati on (ses¢rsepi@pr)=10 (default), 100 and 1000. Genoni c sequence

ga_x5j 8b7wrv j5 04l .cmaa 2 was identified as the genom c sequence ‘
cont ai ni ng t j@204] The figward POR atinttr sonpamed e Sall [siie G oak sequdnbeforappr oach, the
am no aci d sequence of. human T (from nBank Acc.. .Na. NM 005092) was
used in a Tbﬁ&gﬂ?@dpﬁﬁn%&inﬁgfe ETIEQ enﬁ?ﬁiﬁ&%dm@é%%@e%%ﬁe-g%m c assenbly
(cm using d ' o = ] guence
o x5} 3b a7 S DT Py SENR dn VEORE e} ho SAl o BooE s RO 62

cont ai ni ng t direetidnagubelonimignandraguenceiBetermination of the final cDNA clone was

performed.

[0205] The full-length mouse GITRL cDNA sequence and its deduced amino
acid sequence are set forth in SEQ ID NO:1 and SEQ ID NO:2, respectively.

_ Alignment of the human GITRL cDNA (SEQ ID NO:8) and mouse GITRL
cDNA sequences revealed 69.6% identity. Alignment of the human GITRL
amino acid (SEQ D NO:9) and mouse GITRL amino acid sequences (Figure 1)
revealed 54.1% identity and 60.0% similarity. This degree of amino acid identity
is similar to that which exists in general between human and mouse homologs of
other TNFR ligands (Oshima et al. (1998) Int. Immunol. 10:517-26).

[0206] Comparison of the cloned mouse GITRL cDNA sequence (SEQ ID NO:1)
with publicly available murine databases revealed a single nucleotide
polymorphism (SNP) in the coding region of mouse GITRL (an A/C transversion
at nucleotide position 470 of SEQ ID NO:1 in exon 3, which results in an
asparagine to threonine change at amino acid position 157 of SEQ ID NO:2).

[0207] Comparison of the mouse GITRL cDNA sequence with the mouse
genomic sequence from Celera (ga_x5j8b7w7wj5_041.cm_aa_2) described

above revealed that the mouse GITRL locus contains three exons and two introns



regions. [02011 A putative nouse cDNA sequence was constructed based on the
three HSP regions obtained in the above-descri bed Thlastn search. This cDNA
sequenceywpsmoffizkgd based on the conparison between the@i@omitsiof the

t hree human exon sequences with the gprrespondi ng hunman genom ¢ sequence
from Cel era (ga_x2htbl 3vud5_66.ch_r25h_1) and the three derived nouse
putative exogse%%%}ﬁ:@l?e‘iow,Tvxhthtéi%nﬁ%ﬁie%@%ﬁﬁﬁww&”ﬂ%ﬁseﬂfé&%&&ee%%@s@ce from
Celery (ga x5)8b7w/7 5 041" cmaa 2). This editing took Into account the

spli ce j unct iantbuhen GIRRLh Fhematiee;GERRE geffdnzic SN Asdquenas s s&t foRh ix DNA
sequence conm@3open readi ng frane of 519 bp (codi ng sequence of 522
bp), corresp 0'a protein of 173 am no acids. [02021 Primers were
desi gned based on the putative exons of nmouse G TRL genom ¢ sequence and
used to isolate the correspondi ng phyFABREXDNA clone froma nurine thynus

cDNA library[by PCR__The skguences,af, t.he[Tar ward SHQ | 1 4) and reverse
(SEQ | D No B| PCRESIPRHLr s [erduinee A O M e GAGI%QS'\QP%} varld

primer), and| SE@GHANGEIAGATCAGGCATTAAGATG 3' (rever sel pSEQGID NOWD
20041107618 PCT/ U32x§34/ 016381 5.80Q [ 0203] [The rasslting fragnent was

subcl oned ant M ned.-usi.ng st andard nethods. The
resul ting fragme@039€firned t hexogKi st enfe of 135musel G TRL-1GPNA cdnpri si ng
all three predicted ms—{see—betowy—Mis f5 rent—was —extended—tjo

i ncl ude the 1ina?ﬁcj'8§flvr:g segmenftioniib  an] no ati‘ds) of| the cDNA by RCR

anplification ofggihlepqgesul ti1ng.C clonk. Thg, sequences e fqrward
(SEQ I D NO 6) _and reverse [ SFQ Pﬁgﬁ% 7). PCR pr rs flor H]i?é'lﬁ ep were: 5

TTTAAAGT CGACLCAGOAT EEAGGANAT GCORRbEAGAG 3| (fo2¥%erd priner),- and
5' TTTAAAGAATTCT""TT""”"G’%T AATSSTAGATEACSSEATS —(reverse—priter)—16204] The
forward PCR pri ;@P ?g ai ned a Babm#3site, | a Ko3aR sequence 1519t ransl ation
initiation, and §PN¢-9g34% encoding fhe Tnit|ating, methionine, ilgz% reverse
primer contalned an EcoRl_Bite. PHP Sal| hnd Ec3R_sitles wet®fed flor
directional 3ubOB&RLOZEY and sepjuppgencdet ef ni nadion of the final cDNA clone
was

d

[0208] A comparison of the genomic structure of mouse GTRL (Table 2) with
the genomic structure of human GITRL (see Table 3 below) shows that exonic
size and intronic position are well conserved between the human and mouse
GITRL genomic DNA sequences. The human GITRL genomic DNA sequence is
set forth in SEQ ID NO:10.

TABLE 3
Region in Sequence Attribute | ° Length (bp) Position in
SEQ ID NO:10 SEQ ID NO:8
1-421 5*-sequence 421 -
422-577 Exon#l 156 1-156

578-7348 Intron#1 6771 -
7349-7379 Exon#2 31 157-187
7380-9604 Intrond2 2225 -
9605-9948 Exon#3 344 188-531 :
9949-9951 Stop 3 532-534
9952-10331 3*_Sequence 380 -




performed. [0205] The full-length nouse G TRL cDNA sequence and its deduced
am no acid sequence are set forth in SEQID NO 1 and SEQ I D NO 2,
respect i wad Yoosndsiggnnent of the human G TRL cDNA ( SEQ | ftPigihhe/didskimouse

G TRL cDNA sequences reveal ed 69. 6%gpdentity. Alignnment of the human G TRL
amno acid (SEQ ID NO 9) and nouse G TRL am no acid sequences (Figure 1)
reveal ed 54. hLaents t d?ﬂﬂ‘ : g | ts degree of amno acid
identity isjaos%?{%gfi t}gyt atog%&?ﬁéglg}ogfmsdu%%%g@ér al between human and nouse
honol ogs of [@208 Thd MpdRophatacitisprohifmeouse GATRL (Wf33}ermied byrifapiedd.

10: 517- 26) . 06 L. f | T SE
DN 1) i CEGRT Py Hauar (L Rt PP et ok Blrt 8l gl o
nucl eotide  podvpRSHRItySEbEcANRInst thelaiBnER4d f&idh@gé%ﬁ&%a‘e GRYgSSEQR. (an A C

transversion ~“at nucl éotide position 470 of SEQ I r 1 1n exoh 3, which
resul ts in alNO:2pssealed meingle pukative hiydrephdhasregicnt locatedapoxithatedwi t i on 157 of
SEQ I D NG 2) 02071 Conpald spn. of the nou TRL. eguence with the
nouse genon#En‘gegﬁﬁlg"'ﬂf’eac cg%’é@ﬁ@é?‘%ﬁﬁ@%‘}éﬁ%ﬁ?vﬁé‘f%@iﬁ@ﬁ_m descri bed
above reveal ggbridh@borkdiBoNdAUS T r@bteh%ﬁh&ﬁﬁlﬁﬁéfé%jﬁﬂo?%gﬁ@”s and two

i ntrons WO 2004/107618 PCT/ US2004/ 016381 81 (see Table 2 below), wth
exoni ¢ si ze . fansnpshiraneproteins. conserved bet ween nouse and human G TRL. The
nouse G TRL genom ¢ DNA sequence is set forth in SEQ ID NO 3. TABLE2
Region in Sequence Attribute Length (bp) Position in SEQD NO 3 SEQ D NO 1
1- 255 5' -sequence 255 - 256-390 Exon#1 135 1-135 391-6010 Tntron#l 5620 -
6011- 6044 Exon#2 34 136-169 6045- SEXAMPLEGh#2 2946 - 8991- 9340 Exon#3 350

170-519 9341-9343 Stop 3 520-522 9344-10289 3'-Sequence 946 10208] A
conpari son of the genom c structure of nouse GIRL (Table 2) with

Tissue Expression of Mouse GITRL

[0210] Oligonucleotide probes based on the mouse GITRL cDNA sequence

(SEQ ID NO:1) were used to test several murine tissue samples for GITRL

expression by Northern hybridization, in situ hybridization, and real-time PCR

(e.g., Heid et al. (1996) Genome Res. 6:986-94; Mullah et al. (1998) Nucleic
~ Acids Res. 26:1026-31; Giulietti et al. (2001) Methods 25:386-401).

[0211] Although Northern hybridization revealed barely detectable transcripts in
heart, spleen, lung, lymph node, kidney, and liver, subsequent in situ
hybridization revealed GITRL expression in the heart, spleen, lymph node and
thymus. GITRL expression in these tissues was generally limited to the
pericardial and endocardial cells of the heart, the white pulp of the spleen, the

* cortical, paracortical and medullary zones of lymph nodes, and the cortical and
medullary zones of the thymus.

[0212] GITRL expression in thymus, spleen and lymph node was further
confirmed by reﬂ-time PCR analysis. GITRL was expressed at the highest levels
in spleen and lipopolysaccharide (LPS)-stimulated spleen cells, which are
primarily B lymphocytes. Vanishingly low levels of GITRL expression were
detected in stomach, brain, and kidney. Real-time PCR analysis also revealed
GITRL transcripts in liver, activated CD25" cells, activated CD25" cells, and
concanavalin A-activated lymph node cells, although to a lesser degree than the
spleen and LPS blasts. No GITRL expression was detected in resting CD25 or



the genomi c structure of human G TRL (see Table 3 bel ow) shows that exonic
size and intronic position are well conserved between the human and nouse

G TRL geq@mess/Mbyssequences. The human G TRL genonmi ¢ DNASE6MIGIAE3sS Set
forth in SEQ ID NO 10. TABLE 3 Regiogzin Sequence Attribute Length (bp)

Position in SEQ IDNG 10 SEQ ID NO 8 1-421 5'-sequence 421 - 422-577 Exon#l

156 1- 156 5¢Boi8ddis] MDA FR dnatyelsidmfdifle BXOHE B fda e _ 7380- 9604
I ntron#2 2225 - 9605-9948 Exon#3 344 188-531 9949-9951 Stop 3 532-534

9952- 10331 3maSeWt®mfedé&@ntMeHQGﬂnﬂﬂﬁd@mfﬁ%baweﬁTRL 82 Exanple 1.2
Hydr ophobi ci t Proflle of .M G TRL 09] The drophohicity profile of
muse G TRL é’rrﬁ%"&“ﬁ @&ﬁ}néaeaLe(‘é ti &a% e %im’( 994) Conput .
Appl . Bi 0SCi houk) b@%e&éased\babwtba@éhﬂefmer LYEGRPBOPPS | 'sﬁﬁﬁufaﬁ@ﬁ eGEpRY NSt the

am no acid residues of nouse G TRL (SEQ ID NO 2) reveal ed a single putative
hydr ophobi ¢ exession| wasalsodledgspaddrivening degrass imeld andothelial oell liees265te®0, sini | ar

to human G T y. aorr.es nds t.0 redi ct ed

t ransmenbr an 0(216? ﬁb%?amfggﬁggﬁg%raﬁﬂév POPR ate‘?:%{ﬁﬁﬁlﬁ 2 Tissue
Expr essi on ofd&tﬁ@gauﬁl d[v&l%mﬂ.e@11|1ﬁﬁ@%£@@mhﬂ@te@mm$am%n9&tthe nouse
G TRL cDNA, seﬁuence SEQ ID NO 1) were used to test several ITB.I’I ne tissue

sanpl es for cDN&pwes gof&xet@;edcwli'% nmﬂlnyf@iiqvnngmt@nulated mgiring

hybri di zat i =) Ce R
6y9r8'6 0 NuPLANES of SPtcind gt 0 Eodh ting o Bl ek BEEIMATE O U511 o
(2001) Mplabagtstotha, 336 thOrhbmal BAF3 and\PREBUEE-B\es1L hueds'BY BYel1di zat i on

reveal ed barely detectable transcripts in_ heart, spleen, |ung, glrrph node,
ki dney, and hyrislomasDdd&rmenecitis, Milimonocytic, FBMD-1 fetal bone marrow, P1

embryonic carcinoma, MDF liver, and E14 embryonic stem cell line.

EXAMPLE 3

Functional Expression of Recombinant Mouse GITRL

Example 3.1 Binding of GITRL to Cell-Surface GITR

[0213] To determine whether the mouse cDNA isolated in Example 1 encoded a
functionai GITR ligand (GITRL), Cos cells expressing mouse GITRL fused to
the FLAG epitope (GITRL-Flag-Cos) or control fnouse IL-21 receptor fused to
the FLAG epitope (IL-21R-Flag-Cos) were incubated for various lengths of time
with 293T cells expressing mouse GITR (GITR-293T). Cell-cell interaction was
detected by flow cytometry using phycoerythrin-labeled anti-Flag antibody (PE-
FLAG) and fluorescein isothiocyanate (FITC)-labeled anti-GITR. Even 1 min
post cocentrifugation of the GITR-293T and GITRIL-Flag-Cos cells, ~90% of
GITR-293T cells (as detected by FITC fluorescence) costained for FLAG (as
detected by PE fluorescence), indicating that the GITR-293T cells were bound to
the GITRL-Flag-Cos cells, and this interaction persisted throughout the entire 60
min of the experiment. In contrast, GITR-293T cells incubated with IL-21R-
Flag-Cos cells did not significantly costain for FLAG, even at 60 min post
cocentrifugation. These data demonstrate that the mouse cDNA isolated in
Example 1 encodes for a functional GITRL capable of binding cell-surface
GITR.



hybri di zati on reveal ed G TRL expression in the heart, spleen, |ynph node and
thymus. G TRL expression in these tissues was generally limted to the

peri car divah 2@adoriglocardi al cells of the heart, the whi ﬁ@{/ﬂ?&(ﬁwﬁf&ﬁlhe
spleen, the cortical, paracortical ggpd nedullary zones of [ynph nodes, and
the cortical and nedullary zones of the thynus. [0212] G TRL expression in
t hynmus, spl I : Yas nfirmed by real-tine PCR
analysis. G %E&é}gg'%gg{raggsel%at ti?tegcﬂili%ﬁe(}srtﬁﬁl evels in spleen and

| i popol ysaccli2i4]dehe dbHBy-of mousé GIERL 3pbind IGITRI Was conffirabd by incubpatingari |y B

I hocytes. Vanishingly low |l e T expr essi on_. wer, detected in
S%/gp mac h?/ br a?ﬂs; C@ﬁaxw%ﬁwowaéﬁwlﬁﬁ-&ﬂ%%gl}%ciaq%fefz@@z?gﬁ éﬁﬁs G TRL
transcripts i kickfibinaeGITRIRE RDHR FodBtich oftublatabedGERRT 62! | 5. and

concanaval in A-activated | ynph node cel'l s, although er degree than
the spleen ecomttollRBnd kg6t EIgN). Binditlg ef@ITRsEc tnGYERL oies detemlinediby est i ng CD25

or WD 2004/ 107618 PCT/ US2004/ 0163 83 25+ cells. .Real -t PCR anal ysi s
of inmmature 2% c}ftﬁ@eg?’i“ﬁ’ﬁ‘%]%g%%ﬁ’i‘“mﬁ%?‘?% é{éPPPA_}‘&?Jte%%@JECE Gl |'s (DO)
al so denonst agf, elcitatieh bPEIERTRlos EHPHAR TIPR- I rebiltEAliH RS 46014 hat | ncreased

upon stinulation with LPS for 24 ‘hours, but decreased bel ow baseline after
48 hours of inPSasstin FlTGtAbindBgTEE. 8% xpmpsared tningabatmingd GIdREeCed t o varyi ng

SvEcr- 10) . aiflsTAE enfol Rl ipe) Rl OTTRAACRSSelly ARG tnen t ho
cel | 1ines wapfbasdd with @AW fudiGBproldin SRMEITESAD, ard GRREOY YRS not

detected by PCRin the follow ng unstinulated nurine cell |ines of

speci fi ed oringubatedrsith FIT(&IAD aloneegxhitsitel ap dluordsgengs. Neither teated npt asnacyt ona,
EL4 t hynoma, BAF3 .and, PREB -B cel,l li.nes, B9 B ce hybri doma, DA1G
nonocyti b, W%%%g&?*é,anﬁ%ﬁﬁqsé?gﬁ e’%’bl?@ar?ﬁy PBBQ@CB&]JQ ﬂu@#ﬁ?%ﬁi ¢ carcinona,
MDF |iver, angesEd4dta@ehbi@nitsthat B ntdist chNASisolEdAHrBRaBpleHlsbd 3 Tat |
Expressi on of Reconmbi nant Mouse G TRL Exanple 3.1 Binding of GTRL to

Cel | - Sur f acea funviorfad @TBRL Tepahie of binding spluble&1TRhe nouse cDNA isol ated in
Example 1 encoded a functional G TR ligand (G TRL), Cos cells expressing
nmouse G TRL fused to the FLAG epitope (A TBL-Fl ag- Cos) or control nouse

| L-21 receptor fused to the FLAG epitope (I|L-21R- Fl ag-Cos) were incubated
for various |lengths of tine E)QAMPLE4

Binding of Mouse GITRL to GITR Results in Proliferation of CD4 'CD25" Cells
[0215] The effect of GITRL:GITR binding on cellular proliferation was
determined by sﬁmulating ~50,000 murine T cells with ~50,000 irradiated T cell-
depleted splenocytes, and 100 IU/ml IL-2 for 65-72 hrs in the absence or
presence of varying concentrations of a GITR—binding protein. Two GITR-
binding proteins were used in these assays: either an agonistic anti-GITR
antibody (see, e.g., McHugh et al. (2002) Immunity 16:311-23; see also U.S.
Patent Application 10/194,754) or murine GITRL expressed on the surface of
modified rat YB2/0 cells (GITRL-YB2/0). Cellular proliferation was assayed by
pulsing cells with 1p.Ci *H-thymidine fbr the last 6-12 hr of culture and then

measuring *H-thymidine incorporation via scintillation counting.

[0216] As shown in Figure 2A, CD4°CD25 T cells did not respond to any
concentration of anti-GITR antibody. In contrast, anti-GITR antibody stimulated
the proliferation of CD4"CD25" T cells at all concentrations tested. For example,
culture of CD4*CD25" T cells in the presence of the lowest titre of anti-GITR
antibody tested (~0.02p.g/ml) resulted in a ~3-fold increase in H-thymidine



wi th 293T cells expressing mouse G TR (G TR-293T). Cell-cell interaction was
detected by flow cytometry using phycoerythrin-labeled anti-Flag antibody
(PE- FLAQO #0gl1d710r escei n i sot hi ocyanate (FITC) -1 abel es-pobdoofdiss1 Even 1
mn post cocentrifugation of-the G §gR 293T and G TRL- Fl ag- Cos cells, -90%
of G TR 293T cells (as detected by FITC fluorescence) costained for FLAG

(as detect e%&@ypo%cfnl(u%@eoe ?ébverlceﬂh Giddutdddn thibsbh@ JFahfR@AFRT cells were
bound to the A TRL- @g ‘Cos ce , and this |nteract|on erS|sted

t hr oughout t katikadyi The@bilityphansi-GIHR aetiedyitorstimulate CR4rEP2E T cddl TR- 293T

cells incuba n|f| ntI costain
for FLAG ev ﬁoqlf ra%%l#%}%e@os?la @'2859@@@'4531%3%“%%@% dlg?l?i 8ﬂ8 strate that
the nouse cDNA3ugehlat@teshondily &PLle-fdldeneade s THthynitineGhdoppahtisd TRL capabl e
of binding cell-surtace G TR WD 2004/107618 PCT/US2004/016381. 84 Exanple
3.2 Bi ndi ng evergeltreultusedisl thiabsearaef ntizGUIR atibodyyi | ity of nmouse G TRL to
bind A TR was confirnmed by incubating Cos cells expressing nouse G TRL

(G TRL- Cos) ¢0217) Skmilareto stieethwts dBmanahhﬁlsthe\m&mmmﬂihiodwﬁ}ImLTR fused to

of G TR Fe. ¢ S ealsvRS nogorufiis e iyt efDy IOt rhocls (Gueioys ant | hunan
ant i body Conkﬁﬂ%%?@lm%?/d%’lﬁﬁarﬂm Stﬁﬂﬁytgﬁ%clﬁgﬁ{) E%f Cos ceI s with

G TR- Fc resul i'ncredse in |ng (28.8% conpared
t o i ncubati oD CORIRT-celis ijthpm, tiituwoof €DK cemgﬁrzem%l the prsgentaed

G TRL- Cos cells | I's uhat ed h. CTLA-4; F¢_fusi.on protein
and FI TC- Ab °£n1)0 %&%@%ﬁ?@p@ Is feffg é%éa“x {"‘1% d pereesain H-HyEidngi bit ed no
fl uorescence I d Cos cells

pr o ac{)\fef’@%lﬁdzuﬁﬁfed i e p?@geﬁ (;}Dclgli%qh f[eﬁﬂlﬁe?BP

exhi bited any orescence; nonstrate that the
mouse cDNA i sonatiidd iYB2A aeiid. dndreesmg)ﬂheaumber oflY B2Makllotoat S0WODRL capabl e of

bi ndi ng sol uble G TR LE 4 Bj of. Mouse G .TRL to TR Results in

Proliferati oRcsyite %:M“cg@ﬁ@ér%e m@z’i&]ﬂ JFH%“’@P’FPQ&UO&OVQQ% é bi ndi ng on
cel | ul ar pr Oij fREALAR 13 o ﬁtrﬁﬁﬁﬂef‘éﬂuﬂ?ﬁ{ocﬁﬁémmﬁdéwlsgﬂ%u@ ymurine T cells
with -50,000 irradiated T cell- depleted splenocytes o0 lTUm 1L-2 for

65-72 hrs in the absence or presence of varylng concentrations of a
G TR-bi nding protein. Two d TR

EXAMPLE 5

_ Binding of Mouse GITRL to GITR Reverses CD4*CD25" T Cell-Mediated
Suppression of CD4"CD25™ T Cells
[0218] The T cell suppressor assay used in these Examples has been previously
described (see, e.g., Thornton and Shevach (2000) J. Imﬂzunol. 164:183-90;
McHugh et al. (2002) Immunity 16:311-23; both hereby incorporated by
reference). Briefly, ~50,000 CD4"CD25" responder T cells were cultured in the
presence of ~50,000 irradiated T cell-depleted splenocytes, 0.5 pg/mt anti-CD3
antibody, and various numbers of freshly isolated suppressor CD4"CD25" T cells.
The ability of ~50,000 irradiated GITRL-YB2/0 cells or 2 pg/ml agonistic anti-
GITR antibody to reverse suppression of CD4"'CD25" proliferation was then

assessed by measuring *H-thymidine incorporation via scintillation counting.

[0219] As shown in Figure 3A, CD4"CD25" cells reduced proliferation of
CD4"CD25" cells in a dose-dependent manner. Both anti-GITR antibody and
GITRL-YB2/0 cells were able to completely reverse the suppression of
CD4*CD25" proliferation over the entire range of number of CD4*CD25"



bi nding proteins were used in these assays: either an agonistic anti-A3 TR
anti body (see, e.g., MHugh et al. (2002) Imunity 16:311-23; see also U S.

Pat ent  Apwd bgpalibfig 10/ 194, 754) or nmurine G TRL expressef-pisidiforsssf ace of
nodified rat YB2/0 cells (G TRL-YB2/@). Cellular proliferat |Son was 1assayed

by pulsing cells with 1CG 3Hthymdine for the last 6-12 hr of culture and
then neasur] ldlLRerNe G mﬂ' =Sel ki ' count i ng.

[ 0216] As Sh%%re?%ré?%ﬁegﬂeg.A?h%D@&%@ ce:t?lstﬂ:l glg ﬂﬁ%@ir‘%’(s)lg%ind to any
concent r at i obindihg afibgonidticRnsirGI TR ahtibolin tcGHER ddbdcked e suppresioent | body

stinmul ated he.pro ]B {an qof +(CD25 | d %t || concentrations
tested. For é%&ﬁ‘f‘gﬂ‘ét]é ?ﬁéﬁé’e ¥ %5’ G]?;Tﬁir\’é% rFeﬁﬁE’rﬁ?’g?ence of the

| owest titre Pz . [ aYe) O fIR o in a
-3-fol d incre 1o80bh oloutied i 37“%%‘9%6%%%3 107618 P%ST?JG_GS%%O%?%G{%%@% 85

i n;:_o[) pgr at IT ﬁﬁB@/.é)_&;e_ﬂﬁ)ﬁt le];mtpaltnaﬁyre_?ekdmg qmglet:maﬂdg supmbﬁslo?bﬁdneissayé imEr [ G: ;I'R
ant i body. . abi y..of anti - 0 stinul ate ce
proliferati oﬁlwﬁéhiﬁgﬂmrmg%ﬁfﬁ@b B%%é& %?ﬁls ﬁ?ﬁprﬁ?ﬁliﬂ()gﬁgkcg‘?fﬁ%nt ration
of -0.3g/m aere&mffém bRCD4 CP23* ﬁ%bﬂ-ﬂé&ﬁt&gﬂ%g}égsiég‘gi@fg#%?e

incorporation over cells cultured in the abs f ant i body.

0217] Siml ' B j - ihody, G TRL-
L/BZ/ 0] ce: Ims @?éﬁ]ﬁ[gté&@%réﬁ#g{ege%ﬁ%ﬁpﬁggg%%ﬂ&%spﬁcﬁ{i%@%gﬂ%rfi‘; %/Fi gure

2B). In congelissGITRHE:GRIR Bl kel littletmné efftot oitsuppressi@timediatednbg! i f er ati on
of CD4+CD25+ T, cell.s. For exanple, culture igf C4+CD25+ T cells in the
presence ofcﬁé,(%@%)s d sis.2pByated withjagti:CT3 antibady.nl gell-deplefed o d i ncrease i n

3Ht hym di ne_.id ' . [ 3 an equal

aurber of RAFREEaRGH PIFRES of Acrbe HeliSEy oP b EIPRERAREG, B 2, S

-50, 000 rest3(,e00 GITRL-YBE/0 otlts wasabiets ecvierse3uppieysiomlmediateddyr por at i on over

cells cultured in the preseg f a al nunber of un ifi,ed YB2/0 cells

(Figure 2B) .”M\QF‘E’EV@G_ Gh ﬁgﬁé?rrl%ﬂ%e fower goteyaied é@gpe&é%% Tosa+coos+ T

Cel | - Medi at eghyy W&é@a&&pae%ﬁag%gc%Eooﬁz%b'cal&)f)ﬁ&»%v&%gl?ﬁ‘ii | suppressor
anpl es S Iy

assay used in these . den’previous escri’be see, e.g.,
Thor nt on andarfibestpaid GPTRD)Y B2/0 lcalis wierk ableGd pAiBidl P decreddeHugmoet al . (2002)

| munity 16: 311-23: both hereby |ncorporated by reference). Briefly, 50,000
CD4+CD25-  r e<qyaeely 2brogafq, SURRIFSI®y| t ured in the

EXAMPLE 6

Anti-Mouse GITRL Antibody Restores Suppression Mediated by CD4°CD25" T
cells '

Example 6.1 Isolation of Anti-Mouse GITRL Antibodies

[0221] Antibodies specific for mouse GITRL were produced by immunizing rats
with rat YB2/0 cells expressing the mouse GITRL cDNA (GITRL-YB2/0).
Using methods well known in the art, antibody hybridomas were created and
screened against Phoenix cells expressing mouse GITRL using flow cytometry.
Two antibodies, 5F1 and 10F12, were identified that bound specifically to
GITRL-Phoenix cells and not mock-transfected Phoenix control cells. These
antibody hybridomas were deposited with the American Type Culture Collection
(ATCC) on July 22, 2003; ATCC assigned number PTA-5336 to hybridoma 5F1,
and number PTA-5337 to hybridoma 10F12.



presence of -50,000 irradiated T cell-depleted splenocytes, 0.5 g/m
anti-CD3 antibody, and various nunbers of freshly isolated suppressor
CD4+CD25wol2068hd7818 The ability of 50,000 irradiated GgRyy g %G%I s or
g/m agonistic anti- G TR anti body tgy;reverse suppression 0

proliferation was then assessed by neasuring 3Ht hym di ne incorporation via

scintillati kion §Hl§’|ﬁ2h st cells
reduced pro?ﬁ)f&?dgtlonggpﬂd%% ce sés:]%ggg ose ep?r?ﬁzg manner. Both
anti - G TR an$ipposyoratdivitgiof RIDATRR250 Tl s vvere able to conpletely reverse
t he suppress ferat] r the ent an e, of nunber
o o CDo I oA SR ee e Toeehantass ot oo Y BaiceT exalappne L Gt est ed.
Thus bi ndi ngefsufthddereQbid 18 b RER 9§uﬁ)§+e-gﬁon br@fém@imelpf agom stic

anti -G TR antibody to G TR, bl ocked suppressive function of CD4+CD25+
cells. The aprollfetgtlonfmefdlé'fmby&zﬂﬂymeldteﬁ €4 125 B cellsuordetesinine occurred i n

Sty oyatter TR hofies ol Restard KO BB TeellaedS 1 oure 55y
Nei t her un Pfeegoﬁf%l#ﬂeﬂ 2p§)+&$_618dg§2ﬁ}{ dsSeSorleq 32 ERImfle KRvaad an

appreci abl e eftect on nmedi at ed suppression (Figure 3A).
[0220] In copm'foasedntthemescmﬂrtabsenmdméldrﬁlhrIOFeiﬁhinyl -GHERIat ed CD4+CD25+ T
cells, G TRL: bi ndi ngagwl ittle-to-no effect on suppression nediated by
CD4+CD25+ T Y aRGonyg - anti-CD3 antibody, T cell-depleted

spl enocytes, _an L-2 (Figure Neither the additiqgn of anti-G TR anti body
or <50, 0010 é?3dd < e i EREPls Wi PECPS a7 rewond gk ediman redi a od by

- 25,000 act @sthﬁdi EWRpt 8}11\@5 |
wer e addggl Ito e ‘giég;%gy (e. ﬁf@&ﬂ;@%ss&hgeel% ﬁﬁién\éﬁgg\/\g\ygmﬁﬂ an |-G| TRCe >
ant i body andceﬁbfdﬁhltédaﬁ/dbnqﬂétbsewbomppremomaﬁlDa (EDZﬁee]ﬂ ease, but not

Restor es SuppPBEston RERAA andaBLChiRaBaiono! 0% ﬁ’gb HOBAAWIS 1 | S0l ati on of
Anti - Mouse Qu#%?aéﬁfs'cgﬁgifiﬁg 343 %%ﬂ G Ygﬂﬁiﬁ&f? t§ﬂ?& reglﬁfedrﬂ? apl TRL were

produced by 1 nizing ra ells ressi ng nouse G TRL
cDNA (G TRL-(#r©FB) tolidinost amphﬂdeFlgmbISAB mesieration bf]@DéT(T,‘DZ."aFlnedlatd&'

hybri dommas V\s/?lrbgre(s:srlgr? t ggdl%on of 10F12 anti-GITRL antibody gave similar results. As

expected, the presence of control antibodies (“control Ig””) had no appreciable
effect on the ability of GITRL-YB2/0 cells to reverse suppression (Figure 5B).
These data demonstrate that anti-GITRL antibodies block the ability of GITRL to
turn off the suppressor activity of CD4"CD25" cells. \

Example 6.3 Anti-Mouse GITRL Antibodies Suppress T Cell Responses Only in
the Presence of CD4'CD25" T Cells

[0224] Lymph node cell cultures were stimulated in the presence of varying
concentrations of agonistic anti-CD3 antibody prior to (Figure 6A) or after the
depletion of (Figure 6B) CD4*CD25" T cells, and proliferation was measured by
determining *H-thymidine incorporation via scintillation counting. To determine
the effects of anti-GITRL antibody on proliferation, 10% hybridoma culture
supernatants containing 5F1 anti-GITRL antibody were added to parallel
cultures.

[0225] As shown in Figure 6A, addition of anti-GITRL antibody suppressed
proliferation of lymph node cells containing CD4'CD25" T cells when the cells



screened agai nst Phoeni x cells expressing nmouse G TRL using fl ow cytonetry.
Two anti bodi es, 5F1 and 10F12, were identified that bound specifically to

G TRL- Phogyvosa/fgkiss and not nock-transfected Phoeni x cospywdro6601k581 These
anti body hybri donmas were deposited wgg h the Anerican Type Culture Coll ection
(ATCC) on July 22, 2003; ATCC assigned nunber PTA-5336 to hybridoma 5F1,

and nunber RTA: L E12, 1 . US2004/ 016381 87
Bxampl o 6. 2 Kiy PoRbed AR 7 Rat 20 TEMeRl N RER bt O TR o
Suppr essor Aippdséign Ofas Gbseeabthe Présendesf 2R} GRER U estiiodyerchennhdxanpl e 5

above, YB2/0 cel]ls expressing G TRL on their cell surface were able to
reverse t he ¥wphpadeedlls coptapie €B4ZED35 keells werg stimalatad with Fdgdnbd by

freshly isol gl.edn$tM; 5 e . ' M@ ti- G TRL

ant i bodi es caglhl restor MR@@E@@@%& cgr;é |§f‘é’g u pgl%(geg;legn, the T cell
suppr essor aadtakes aontdiiny CDatCDRS EX sdIR| the addidien op ariti-GITRY antibddye presence or
absence of either 5F1 or 10OF12 anti-A TRL _ anti body or control antibodies.

[0223] As sessherlly badnpreppsesstigiefigets op yramynedsosll culiurss it hadibesg| | s and
freshly i SOl(gehE?eﬁi ZSS%p&ﬁlggﬁ@%rF-Eﬂielﬂaﬁed @gﬁtﬁgrf H{‘%ﬁ g%égestg TRL- YB2/ 0

cells result conpl ete revers suppressi Cl cel |

proliferati dhat(ahtigGITRISdntibody bR)cks the énterddtidn betweén GOPR eyfressdd@on cul ture
supernatants_cont ai ni ng 5F1 anti-G TRL anti body to the assay resulted in

partial (Fight &) T eelsiand SHITREmspropsed omioiiprecBaypnd gpf Bloakadsiot of
CDA+CD25+- u ts?ﬁ%éGfﬂﬂB ﬁrﬁ?rébdt?dh[ eﬁiﬁgﬁjdeg ﬂ%r}egﬁlgt%g: ﬂ%ct?%i‘f of (%I%Ddﬁ!'tl' body gave

simlar res expec € presenc cont anti bodies ("control
| g") had no @flpteerestatd immweidseppressiont he ability of A TRL-YB2/0 cells to
reverse suppression (Figure 5B). These data denonstrate that anti-G TRL
anti bodies block the ability of GTRL to turn off the suppressor activity
of CD4+CD25+ cells. Exanple 6.3 Anti-Muse G TRL Anti bodi es Suppress T Cell
Responses Only in the Presence of ERAMBEIISF T Cells [0224] Lynph node cell
cultures were stinmulated in the presence of varying concentrations of
agonistic anti-CD3 anti body prior to (Figure 6A) or after the depletion of
(Figure 6B) CDA+CD25+ T cells, and proliferation was neasured by

det er mi ni ng Biribglien af GETRegpisssing ¢l W{Yéin@l?idfﬁl?SPF%lti on counting. To

determ ne  9226] The agonistic anti-GITRL antibody was used to examine the expression
of GITRL in mouse tissues by flow cytometry. Freshly isolated CD11c" splenic
dendritic cell (DC) subsets expressing CD4 only, CDS8 only, or both CD4 and
CD8, constitutively expressed low levels of GITRL (Figure 7A). However,

' surface expression of GITRL was noticeably higher among CD1 1c°¥B220*
plasmacytoid dendritic cells (Nakano et al., 2001). In Figure 7B, staining with
anti-GITRL mAb or an isotype control was done on the indicated subsets of
freshly isolated CD11c¢" splenic DCs from BALB/c mice.

—

[0227] Similarly, freshly isolated ]3';220+ splenic B cells constitutively expressed
GITRL, as did peritoneal B-1 B cells (perC CD11b"B220"), although at higher
levels (Fig. 7C, top). Resting peritoneal macrophages (perC CD11b"B220°) were
also found to express this ligand (Fig. 7C, bottom).

[0228] Thymocyte subsets undergoing selection did not express measurable
amounts of GITRL (Fig. 7D). In contrast, as shown in Figure 7E, expression of
GITRL was detectable on all subsets of CD4°CD8" thymic precursors, with
CD44"CD25" (R2) and CD44'CD25" (R3) subsets expressing the highest levels.



the effects of anti-GA TRL anti body on proliferation, 10% hybri doma cul ture
supernatants containing 5F anti-G TRL anti body were added to parall el

cul t ur esyohf@Asig1ds shown in Figure 6A, addition of antpiyfdsifdsofddki Pody
suppressed proliferation of |ynph ngde cells containing CD4+CD25+ T cells
when the cells WO 2004/107618 PCT/ US2004/ 016381 88 were stinulated with

-0.075 hnl - i il . / )
he presencd R AIRL F Haefitiable o b ARAYympRHBHE EO @, YRE, POt seen 11
cont ai ni ng CARCI4stalfo tiedetevtabis en wistimulasdsplonie T c2il9(dgtaviot sgvini): CD3

antibody. In _contrast to the results obtajned with |ynph node cell cultures
cont ai ni ng @ﬁ&i@%@m’é@afé}m?me%ﬁmqfi byprofessionabanligen hody general |y
had no suppr,

j e ; a6l ks Cylat. t : been
depl et ed of p%%gffé&%@g@?%l?gd?%g?%r )a.g(%Tgtgngt%%}ea%ﬁer ?ﬁ%c{glgg dat a
suggest t haiD&iptécufsor BtllsaiFig. TEYybubhoiCK eellshmdergbiigaselection (g, \WBrorG TR
expressed on CD4+CI25+ T cel]s and G JTRL, expressed on other_cells, and that
bl ockade of restiggd ‘g}?W@WPLWZ\‘%?Eﬂ equH&Ei‘é\é’é‘e@% spleggceliss Fig- f unct i on of
CD4+CD25+ T ] e éggggtg I @Xfﬂe ' i bution of
G TRL- expr es@?%dgaégﬁg{lﬁﬁwgirm ol ti%gfs}g%gea[%g%g%itg e agcl)) il\gdtalhgﬁgnti -G TRL
anti body washybsdidation, &xsim Inbridivatiox pné seil-time RER @ déllcribed mixaenpie 2sues by
fl ow cytomaté%/.glireshly isolated CD | lc+ splenic dendritic cell (DC
subset s expr( Phg CD4 only, CD8 only, or both CD4 and CD8, constitutively
expressed |low | evels of G TRL (Figure 7A). However, surface expression of
G TRL was noticeably higher anong CDI Icl"13220+ plasmacytoid dendritic
cells (Nakano et al., 2001). In Fi gﬁugg 63{ staining with anti-G TRL mAb or
an isotype control was done on the E# subsets of freshly isol ated
CDl1lc+ splenic DCs fromBALB/c mce. [0227] Simlarly, freshly isolated
B220+ splenic B cells constitutively expressed G TRL, as did peritoneal B-1
B cel | s ( per pERiovheBaR)GITRI ! BRswheatl Ritehghtiod evel s (Fig. 7C top).
Resting peritoneal macrophages (perC CD11b+B220) were also found to express
thi s |igand [0230§ The@ffebistof Bngell detigatidh oiyITRdy ¢xpressivnerere exateEngdi ng sel ecti on
O o e S e Rl S R roblots? PRy (s, ki LBaG SRS+ 2

shown in Fi
4, or anti-IgM. Stimulation of either splenic B cells (B220" splenocytes) or
peritoneal B-1 B cells (B220"CD11b" PerC) resulted in a rapid but transient

upregulation of GITRL, which was apparent after 4 hours with most of the

- treatments (Fig. 8A). Following 48-60 hours of stimulation, expression declined
to below prestimulation levels where it stabilized. An exception was polyl:C-
treated B-1 B cells from the peritoneal cavity, which did not display this
downregulation during the time points examined. As expected, levels of CD86

( increased over the course of the experiment in all groups, indicating that the
observed downregulation of GITRL was not secondary to cell death (data not

shown).

[0231] The reduction of GITRL expressed by B cells after treatment with anti-
CD40 and IL-4 suggested that expression could be modulated following the
provision of T cell help. GITRL expression by B cells among total splenocytes
was assessed after culture with anti-CD3 antibody. Under these culture
conditions, expression of GITRL on B220" splenocytes was also downregulated
after 48 hours (Fig. 8B). Thus, physiological levels of T cell activity also led to a
reduction in the expression of GITRL by splenic B cells.



G TRL was detectable on all subsets of CD4-CD8" thym c precursors, with
CD44+CD25+ (R2) and CD44" CD25+ (R3) subsets expressing the highest |evels.

WO 2004/y:8hfdehosad/ US2004/ 016381 89 [0229] G TRL was gl on
unstinmul ated | ynph node cells (Fig. ¢o¢F). G TRL was al so unsg@t‘@?{sghl e on

unstinul ated splenic T cells (data not shown). These data denonstrate the

expr essi on f | I ' e ' . , Becells
and macr ophggze"'s@!l -55?%1? élgglﬁi)‘gﬁg%%@%heﬁg%é% &%&g@%ﬁ%ﬂ@é s (Fig. 7E),
but not T cdbdexprossion@dGIfRElfteci2 amd 3thaurs sf)uliure inrtes presenct of EPEs i n t he
peri phery ( tinulated, h..node d spl eni lls, Fig, ..7F, and data not
shown) . Thewscfé‘g@%dpre&é‘trgﬁdlwnt% @gteépg?éﬁegi(g@b@%tbgéﬁﬁal Rybri di zati on,
in situ hybihFiczatd CRAE d ' 3@ toyanpl € 2 (above).
EXAMPLE 8 AFFl;‘ggll Sa@%%&ﬁ?{al&éé e “?%F%:%%SST?E’%&V?F&V&? i'on [ 0230] The

ef fects of Bxprebdiomof GVERL wnas andeBicidile expoth I Sotneatert DCe aawel asithof®! | owi ng

treatnment with Toll -I.i ke yeceptor R) i gands, ar i -C40 and I L- 4, or
anti -1 gM sﬁpﬂﬁrﬂgmﬁnaﬁe@mh %@%@E‘P@}N%ﬂ é?SF@n(O%E% PHElesE®s) or
peritoneal R I ' rapjcd but

transi ent ?6%6 é u@gﬁ%&@%@@%%ﬁpﬁﬁﬁ& éalt p ‘r%lﬁl?iegﬁlglrluﬁ%urs W th nost
of the tredblhewnng cGirg wih/yr. wifleluk DRE (@ 5 g nfiPatithelimlicatedtirherpodiatsi on,

expression declined to below prestinulation |evels where it stabilized. An
except i on wd' $HeWyy CB36(BéZ) expressiongyvasapraguiateshss sxpepied (Bassbaratcavi ty, which
did not dis . i r Lon. ' : | | xam ned. As
expected, | %@&éﬁéj’?&bdggwiFﬁ%lr{é(g&scggﬂom\djgﬁ@%g%ﬁ%ﬁsﬁid&%%rﬁ%ﬁggperi ment in all

groups, i ndicohiedgn mediun Supgesibar the dsptarmeegs! BC neturatiod3hdRiccuds not
secondary to cell death (data not shown). [0231] The reduction of G TRL
expressed bylupng # vigoguitere (VrepecandShertmmaR97) ipsiicigtdo | L- 4 suggest ed t hat

expr essi on H’:HFL: ' . S : hel p. G TRL

expressi on EI;BI ggﬁts n%s%%%?oé{(ﬁ#@mggﬂé{h%gss&ﬂ&g@@gés?@tggélgﬁvéggrs culture

w th anti - Chmahitioh aebyshoud alithdulgk XCsondré sitgectedvctht sanstreatpntessi on of G TRL
ulgted, after 48 hours (Fig, 8B). Thus,

Physi ol 001 CAROVRYEIE cale. SIBRR 03B Test InpIanaer BRPIEBeDPRGIRAABALA n 1 he
expression 950& #RbasPYutPhENb dhe TadtfoW-Serived DCs express GITRL

constitutively, and that such expression was only marginally reduced after

—

treatment with various TLR ligands (data not shown).

[0233] Both CD4 and CD8 T cells expressed measurable levels of GITRL after a
48-hour culture of splenocytes in the absence (“+Med.”) or presence (“+aCD3”)
of soluble anti-CD3 antibody (Fig. 8D), confirming previous real time PCR (see
also Example 2).

EXAMPLE 9

Blockade of GITR/GITRL interaction inhibits lymphocyte proliferation

[0234] Because GITRL was constitutively expressed by APCs, and because
GITR/GITRL interactions were proposed to abrogate the suppressive functions of
CD4'CD25" T cells, the ability of anti-GITRL antibody to enhance suppression
mediated by the endogenous population of CD4*CD25" T cells resident in
secondary lymphoid organs was tested. A comparison was made of the
proliferative responses of total lymph node cells (LLN), total splenocytes (Sp), and
LN or Sp depleted of CD25" cells (A25), each of which were cultured with the



WO 2004/ 107618 PCTI US2004/ 016381 90 [0232] Splenic CD11c+DCs were enriched
w th magneti c beads and exam ned for expression of G TRL after 12 and 36

hours of gglbodi@7d19 the presence of LPS. DCs cultured ip i um or
LPS expressed G TRL during the initial; 12 hours, with %gg‘}ss?&ﬁ@%‘ggﬁ ation

i nduced by LPS. However, by 36 hours, expression of G TRL was undetectabl e

on both LPS-t ose ul ture I n_nediu Fi gure 8C
shows expressi ﬁﬁlig]‘%c@ﬁﬂab( @Ledrﬁ]rg ?raﬁﬁonﬁgi]%r#%bfg%g@a%ﬁgﬁqieﬁf“ﬂn ( bottom

hi st ogr am parmgk sgdieivn e khtl-GFUR Clanfiledy BEsced filed ﬂ)@l&fdi‘ﬁlv%% he ofitétd]l or Wi t hout
LPS (0.5g/m) at the indicated tine points. shown, 6 (B7

expr essi on méﬁnﬂlpn@&ﬂegﬁéﬁga%ékb&ﬁ)éﬁd (%}?éﬁ‘éldéﬁ'@e tahhsréermCM(Fl)glggs) The
d
reduction ing ggﬁoﬁﬁéﬁ)ﬁdﬁe{% élgm%%ﬁhé&%tw%mgéfp%ﬁ ép suggest s

that the "spontaneous ion Curs ro culture

(Vremec and gbgletetaif CTN3Y ¢ (Fis O & LN); bdesny razﬁm @ssi on of
G TRL. For thlblg1 reason onl &(?e%ultsdﬁ‘@%méwmn LPS @gsltﬂ:(gni??atl o% are shown,

al t hough DCs PRESE i BRlETIRY BRLh@er@a%@smr@atiW@nﬂajmgmbr oB cel | s.
Simlar to ”(‘%b%se%‘é' s of another published report (Tone et al. 2003), it
was found that Dbone marrow derived DCs express d TRL constltutlvely, and

t hat h d aft t L. t th
Vi ovs TLR TOERR I8 it S st o S G e Tetnpnsss ot Rata col | <
expressed MeqmMtERe- Jnﬂ’@bﬁ*‘Pfceﬁﬂﬂ;@eeﬁﬁ&ﬁfed%t}é%r&‘éﬂéemwﬁudof spl enocyt es

in the absence ("+Med.") or presence ("+aCD3") sol ubl e anti - CD3 ant i body
(Fig. 8D), co/b/Q mlhsgpxpmmng&ﬂTRéathmmdﬁﬁmon Qébotheﬂ%CBZQmpideCD8 EXAVPLE

9 Bl ockade of;r TR/GTRi h ctlo tthItS Iégﬂ,@gfyte rollf ratlon
[0234] Becau T3P SHRR '° RRRPEE Q s“%ﬁe ecause

G TR G TRL i qrigr 98}, 'vﬂﬂéhW}@arﬂélﬁﬁ%ﬁ&ﬁdér@aﬂmﬂﬂﬁlb&nﬁaﬁ@n§ém%ﬂ§§3 ¥& functions
of CD4+CD25+ cells, the ability of anti-A TRL anti body to enhance

suppr essi on G%C&ZQdTbylls he endogenous popul ati on of CD4+CD25+ T cells
resident in secondary |ynphoid organs was tested. A conparison was made of
the prolifef@236yé& mey popracdisatpdnd thak tHeyanpFGITRIentibeldy se(ilabds, itstefificets

spl enocytes (Spj, and_ LN depl eted of 25+ cel |l s ‘each of which
were cul t ur e@Y@RFtne %Q%Eé@ﬁq@lﬁmemﬂw%@zwwm@x 16w fevbls of

GITR. However, the discrepancy is resolved by the demonstration that GITR
expression is rapidly upregulated following T cell activation (Fig. 9C), reaching
maximal levels between 48 and 72 hours after activation. These results support
the possibility GITR/GITRL interactions can influence CD4"CD25™ T cell
activation independently of regulatory CD4"CD25" T cells.

EXAMPLE 10

Reversal of suppression requires GITR expression by CD25" T cells

[0237] Previous studies suggested that ligation of GITR on CD4"CD25" T cells
inhibifed their suppressive capabilities (McHugh et al, 2002; Shimizu et al.,
2002). However, because activated T cells also express GITR, we sought to
determine the relevant cellular target(s) of GITR engagement resulting in the
abrogation of suppression. Proliferation was measured either in the presence or
absence of anti-GITR mAb (DTA-1) in cocultures using combinations of
CD4"CD25" and CD4"CD25™ T cells from GITR** and GITR™ mice (Fig. 10).
As previously reported (Shimizu et al., 2002), when both the CD4"CD25" and



91 anti-G TRL antibody (filled circles) or a control antibody (Rat 1gG open
circles. The addition of anti-G TRL anti body reduced the proliferative

response ‘9{) Iyrrph node cells (Fig. 9A top |eft) papfisbsidsgeser
degr ee, sp enocyt es (Fig. O9A gottomleft). However, the inhibitory

effect was al so apparent in cultures depleted of CD25+ ceI ls (Fig. 9A, top

right (LN); b L-ght LadyShbng t he... possi b t GTR A TRL
i nteractions gbg%%é glh%eilﬂgf?gpgﬁsggsﬂi%ﬁlgl Q&P(S’B o ?IT#%F% [02351 To
directly testcdchitirepfsaitd #nl dnyincrédie iptte éirélefeﬁhw @esﬁ@ris@@ﬁﬁ@&reﬂfto purified
CD4+CD25- and CD8+ T cells were exam ned in the presence of APCs and YB2/0

cel |'s expr esstasyltaes rceivingisofype antibody (g HIA ipenel axDMien D4 §R25608+ T
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(Fig. 9B), whicC i ¢ularTy “evi oncten rons of anti-CD3

for CD4+CD25antiIGEER bﬁubdd@ﬂ&ﬁfb dntenhﬁ)CeﬁﬁﬁﬁﬁlT eI RfRedtontsiailarttd ¢hatnt i - G TR
anti body nediates its effects ﬁ acting on CD4+CD25- T cells, as resting T
cell's expr essseéhwlenﬁp“ 61255 Toells expresseib@lR (Fig HA, dragel ) BOwEvess it esol ved

by t e dermons ol @00t bl ChIRGITEPLERELARCRAS @Rkt ¥ W Sakahsdgkol | o ng

T cell actlva reachi ng- maxi ma ‘ween and 72

hours after azﬁitﬂ-@am@ﬂubo’alyeﬁd noesfettion ;ﬁulmmﬁbn (Flae10a58inbid)i A G TR/ G TRL
i nteractions can infl|luence CD4+CD25- cell activatian_i ndegenden;l y O

regul at ory CroEpPesisd,th ¢a%t1%°f%@ﬁ3£a@@°ﬂ§\t‘éﬁ%%ﬂm@§ of R GHIRequi r es

G TR expressi d that

| i gati on of C@@Fs?% % g_])gg( hﬁge@gﬁﬁghaﬁf’%ﬁgg%%aﬁt %g%p?éléﬁﬁ%@gzﬁ

capabi lities 10&Hagll &t Rekyltsiiitar tSliose desceibedhbove v@@é)abtmnbﬂ)mbher because
actlvatecheIIs alsoe SS R, we sought tqQ deternine the rel evant
cel | ul ar targ@Y ongl aniy ﬁa@@@ﬁﬁﬁ{wwgenpbweﬂﬁowrmw@g @B0%n of

suppression. ralhferation was neasured either in the presence or absence
of anti-QA TR m&b ?DTA— 1) in cocultures using conbinations of CD4+CD25+ and

CD4+CD25" T G. R As [ I
rep;r ted ( Shf@?é@ %{rg% vl e?g‘lf)% ap&?fﬂgﬁg}]ﬁp?ﬁSSI%&E%ﬁfg@%% ?/%r %i)?lf i0)7/618
PCT/ US2004/ Olﬁ%ﬁﬂess@ﬂ “@%tgﬂéﬁueﬁe eelitRioR I TRESpFIsIdd byt OB4 TR 4 iON Of

anti -G TR mAb
cells was obtained in a previous study, which used combinations of rat responders

and mouse CD4"CD25" regulatory T cells (Shimizu et al., 2002). The anti-GITR
mAb (DTA-1) used in these studies was generated in a rat, and consequently did
not bind to rat cells (id.). Experiments analogous to those described above were
performed using cocultures of rat CD4'CD25° responders, mouse CD4"'CD25"
suppressors, and irradiated rat APCs (Fig. 10B, panel b). Cocultured mouse
CD4'CD25 responders, mouse CD4"CD25" suppressors, and irradiated rat APCs
were included as a control (Fig. 10B, panel a). Similar to the data obtained from
GITR™ mice, no abrogation of CD4"CD25"-mediated suppression occurred (Fig.
10B, panel b), unless GITR could be cross-linked on the responding CD25
population (Fig. 10B, panel a).

[0239] A further analysis of the rat/mouse system was accomplished by
examining the dilution of CFSE by cocultured rat CD4'CD25" and mouse
CD4"CD25" T cells by flow cytometry. In the presence of the isotype control
antibody, the rat CD4"CD25" T cells were only partially suppressed by mouse
CD4'CD25" T cells when cultured at a 1:8 suppressor to responder ratio (Fig.
10C, left histogram panels). However, the addition of the anti-GITR antibody led

to an additional expansion of the mouse CD4'CD25" T cells, and a consequent



cocultures resulted in an increase in the proliferative response conpared to
cocultures receiving isotype antibody (Fig. |0A panel a). Wien CD4+CD25-,
but not W + o1 cells expressed TR in cocul tures jtion of the
anti -GngRgz ib%&l/sled to an enhancengnt in T cell prol F?%&g%@gﬂiéélm lar to
that seen when CD4+CD25+ T cells expressed G TR (Fig. 10A, panel b).

Ho ,in ., | t f CDA+CIR5' G TR i +COR5+G TR+ +. Il's,
ndd Lo of {iaeas it o8 SpieeSRiRn Q0 ok L s CAR G Tt BRI RIS (Fi g
| OA, panel C)The Afcre8¥@ETSEWilutibe 0B ghdel G4 TUD BT celfls Tallcwihg GIUR to

cocul tures of CD4+CD25-3 TR'' - and CD4+CD25+G TR-1 T cells al so had no
effect on T digptioneanld bepartiplhninhititgd by themddgionaf bigckingeanti-€B28i ni l ar to

t hose descrih Qv o i Wt h | onad antj - IR anti body
preparation Sﬁgléo%ﬁeesd %#glrgg:ﬂ%[l Sr/ke%lg Bt eb@gﬁ%&%g@aﬂfﬁ;ﬁ*sgﬁ%}ﬁ% evi dence
I n support Ofrequhl%dMﬂﬁisfbﬁfar&idﬂ(dhtahbﬁs@hwg%g@h?er,oﬂlesﬁéaﬂfseSSl on was a
consequence of ligation of A TR expressed by C4+CD25+ T cells was obtai ned

in a previ ougnequivhcallypmansistathatsmeagrmant nEGEFR parespendss 64 €D2AnD nouse
CD4+CD25+ re X . ) + 0Q2) .. The anti-A3 TR mADb
(DTA-1) usedggils%%ée(ﬁ]g-gg? (gé{’ezg&l\?ggﬁlééq%?%t@éel}'ﬁwgm%egts,upgﬁ?ﬁﬂ nsequently did
not bind to rat cells (id.). Experinents anal ogous to those descri bed above
were performed using cocultures of rat CD4+CD25- responders, nouse
CD4+CD25+ suppressors, and irradiated rat APCs (Fig.10B, panel b).

Cocul tured nmouse CD4+CD25 responders, nouse CD4+CD25+ suppressors, and
irradiated rat APCs were included as a control (Fig. 10B, panel a). Simlar
to the data obtained from G TR/_ mce, no abrogation of CD4+CD25+- nedi at ed
suppression occurred (Fig. 10B, panel b), unless A TR could be cross-1linked
on the respondi ng CD25- popul ation (Fig. 10B, panel a). [0239] A further
anal ysis of the rat/nouse systemwas acconplished by examning the dilution
of CFSE by cocultured rat CD4+CD25- and nmouse CD4+CD25+ T cells by flow
cytonetry. In the presence of the isotype control antibody, the rat
CD4A+CD25" T cells were only partially suppressed by nouse CD4+CD25+ T cells
when cultured at a 1:8 suppressor to responder ratio (Fig. 10C Ileft

hi st ogr am panel s). However, the addition of the anti-G TR antibody led to
an addi tional expansion of the nouse CD4+CD25+ T cells, and a consequent WO
2004/ 107618 PCT/ US2004/ 016381 93




I ncrease in the suppression of the rat T cells (Fig. ICC, right histogram
panel s). The increased CFSE dilution of nouse CD4+CD25+ T cells follow ng
A TR |igadhsyapidgd be partially inhibited by the addi pipiyssiosBlcdeKi N9
anti-CD25 antibodies, suggesting thay IL-2 initially made by the responder
T cells was also required for this expansion (data not shown). Toget her,
these results unequivocally demnsEB@h\gpidﬁqtl engagenent of G TR on
responder CD4+CD25- T cells is require 0 overcone CD4+CD25+ T

cel | -nmedi at ed suppressi on. WD 2004/ 107618 PCT/ US2004/ 016381 94 EXAMPLE 11
Expression of G TR signals is required to regul ate and overconme suppression
medi at ed by &Enxpegsionof GIERgigaalsisrequices togefd@d @hd SvercanbeouppreSEiz8 and G TR

appeared to pravide costinul atory signal during the activation of T cells,
we sought to%&%‘?‘ﬁ?%@l O\ge’iq]llé)’ie%‘?{aéwg‘[nﬁqléti nct roles during the primry
response. Vi [exp&iRd tolCDapasd GYTR hapfdatdd BproviddEsktihmIRGS RIsT cel |

proliferation in the presence or absence of éndogenous |ynph node CD4+CD25+
T cel | s, anddinng the astieationcd Tocellabsesaightto dsteomaredfithey iplayed distiget 11) . The
sanme sanpl es Lise for gr aliferation @}udi es e Si %tﬁ&ﬁfﬁslg assessed
for CFSE di I GOFPHAARg G RGN IFEPoRse B 5 Omparas  tae panartiy© A% absence of
exogenous | L(H28Ge%tomo TS pralifeflibos ih tHePréhée &a abkencaddle nowdNi mal s
failed to proliferate igzl(g} 11A, panel a). LN cells from QTR+ animals

t

di spl ayed a pymepiongdseC e di edlls, ndtingherpreseneeor sbsencgiof exegepeusld G TR-

animals (Fig, LlA el a). The response..af T cells fromw.ld type mce was

ani 11 cant '3 Gt AR % el s HERNBF PENRareut Butits bRl ekl g% e

suppr essi on yssied fHECESE dllhtidiEfollowiistth® N3-hv@sScullael wirid. Y tHe®sédogS+ T cell's

resident in the nornal_|I Eg‘gnode Fig. 11A conpare panels a and b). Most
Lsﬁiie?\; f

i mportant |y, of pxqgeao eellstrare b, GETRe andsp32¥es of CD4+ and

CD8+ | ynph n I - ! ' r 0 0 _tho of wld
type mce as %ﬁé%alssgaglaﬁ goy{)%ﬁfgtr?%@éi %lex’r}p%g%l\r%g'orgtcclegg%%&?g& 1ma§§el b) and
CSFE di | uti odisphiysd a ph&hoterintethedifte Dafwles thoskidoRy®ild tyetdd GIZRIour s, CDA4+
and CD8+ T cells from CD28- ani mals were not E)roliferati ng _even in the

absence of emamatpdis. 1A prnel a). FThe response iR eellyfom valstype mikeswds di f f er ent
. f H . + - . h .
ol tur os_of | SRRAERARY A A0REERRRIRIR PO Fiefl, iffitafidifl 10 tNE

suppression under these culture conditions was mediated by the CD25" T cells

D)

resident in the normal lymph nodé (Fig. 11A, compare panels a and b). Most
importantly, in the absence of CD4'CD25" T cells, the responses of CD4" and
CD8" lymph node T cells from GITR” mice were comparable to those of wild
type mice as assessed by 3I‘-I-thymidjne incorporation (Fig. 11A, panel b) and
CSFE dilution (Fig. 11B, top set of panels). However, after 72 hours, CD4" and

~ CD8" T cells frc;m. CD28" animals were not proliferating even in the absence of
CD4'CD25" T cells (Fig. 11A, panel b).

[0241] 'A very different pattern of response was observed when exogenous IL-2
was added to the cultures of intact lymph node cells. CD4* and CD8" T cell
proliferation was completely irthibited in the absence of GITR as assayed by *H-
thymidine uptake (Fig. 11A, panel c) or by the lack of CFSE dilution (Fig. 11B,
middle set of panels). In contrast, measurable proliferation of T cells from
CD28”" animals was detected by *H-thymidine incorporation (Fig.11A, panel c),
although the CFSE profile demonstrated that CD 8" T cells were largely
responsible for the proliferation measured (Fig. 11B). In the presence of IL-2
(50U/ml), lymph nodes depleted of CD4*CD25" T cells from all animals



proliferation was conpletely inhibited in the absence of G TR as assayed by
3H thym di ne uptake (Fig. 11A, panel c¢) or by the lack of CFSE dilution

(Fig. 11%‘,02334%% gset of panels). In contrast, nmeasurapcgzh@lsoiddat i on of
T cells from - animal s was detecdsed by 3H-thym di ne incorporation

(Fig.11A, panel c), although the CFSE profile denonstrated that CD8+ T
cells were | as: d | Ol 8440 red (Fig.11B). In
t he presencea((ﬁ)1 He-dZ E%g%?ér%ﬂ)ﬁ’r gﬂeﬁ%{bﬁo é‘géegggg:%gt té@ﬂglg&@+®25+ T cells
fromall ani nimkerpd¥atian (Bl D7, fan el d)/ahbORSE dh6ss (Figobl Rlibetibmysetiosi mi | ar

| evel s of prolif ion as assessed BH-thymidine. inc rat.ion (Fig.

| 1A, panel d)paé\"?ﬁs%kéﬁ“d?)g o e*(el'—‘Pi}‘?%élm Bﬁteﬁﬁ%&’ﬁﬁe@‘é{s 181&1’ g‘“’ﬁéﬁ@}’%t)o.n Taken
toget her, thegesrmstdaschish aadetart BRlindthe defects in T cell activation in
G TR and CD28"1-' mce are distinct. [0242] The inability of total T cells

present in ly . R . Wfer ha-dhe. pr.esence of

exogenous | L-gE E%ngegﬁlg%ﬁl%&ﬁﬁtaﬁg cgi)%g rgéegllt%)I{rifygiphtlﬁgggﬁ%#éa:@%c%it?y | L-2

recept or m ghproliferétt irethie@eseticel TR 6gcnbusTHI-2 suiesied thadd the eXppssion optheof t he

IL-2Ra chain s prinmarily induced bg its Ii1gand (Depper et al., 1985; Ml ek
]

and Ashwel |, highsifmitydb-Zrscentesmight he atfectesbintheseininads. dpineethes- T cells

fromdTR.i nig i.S..chai k . ' ks S e or
wbsence of crartissn SHRIGH PaRGLRaif W IR SEHREN B s B\ DBHERERES O
110). In the pIgssBRek Aid AS@ellal 985, the abilitysof dntieCRdEtivatedl QD4TED25 tTo
cocultures resulted in enhanced expression of CD25 by G TR4l+, but not by

G TR ", CD4eesdwm GIER] miceiprexpressthishein vay eramined inflen presanee ght  hi st ogr am

panel ). Howeyer, t HH Y +Of : + 5" T.cel 0 ergo

| L-2-i nduced Xb%fﬂcf Ogﬁjpé‘ﬁ?gignﬁcgﬂgﬁggl%(ﬁ? yceroésaP%er%g%igf){?L"rz rr%\'/i ng
CD4+CD25+ T cEICy IhRFhepreseht€of teghiltadiy Teklls, iheiddticnofiiarelo)cocdlnuss t he

I mpairnment in IL-2 responsiveness t%y G TR-1- T.cells in the presence of
CDA+CD25+ T clesyliediip snbansed expressiontofiGP2ss GITR G, butaot by GARR T4 ty to express
t he high affipanLy, - | I jyons of
exogenous | L-gbgu ]?lb%%eé\et%tgg&?zn‘ldlhdg%é @%E‘ 13?2%5@‘?8?@? %ﬁﬁ%ﬁ%{;’&[eype cells.

EXAVPLE 12 ClHa®evephedbility sOGITRTLCDYT@D2 3 Mhedls esurdelds Bxpimisedn and
responsi veness %0243] Al 'though the data presented above sqagested, t hat
engagenent of CB2P gspressignreudd bexspdilipres y remoxngClad GRZPe d tellsi®igal t hat

al 'oved the rfﬁ@,%%fn 16t histogram panel). Thus, the impairment in IL-2 responsiveness
by GITR™ T cells in the presence of CD4"CD25" T cells was due, at least in part,
to their inability to express the high affinity IL-2 receptor in the presence of

concentrations of exogenous IL-2 sufficient to induce CD25 expression on wild

type cells.

EXAMPLE 12

'CD28-dependent costimulation enhances GITR expression and responsiveness
[0243] Although the data presented above suggested that engagement of either
GITR or CD28 on CD25™ T cells provided a signal that allowed the responder T
cells to escape suppression, the nature of the signals involved in this process
remained unclear. The partial rescue of the proliferative responses of CD28™
CD8" T cells by IL-2 in the presence of CD4'CD25" T cells suggested that
CD28/B7 signaling might regulate T cell sensitivity to GITR/GITRL interactions.
Furthermore, previous studies have demonstrated that CD28-CD80/CD86

interactions can enhance expression of some TNFR-family members (Gilfillan et



cells to escape suppression, the nature of the signals involved in this
process renuined unclear. The partial rescue of the proliferative responses

of CD2%" wEL8i 4/1-5%%385 Sy IL-2 in the presence of CD4+Clgas 0004}30{1&3%

suggest ed that ignaling mghjg regulate T cell sensitiVi
G TRRGTRL interactions. Furthernore, previous studies have dermnst rated

t hat CD28- CD8 / 6. inte an enhance ess. of sone TNFR famly
menbers (G| f % 3[0 E%O?PQB)‘/ ?fﬁﬁ‘gsl !Eﬁﬂ'}é |respe¢i 98 Roger s
et al., 2001)GITﬂnmmﬁ@a @zﬂmmdmidmesb%amﬁbmtopm’t&«rﬁé primice -G TR
Purified CD4+CD25- and CD8+ T cells fromCD2K or wild ty ge mce either

remai ned unsteither lan@wedmmn@a@étor Vereaptinpted withowseoesitiationsorplae- pl at e-

ant i body. (71 PSR O bR T EBERRE s SR B SRR ) e
only slight Iavmu&uﬁqiug apag. ﬁltﬁa;%l]at ITesesls @Rpcibd fd -0 3hgdre dald +CD25-
and CD8+ T cells vvasg'gr eat lI’ﬁR anced by the inclusion of anti-CD28. 102441

Sinilarly, tsghibenesdetedSIER, e ProwsgioetGR by by bethCIRAED25Tand | | s was
kedl hi ti-B7.1/7.2 F
rlrger eI e?‘/tI RI I o%?gma%a‘&\%?égg)h%’h%ﬁ%y@& c%&"?@g@&; on | n cul) t l(,ll‘leg

t ai ni t t d f IL-2,
ne G TR apr dBefdTSieney e SRS ER Smistog oo RN HeklEul't ur e

cont ai ni ng an;t:dsnhémedwhﬁﬁte@%g%hé Edcﬁuoﬁtaﬁrﬁltceb@/dm%t(aﬁﬁm Waﬂm [ 0245]

The enhanced expression of i nduced CD28-derived costinul at ory
signal s was paBaldfhistagtam mebnﬂ‘anmbltlen pﬁGSTRtQMQSSIQnﬂnGHMGSS| gnal i ng

F 120). The, addit t TR anti bod h d
e brof 11 or coRBHSY HEERRRCHS AR hoigtehaaf s RN CUBAARA Tl 6 ype-
mce (Fig. 13§ITH@frbgﬂﬁi&ﬂ@CDmmmce%%sﬁ&ﬂre@W@Bﬁﬁuﬁéﬁs added to

t hese cultures, the presence of the anti-G TR anti body only marginally

i ncreased t teeniginng aui-He-2@R-25% maAby ig+12Brghbhistograme pandl). (Fi g.  12C,
G TR+i+, top left; GTR top right) and QTR CD8+ T cells (Fig. 12C,
A TR+ +, bot t[0249] &Ftte; enhﬁct‘d%ﬁxpremt afi6iTRyintiyced\barCD2ederivege of ant i-C 33

concentrations tested. . Treat nent anti - did not aff t he
responses of 9 ﬁi?rf‘ﬂt alogy e&d&w&Pmﬁ‘%& E:bé‘le@aeg ISSROSIYCRESH 9 Eﬁh{ce (Fig.
12C, right p%[@aﬁﬁ g‘i— e&@zdeﬁh@ addiH68 oF the LHAIGIPRZB11BBEY &instngAIgnal s, di stinct
fromcostinulation 'L roducti on, enhance G TR "expressi on and
facilitate GenRanved ﬂaxprdh&ragmalof hogth CDA4" and CD8" effector T cells from wild

type mice (Fig. 12C, left panels). However, when anti-CD80/CD86 was added to

these cultures, the presence of the anti-GITR antibody only marginally increased

 the proliferation of GITR™* CD4'CD25™ T cells (Fig. 12C, GITR*", top left;

GITR™, top right) and GITR™* CD8" T cells (Fig. 12C, GITR™, bottom left;

GITR™, bottom right) over the range of anti-CD3 concentrations tested.

Treatment with anti-GITR did not affect the responses of purified CD4+C]_)25'

and CD8™ T cells from GITR” mice (Fig. 12C, right panels). These data suggest

that CD28-mediated signals, distinct from costimulation of IL-2 production,

enhance GITR expression and facilitate GITR-mediated signaling.

EXAMPLE 13

GITRL binding to GITR provides a costimulatory signal to effector T cells
[0246] Forty-thousand effector HT-2 T helper cells (GITR/TCR") were cultured

in the absence or presence of the following reagents: 1) anti-CD3 coated beads at



EXAMPLE 13 G TRL binding to G TR provides a costinulatory signal to effector
T cells [0246] Forty-thousand effector HT-2 T hel per cells (A TRt/ TCR)
were cul i 5fda147314 he absence or presence of the fol | ovp@gusRenenss: 1)
anti-CD3 coate beads at WO 2004/ 107618 PCT/ US2004/016381 97 a 1:1 or 1:2
ratio, 2) ten-thousand YB/2 cells that were either not nodified to express
G TRL (YB2/0 I I TRL), and 3)
i ncreasing coaﬁlggﬁmgtr)‘l%ﬁz) dﬂhghﬁgg@[{g)ég%n ‘% R{th%@yﬁg)rdl (c)%r di fferent
anti -G TRL anixpteeslGEERI, $¥B2/0fafdntdlPor ﬁ\f@ilﬁedﬁo express GIARYC(YBEHO anti-G TRL
ant.i body). Proliferation was rreasuredé% 3H-thym dine incorporation for the
|l ast 5 hours BAGHRAY, %f‘?r ) IRGIRASIRECOHERY onwgami@xpe%mgwmgrthat G TRL
enhances t he Qrol:kfer Al _1&n

Addi tional ly, {EJO] ACHS 1%1?% en %@(éee%ﬁ 1 erfé?Lefq M%?%Ill%f gfr %?ag%lonarlmy be

bl ocked with ahtlmllﬂloaimbo&p)t Brohferdnmnlv&xsm;qamed)hy Hlthymidnhtody (Fig. 13B)
and comercially avail able MGIL-10, 15 a npal anti- G TRL

anti bodi es ( ARgPIPorakgn fofthedast W%?%%@‘F&P tﬁ‘@rpeﬁé‘iidg%é f‘hat G TRL
provides a c JAst-ALORY: GITRIAL aﬁ&% lifde i oFiedl 2|ng

anti body to CH%lHTRL E%NP(?_% n1.1 ockin l‘fl'el%z-Gl TOELFT% Eél ng Wlt ﬂll

anti -3 TRL arnnthiﬂ& ptckﬁt@ﬂaﬂy,aﬂﬁtkﬂ-mdiatadaanh&me:mﬁt ﬂPcwthmhMatmnperi nment al

aut oi nmune ence I i.tis. [0247], N ne old fe %t lce were
i mmuni zed wi tqgiaﬁ@%’ bt dibo b&rhuﬁﬁo \3@? @gtygggo ¥ LGHPDKF ( SEQ
ID NGO 12)] i rlsrlszgﬁ@hﬁhﬁlefcﬁﬁ}y“ﬁaﬁalﬂgmﬂﬂtlo NRFrTdey %n@?&l?&lohél‘&iﬂ' zati on,

spl enocytes we harvested-and resti mil ated ex vivo days with 10
pg/ M PLP (arftARIawitidedied @ig.1B30). iTheschdntaprowide duther evidentathat GITRL pr esence

of 10 Rg/m anti.ho G TRL. anti bo contral .anti After

esti mi'at | ofoUsSe bl ciebal, i ws s Sy g e iaiEie B o
10-week-ol d n@ityg, SIL mce, and the mce were nonitored for 52 days for the
experinmental autol nmune encephal onyelitis (EAE), as neasured on a scale
fromO to 5. EAE developed in 40% and 80% of mce that received spl enocytes
restimul ated in the absence of any anti body (no treatnent) and mce that
recei ved splenocytes restinulated ing FLP ggence of control antibody
(CKO1), respectively (Fig. 14). Add| tronally, there was no

Blocking GITR-GITRL binding with an anti-GITRL antibody prevents adoptive
transfer of PLP induced experimental autoimmune encephalomyelitis

[0247] Nine-week—bld female SJL mice were immunized with 150 pg PLP
peptide (amino acids 139-151) [HSLGKWLGHPDKF (SEQ ID NO:12)] in
complete Freund’s adjuvant. Ten days after immunization, splenocytes were
harvested and restimulated ex vivo for 3 days with 10 pg/ml PLP (amino acids .
139-151) in the absence (no treatment) or presence of 10 pug/ml antibody (anti-
GITRL antibody or control antibody). After restimulation, 5x10° splenocytes
were adoptively transferred into 10-week-old naive SJL mice, and the mice were
monitored for 52 days for the experimental autoimmune encephalomyelitis
(EAE), as measured on a scale from 0to 5. EAE developed in 40% and 80% of
mice that received splenocytes restimulated in the absence of any antibody (no
treatment) and mice that received splenocytes restimulated in the presence of
control antibody (CK01), respectively (Fig. 14). Additionally, there was no
significance difference in disease scale between animals that received splenocytes
with no treatment and animals that received splenocytes treated with control

antibody. Significantly, none of the mice that received splenocytes that were



significance difference in di sease scal e between animals that received

spl enocyt es with no treatnment and animals that received splenocytes treated
W th congpg l@{‘gﬁbody Significantly, none of the nm cecihgboouRestyed

spl enocyt es (”1 were WO 2004/ 107618gPCT/ US2004/ 016381 98 restinulated in
the presence of anti-G TRL anti body (5F1) devel oped EAE (p = 0.0023 vs.

The o TR G THE Rl R T b rieg BF L LTTRLRARL I CERHRERbe B G0 °0 2 Cone

suppr essi on, 010023 ehwoﬂmmﬁudﬁtreammtmﬁﬁg Bt)j Hhésedatasmfggestthataut oi nmune

responses eri tal Procedures 15.1: Anti bodi es and
reagents [0% aﬁojf&l?ﬁgﬁfﬂa@ WY WY qE’W/ P Cprz tlcedstenal st udies
were from BRx X I ¢l one CT-CD4) and
aB220 (clone %@ﬁgk@%?%ﬁlogh&l&% purcﬁglgleénél?lgﬁn urI i ngame, CA),

and MGTL- 10antMeEmhudsrespmdepol ycl onal anti -3 TRL ant| bod| es, which were

purchased from Al exis Biochem cals (San Diego, CA). Purifi ed F(ab')2

fragnent of goat-anti-lgMIli-chain was purchased from Jackson

hanmunor esearch (West G ove, PA). Anti-IL-2 (clone S4B6) was used as ascites

fluid. Human reconbinant 1L-2 was BKAMPER 15r om t he National Cancer

Institute (Frederick, MD). IL-4, IFNy, IL-12, and T cell enrichnent

col ums were purchased from R&D Systens (M nneapolis, M. Poly I:C and LPS

vvere purchas d from ﬁ;g%Ost wer e purchased from I nvivoGen (San Di ego,
Anti - @emf‘%‘}t‘?} d ®al so clone 10F12) and anti-G TR (cl one DTA-1)

and t he PLP Eg%%]gq5 MeA RHIYIRSHRE deagits hOuse. *  Anti-B220, -CDI Ic, -CDl Ib
-CD8, -CD4 and E magnetic beads were purchased from M | tenyi (Auburn,

CA). Exanpl eIOmSEAJMrmbo@Jesu@p ferlley cytantrgs7 Binctiondl sardis-veerevirein ol d

femal es) wer g rchased from Fr eder,i k anj ac |1 (Frederi ck,
VD). CD28-' BRF gn p?’esf\?wd&arc&s?%?leﬁ A&ﬁ W(‘W G TR+
embryos (Svl’g’o‘?oﬁem @?Whmbﬁ%chb%d@orﬁCﬁﬁﬂg(Burﬁﬁ@ﬁﬁQ c)Unigversity

Medi cal School, Ital QGT Ronchetti et al., 2002 The rederi'ved G TR41- nice

were backcr odHSHLdAc EﬂS@mm_Mwlmabwtl-@hBRLheanmmmqum ogeny were

screened for t hﬁaan an ex1sfa‘ll3mc€é/ gIR (Sanrﬁle e&&j.f]!’urﬂied F(ab’), fragment
of goat-anti-IgM p~-chain was purchased from Jackson Immunoresearch (West
Grove, PA). Anti-IL-2 (clone S4B6) was used as ascites fluid. Human
repombinant 1L-2 was obtained frorﬁ the National Cancer Institute (Frederick,
MD). IL-4, IFN-y, IL-12, and T cell enrichment columns were purchased from
R&D Systems (Minneapolis, MN). Poly I:C and LPS were purchased from
Sigma. CpGs were purchased from InvivoGen (San Diego, CA). Anti-GITRL
(clone 5F1; also clone 10F12) and anti-GITR (clone DTA-1) and the PLP peptide
were produced “in-ﬁouse.” Anti-B220, -CD11c, -CD11b -CD8, -CD4 and -PE
magnetic beads were purchased from Miltenyi (Auburn, CA).

Example 15.2: Mice

[0249] BALB/c and C57BV/6 mice (6-8 week old females) were purchased from
the NCI Frederick animal facility (Frederick, MD). CD28" mice were provided
by Dr. Alfred Singer (NIH/NCI). GITR*" embryos (Sv129 x B6) were provided
by C. Ricarrdi (Perugia University Medical School, Italy) (Ronchetti et al., 2002).
The rederived GITR"" mice were backcrossed once with C57BL/6 mice, and the
resulting progeny were screened for the mutant allele by PCR. The identified



WD 2004/ 107618 PCT/ US2004/ 016381 99 G re progeny were then intercrossed to
generate A TR-C mce. All mce were bred and housed at NNH NTAID facilities
under SREGGSR Jfgic pat hogen-free) conditions. Exanpl gcthsiossiddéy cl oni ng
and expr eSS| on 50] The am no aci dgsequence for human G TRL (GenBank Acc.
No. NM 005092) was' used to search the Cel era database for the nd TRL.
Genom c se 1.3 J ; I VA t scoring
pair (HSP) Oggfgilfoﬁgggeégggégg %%X\ﬁrﬁ%r%sssse@%%%%att%mt Eglg‘g lrlglg}qlgggg geor respond
to exons fmremho@bammfaMeelﬁé@@Ie@ doific pthbgenpikde) i cati on. The
forward priner, (5 -ATGGAGGAAATCCCTTTGAGAG 3') (SEQ ID NO 4) and reverse

, primer (5 - QORAHOT AGATCAGGCATTAAGATG 3! ) (SEQID NO5) amplified a cDNA
clone froma nouse thynmus library. The resulting fragment was subcl oned and

t he DNA sequence was determ ned. A subsequent full-length clone was
anplified by PCRfromthe reV| ous construct using 5'-
TTTAAAGT CGAGEXatgda g expresson (forward) (SEQ ID NO 6) and 5'

or i mers, T P8l ﬁfﬁ i @ﬁ?@%ﬁ%ﬁe@? e

retroviral VM 005¢9Q)yangset toatarch fi2Chlera dadbase qorcthe en GIIRIEr Gerivaticon of the
final cDNA clone was performed. This vector was then transfected into the
Phoeni x cel | SCHRFRES ngf?&Wél‘ﬂél‘ﬂ?émflrcﬂnaﬁh?ecqmﬁﬁ%C*'@&ee}ﬁglpfﬂ%lﬁgi’aﬂ cells were

used to tra I wer e
t hen FACS so :gﬁ?%%%%naﬁa%fg%?% aEs (;l? tnt}r e%ﬁﬁpégg %ﬁ%{n%f%‘é{ amno acid
sequence i s fodemusecGITRD, fdrivadrs wfereedvsigned fchP@]baIﬁjﬂlﬁcaﬂbnaII‘he fahan) , except
for the substitutj al ani in i_no . acid position 48
in their st %%@Gﬁmﬁéﬁ %ﬁzsgérﬁ%gé't)%ﬁlﬁed’ﬁrsﬁnnocl onal
anti bodi es [IQ‘?I? 5L A VEFEA G@(}!@T’P EQMD NoL§P* 106
YB2/ 0-d TRL ce ?T]( %ﬁéﬁrw\o weeks Tater, these )rg;t S were %Om"runl zed s.q.
with 1 00x mﬁpmdbDl@Amnedmmamdmsé Eléunui\hbramelrhe rextking fragtnentver e boost ed
wi th 50x106 YB2/ G TRL in PBS. Four days, | at t he | eep was
et vest ed. anbRcRPPoRtLpBHEGENbeeR e (sterimuisdodhpeehgisa: fullength
clone was amplified by PCR from the previous construct using 5°-
TTTAAAGTCGACCCACCATGGAGGAAATGCCTTTGAGAG-3’ (forward)
(SEQ ID NO:6) and 5°-
TTTAAAGAATTCTCATTAAGAGATGAATGGTAGATCAGGCAT-3’
(reverse) (SEQ ID NO:7) primers. The resulting PCR fragment was subcloned

into the GFP—RV retroviral vector (Ouyang et al., 1998), and sequence
determination of the final cDNA clone was performed. This vector was then
transfected into the Phoenix cell line. Supernatants from the transfected Phoenix
cells were used to transduce the YB2/0 cell line. GFP-expressing YB2/0 cells
were then FACS sorted and maintained in culture. The predicted mGITRL amino
acid sequence is identical to that of another group (Kim et al., 2003), except for
the substitution of an alanine for a valine at amino acid position 48 in their :

sequence.

Example 15.4: Production and purification of monoclonal antibodies

[0251] Lewis rats were immunized once s.q. w1th 100x10° YB2/0-GITRL cells in
CFA. Two weeks later, these rats were immunized s.q. with 100x10° YB2/0-
GITRL cells in IFA. Two weeks later, rats were boosted with 50x10° YB2/0-
GITRL cells in PBS. Four days later, the spleen was harvested and cell fusion



100 was perfornmed as previously described (Coligan et al., 2003). The
supernatants fromthe resulting hybridomas were screened by flow cytonetry
usi ng Phagohwos el and Phoeni x cells. Antibodies V\erePglfl;IjSE(;Og@16f3§pm cell
culture supernatants using protein G oaded col ums, el uted anti bodi es
were dialyzed against PBS. Exanple 15.5: Cell purification [0252] T cells

were purifie i . : i.ce 2 (o wer e

| abel ed wi t hW#%Bﬁfg%f?‘?flﬁg?ﬁ%@“ﬁ?ﬁ%&?@%ﬁ%ﬁa&&%ﬁéﬁ? Jl&_}?ﬂe'@lr%??s Bi ot ech,
Auburn, CA) &onpthdiresglting Hybedomasweaetsureenicdbypfiior ogtometriPusing\Phoénikhe CD25+
cells was typj |y tween 97 t0.99, percent, s r ining, in the
negative fraglfﬁh %E’ O%Bgﬁlgﬁué}ﬂt}lﬂ?gﬁegﬂvéfmeg&%?Pﬂgg‘ﬁ%‘?i -CD4 or anti-CD8
m crobeads agghdpifiddid S&n%’?ﬂoi@n@l%a&é&%oﬁ&&?s,%?d@lﬁfeﬁ%ﬁwﬂfﬁg&ge on the

aut oMACS. Purity was routinely 90-95 percent. T cell-depleted spleen
suspensi ons Jdialyzepaggnst@BS r om er yt hrocyt e-1 ysed suspensi ons by depl eting
Thyl. 2+ cells using the aut oMACS. B220+ cells were purified from spl enocytes
in a simlar fashion using anti-B220 m crobeads (M| tenyi Biotech, Auburn,
CA), and purity of the resulting prepdrations was routinely greater than
90% Perit oizampledlSl: @al purfficatient ed by flushing the peritoneal cavity

(PerC) with 10m __of cold HBSS. For spleni , Spl engcyte suspensi ons were
prepared in OZ%H@PSWR 1@@%3@“@@?&?@‘(@? @ﬁ@éceetC]%?5H,lp2000) :

Spl eni ¢ DCs faf J : j fAE b GPL | C

m cr obeads (W?sﬁg%rg?&g}%ﬁl&lﬂhﬁ&%%%%%&sf@?ﬂﬁﬁﬁgﬁf#g@g?f{il ng %@@tg ensi ons
wer e rout i neByot8h, Amb8fh, Q&) @aectrding s the niRatuficRteCDRDocok | Pritywef thegener at ed by

depl eting rat._splenocytes of CD25+ |1 s usin -anti:-rat, 5 (OX-39
anti bodi o5 f@ngé%?%‘éawwwew?ﬂ%ﬁ@ﬁ&erﬁgegglfgﬁm&%eﬂ%m( cel 15 wer e
Lhen sel ect edoddh8labifor Folothbauddt RIS With BhA k01 ok ODgT Obeads.

Exanple 15.6: Tn vitro proliferation assays [ 0253] Suppression assays were
per f or med asnmersbeadsend pihfedismy the doshres/seddrtion pBR8Jure Bnitlef | y, (5x104) cel s

| t d.j BS- I t ed 1640 t t a, Bi ol ogi cal s,
Al ant o o) SHOMAS 1 Bt TRseDr0 U3 pese. danideplr ooyt as (5x104)
i n _the presencsenliofl g hRipaf fontE RN 1625t budpBnsiis ¥l dop En 2004/ 107618

PCT/ US2004/ 016381 101 N :
Thy1.2" cells using the autoMACS. B220" cells were purified from splenocytes

in a similar fashion using anti-B220 microbeads (Miltenyi Biotech, Auburn, CA),
“and purity of the resulting preparations was routinely greater than 90%.
Peritoneal cells were prepared by flushing the peritoneal cavity (PerC) with 10ml
of cold HBSS. For splenic DCs, splenoéyte suspensions were prepared in a
manner similar to that described (Vremec et al., 2006). Splenic DCs were then
purified from the suspensions using anti-CD11c miicrobeads (Miltenyi Biotech,
Auburn, CA). The resulting DC suspensions were routinely 85 to 90 percent
pure. Rat CD4"CD25" cells were generated by depleting rat splenocytes of
CD25" cells using PE-anti-rat CD25 (OX-39) antibodies followed by anti-PE
microbeads. After depletion, CD4" cells were then selected from thé depleted

fraction using anti-rat-CD4 microbeads.

Example 15.6: In vitro proliferation assays

[0253] Suppression assays were performed as described (Thornton and Shevach,
1998). Briefly, (5x10%) cells were cocultured in FBS-supplemented RPMI 1640
(Atlanta Biologicals, Atlanta, GA) with irradiated (3000R), T cell-depleted
splenocytes (5x10%) in the presence of 0.5pg/ml anti-CD3 mAb (2C11) in 96-well



flat-bottomplates. To some cultures, antibodies specific for GLTR or a Rat
lg isotype were added at a final concentration of 2g/m . Titrated nunbers

of CD4+%4009%7%§8 were added at final suppressor to re&p@g&gﬁ]/&g&c&os of

0:1, 1:2, : 1:8. Cultures weregpulsed with I G of ne for
t he flnal 5- 8 hours of a 72 hour culture, and were perfornmed in triplicate

Setup i1 a s TPRROR RS TRt L Do o AR DA rat
spl enocytes Vi@dt?péj\%@ﬁ a%&ed ARG8nal ééﬁéeﬁﬁiuo%ﬂﬁz'ﬁgﬁﬁle ﬂtr&t‘é!ihﬁm%{s%fs“ mul at ed
usi ng a cocktail’ of antl-rat CD3  (0.25g/m) and anti-nouse-CD3 (0.25g/n)

mAbs. Exanpl eCD4CD25" m:ells wers added atrfmabmplpmmr toozbponder ratica ol 0CF$R, | abel i ng

0254] CD25+- I h node, c e on the
gutol\/}ACS as @Eqreibi ﬁgg%wer@éﬁuﬁg ﬂﬁgﬁgﬂm E gfnagggoncentrati on
of 2Mfor 8 rﬁoﬂ%ﬁcﬁ%?ﬁh&u%ﬁhﬁe%er@%ﬁom%hh%n af U8 oVREkRRE | nconpl ete
RPM 1640. Cells (5x104/well) were then cultured in 96-well plates in the

presence or dhdicateé Cbculivrgsiofzat(amdioiovsy T cellsiibsetetwernettip imesimilart her pul sed
with -1 G of 3Hthymdin r f urs of a 72-hour culture or
used for andP§EIE® %%%Lﬁ(a{’&ﬁﬂ é@ﬂf{éﬁ@{%ﬂ’%‘%‘b‘/ﬁ?ﬂﬂﬁuﬁ%s] The role
of G TR in thepdRad kARn@ ndwb¥T BEDWert sGRfulabed\Bing NESKERIHT ailflfiﬂi'-@bg

dermonstration that both pol yclonal and nmonocl onal” antibodies to GLTR

reversed t he (625pgasl}andanti-ousesCHB (CRAxgBIBmAbs.cel | s when added to
cocultures of CD25+ and CD25- T cells (MHugh et al., 2002; Shim zu et at,
2002). The CD4+CD25+ T cells appeared to be the likely target for the

anti -G TR reagents because freshly explanted CD25+ T cells expressed A TR
at hi gher | evi&lamplddn7: fresitronglt@oflymplcrédesceHndndE€ESBdabelingi - G TR ant i body

toget her wt o ed the proli ati on of CD25+, but not CD25-, T
cells in thehgéﬂr@a%) ‘%‘g’? ‘?‘%ﬁ“’g’?‘ de cel H}FP%%N@I@W%#@%RP@% et al added
arat anti- SRR, 46 | & ul tures
of nouse CDg?BIsuppr essors V\g) 2054%@2%&%&%8 04/%52%38!8(%nc @ﬁgﬁd r at
responder T afl2ud for Sminmtesdh a7 Cwpter bathi Qellyweretheewdsied if baapletet udi es

|l ed to the hy otheS|s t hat e genent of G TR by agonistic anti-A TR
ant i bodi es @sdﬁﬂ1§|(§x1€g4walr)§vemwk}a§n6mlagﬁ<tm9 -Weglplptesga Hier at ed a si gnal
t hat both

presence or absence of thIL.-2 (50U/ml). Duplicate wells were either pulsed with
1uCi of *H-thymidine for the final 5-8 hours of a 72-hour culture or used for
analysis of CFSE dilution.

EXAMPLE 16

Discussior;

[0255] The role of GITR in the function of CD4"CD25" T cells was inferred
from the demonstration that both polyclonal and monoclonal antibodies to GITR
reversed the suppressive effects of CD4'CD25" T cells when added to cocultures
of CD25" and CD25™ T cells (McHugh et al., 2002; Shimizu et al., 2002). The
CD4CD25* T cells appeared to be the likely target for the anti-GITR reagents
because freshly explanted CD25" T cells expressed GITR at higher levels than
resting CD25™ T cells and because anti-GITR antibody together with IL-2
triggered the proliferation of CD25", but not CD25, T cells in the absence of a
TCR signal. Furthermore, when Shimizu et al added a rat énti-mGITR mAbD,

which was nonreactive with rat cells, to cocultures of mouse CD25" suppressors



I nhi bited the suppressor activity of CD4+CD25+ T cells and reversed the
nonr esponsi veness of the CD25+ T cells to exogenous |L-2. [0256] Experinments

wer e desigoedod/ st enpt to extend and confirmthese stuyg @01@8?”' ng the
mouse G TRL, analyzing its tissue disfjibution, and defl nitive

determning the target for the agonistic anti-A TR anti bod| es by usi ng

m xtures of s@%@.

Col | ecti vel y,agtaﬁgt eésﬁb‘ﬁgl esé%uesh%gﬁe{fsglté{ ﬁ%ﬁ%*(ﬂl antl gldgl es and

A TRL abr ogatled tdhe hyp:ptbcsmssthawmgegdrm of G[Tmagdﬁﬂﬁtic ante6ITR attybadiesvi di ng
CD25- T cells uni qu .raj.ses their thres d r suppression
by CD4+CD25+ ¥ c%fFf“gﬂae"h‘rZ’Yq&HPéﬁlB@gf%ﬁ %"’é‘ﬁeg‘?ﬁéﬁte‘% ar]%%a é’@&'ect ively
expressed on jhhBieette sﬁﬂ;{&%ﬁa&fwt@%@cmwtbbst Pell SBRVerk&V @b of expr essi on

on B-1 B | ynphocytes; ernedi até | evel s on conventional B-2

| ynphocyt es, nmmspmsamssscefrﬁhB(BDZSHTDe:lka'toamgdnouefL-Zl evel s on 5220 DC
subset s. GITRL I S uni que anong nenbers of the TNF superfamly in that it is
expressed on [0256)i ExpediRentsandle dessgmradpo agampgtrio iestend andcaditmathesd stadidsr | gger i ng

the B cell tar, i fferent Toll-like. receptors.. & her nenbers
of the TNF sﬁwéﬁ I{WS?EEIT%L enalyring ity isspe distribfion, andatsfinitivalye not

det ect abl e ory

activation of tﬁﬁﬁ% l@ﬁ%g%?{&fjt Jb%gﬁlrsgeég.{gf@ga}ﬂﬁu dé%ﬁﬁwwym%) The
present st udi CIzh rantl GRS Fxsllsdremhveild type anﬂ)ﬂiiﬂé wied. | Oolleativély, thE
expression fr ceII ce L.s tion of soluble

G TR bt | oves fensanstrts et s A0 SibRAes st OLDRE SPTO8aIeAET on of DG
mecr ophages @B%eﬁs&eeééfewmmms* daus 89 gf@&mﬁg CP25 Thkis AR CtTlhgns

expressi on of RL on resting APC strong suggest s that
early in the ggmttestraes tl‘lﬁudbtebhddfmmppmmoﬂ)hQD%@DBSt’l]peiis Thecl udi ng

endot hel i al n 9. Kwon a ted T
cells, and ceﬁ%f(lé?srfglgé @@%%ﬂﬁ&@ fﬂ#ﬂ&b’te@?re%ﬁ@r"éﬁg? §é? f éﬁéﬁpr ess

G TRL, and thgih Hﬁ%%ﬁ@t 1¥ellolf bﬁpr@&k&\%ﬂ B- 109 1jriiiRRytek;GhicRhedift levelPes remai ns
to be determ ned 7] The ability of both the antl-GITR ant i bodi es and

the G TRL exmmcsmwerglo 2B ﬂwnldwlqmqsenmlaeIg@smadB&D 'dCeredlowercel | s

al one, as well as t -G .TRL to partial n it the
activation of® @%nﬁiz@gq){: & g 8@9@5’565’73?#& i

PCTI US2004/ 01%3&FamilPh t&h¥bis eipfe@éeh%n BERBIAIRT Jad GRleRpriebsisreRxam nati on of
the cellular target(s) of these reagents. The addition of anti-GLTR to

cocul tures ofdogmeegulaiedibyipipgering the|B ecll receptor, CD40, or different Toll-like
receptors. Other members of the TNF superfamily (4-1BB-L, OX40-L, LIGHT,

CD70, CD30-L) are not detectable on resting APC, and their expression is

upregulated by activation of the APC via Toll-like receptor stimulation (Croft,
2003). The present. studies do not address whether the downregulation of GITRL
expression from the cell surface is accompanied by secretion of soluble GITRL,
but Tone et al. (2003) have reported that LPS stimulation of DC, macrophages
and B cells results in downregulation of GITRL mRNA. The expression of
GITRL on resting APC strongly sugf);ests that it functions early in the process of
T cell activation. Other cell types, including endothelial cells (Gurney et al.,
1999; Kwon et al., 1999), activated T cells, and certain sﬁbsets of DN thymocytes
were also shown to express GITRL, and the function of this molecule on these

latter cell types remains to be determined.

[0257] The ability of both the anti-GITR antibodies and the GITRL expressing
cells to enhance the activation of CD25" T cells alone, as well as the ability of
anti-GITRL to partially inhibit the activation of CD25™ T cells in the absence of



fromw ld type and A TY" mce denonstrated that the target for the anti body-

nmedi at ed reversal of suppression was the CD25- T cell. Thi s was further
suppor t edwby s ENt S Uusing rat CD25- responder and 2
suppressor T cells in cocul tures, whijgh concl usively dermnst rat e &TTR

i gation on the CD25+ T cell subset does not abrogate their suppressive

function. | 0 at TR
ligation pr or(rfol?gd t‘i‘?ﬂg p%msltr?g |%oc n g‘fﬁ%ﬁ%‘ﬁg }ﬂée %%lq%gg%%t{f'ségﬁw%l ch
ultimately eméngedeha@ddlﬁmp@fmlsﬁerafcdchnm{eabf@ﬁ* aideCpesdesdls Ther ef or e,
it is possible that the enhancenent in prol | feration in anti-Gd TR-treated

rat/ nmouse coéi?Fftmléi‘;YHe@ﬁérquﬁ mige demansirgtegdithay|the taged for thianlibodirs presuned
to be due to (i, é'c-i asi_ﬁt?@ﬂf@é# wis%%eﬁgdgeéﬁ)'m%% f the mouse

CD25+ suppressor ce not ave een apparen y measuri ng

3H-t hym di ne sup]ﬁﬂbd)by&kpeTﬂne’ﬂtSJMgl[aGQMB @gendecaidansuse €ZS suggest ed t hat
G TR-deficient T cells re erreactlveto TCR stinul ation {Ronchettl et
al ., 2002). FeREeser TRe ww&ﬁwwb&h copclpsipely dswwtrﬁ&@d GHR ligatighe present

observations oﬁrt%:gbﬁgr ’F%ﬂ ihetlddRl nofa%?&%fed;ﬂé? tg@r? uate ioh ¢y EREPONSEs of

purified CD4 ocytes nor e role of
CD4+CD25+ T aalekaminbtion mmEMomdemhnetsated that GI'ER higats@spromobedghéy purifi ed

CD4+CD25 and CD8+ T ATR-! mce rec rabl e to those of

controls. Hoﬁé?ﬁé‘tsmnloﬁm é'r"@g]éﬁb"é"’&*turﬁﬁy’%}?l@} (iy ﬂiﬂ‘?ﬁ%dr@eof regulatory T

cells, both i onpl et el
el dFEral CBRS! Rudcléhs Srifeto re,QPisgiBFs?ble  @aeSONP y

unr esponsi ve I ng. T I'S resu enonstrates that in
t he absence @ﬁhaﬁbirﬁéﬁﬂanhfmmmmmﬁlmppat@mﬂmousscomidimesaeportedindeed, t he

suppr essi on of ctJvalo +CD25- T cells from TR-'" m was so
Strong that. oSGl ohe o) VR orRe PERPURG RS Bieich celsnppaLy
concentrati 0@etﬁefche%3ﬁ&ﬁ@féﬁ on bEte: ngng]?gﬁ §1§@r+s‘éo@ﬂl@gﬂﬁ§§'o{1ﬂeﬂcﬁ HRRY essi ve

effects of muc ers . on the responses of wld
type CD4+CDbben dppeent by (n'EaSuainggl"Ii-thmﬁcﬁlhe incdrpetioihlonat on and Shevach,
1998). The suppressive effects of the CD4+CD25+ were nedi ated by inhibition

of both IL-2 [02581)d)mtpirmolmépmmggsﬁéMaonDaéﬁ&iyntﬂhaelEaﬂdCD25 G TR-1"
responder popul ation, which resenbl es wh has been previqusly descri bed

for the eff ediBergactria/ e stirgulption @QEGWIGEGIB@QOZX@O‘WWCQECDZ& T cells
on nor mal C[)%xtrz-lli)o(fa%oh JFARROBELEvADhE & thé Hegelﬁ %%e?p&lo?lg Bre difii3itas that

report did not analyze the responses of purified CD4", CD8" T lymphocytes, nor
did it evaluate the role of CD4"CD25" T cells. In the present studies, the
responses of highly purified CD4*CD25" and CD8" T cells from GITR” mice
were comparable to those of controls. However, in the presenée of physiological
numbers of regulatory T cells, both CD4* and CD8" T cells from GITR” animals
were completely unresponsive to CD3 cross-linking. This result clearly
demonstrates that in the absence of GITR/GITRL interactions suppression is
dominant. Indeed, the suppression of activation of CD4"CD25™ T cells from
GITR" mice was so strong that it could not be overcome by the addition of a high
concentration of exogenous IL-2, which normally abrogates the suppressive
effects of much higher numbers of CD25" T cells on the responses of wild type
CD4'CD25™ T cells (Takahashi et al., 1998; Thornton and Shevach, 1998). The
suppressive effects of the CD4*CD25" were mediated by inhibition of both IL-2
production and expression of CD25 by the CD4"CD25 GITR responder

population, which resembles what has been previously described for the effects



[ 02591 The costinmul atory signals delivered by G TR and CD28 appeared to be
distinct, but interrelated. In the absence of regulatory T cells, the
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Simlar to the r lts s ested by other published studies (Shim zu et al.,
2002; Tone et" P?f}izws%dﬁgc? Saneinge!atosy &W&ﬁs’lﬂileg%?ﬁi’%e%‘? G TR on

CD25" T cel lggti d@,m"talb&‘?lg‘ﬁ%n?{he%y'%ﬂ@he}_e fidtirttored] Whikl gy de some

degree of costinmulation. However, |'Tgation 1s not rTequired for
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resistance to CD25 -mediated suppression by enhancing the expression and

function of GITR.

[0260] Similar to the results suggested by other published studies (Shimizu et al.,
2002; Tone et al., 2003), these studies indicate that ligation of GITR on CD25" T
cells, in the absence of regulatory T cells, did provide some degree of
costimulation. However, GITR ligation is not required for costimulating CD25

T cells in the same manner as CD28, as CD4"CD25” and CD8 T cells from

GITR™ mice respond similar to wild type T cells. We favor the view that
engagement of GITR on both CD4"CD25" and CD8" effector T cells by GITRL
early during the course of an immune response serves primarily to render the
effector population resistant, e.g., less susceptible, to the suppressive effects of
the CD4*CD25" T cells. During the course of the response, inflammatory signals
ultimately result in the downregulation of GITRL expression, thereby increasing |
the susceptibility of the effector cells to CD25"-mediated suppression. Although
only limited data is available as to when CD25"-mediated suppression of immune

responses to infectious agents occurs in vivo, some studies have suggested that it



prevent tissue damage secondary to exuberant inflammuation (Suvas et al.,
2003). It should be pointed out that engagenent of G TR on CD25+ T cells in
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remains possible that in vivo engaggqpgent of G TR on CDEQ}UFQ Wg’%]by G TRL
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for enhancenent, of mrhme responses to_cancers, S%gﬁeal one_or. in

combi nati on W RHIZEBSREFOE SHRPressprchells that fungtion,tofghibyt Ct%ﬁ 13493ty and for

enhancenent ‘HteﬁH%Ec}% dusponses to |nf ectious pat hogens, including viruses,
bacteria, etc. (use alfone or in conbination with other therapies for

i nfectious p cines for

| nf oot i ous aqURRE NP bRt pit o et st G GHRFSTIE T TEF 1 i 11
G TR agoni st interagtionstoidyoptgie tolte disefeofivewayefinadbulating regulatortdT ¢8ll ant i body
or G TR-Fc, should |ower the threshold of effector T cells to _suppression

and thus be d&stion i wpo (MeHpgh andShayact 2802y Although thisconseptaviasdiassfne

di sorders, infl 47 CHRS r.ej:eetdeon, and
graft-ver sus[Es c()ls% d g‘%ggghﬁ ;tﬁjences ?chg%ag%e&%ft F%%er?gﬁr ef erences are
full citati oastibedy, & évetillthe aaﬁehMt/tb@GHRYGﬁ"HRLd)mracnm tdpecsemteanf i cati on: WO

2004/ 107618 PCT/ US2004/ 016381 106 Aseffa, Guny, A, launois, P.,
MacDonal d, Himportang therapeutic tapget. Fhys, ﬁrg@@@phwlth an agonistic anti-GITR

antibody or an agonistic GITRL-Fc should render effector cells resistant, e.g.,
less susceptible, to the suppressive effects of CD4"CD25" T cells and should

prove to be effective for treating cancers and infectious diseases, for
enhancement of immune responses to cancers (used alone or in combination with
other tumor therapies, such as tumor vaccines), and for enhancemenf of immune
responses to infectious pathogens, including viruses, bacteria, etc. (used alone or
“in combination with other therapies for infectious pathogens, such as a vaccine
adju'vant to weak vaccines for infectious agents). Similarly, inhibition of
GITR/GITRL interactions with a GITR agonist, e.g., through the use of a
neutralizing anti-GITRL antibody or GITR-Fc, should lower the threshold of
effector T cells to suppression and thus be useful for the prevention and/or
treatment of autoimmune disorders, inflammatory diseases, transplant (or graft)

rejection, and graft-versus-host disease.
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stringent condi. to t nc t _for n | D NO 3,
or the conpl &i¥ “Vn@ &PEsse n ﬂﬁaerf 0‘1‘3@? }g%ﬂ 5103%3%# &’mu ul§§ 1 hat

encodes a pré3®&#d38.conpri sing the amino acid sequence of SEQ ID NO 2 or an
active fragnment of the am no acid sequence of SEQ ID NGO 2, wherein the
protein or the active fragnent thereof is capable of binding GTR 6. The

i sol ated nucleic acid nolecule of claimb5, wherein the nucleic acid nol ecul e
is operably linked to at | east one expression control sequence. 7. A host
cell transfornmed or transfected with the isolated nucleic acid nol ecul e of
claim6. 8. A nonhuman transgenic aninmal in which the somatic and germ
cells contain DNA conprising the nucleotide sequence of SEQ ID NGO 1 or SEQ
ID NO3. 9. An isolated protein conprising the am no acid sequence encoded
for by the isolated nucleic acid of claim4, or an active fragnent thereof,
wherein the protein or the active fragnent thereof is capable of binding

G TR 10. An isolated protein conprising the am no acid sequence of SEQ ID
NO 2, or an active fragnment thereof, wherein the protein or the active
fragment thereof is capable of binding G TR 111 11. An isolated nucleic
acid nol ecul e conprising a nucl eotide sequence conpl enentary to the

nucl eoti de sequence of SEQ ID NGO I or SEQ ID NO 3, or a fragnment thereof,
wherein expression of the nucleic acid nolecule in a cell results in
decreased production of G TRL.
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12. The isolated nucleic acid nolecule of claim1l, wherein the nucleic acid
nol ecule is operably linked to at | east one expression control sequence.
13. An antisense oligonucleotide conplenmentary to an nRNA corresponding to a
nucleic acid nolecul e conprising the nucl eotide sequence of SEQ ID NO 1 or
SEQ ID NO 3, or a fragnent thereof, wherein the oligonucleotide inhibits
expression of G TRL. 14. An si RNA nol ecule corresponding to a nucleic acid
nol ecul e conprising the nucl eotide 1sléquence of SEQID NO | or SEQ ID NO 3,
or a fragnment thereof, wherein the st'RNA nolecule inhibits expression of

G TRL. 15. An isolated antibody capable of specifically binding to the
protein of claim10. 16. The anti body of claim15, wherein the anti body
neut r YHALISELAHMER i vity. 17. The antibody of claim 16, wherein the

anti body is 5F1, having ATCC nunber PTA-5336, or | OF12, having ATCC nunber
PTA-5337. 18. A nethod of screening for test conpounds capabl e of inhibiting
the i Nt er agiiisolated nédldiRnhcid wdldtuld cbRpeisiip thesiutiotilesegi&ies oOSEQIDMN@GE i ng a
sanpl e containing G TRL and A TR with the conmpound; and determ ni ng whet her
the interaction of GTRL with GTR in the sanple is decreased relative to
the iptera S th the
corrpognd ?&%gela%lrngk It e%?lg%ge-glfﬂgmﬂle I nt%lr?}iﬂc%ﬁu gﬁwﬁpﬁﬁ%ﬁ% th ATR in

t he samp’aﬁydmhtcbi@taetbawmhek;bressmmrqootnoﬂcheqwham.l fies the conpound as one that
inhibits the interaction of GTRL with G TR 19. A nethod of screening for
test conpounds capabl e of enhancing or mmcking the interaction of G TRL
Wi th G TR oKt écdl tRfisfohfeddoPmsRbted GRtRECHIcGe #if MIRcBle@PBlaghni Ng G TRL and
G TR with the conpound; and determ ning whether the interaction of G TRL
with ATRin the sanple is increased relative to the interaction of G TRL
W th TR i 0 t W L un Y an I ncrease
' the i ne AAQURETRTeiRliagR IR Gt bl B SRR Nl iR, "
conpoubadiiictand tHel rislebiide wqiignoe 8 farsh MIBEQ IDNOemfmﬂmmemnmmﬁeté.he
interaction of ATRL with GTR 20. An in vitro method for diagnosing an

aut oi mune di sorder, an inflammtory di sease, or transplant rejection in a
subj e6 CORRikiD naégac i RRIke HRIREseRd p?otélﬁ%mﬁfmhg:{hegfnn?o R gene
product in a sanple fromthe su jec and “conpar e test amount with a
nor malsequencerdf SGQ IhNOR dRin :g:anefrpgmdu«:»f thiemmanccamd s&qhencsaxﬁﬁE@, IDNO:2,

wherein the protein or the active fragment thereof is capable of binding GITR.

6. ‘The isolated nucleic acid molecule of claim 5, wherein the nucleic acid molecule is

operably linked to at least one expression control sequence.
7. A host cell transformed or transfected with the isolated nucleic acid molecule of claim 6.

8. A nonhuman transgenic animal in which the somatic and germ cells contain DNA
comprising the nucleotide sequence of SEQ ID NO:1 or SEQ ID NO:3.

9. An isolated protein comprising the amino acid sequence encoded for by the isolated
nucleic acid of claim 4, or an active fragment thereof, wherein the protein or the active fragment

thereof is capable of binding GITR.

10.  An isolated protein comprising the amino acid sequence of SEQ ID NO:2, or an active

fragment thereof, wherein the protein or the active fragment thereof is capable of binding GITR.



whereby a test anount significantly above the normal anobunt provides a
positive indication in the diagnosis of an autoi nmune di sorder, an
i nfl ammat ory di sease, or transplant rejection. 21. An in vitro nethod for
di agnosi ng cancer or an infectious disease in a subject conprising the
steps of: detecting a test amount of a G TRL gene product in a sanple from
the subject; and conparing the test anbunt with a normal anobunt of the
G TRL gene product in a control sanple, whereby a test anmount significantly
bel ow t he normal anobunt provides a positive indication in the diagnosis of
cancer or an infectious disease. 113 22. Use of a G TR antagonist in the
manuf acture of a nedi canent for the treatnment or prevention of transpl ant
rejection, an autoi nmune di sorder or an inflarmatory di sease. 23. The use
of clagim2 in susc t i bi of. t he fector |nth subject
ﬂﬁpr eé‘é’] V\"ﬂatB YGRS B 01?"8 Lﬁ ﬁ%‘?&‘}g?“é@f’?% i SSW&‘F%?‘HP@S em%‘l The use
of cl ahdRudRotiddi@igénte bNSEQIDNONIREINY I3 NOS3, 9eh Batmentfthesdfl Wher@ihoup
consisting of a neutralizing anti-Qd TRL ant i body, a neutralizing anti-G TR
ant i beypressipniaf sheorclnioned molegplstimp aelhigswisTrRdecressed podugiontadiGATBBNt ai ni ng an
active fragnent of G TR, an antagonistic small nolecule, an antisense G TRL
nucleic acid nolecule, and an si RNA G TRL nucleic acid nolecule. 25. The
use ofl2¢cl allhe i&alatedhmbbldacidmaohculebﬁﬂmnelljivﬂmredethe(mclimfalcalrmﬂmﬂeyisdi sease i s
sel ect ed frin]((r ?i?gup consi sting rheumatoid arthritis,
enceplRRFBRlydinKed t9 2 fté’(B‘SF{‘leF?SEqnscomrﬁlL?F‘ﬂ‘?eBF% scl erosi's, autoi mune
gastritis, system c |upus erythematosus, psoriasis and other inflammuatory
der mat oses, type | diabetes, asthma, al I ergy, organ transplant rejection,
gr af t -13ver susintisge oligoasestideredmpleiieataatoomymBNhedordimedede a nndéiadi ng

Crohn' s. di sea 8 and. uI rat colitis kg us (. 22, wherein
the adtdmiieas shbesites] Sldaoe SRutlderrsE0 D04 SRR BND-GFR agoni ot i n
t he naRghestthéreoNivhareirtbé Q%@néleétﬁre ihliBitd &@adssiBAbLI GITRIDr event i on of cancer
or an infectious disease, erein the G TR agoni st abrogates i nmmne

suppre55| on by binding to G TR on effector T cells. 28. The use of claim 27,

wh i -
ol 15 P ¢ 8 A SABLAE oIS @ aRARE B AL Ll e B GEHE, |
CD4 +Cl2duencer cf GHQIDNY: TocSH Q $DINO B her asfdpjnent theﬂeﬂ)ﬂ wherein the siRNA molecule

inhibits expression of GITRL.
15.  Anisolated antibody capable of specifically binding to the protein of claim 10.
16.  The antibody of claim 15, wherein the antibody neutralizes GITRL activity.

17.  The antibody of claim 16, wherein the antibody is 5F1, having ATCC number PTA-5336,
or 10F12, having ATCC number PTA-5337.

18. A method of screening for test compounds capable of inhibiting the interaction of GITRL
with GITR comprising the steps of:

contacting a sample containing GITRL and GITR with the compound; and

determining whether the interaction of GITRL with GITR in the sample is decreased

relative to the interaction of GITRL with GITR in a sample not contacted with the compound,



29. The use of claim 27, wherein the G TR agonist is selected fromthe group
consisting of G TRL, an active fragnent of G TRL, a fusion protein
containing G TRL, a fusion protein containing an active fragnent of G TRL,
and an agonistic G TR anti body. 30. The use of claim 27, wherein the G TR
agoni st induces a proliferation of a cell population containing effector T
cells. 31. The use of claim30, wherein the G TR agonist is selected from
the group consisting of G TRL, an tive fragment of G TRL, a fusion
protein containing ATRL, a fusion p ein containing an active fragnent of
G TRL, and an agonistic G TR anti body. 32. The use of claim 30, wherein the
effector T cells are CD4+ T cells or CDC T cells. 33. The use of claim 22,
wherei n the G TRhemsbwngdedrease imthe iitergctionedf SIGRLfveitha®@l Idhinghe sample popul at i on
cont ai_ni.n ftector T cells..34., The use. of claim erein. the G TR

ant ags Bl BleXombgtF iiniils v Sipoash E oy el Mg o ng

ant i - GITRL vt Gbdy, a neutralizing anti-G TR anti body, a fusion protein
containing G TR, a fusion protein containing an active fragnent of G TR, an

antagonistic small nolecule, an antisense G TRL nucleic acid nol ecul e, and
a an gpRNAAG &hingdl! Mst B8R of i B RS, wherein
the effector T%%k ar%g%’dt'gs f@hﬁﬁ‘}s&ggﬁpa& :%mc?:aéllldﬁﬁg()?in?%.&ll’@etﬁuse of claim

27, wigemrttiont d&ITGRTRvidyGHTR torbprisitkesthe btepsafppr essi on of a cell popul ati on
including effector T cells int rese of +CD25+ reqgul atory T cells.
37 The Us Eoniiiopasings cotipihg e SECRR sk FoSomaaih e er | ng +he G TR
agoni st sug@htedniiafng vilehethEfmRAeMdSér PIMTRY | WIS GRIR @sthe Rithfle & McRh@hal to the
effector T cells and renders them | ess susceptible to sugpresm on by the

CD4+Celgiverte ¢igl inteeactiomot@ TRY. with GITR&n a Rveple set aontagted iwith3dbe cathpauailn t he G TR
agoni st is selected, fromihe aroup consi -ﬁ@kl?f' . n ive fragnent
of ATRL, a fus%})lgre% é‘% 3%c%a%eolﬁtt§? lﬁlte(r%]aé:ﬂ@ % a ?Vlljtg %OIIEIBP(B eﬁaﬁi%}econt ai ning an
act i veohth@agheith tefcotdpdiihd idastified theo@@ipotihd & dde Tt @nfidnbekyt. midfics thidle use of
claim36, wherein the effector T cells are CD4+ T cells or CD8+ T cells. 40.
The uditergftion ofiGhIBS wihetk-n the G TR ant agoni st suppresses a cel |

popul ation including effector T cells in the presence of CD4+CD25+
regulatory T cells. 41. The use of claim 40, wherein the nethod conprises
adm ni26t er iAmgn vhie Eethéd fontdeagooding an anamntunatisbiier, s sicftgpimazotyi diseasf ot he

ef fector cel.ls. to suppression.by the 4+CD25+ regulatory T cells is

mai nt FRRAPENT eClipp i %?E’J%t C‘E?%filsh‘?%té? Stﬁ]’lsec%&gi n the G TR antagoni st is sel ected

from the gueERinpQRNSdt 3ot of A GETRIEHhE Btddaétng adithple Bohhe 3MjeiOAM, @
neutralizing anti-G TR anti body, a fusion protein '
comparing the test amount with a normal amount of the GITRL gene product in a control
sample,
whereby a test amount significantly above the normal amount provides a positive
indication in the diagnosis of an autoimmune disorder, an inflammatory disease, or transplant

rejection.

21.  Anin vitro method for diagnosing cancer or an infectious disease in a subject comprising
the steps of:
detecting a test amount of a GITRL gene product in a sample from the subject; and
comparing the test amount with a normal amount of the GITRL gene product in a control
sample,
whereby a test amount significantly below the normal amount provides a positive

indication in the diagnosis of cancer or an infectious disease.



containing G TR, a fusion protein containing an active fragnment of G TR, an
antagonistic small nolecule, an antisense G TRL nucleic acid nol ecul e, and
a siRNA A TRL nucleic acid nolecule. 43. The use of claim40, wherein the
effector T cells are CD4+ T cells or CD8+ T cells. 44. A pharnaceutical
conposition conprising a G TR agoni st and a pharnmaceutically acceptabl e
carrier for the use as in claim?27. 45. The pharmaceutical conposition of
claim44, wherein the G TR agonist is_selected fromthe group consisting of
G TRL, an active fragnent of G TRL, d1$ usi on protein containing G TRL, a
fusion protein containing an active fragnment of G TRL, an agonistic small
nol ecul e, and an agonistic anti-G TR anti body. 116 46. A pharnaceuti cal
conpos?i.i onUssorfprGIdRraptago@sTiR thaumagdadtete ofi a thedicpmantfacthaticatalentor accept abl e
carrier for. the use as in.claimz22. 47. .The pharmaceuti cal ,.conposition of

cl ai m i Ye‘\'iéﬂ‘éf’gﬁr??s?ﬁﬂ oM AP ASHREYNY ‘Es%gffre%rtaé‘d“ FHRROREUSEPoup consi sti ng
of a neutralizing anti-G TRL anti body, a neutralizing anti-G TR anti body, a

fusion protein containing G TR, a fusion t%%m ein containing an active
fragm#ét- of Thg upRof elaim 2hvehgsrin susceptibitity pf the eHeaiprel cells inthei sybigeldo @ TRL

nucl ei ﬁlpgl%%%‘\’,a @Bﬂ*@zﬁ.’}%ﬁg{ogﬁ%‘hsﬁ %ﬁn{aiﬂé‘dd eic acid nolecule. 48. A

vacci ne conprirsin agoni st and an antigen selected fromthe
group consisting of a viral antigen, a bacterial antigen, a fungal antigen,

a paragjtic_anti ,. a_cancer, antigen, a tunor-associated antigen, and
frag_rre?i‘{-_s URBr 6P Claigh 25 %%mer@’fhntﬂzaw igpelegteq fromate sy emRistiie G TR
agoni shf 4 &u&%‘iﬁ}ﬁﬁﬁi@]{ﬂm il QUR utrkIARSY é&ﬂ-@ﬁr}‘éénTtglc_ﬁﬁ;a’ fu%lf)n Pt ve

fragnent of a fusion proteln contalning , usi on protein
cont ai enntegniag GHER j a/fasion peptein cowhin(EigERlactivenfragyuant sf GETRs ranlahtagwiigiewsie]l and an

i sti ti-3.TR i.body., .50.. A i dj. I Si A TR
SO o e o R BB G A SR B 81
aut oanjbeie. anyl oi d peptide protein, an alloantigen, a transplant antigen,

an allergen, and fragnents thereof. 51. The vacci ne adjuvant of clai m 50,
wherein the G TR antagonist is selected fromthe group consisting of a

neutrajyg zi ng, L by %%,%He@n?&?é’au@%ﬂhé &'s&fﬁ{;l“& iR ﬁ)ﬁﬁi?e%é igody, a
fusion ‘protein containi’ng , a rusiton protein contalning an active
f r agmeselecadd fidnTRe gasupasohsiging cfirheunsaoaid brtivitise endephal@nyeditit) ssevahrifisTRL nucl ei ¢
aci d nol e,cFI e, and an, siRNA G TRL nucleic acjd nol ecule. /117

mulfiple sclerosis, autoimmune gastritis, systemic lupus erythematosus, psoriasis and other

inflammatory dermatoses, type I diabetes, asthma, allergy, organ transplant rejection, graft-

versus-host disease, and inflammatory bowel diseases, including Crohn’s disease and ulcerative

colitis.
26.  The use of claim 22, wherein the autoimmune disorder is multiple sclerosis.

27.  Use of a GITR agonist in the manufacture of a medicament for the treatment or
prevention of cancer or an infectious disease, wherein the GITR agonist abrogates immune

suppression by binding to GITR on effector T cells.

28.  The use of claim 27, wherein the GITR agonist provides a costimulatory signal to
effector T cells in the subject and renders them less susceptible to suppression by CD4"'CD25"
regulatory T cells in the subject.



52. Use of a population of T cells treated with G TR agonist in the
manufacture of a nedicanent for the treatnent or prevention of cancer or

i nfectious disease. 53. The use of claimb52, wherein the G TR agonist is
selected fromthe group consisting of QA TRL, an active fragnent of G TRL, a
fusion protein containing G TRL, a fusion protein containing an active
fragnment of A TRL, an agonistic small nolecule, and an agonistic anti- G TR
ant i body. WO 2004/ 107618 PCTI US2004/ 016381 SEQUENCE LI STI NG <110> Weth The
Governnment of the united states of Adetica as represented by the secretary
of the Depatnent of Health and Human Services Collins, Mary Shevach, Ethan
M McHugh, Rebecca S. Witters, Matthew 3. Young, Deborah A. Byrne,
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<211> 522 12> DNA 2213> Mius nuscul us

30.  The use of claim 27, wherein the GITR agonist induces a proliferation of a cell

population containing effector T cells.

31.  The use of claim 30, wherein the GITR agonist is selected from the group consisting of
GITRL, an active fragment of GITRL, a fusion protein containing GITRL, a fusion protein
containing an active fragment of GITRL, and an agonistic GITR antibody.

32. The use of claim 30, wherein the effector T cells are CD4™ T cells or CD8" T cells.

33.  The use of claim 22, wherein the GITR antagonist inhibits the proliferation of cell

population containing effector T cells.

34.  The use of claim 33, wherein the GITR antagonist is selected from the group consisting
of a neutralizing anti-GITRL antibody, a neutralizing anti-GITR antibody, a fusion protein
containing GITR, a fusion protein containing an active fragment of GITR, an antagonistic small
molecule, an antisense GITRL nucleic acid molecule, and a an siRNA GITRL nucleic acid

molecule.
35. The use of claim 33, wherein the effector T cells are CD4" T cells or CD8" T cells.

36.  The use of claim 27, wherein the GITR agonist blocks the suppression of a cell
population including effector T cells in the presence of CD4"CD25" regulatory T cells.

37.  The use of claim 36, wherein the use comprises administering the GITR agonist such that
the GITR agonist provides a costimulatory signal to the effector T cells and renders them less

susceptible to suppression by the CD4"CD25" regulatory T cells.



<220> <221> CDS <222> (1)..(522) <400> 1 - - atg gag gaa atg cct ttg aga
gag tca agt cct caa agg gca gag agg 48 Met Qu QU Met Pro Leu Arg Qu Ser
Ser Pro Gdn Arg Ala Gu Arg 1. 5 10 15 tgc aag aag tca tgg ctc ttg tgc ata
gtg get ctg tta ctg atg ctg 96 Cys Lys Lys Ser Trp Leu Leu Cys Ile Val Al a
Leu Leu Leu Met Leu 20 25 30 «ctc tgt tct ttg ggt aca ctg atc tat act tca
ctc aag cca act gcc 144 Leu Cys Ser Leu Ay Thr Leu Ile Tyr Thr Ser Leu Lys
Pro Thr Ala 35 40 45 atc gag tcc tgcl‘ﬁ/g gtt aag ttt gaa cta tca tcc tca aaa
tgg cac 192 Ile AU Ser Cys net Val s Phe Qu Leu ser Ser ser Lys Trp His
50 55 60 atg aca tct ccc aaa cct cac tgt gt9 aat acg aca tct gat ggg aag 240
Met Thr Ser Pro Lys Pro His Cys val Asn Thr Thr ser Asp Gy Lys 65 70 75 80
ctg aag ata ctg cag agt ggc aca tat tta atc tac ggc caa gtg att 288 1 WO

2004/ 18761 4 VS, - - eu lle

Tyr Gya e PRAREEsGHhgn weirksonis sftiadd Romhe fry Jihisdld o P 0

ccc ttGITRIg aghetivedepgdnt of RGITRIgh fusdgn pryin gomtalning GIERLysfubiep pAaeinAl a Pro Phe
Val val dn 100 105 _110 at at aaa aag .aat _gat gtc.cta caa act cta atg aat
gat ttfoniAnGENactive érawﬁnm@li%, auchingeprigi CUALATNAFhr Leu et Asn Asp Phe
G n 115 120 125 atc ttg cct ata gga ggg gtt tat gaa ctg cat get gga gat aac
ata 432 lle Leu Prolle Ay Gy Val Tyr Qu Leu Hs Ala Gy Asp Asn Ile 130
135 14%.t atThetuge abgaint 36, adwerdic theaffactgat cellstaraCD4c Agehaer GRS Redlsaca tac 480

40.  The use of claim 22, wherein the GITR antagonist suppresses a cell population including

effector T cells in the presence of CD4"CD25" regulatory T cells.

41.  The use of claim 40, wherein the method comprises administering the GITR antagonist
such that the susceptibility of the effector T cells to suppression by the CD4"'CD25" regulatory T

cells is maintained.

42.  The use of claim 40, wherein the GITR antagonist is selected from the group consisting
of a neutralizing anti-GITRL antibody, a neutralizing anti-GITR antibody, a fusion protein
containing GITR, a fusion proteiﬁ containing an active fragment of GITR, an antagonistic small
molecule, an antisense GITRL nucleic acid molecule, and a siRNA GITRL nucleic acid

molecule.
43.  The use of claim 40, wherein the effector T cells are CD4" T cells or CD8" T cells.

44. A pharmaceutical composition comprising a GITR agonist and a pharmaceutically acceptable

carrier for the use as in claim 27.

45. The pharmaceutical composition of claim 44, wherein the GITR agonist is selected from the
group consisting of GITRL, an active fragment of GITRL, a fusion protein containing GITRL, a
fusion protein containing an active fragment of GITRL, an agonistic small molecule, and an

agonistic anti-GITR antibody.



Tyr Leu Lys Phe Asn ser Lys Asp His Ile @ n Lys Asn Asn Thr Tyr 145 150 155
160 °tgg g ?g atc atc tta atg cct gat cta cca ttc atc tct taa 522 Trp Ay
Ile Ile Leu Met Pro Asp Leu Pro Phe Ile ser 165 170 <210> 2 <211> 173
<212> PRT <213> Mus nusculus <400> 2 Met Gu Gu Met Pro Leu Arg G u Ser
Ser Pro Gn Arg Ala Qu Arg 1 5 10 15 Cys Lys Lys Ser Trp Leu Leu Cys Ile
Val Ala Leu Leu Leu Met Leu 20 25 30 Leu Cys Ser Leu Ay Thr Leu lle Tyr
Thr Ser Leu Lys Pro Thr Ala 35 40 4 1%Ie G u Ser Cys Met Val Lys Phe Qu
Leu Ser Ser Ser Lys Trp H's 50 55 6 Met Thr Ser Pro Lys Pro His Cys Val
Asn Thr Thr Ser Asp Gly Lys 65 70 75 80 Leu Lys IIe Leu A n ser Ay Thr
Tyr Leu Ile Tyr n Val Ile 85 90 95 Pro Val p Lys Lys Tyr Ile Lys
Asp Asﬁlﬁ A@bapﬁécepﬁ@almpwowompnwe af@g3 Ryantagpnigt apylra nhgimacgytically Asp val Leu

G N Thcck st MLl A3 PheGidin 2b15 120 125 2 VD 2004/ 107618
ro

PCT/ US e dy Ay Val Tyr AU LeU Hs Ala Ay Asp
Asn Ile 130 135 140 Tyr Leu Lys Phe Asn Ser Lys Asp His Ile @n Lys Asn Asn
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the group consisting of a neutralizing anti-GITRL antibody, a neutralizing anti-GITR antibody, a
fusion protein containing GITR, a fusion protein containing an active fragment of GITR, an
antagonistic small molecule, an antisense GITRL nucleic acid molecule, and an siRNA GITRL

nucleic acid molecule.

48. A vaccine adjuvant comprising a GITR agonist and an antigen selected from the group
consisting of a viral antigen, a bacterial antigen, a fungal antigen, a parasitic antigen, a cancer

antigen, a tumor-associated antigen, and fragments thereof.

49. The vaccine adjuvant of claim 48, wherein the GITR agonist is selected from the group
consisting of GITRL, or an active fragment of GITRL, a fusion protein containing GITRL, a
fusion protein containing an active fragment of GITRL, an agonistic small molecule, and an

agonistic anti-GITR antibody.

50. A vaccine adjuvant comprising a GITR antagonist and an antigen selected from the group
consisting of an autoantigen, amyloid peptide protein, an alloantigen, a transplant antigen, an

allergen, and fragments thereof.

51. The vaccine adjuvant of claim 50, wherein the GITR antagonist is selected from the group
consisting of a neutralizing anti-GITRL antibody, a neutralizing anti-GITR antibody, a fusion
protein containing GITR, a fusion protein containing an active fragment of GITR, an
antagonistic small molecule, an antisense GITRL nucleic acid molecule, and an siRNA GITRL

nucleic acid molecule.



<210> 3 <211> 10289 <212> DNA <213> Mus nuscul us <400> 3 tcaggagaca

gctataccag gctcctagct gcaagcactc acaaaccaca tgaaactcaa 60 aaagtaagac

caaagtgtgg atgcttcaat ccttcctaga agggtgaaca aaatacccat 120 ggaccaaagg
aaaact ccac ctcctacacc cacggggcta attactataa aacatgacat 180 tgcatcgttc
atccatcact tgtgggtatc tgctttcccc agttctcatt ccatcagaga 240 acgagttcta
gcct cat gga ggaaat gcct ttgagagagt caagtcctca aagggcagag 300 aggtgcaaga
agtcatggct cttgtgcata gtggctctgt tactgatgct gctctgttct 360 ttgggtacac
tgatctatac ttcactcaag gtaaggtggt catag gtct acagctgcta 420 attatatcat
at aaaggtta tttatttgtt agtctggtta ttatcactgc cattcagcat 480 t gct agaggt

agtgggaagg acatitg acagtacaaa ca f aagc aa ttéaa gcc. 54 ttgtaatgac
at ggct et g5 é’tRj’P@]LaP?n Pfléfflksaffe@bedézﬁ&g‘gm& agonishind %a'@%fa@wo &ct agaaaat

act al ahiahicafibl ARt ALARH GHARRIdAGRARLAGANRLLIARAGL. 650 gagectttag
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cac

ac tgt
His
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1 5 10 15

Cys Lys Lys ger Trp Leu Leu Cys §1e val Ala Leu Leu ggu Met Leu
0 5

Leu Cys ggr Leu Gly Thr Leu Ige Tyr Thr Ser Leu kgs Pro Thr Ala
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Ile ggu Ser Cys Met val Lys Phe Glu Leu Ser ggr ser Lys Trp His
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ttgggtacac tgatctatac ttcactcaag gtaaggtggt catagagtct acagctgcta 420
attatatcat ataaaggtta tttatttgtt agtctggtta ttatcactgc cattcagcat 480
tgctagaggt agtgggaagg aagacatttg acagtacaaa cagtgtaagc aatttaagcc 540
ttgtaatgac atggctcttc aaatgtgttt ttattcatcg aatgttttaa gacaaaagac 600
actagaaaat actatatatt ctctgtaggt gtgagctaga tagaactaca tgtttaaact 660
gagcctttag gtgtctgtgg aagttctttt gtccttcctg ggactctact agaaccttct 720
tgattggcaa agaaaagacc tgaaccatgg tactaatctt cgggtaaccc cagacaagct 780
gtagtctcat tgggggaaga gatacaaaac agtaatgggg gacagtgaca ggaagcaact 840
gcatgctgag gaagggcatg gtgtcaaagt agaaaaaaag gaaatcctgg gttccagttc 900
tagattagcc tccccataac cagctgtgca aatttgagta agttgtatcg ttgttctgat 960
tctagttttt aggtctgcaa catggtgata agggaatggc tctgtttact tggcatcctg 1020
ctagctgtaa ttatagcgcg cagtaattga cctaggagaa ggataaacca tatagttgtg 1080
gtttatgagg ggaataactt tgggcttggg tgaccaggga aggcttcatg gaggagggag 1140
gagcacatgt ctgtttggga agcccctgat ggttatcagg aatttcccat tgaactctag 1200
tgtaaattgt gggtctagat gggatatgaa ctggaaatgt atatcaatta ggtrttttcta 1260
gaagtgttct ctcatacaga acagccaggg ctgcagagag agagagagag aaaaaaaaac 1320
agcaaaaacc aaaccaaaac aaacagacaa aaaaaaaaaa aaacaacaaa acaaaacaaa 1380
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attCS@H%%S@té%t§5¥§¥%§£5E %%E%%ttatt ggctacaaat aaatgtcttg agcagagaga 2280
tctgagtggc tggcaggtgc tgagttattg tgaggtggtt gcttccacct tttcatactt 2340
aagaacttag aagttttttt tttctttctt ttttgatgca aatctccatt tttaaaagtc 2400
tcttctaaaa aaagaagact tccctctttt tttttttttt ttttataaat aaccctctta 2460
tgtttaaaag taagatatga agcttggttt ctttcagatt tttttttctc tctatctcct 2520
aggagacatc tagttaagag actagactgg agctcaaggc ggttggccaa ctcctccatg 2580
.daagcagctc acaaaagtty tctctgaagc atccaaatag tcaggaaagt ccctttcttc 2640
agtgaggaag ggtggaattc cagaagggaa aatggaattt gtacaattgt acttgcaaac 2700
aéacggagta gattttcttt ccaaacatat gaggttagga ttagcctgga gtctgccttg 2760
gtcattctga gacaaaacaa gtcaatctgg tcttcaacca aagtgaggtt agaagaccaa 2820
ctgatccttc taaataaaag caaaactaga gtaaactgaa agctttgtat gtagcttttc 2880
gtaacatcaa ttgaattata aatagaaact gccccagtga gtcgtagggg tgagagagag 2940
agagagagag agagagtttt gaataagagt ctggttgagg atgccagcct ttcttatcag 3000
ccatatgacc ttgggcttat tacttcatca ccgtgctctc atttcctcat ctgcagaagg 3060
aacgtggtaa ttcttacaga gttgccttaa ggaataagga ggcagtaatg tgcctgaccc 3120
tcctgactca tgctaggctc'tagatggctg tgattaatat ttatgccacg gttacttata 3180
aggtttacaa tgaatacaaa caacaaggtc atttaaaata tacatggctt gtctgacctc 3240
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gcaat gcagyp sidhbiesd 92
aaattttagc cctcatatct
gggt ct gcaa at ggactt gt
aaactcttcc aaagaatgtc
cat gggagtc ttacttggct

ct gat ct acc
ccgagat gct
gggcttacaa
gt ct gaagag
acaatccatg
tttctaacct
t gcaaaaaag

PCT/ GRIBLRA99Y CBHA0TKERT AR FG THt AR taaptRg> Tt AP UBA I GROGATSAET us 3EHOTRL T ever se
PCR RitkiBlatag4qQZtartta ctgagaaget tcaggtagec tgtctggaga aaccctctcc 3720
aagaatcaga gtggtaaagt aagaacaaac ggtttagtga ttccccgctc ttactccctg 3780
Cttaatagat aaggaaattg gaattctgga agcccctgct ataaccttgt cagtctttgt 3840
gctgaactga ctttggacat ctcttttaag aaaacccaaa atgtggatga aataattgca 3900
agagtagagt gggtttcagg aaatccagtg tcttttagtt tttagagtca tggcttctcc 3960
ccttttttat tgcaccgcct tattggtata aaatgctctt attataactt ctaacatatg 4020
tatactagat agtatctcac gtctgagtat aaaaccatgt acacaaaaga tgtgtacaca 4080
cacaagatgg aaagtctaaa agtttaatac agattttccc gtctaagtct attttgcttt 4140
agttaagttg ttaagttgtc tataatatat taacattgat gcaaacataa tacagtaatt 4200
gaaatattgt ttctttggtg ctgatctctt agtcacattc agagccctag tgatttgata 4260
ttatttgttt tatttcctta attttagctt aacattttat aatacagtaa cttgagattt 4320
atattctaat ttatcttgat ttatgatttt gactgtacca attgaaaatt accttcttgg 4380
acttgatgtt cacatataat ttcatgtcta aaagcaatga atcttggcat catatatcta 4440
actacctact tgatatctaa taagcaacac aaacccacac cttcaaaagt tgtcatggtt 4500
“"CEctcttac tttctttcta ttagtcettc gaatttgggt aattaactta atttttttca 4560
atgactgcag tcccaaatct tggagttatc tttcttttat tgcattgcct catgctagta 4620
ttcatgtcag gaactccagt tacttcttgc ttccttctcc atatagccta gcttgatctg 4680
aaagtcacag ttctcctgct tcaacctaag tgctattaég acaggcgtgc atctctctgt 4740
tggaccctct gccagcacct tggtcagagc catgtgcttt ccagtttata gactccatcc 4800
agtccatgcc taactgactt cattgctttt accttctgtt ctctttgttt tttttttttt 4860
cctagcataa tagctggaaa aatcctttaa aaggatcata gatcagtctc catgcttaaa 4920
aaaagtcttt tgagcacttt gctcccagga aaccaatgca ttctcagtac ccaaaacttt 4980
aatgtttggg ccttattttt aaccctgaag catttaacag catttaagtg attgtatttg 5040
taaattagcc ataattaatg ttacctttca gcatgtcgca gacattttga aacacttgtt 5100
tctgattctg aaggcattcc atttattata catggcctgt gatttttcta tacattaaat 5160

5



gaat ggt aga tcaggcatta agatg 25

Artificial

<220>

<210> 6 <211> 39

<212> DNA <213>

<223> Mus nusculus G TRL forward PCR prinmer containing

Sal | sitegyosddHereds t tt @aaagt cg acccaccatg gaggaaat gc ctthpgpgshe

<211> 42
reverse PCR prinmer containing EcoR
agat gaat gg tagatcaggc at 42
<220> <221> CD5 <222> (534 .
cct tta agc cat tca aga act 48 Mt Cys Leu Ser

Ser

H's Ser Arg Thr

1510 15

<212> DNA <213> Artificial

site

<210> 8 <211> 534

<220>

210> 7
<223> MuS nmuscu u?g%?éhL

<400> 7 tttaaagaat tctcattaag

<212> DNA <213> Honp sapi ens
<400> 8 atg tgt ttg agc cac ttg gaa aat atg
Hs Leu Gu Asn Met Pro Leu
caa gga get cag aga tca tcc tgg aag ctg tgg

ctc ttt tgc tca ata 96 G n Gy Ala A n Arg Ser ser Trp Lys Leu Trp Leu Phe
cys sdrttftggag(ctagt@igtgtattatgadltt gaagggadda caadgatgag tcegagdtccagt 522y cta atc

ttt

at

gctgtttgta
ggaaaacgaa
gctacctttc
aatgctgctc
gtatgtacac
tggttgtgag
agtgctctta
tatacagcta
cctcatgtct
tagagggaaa
ggggcatatt
ctctaagtaa
ccttcaacag
ccatggtttc
ggaaagcccg
atacttgctg
acaccaggtg

catacagcaa

gtgaactaga
caggatgaga

ttctcatgat

accaccctta
tgtagcaatc
ccaccaggta
actgctgaac
aattcgtgtg
tcctaaaact
tgaagaagta
ttcgggaggg
ttagtcaagc
ccaactgcca
ctttcatttt
tgcatccttt
tctgcccagt
acactcttgg
tcagctttta

ccttttgtca gagcatttct

aaccattact
ctgagtcact
gctgagtgtt
ttggagaaaa
aatcatggcc
aagtgcactt
aatgttattc
cttctatgag
cctacactga

caaggccatc

gctgttagta
tttcgtgaca
ttagtttcat
aggatttgtt
acaggagttt
gcttattgcet
cctttcccga
ggtgttcccc
ggcatagagc

ctctgctaca

Phe ﬁ%ﬂ%{%%élc‘lcacg% calr\;l/eéagla%léla%&u

gaggaagaac
caccaaagtc
taaatctatc
ttcatgecttt
ttcagacgct
gttgctggga
catctttgct
tctaatatac
ctcatgtaag
tgtcaggtgt
gtttgggggt
atgtagcagt
tcgagtcctg
ccttagattc
agttcacttt
gagaactgag
caggcataga
gtttggtagt
tatatttcat
agtgcagaga
gtcacctgat
ttctgttgct
ttattcacaa
gaagcatcta
tgcttttttt
ttgccccaca
cacccaccca
cttcactgga
tatgtagttg

6

thobhatesh Nsari8hod Wrosagact P K58 118 Phe 1le
ccagcttcat cacttgcctt gtgtgtcaaa 5340
ttggataaaa gacaccctcc aaaaagatct 5400
attccatgac accattttaa aaattaaaac 5460
ctttcccttt ttaagattta tttattatat 5520
ccagaagaag gcgtcagagc tcgttataga | 5580
tttgaactca ggacctttgg aagagcattc 5640
gccctctett catgetttct tttgtctctg 5700
ctctgcccac acatccttat tcacttgctt 5760
tcaaatgtaa aggacagaac cagtcatctg 5820
acaggtgtct gtgtttgtgt gttgggagga 5880
tggaaaatag tttgcttcag aaactttaaa 5940
ggtgccatca ttctgaccag ttcttctttt 6000
catggttaag tttggtgagt aacccatctc 6060
tgaggcaaga aggccagtgc cagtgccctc 6120
cagtgattgt ttattacaat tactcacccc 6180
gctccagggc tgagcccgat tgacaagccc 6240
catcccacta acaagaggct tgtggatctg 6300
ttattaagga tatttttcag attcctacaa 6360
acatgtctag tgtctagtag agcatatggg . 6420
agagaaggaa gaagcgcttc ctctttgctt 6480
attcgctcag aaaacatgga aaacagtgct 6540
tttataagat accctgtcaa aaaacaactt 6600
gtgcaaatta tagtccctca accgtggaga 6660
gtcacattca gtcaagagca gaggaaaacg 6720
taattggata ttttatttat ttacatttca 6780
gaacccccec tttccatctc tctcccectg 6840
catactcctg cctccctgac ctcacactct 6900
‘ccaagggcct cttctcccat tgatgcccga 6960
gagccatggg tccctccatg tgtactcctt 7020



ctc caa tta gag act get aag gag ccc tgt atg get aag ttt gga cca 192

Leu dn

Leu Au Thr Ala Lys G u Pro cys net Ala Lys Phe Ay Pro 50 55 60 tta ccc tca

aaa 199 gpg2@lQoReR tct tct gaa cct cct tgc gtg aat 240p
Asn 65 70 75 80

Adn Met Ala Ser ser u Pro Pro Cys Val
PCT/ US2004/ 016381 aag gt9 tct gac tgg aag ctg gag ata ctt cag aat gg9c tta

tat tta 288 Lys Val

Ser Asp Trp Lys Leu Qu Ile Leu Gn Asn Ay Leu Tyr

B 0761s

Leu

85 90 95 att tat ggc caa gtg get ccc aat gca aac tac aat gat gta get cct

336
110
Phe
aac
Ser
acc

Asp Leu Ile P

tac
Trp
Ser

Ile Tyr Ay G n Val

Ala Pro Asn Ala Asn Tyr Asn Asp Val

Al a

Pro 100 105

ttt gag gt9 cgg ctg tat aaa aac aaa gac atg ata caa act cta aca 384
GhutagabgtAtgadaacly rgghystchgy thgstiAsyna Mtigtkyetc® ogcatgdagu TH080115 120 125

aaa tct aaa atc caa _ aat

FHAcaREeGERt Tt TR ICtERTE

at&ytgagat

b gt

&

et
HadgEht
d n Val

act tat aa tt cat

SHECREI% Gaqatti
t

[fafiolect S0

B0

432 Asn Lys
140 g ?g gac

89480 oy Asp Thr Ile
0 155 160 aat aat aca

chepagagac agktaigtca wwgctectogt Agshcaatdec edaterqraacet®Bacaasv288n Thr Tyr

Gh¥cdgbfed SEtuftd pas bagsfhlcp (Halortale [ ckbdact OPs

O k£l

<5%ﬁ§z 9}%%§t

tag 534
Cys Leu

gyEm T

Ser thstaaettGattamatiettcPatadgay Gacttdata SeigadsiartEhtttcttgggt 7380
cctcttctct ggtgactata gattgtgtca atttgacaag gaaagctaac taccataccg 7440
agtctcagaa tatttcttag agcacatgaa aaatatcaag tgtatacatt tgtgattgct 7500
tgtaccacat tttcatttga cactagacaa tttctttagt tcagtttttc actctcctat 7560
cttttgctcc agtttttaaa aatactttgg tccccagagg ttaggacagt ttttgaatgt 7620
gtcccactct gattttgtgt tttgtttttt cagtgaaaac aagagagtat ataatgtgtt 7680
caaatttctc cttaatgtga taaaaatcaa gtgtttttta aaattccata actggattaa 7740
ataggaaaaa atagactttc ccatggtgtg ccaccaagaa aaaaatgcag agttcactgg 7800
agatgcagcg agtttttgtt ttgcttataa cactccattc ctcttgctca ttcctctatt 7860
ctctthagc atctacctcc aagtcttatc ctagttattt tatgtgtgaa tgagaatcta 7920
agtcagtctt acctctttta ggctatgccc tctataacta aagttatgga gaattagaga 7980
aacattcaga taactttgaa tcaataaaaa cacctgttgg gggccttgaa gttacatagc 8040
tgtacaaaac cactaacatt agggaaatat ttcaatgtaa tacacaggaa aagaaatgac 8100
taaatttgta cacatatccc actttccatg tggcaatatt agacttagga tagttacaat 8160
taaatacata tatattaatt aaattaattt atagcagtaa ataattggaa ataagctaga 8220
taatgttatg ttaagttgaa agtgacacag agaatcatat tttagataca aagcatcaaa 8280
atcagaaata cagacctgtc aatcaattta gagctaatta ctgatactga gctgggaaga
ttatttgaac tcagcaattt gagcccagac agcaatacag caagactccc atatcaaaat 8400
aaaagaaaag tttgttgagc acacacaatt ctgctagctt atttaggtga tgagaatata 8460
gcaattggaa aaaatggaga atacttatta tcaaagacac cacactcaag tagatgtgag 8520
acactagaaa aatggccaaa ttaattgata acatacttct tgctaacacc ttacatgaag 8580
aaaattacag caatgcagag cacggtagtc agaggagaac aatgctgagt gttgattgtc 8640
tatgtaatgt gttattggca aagcaccata gagtaaacag tatttgaata agaaagatat 8700
ggggacgcct agattataag cggttcttat tctagtcttg tgtgatttgt ctctccattc 8760
cactcccttc ctcattcata ttacctgaga tgagatacag agttattaag atctgaagcc 8820
tctcaaaaac agagagatag tttattctct caatagattc gaaatatggt ctgggaaaag 8880
tagtatatat agtccaggta aagaagccac ctgaaggcag agaggatgga 8940

taaaacatat
7



1510 15 Gln,.Gl-X. ALa G n Sri Ser Ser
Serlle -- go Val Met Leu Leu Phe Leu cys Ser
35 40 45 eu Au Thr Ala Lys A u Pro Cys Met y Pr
55 60 ngd%drdg@gg}dlys Trp Gn Met Ala Ser Ser Qu Pr o%?%lhg/ogﬁé)g?ﬁASn
70 75 80 Lys Val ser Asp Trp Lys Leu Qu Ile Leu G n Asn Ay Leu Tyr Leu 85
90 95 Ile Tyr Ay An Val Ala Pro Asn Ala Asn Tyr Asn Asp Val Ala Pro 100
105 110 10 WD 2004/ 107618 PCT/ US2004/ 016381 Phe G u Val Arg Leu Tyr Lys Asn
Lys Asp Met Ile A n Thr Leu Thr 115 120 125 Asn Lys ser Lys Ile G n Asn Va
Ay Ay Thr Tyr Qu Leu H's Val 130 135 140 Gly Asp Thr Ile Asp Leu Il e Phe
Asn ser Qu Hs Gn Val Leu Lys 145 150 155 160 Asn Asn Thr Tyr Trp Gy

| | e REROUCALIQ @gagitgape ttRELCItcn FREtTlcaa1ggcivarag7aactgeeatc21030000 <211>

1033 < > < i <400>.1 a act ttt
ttt c%’f%a%aéég%ga%ta‘%%t%%?tégtgg‘%%?gg&gg%?tgg? cafa&ag%aaéatéa‘g'{gg‘tégﬁ% t t%% t gaga
gcacacepayatd atycigageg aggcatartt Garacangt geagtdf tecctaitagauac ge1A00at tt a

Trp Lys Leu Trp Leu. Phe Cys

Phe Ser Trp Leu Ile Phe Ile Phe
o 50
65

<212> DNA

ggaaagaaat ttttttcccc tctgaacttc ccttgtgctt 180 ttttttttat gttctgagtt
t gt gfERARCatE AaRYRGRALY CGCFCHEOT tagjRERfdE t FafaamRRIa gt e ad¥0gagagt
cagcgeidardced LapAnghee iGrhdddett HReACRYL WogPPQtg aactgcatge 9240
tggagataac atatatctga agttcaactc taaagaccat attcagaaaa ctaacacata 9300
ctgggggatc atcttaatge ctgatctacc attcatctct tagagattgg gtttggtctce 9360
ctcatcttct tctttgtatc ccgagatgct ggtgggtgag ttggaggggg atgattgatg 9420
gcaatgcaca cagtttgtga gggcttacaa attgacacaa tcagagcctc ttggcatata 9480
aaattttagc cctcatatct gtctgaagag gactcagcaa atgggccaat ccctaatgtt 9540
gggtctgcaa atggacttgt acaatccatg ataaaaagga gtatgggcca cagaagacag 9600
aaactcttcc aaagaatgtc tttctaacct tgatccctgg gtagaatgag atcctgtttc 9660
catgggagtc ttacttggct tgcaaaaaag ggtgtagggc agtagcttgg ccttttttcc 9720
atcataattt ccttgagctg ttttacctta atccctccaa actctcacct tctgagagce 9780
tcctaatgaa acattgttag actggtgggg tggccaagac atgccaacaa cacccttctt 9840
tagaggtggt gtttttagag gacagagaac attatgaagc ctagagcagc agaggtcaag 9900
atgccacgaa atggaattga tctgggaatt tttttttttt ttcattctca ggatgcaggt 9960
tcattctgaa ctttcceccta ggeccttcatt gettttgtgt gtatgtgtge ataaattctg 10020
caaatagaaa aatgagagtt tgcaccagta ctcactagat ttaacaccag aaagtggtac 10080
ttttctggct gtattatgcc atgatagcac attttctgtt ggtgttccct aactgacaag 10140
tataacagtt ttcctaaacc acacaacaat gctatgatgt taatggggta gatatttttg 10200
gaaaaaaatt gcacagtgag aacatgggta gatgaaccct aagactctta cctcaattca 10260
gaactcgcaa ggagttaagt gagtggggt 10289
<210> 4
<211> 22
<212> DNA
<213> Artificial
<220>
<223> Mus musculus GITRL forward PCR primer
<400> 4
atggaggaaa tgcctttgag ag 22
<210> 5
<211> 25



agaaggaaaa ctccgccttc
attgcatcct tcacccatca
aat gt gt t o 36fH8%s 99
gagat cat cc t ggaagct gt
cttcagttgg ctaatcttta
gttactattt gctataatcc
gtattgttag caat agttgg
tattgtcatg acatggcgtt
aat gct aaat gttagctgca

ag0g9gQeesot AgepgadT tt
aaaaat at ga at gaat at ca

cacacccact actaattacc
cttgtgaatt tttgttttcc
aaaat at gcc tttaagccat
ggctcttttg ctcaatagtt
tttttctcca attagaggta
tctatttatt tgtttttcta
aaggaagaga tgtgtataca
tgaagtttat ctaaaggttt
gaactctgtt agat agagag
tccttcecctc tgctatagcet
aggaat ggga t gcaagct at

atattgctac
acagct ctca
t caagaact ¢
at gt tgct at
aggaggcaat
gttgttatca
t aat gt aaat
t gagat aaaa
aactggttaa

ctt ggt ggaa

aaaacat gac

360

tttctccaaa 420

AR

t gt acct aag
ttgtcactca
acaattctaa
ggt at cagaa
gccaat t gac
t aaaaaaggt

agtcttattt atggaaaaga

600
660
720
780
840
900
960

ct-t aa tagt aga_caggatt aag taaaf gacag gtggtttgtg tgtctttgag 1020
gaggg§2%$gmﬁﬁ@%ﬁgé Ggﬁﬁtgfﬂﬁﬁﬁ %ﬁ%?ﬁ“&ﬁat tctggttctg ggtctcctaa 1080

WO 2Q0Q46sL0%618 PCT/ US2004/ 016381 taaccagctg tataaatttg ataaagacat
t t aatgahtdgragadgichbgmaga ddacytt atc 1140
attatgatgt ttcttctagc tataaaatgt 1200
gaagagigaact gcctaagtc act caaaagc 1260
agggaaqact sycat ggagga at gagaaagc 1320
gt cag@aat t pnaccat t gag at gcaggcca 1380

ct gggdadygAaHtickk tt tgttctttac 1440
agcachgat c aaaaagaaaa taagaaatgc 1500

t aaaaaaact ggtggt aggg
catgatcaag aatttattta
agggaacaat gactttagat
ccat atctat ttgggaagcc
agct gt gggc ct agagaat g
t aaaaaatct ttcctcacag
tttatttatt tcaggattta

ggct aaasd t mgaqmeeluisacALt FoaR®d FcrOPrimeacdmadtingdgsht 356 C

agagttgaaa t gt gactgca gaaacacttt 1620

t ctt aaggga act gaccagc

gazst ggat t t
agggt agt at
tgagttgatc
cctgatgctt
ggat ggt aca
ttaact acgt
gcctatttct
cat ct gagaa
aaagatttca

aagaté %%%Gtctaccactt aagataagta 1680 aaagtaattg agaaaagatg c aggaag
cagt ¢EERTSTEY j'ﬁf%\alctcéﬁgtqag’ﬁﬁ%l 5o 98939t at agct tt ggccaatttt t?%gcagt ag
cccattaatt tgtattccat aactgtatac 1800 aaggcttatg tgcaacagag gcatttctaa
ttacaddlet 7gct ctct caa gaaatgtatg 1860 aagcagaagt gtgaactttc tgggtcagtg
aagt g4daagaattgt cagaaattct 1920 tagtgtctag atttctgaag aagaggaagg
gt gad ;bgA ;gaptta aatttggaag 1980 tgcttctttc ttctaaaaat tataagatta
attagccaga taaccctgaa gaacactgaa 2040 tataagcatc atcagttcct acatatgact

aag cctttcccaa 2100 aggcacccag cagttcttgc aaagggaaag

caggadk@aa tacaca
agaaaﬁ?%?
tcccahghot sttgagetctg attctggttt 2220

aMus AHsElMagCHIRb areNaygg PERGDi MBE eantai ving: EeRfdas i

tttaaagaat tctcattaag agatgaatgg tagatcaggc at

actggattaa

42

<210> 8
<211> 534
<212> DNA

<213> Homo sapiens

<220>
<221> DS
L.<222> (1),-(534) )

<400> 8

atg tgt ttg
get Cys Leu

oty

atg
Met

His
5

Ser

caa

ct
Gln A

cag
Ala

Gln
20

aga
Arg

cta
Leu

ttt
Phe

gtt

ttg
val

Leu
35

tta
Leu

ctc
Leu

act
Thr

caa
Glin
50

gag
Glu

tta
Leu
65

tca
ser

ccc
Pro

aaa
Lys

tgg
Trp

agc cac ttg
Leu

tca
Ser

ctt
Leu

gct
Ala

caa
Gln
70

agc
ser

aat
Asn

tta
Leu

cct
Pro
10

gaa

atg
Glu

Met

ctc
Leu

tcc
ser

tgg
Trp

aag
Lys
25

ttc
Phe

ctg
Leu

tgg
Trp

cta
Leu

tcc
Ser
40

tgc
cys

agt
ser

tgg
Trp

aag
LyS
55

ccc
Pro

gct
Ala
60

gag

tgt
Glu

cys

atg
Met

cct
Pro

tct
ser

tct
Ser

atg
Met

gca

gaa
Ala

Glu

tca
ser

cat

: aga
His

Arg
15

tca
ser

Tttt

tgc
Phe

cys
30

ttt
Phe

att
Ile

oty

gt

atc
Ile
45

Tttt

aag
Phe

Lys

cct
Pro

tgc
Cys

act 48

Thr

ata 96

Ile

ttt 144

Phe

cca 192

Pro

aat 240

val Asn

80

11



ctctctccta gatccagttt ctcaatgaaa
gtttcaaatt tggggaagta taaaatattt
ggat t t gt o ghm@meLIRaa agccagt gge
catttcactt tccacttacc tgtacttccc
ggaaaagaag tct gagaggc tggcagat ag
t gt cacaata cccatgaacc gtgaagtttt
aaagtcccac tttccagatt gtctagacac
t gt aacactt taaaaagtgt tagatgggaa

tgttctacct ctaaagataa cccagagttt 2280
ttagaatatt attctgacag gacacttaca 2340
ctggccaacc atacatgata 400
tttccctatt ggccacaaat gggﬁ@%@%@ﬁ” 460
tgattcatta tgatgtggcc acttccacat 2520
attttggtct ccactctagt ttttacatac 2580
tactttaaaa agtgtacact taaaagaaag 2640
gcttggectcc ttgggtcaat ttttttcttt 2700
ttttctctct tctttgagaa aatatttaac taaaaggata gctgtgagtc caaggagttt 2760
ggt caatccc tcagtgaaaa taatctcaca ggaattatca ctaagaaatc aaatgttcag 2820
caga a@?i Tt geadugaaancyaaggadtaactt tcag gt g agtatgttact t at288t 2880
taaa FrahER thrPalys Lee t"g%ﬂetge &' gatsn %g‘; t LeYgagagaga 2940 12 WO
2004/107618 PCTI USZ004/ 016381 atgattgttt tggccatttl” gagccgaact acgtaaatct

agcchtaaat
ccat algtyr €

St

gaaacttacc ccad®@agtg 3120 gta

cloabhe &6 Gl &7

t
&

cFAoih:

gaagRgUgA000c dattagraaadtadanitygie€ Glrat gdtaageaaa
GhadadtABOBO0 Aggoalat Asmdyr akdnt ssmdal cellacagraga

gt ga gagt gtt gdé@ccagacaggc

LDYCILC 585& 12090 b2 Adaa5Ed aat
A&th%C & met agliet &1 Ghragagrhgt gc

t gagacagt a Hagt at ct ga 3300 I12at aaagtag ctcccazfi ag aggggagt ga

ccccatt act attaat a 3360 taataat aaaat tt gacqg gfcat
go 55 &8 3o fpaelt e aaatzs@cg%g%hﬁ ShdEdamtalay ot c
ttatgatu_o gcaa tagat 34895 ggatttttag t gcaat aattagagag

at gtctctg tagcgctaaa 3540 tag acataga gcagcctgca gtatattata
gact Eﬁ Et3Ag§E
® %Sa‘&é‘t tt

Carafh 000 i AR FpErLep S

atttagattg ttaccaaatt 3720 gctttgggtg tgtaatcatg tctttctaga

actt aat gag mgt@ra 780C athabtmattagcatdatgred cha cleicgate aca
at gt £y A58 That @g'”arlt tG yaEbe Tilgodu ggﬁa@]?t‘b‘;&aﬁ%@ﬂ“ B&at c
cccaaacagc taatatttat 3900 tgaacaggtic caggcaggat dt'ctaggcaa

aaaagegaag tcatttaacc 3960
tttabagat g aggaaattgg 4020
ctaaattgaa tttcaacatc 4080
gaggccaggc acagtggctc 4140

<210> 9
<211> 177
©. <212> PRT
<213> Homo sapiens

<400> 9

ccaacaactt caacaagcta ggtgctatta
ggttaaggga gtctttgtca cgtccctatc
t cct ccagga aacaccaaaa tgaggat gaa

Leu Glu Met Pro Leu Ser His Ser Thr

10

get Cys Leu Ser His Asn Arg
5

15

Gly Ala Gln ser Leu Leu ser

20

Gln Arg ser Trp Trp Phe Ile

%%S

Phe Ile Phe

45

val Met Leu Phe Ser ser Leu

40

Leu Leu

35

Cys Trp Ile

Ala
60

GIn Glu Thr Ala Glu Met

50

Leu Leu Lys Pro Cys Lys Gly Pro

Glu Pro Pro val

75

Asn
80

GIn Ala

70

Leu ser
65

Pro Ser Lys Trp Met ser

Leu Gln Asn Leu Leu

90

Lys val Ser Asp Trp Leu Glu Ile Gly

85

Lys Tyr

95

val Ala

110

Ala Pro

105

Gln val Ala

100

Ile Pro Asn Asn Tyr Asnh

10

Tyr Gly ASp

amleaacgaac
att at aaat a
tgggtgtaga

tctcatc
taaggattaa
ttaatatttg
t%zacaat at

gccaaat
tat cacagtg
cggaatttct
g&gcacatct
actcattcat
aagattat aa
dt2gct gt aca
accat catca
agcccttatt
ty3kct cccat
at gggt t gaa
at aattgcaa



acgcctataa tcccagcact ttgggaggct gaggcgggta
tt gagaccag cctgggcaac atggcaaaac cctgtctcta

gattgcttga
caaaaaaat a

ggt caagagt 4200
caaaaaaaat 6

agct gggciyo gmiaeesd 9C acctgtagtc ccagctactc agggggct ga pgrResRiasg320
ttggttgagt ccaggaggat gaggctgtag tgaactgaga taacaccact gcactccagc 4380
ct gggcaacg gaat gagacc ctgtctcaaa aaacaacaac aacaacaaca acaacaaaaa 4440

aaaaattt at
acatattatc

agtggctttc
ccaacatttg
agat acacaa
caat gcaaaa
at aaacatta
at ct

Tk

aaaacaagtg
attgcacctc
att at act at

t agggaat ca
cctttcaata
atacaagtac taataatatg
t at aagggt g agccaaataa tatattcaat gtaactctca
tt caccaaaa tgttatattt tctataatca ttaatatgtc

t tid t t t ttattttatt tgtt
atathe BBty toe ﬁgaaw@ﬁ%aamﬁai ot

ttcct agaat
agtataattc
t acact aaag

tmgt&%& 440t
2004/107618 CTI US2004/ 0163
aaat ggaaga acacatcttt 4920 g atattctt atcatgtcat accacttaat
t cat ASHaXE B8R dAE gElet thign cﬁi! (,CthTthﬂ' ¢ &dudeuctiaalcca
ctttaacactt tccctcgcat 50 aaactcactc ac %cttct ctctatcttc
aat gacaaaa gctcgactat 5100 ggaaaacctc caatgctgat taaatccaac
cttt cagtadp TigaallatadpcLéll Gle Rigaagadrasctatba&Ehtvalt Léwayagot
att cddagcc actgecttcal¥P20 agtggatttcl¥ttgttgetc tggadébage
ccagtccatt cactctcctc 5280 tactggatga tttcatacct ttagcttctc
t aat a8RtLdn TREGGRAIHG cPB40e LIRCLEE GeaCaTadRéRPEEId1NIPRE GOt at
aat agaagt a cggaggasedg 5400 aagttcdaat atcaacaact carsggcatt
tatactgtta ttctgtcttg 5460 at gcat ct at
tatgaartaa atcttatcct 5520 ttgctgcaac
tcgctcttac atattatgcc 5580 tttccatcaa
aaaaacgtgt tgtcatttct 5640 caacaacaac
5700

acaaa ctttgatct actcattttt
cctacggﬁé tcctcca 5760

ccttaaattt
agctngggpcpn tcacat 5820 caagaact cc
at gt <@t3caHahetsapbagt 5880

acttgatcta
ttgac 5940 ttttcttggce

t cact at gga
ctcttgccta
tcatccattt
ctcacattaa
ctcatcctca
acttctcttg
at cacagaaa
caattcactg
gtccttcatg

taaattgtcc
ct cagggaca
t acagaaaca
aacgt aacaa
t ccaaact cc
tcccetttac
ctaattttgt
tactcttctt
aaatactttc

agacttttta
tat gct aat t
aat at at at t
ccattttgct
ctaaaataag
g 3gcttaacac

ttttgacc

atcatgactg aaaaattacc cgacaaacaa atatagatta

cagag

g

tttctcattc tccgacc

gaatactttc
ctgtactgcc
ttttttttat
atctggtgcc
agaaggaaaa
attgcatcct
aatgtgtttg
gagatcatcc
cttcagttgg
gttactattt
gtattgttag
tattgtcatg
aatgctaaat
aggggcctgt
aaaaatatga

Cttaaaaaaa

gagggaagtg

ttagatgaga
gtttgattta
gttctgagtt
aaatgagagt
ctcecgecttc
tcacccatca
agccacttgg
tggaagctgt
ctaatcttta
gctataatcc
caatagttgg
acatggcgtt
gttagctgca
ggagtatttt
atgaatatca
tagtgaaaga
gccctgagcet

&

gcacaccact

ggaaagaaat
tgtgttggct
cagcacttaa
cacacccact
cttgtgaatt
aaaatatgcc
ggctcttttg
tttttctcca
tctatttatt
aaggaagaga
tgaagtttat
gaactctgtt
tccttecctce
aggaatggga
caggattaag

aggtgtaaga

ttattctcec
Tttttrtcccc
ttcagccttc
gttataagta
actaattacc
tttgttttcc
tttaagccat
ctcaatagtt
attagaggta
tgtttttcta
tgtgtataca
ctaaaggttt
agatagagag
tgctatagct
tgcaagctat
taaatgacag

agatctggat

ggttifiﬁgéﬁﬁb%ﬁﬁkf%tEEGE&%EEJg

aagcctcctc
tctgaacttc
cgttcctttt
tcattttcta
atattgctac
acagctctca
tcaagaactc
atgttgctat
aggaggcaat
gttgttatca
taatgtaaat
tgagataaaa
aactggttaa
cttggtggaa
agtcttattt

gtggtttgtg

tctggttctg
11

GhatLQtege

tacacgtgca
ccttgtgett
gttgtatttg
acacagtgac
aaaacatgac
tttctccaaa
aaggagctca
ttctttgctc
tgtacctaag
ttgtcactca
acaattctaa
ggtatcagaa
gccaattgac
taaaaaaggt
atggaaaaga
tgtctttgag
ggtctcctaa

4500
4560
4620
4680
4740
4800

tttcaatcca
agat ct at ag
attatactct
tgct ct gt ct
cttactttaa
ccatgtttcc
ttcaaacatc
tttaagagaa

t gt gt ccagg
ccaagccatc
agttctctcc
at ggaaat ag
aacaacaaca
ttctgctctc
attttaacta
agt gact acc
t caacagcat
tt ccaaacat

ttgettgttc

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
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aaacat caca acgccccagt gttcctctccatctacaccc actaatatga tggcctcata 6120
caatctcaca gcttaaaaca tcaactatga gcttaagact cttaaatgta tatcaccaga 6180
gctcctt apd Jobd/fag@Ct 9 c-ttgacacac ttacttggat ttataat aagpGagLeeaRess: 6240
taatatgtcc acaaccaaac tcatcattgt tcccctcccc atttattcct cttacatctt 6300
atccatttta gtgaataaca actttatctt tccaattatg caggcctaaa atactggagt 6360
catctttgtt tcttctcatt ccctacccca tatccatgtc aggaacttct gttggctcta 6420
ttttccaacc aagtatcacc atctacagag ctagcacctt ggtcagagac accatgctct 6480
cttgcctaga tgaatgactg taatgatctc ttagctagtc tcactacatt tgcccttgcc 6540
tctgtttaat ttgttcctag catagcagcc agagaaatcc tacaaaagga aagtgtgcaa 6600
cacgtttaag ttcaaaaagt cttttaagca ctttgccatt aggaaaccaa taacctf{tgg 6660
gt gattaé%égca%a‘éﬁ@ﬁaﬁgﬁggagt@PéQbC@Ettfgj’é’é?’iftt&cEa&tt’fg%@gt 5¥*ictttﬁ‘5°agc%1c4%t 6720 14 WO
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e
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et et obbTidDte 3oty
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aapqeat
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Bradertas

ttt aigegtdg@rialggbédatickt %eRlcagthgIaractlatt acfatcaar alageasal J
aacctccttg cgtgaataag 9660 gtgtctgact ggaagctgga gatacttcag

at t t AA9YGALEY FHEIRAFIAI PPAUTLGRR CEIPsAIGFCE BETCELatGra OpRtgtaiget K880t t t gagg

LOcosahaE- e tparnt: Sl AROLAR phegophalony BhgaatiLe, Aot ceoas
~. gr dagup@adg rttbct@aagtaagaggaagg gtgagaatag caataactta aatttggaag 1980
tgcttctttc ttctaaaaat tataagatta attagccaga taaccctgaa gaacactgaa 2040
tataagcatc atcagttcct acatatgact caggaatgaa tacacagaag cctttcccaa 2100
aggcacccag cagttcttgc aaagggaaag agaaagtcta ataatgccag atcatctggg 2160
acacctctct tcagaatcaa actggattaa tccéatgtgt ttgagctctg attctggttt 2220
ctctctecta gatccagttt ctcaatgaaa tgttctacct ctaaagataa cccagagttt 2280
-.gtttcaaatt tggggaagta tadaatqttt ttagaatatt gttctgacag gacacttgca . 2340
ggatttgttt ctatgggaaa agccagtggc ctggccaacc atacatgata ttagcttctg 2400
catttcactt tccacttacc tgtacttccc tttccctatt ggccacaaat aaatatctct 2460
ggaaaagaag tctgagaggc tggcagatag tgattcatta tgatgtggcc acttccacat 2520
tgtcacaata cccatgaacc gtgaagtttt attttggtct ccactctagt ttttacatac 2580
aaagtcccac tttccagatt gtctagacac tactttaaaa agtgtacact taaaagaaag 2640
tgtaacactt taaaaagtgt tagatgggaa gcttggctcc ttgggtcaat ttttttcttt 2700
ttttctctct tctttgagaa aatatttaac taaaaggata gctgtgagtc caaggagttt 2760
ggtcaatccc tcagtgaa;a taatctcaca ggaattatca ctaagaaatc aaatgttcag 2820
cagagtctga acttcagcaa aatgaaggat actttcagaa ggggaagttg tacttatact 2880
taaaagcaga gcagatttta ttttcactga tgatttgatt agggttggtt tggagagaga 2940

12

frattttt
act gagg

at catt caat
t38paaaat ac
a tgatacaa
]a‘g"'&cacttta
igopat at agc
acaccgaaaa
ttcttt
agat gcg
gctccaagca
80t aaaat a
i t at gt ggt
tcatcttt

fRpat cttctg
aat ggct t at



aatccccaat tcatctccta
gaggt gccag tgggt ggat t
caaaaat caa cacaaacaga
aaagagact ¢ aggggaagag

gagacttgat 9960
ggagggagaa 10020
080
ccaaaggzai?im‘iic“?(ﬁ63ijI 140
gat gacagag 10200

aat acatact ggggtatcat tttactagca
ttgatctcct cattcccttc agcacatgta
gat att caatvotdo6d/f8e@tt tgtctgtcta
acgtgaattt tcatctatca tgcctatctg
ttggttggat ctgcagagat acttcattaa tccatgataa aacaaatatg
gacatgtgct tttcaaagaa tctttatcta attcttgaat tcatgagtgg aaaaat ggag 10260
ttctattccc atggaagatt tacctggtat gcaaaaagga tctggggcag tagcctggcect 10320
ttgttctcat a 10331 <210> 11 <211> 21 <212> PRT 15 WO 2004/107618

PCT/ US2004/ 016381 <213> Apis nellifera <400> 11 Met Lys Phe Leu Val Asn Val
Al a largaViadttPheggieattval gadgrcgdant htgraadt& dfcdixaadercadyaagabe TBOOR a 20
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<210> 12 <211> 13 <212> PRT <213> artificial <220> <223> sy hesi zed PLP

pept | 8 ABAIHAIBIU CTSETTARAEAIE JRIAFEITRD CERRTEFYE IGTtH339Rs p PG Phe 1 5

10 iﬁﬁgtatttac tacttccaaa catcagcaga attataaata gaaacttacc ccacagagtg 3120
gtagaggtga gagtgttgac ccagacaggc tgggtgtaga tctcattctt geccttttatt 3180
ggctgcatga ccttaggcta gttacttaat ccctctcatc ctcatttcct catctgcaaa 3240
atgagcaacc taatttttgt agagttgtgc taaggattaa tgagacagta gagtatctga 3300
cataaagtag ctcccagtag aggggagtga ttaatatttg ccccattact attaatgaga 3360 ‘
taataatggg caaaadttta acaagaccat ttaacaatat ggatagtctt tgcctaccta 3420
tatcactctc tcaatcaaac actatatctc agagccaaat ttatgatttt gcaattagat 3480
ggatttttag tggtggcaat aattagagag tatcacagtg atggtctctg tagcgctaaa 3540
tagacataaa gcagcctgca gtatattata cggaatttct gactctggaa attagtttgg 3600
acttaggttg tctatagctt aggtttctct gagcacatct catacatgct agtagatggt 3660
gcagatacta tctgtggcac gtattttggc actcattcat atttagattg ttaccaaatt 3720
gctttgggtg tgtaatcatg tctttctaga aagattataa acttcttgag aagcaaggac 3780
caaaaattac atttgtttct catgcttaca atgctgtaca atgttggaaa tatggatgct 3840
taaattgtag ttcaattctt cattacaatc accatcatca cccaaacagc taatatttat 3900
tgaacaggtc caggcaggat atctaggcaa agcccttatt aaaaacgacc tcatttaacc 3960
ccaacaactt caacaagcta ggtgctatta tttctcccat tttatagatg aggaaattgg 4020
ggttaaggga gtctttgtca cgtccctatc atgggttgaa ctaaattgaa tttcaacatc 4080
tcctccagga aacaccaaaa tgaggatgaa ataattgcaa gaggccaggc acagtggctc 4140
acgcctataa tcccagcact ttgggaggct gaggcgggta gattgcttga ggtcaagagt 4200
ttgagaccag cctgggcaac atggcaaaac cctgtctcta caaaaaaata caaaaaaaat 4260
agctgggctt ggtggcatgc acctgtagtc ccagctactd agggggctga cgtgggagaa 4320
ttggttgagt ccaggaggat gaggctgtag tgaactgaga taacaccact gcactccagc 4380
ctgggcaacg gaatgagacc ctgtctcaaa aaacaacaac aacaacaaca acaacaaaaa 4440
aaaacaagtg tagggaatca aaaaatttat ttcctagaat agtggctttc agacttttta 4500
attgcacctc cctttcaata acatattatc agtataattc ccaacatttg tatgctaatt 4560
attatactat atacaagtac taataatatg tacactaaag agatacacaa aatatatatt 4620
tataagggtg agccaaataa tatattcaat gtaactctca caatgcaaaa ccattttgct 4680
ttcaccaaaa tgttatattt tctataatca ttaatatgtc ataaacatta ctaaaataag 4740
taaaatattt taataacgtg gtgaatgcat ttattttatt ttttaatctg agcttaacac 4800
tatgtgatac agcaatttga agtttgatat gttaatttac cttgtttcat gattttgacc 4860



WO 2004/107618 PCT/US2004/016381
atcatgactg aaaaattacc cgacaaacaa atatagatta aaatggaaga acacatcttt 4920
ggatattctt atcatgtcat accacttaat tttcaatcca tcattcaatg atggatgcct 4980
ctctttcctt ccttccacaa ctaaattcca agatctatag ctttaacacc tccctcgeat 5040
aaactcactc acttgcttct ctctatcttc attatactct aatgacaaaa gctcgactat 5100
ggaaaacctc caatgctgat taaatccaac tgctctgtct ctttcactgt tgaatatatc 5160
tgaagaaaaa cataaaattt tttgaaaggt cttactttaa attcacagcc actgccttca 5220
agtggatttc attgttgctc tggaaacagc ccatgtttcc ccagfccatt cactctcctc 5280
tactggatga tttcatacct ttagcttctc ttcaaacatc taataactct tccccattct 5340
cactctccac tgataacgtt gcctccatat tttaagagaa aatagaagta cggaggaaag 5400
aagttccaat atcaacaact cattggcatt tgtgtccagg tatactgtta ttctgtcttg 5460
tcactatgga taaattgtcc atgcatctat ccaagccatc tatgaactaa atcttatcct 5520
ctcttgccta ctcagggaca ttgctgcaac agttctctcc tcgctcttac atattatgec 5580
tcatccattt tacagaaaca tttccatcaa atggaaatag aaaaacgtgt tgtcatttct 5640
ctcacattaa aacgtaacaa caacaacaac aacaacaaca acaaaaaacc tctttgatct 5700
ctcatcctca tccaaactcc actcattttt ttctgctctc cctacagcaa aattcctcca 5760
acttctcttg tcccatttac ccttaaattt attttaacta agcttctgcc ctcttcacat 5820
atcacagaaa ctaattttgt caagaactcc agtgactacc atgttgctca atctatcagt 5880
caattcactg tactcttctt acttgatcta tcaacagcat ttgacaccag ctgatcactc 5940
gtccttcatg aaatactttc ttttcttggc ttccaaacat cagactctcc tagtttcctt 6000
tcagactcag cttttccttt ctattgtccc ttgcttgttc tttctcaftc tccgacctct 6060
aaacatcaca acgccccagt gttcctctcc atctacaccC actaacatga tggcctcata = 6120
caatctcaca gcttaaaaca tcaactatga gcttaagact cttaaatgta tatcaccaga 6180
gctccttaaa tttcagcctg cttgacacac ttacttggat ttataataag catcacaaac 6240
taatatgtcc acaaccaaac tcatcattgt tcccctcccc atttattcct cttacatctt 6300
atccatttta gtgaataaca actttatctt tccaattatg caggcctaaa atactggagt 6360
catctttgtt tcttctcatt ccctacccca tatccatgtc aggaacttct gttggctcta 6420
ttttccaacc aagtatcacc atctacagag ctagcacctt ggtcagagac accatgctct - 6480
cttgcctaga tgaatgactg taatgatctc ttagctagtc tcactacatt tgcccttgcc 6540
tctgtttaat ttgttcctag catagcagcc agagaaatcc tacaaaagga aagtgtgcaa 6600
cacgtttaag ttcaaaaagt cttttaagca ctttgccatt aggaaaccaa taacctttgg 6660
gtgatacaaa aaatgtttgt ggttatgcct gaatttacta caacgtattt ttgagcattt 6720
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ttaggcaaac
ttctttacca
ttctatttat
cctaagtagg
acaaagcacc
tctaccaggt
tatatttgtc
acaatttagt
taaaatgagg
tgataaagtg
gccaaccctg
cctttctttt
ctattccaaa
caatttctct
aactagtgta
gaaaaggatg
ataggaccat
gtgtctgact
gctcccaatg

gacatgatac

aatacatact

ttgatctcct
gatattcaat
acgtgaattt
ttggttggat
gacatgtgct
ttctattccc
ttgttctcat
<210> 11

<211> 21
<212> PRT

atctaagttt
tttgggacag
aaactcataa
tcttaaatga
taattcagga
accagggact
ctaaaaaatt
ttataacatc
gaatgatagg
ataaacagcc
gttttcaaaa
tcccacaaat
ttcttttcct
aaaacaagga
gatcaggtaa
aaataatgaa
taccctcaaa
ggaagctgga
caaactacaa

aaactctaac

ggggtatcat
cattcccttce
ttctagagtt
tcatctatca
ctgcagagat
tttcaaagaa
atggaagatt

a

catatgtgct
tattgcacta
atttacaatt
tatataccta
acatggaagt
ttttcaggtg
ttacattcaa
ctagacactg
agaacacttt
agtggtattt
ttttggcttg
attaatcaac
tagaattctt
gtagataggt
agaaacaaca
ataactatgc
atggcaaatg
gatacttcag
tgatgtagct

aaacaaatct

tttactagca
agcacatgta
tgtctgtcta
tgcctatctg
acttcattaa
tctttatcta

tacctggtat

aatgaaaatg
gggatcctta
agctattttt
caaactgagg
atcattcaat
ctgaaaatac
agtgatacaa
acacacttta
ttaatatagc
acaccgaaaa
tgatttcttt
aagagatgcg
gctccaagca
acttaaaata
tgtatgtggt
tttcatcttt
gcatcttctg
aatggcttat
ccttttgagg

aaaatccaaa

aatccccaat
gaggtgccag
Caaaaatcaa
aaagagactc
tccatgataa
attcttgaat

gcaaaaagga
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aatgattagg
tatttaaata
gggggattta
agaacagcca
caataaatat
aagaatgaac
gatggacaat
tgaagaaaac
ataattaagg
tgcctggaaa
ctccattagt
aagtcactta
agaaatactc
gaaaaattct
aaataattaa
tttatccttg
aacctccttg
atttaattta
tgcggctgta
atgtaggagg

tcatctccta
tgggtggatt
cacaaacaga
aggggaagag
aacaaatatg
tcatgagtgg
tctggggcag
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tctttacctt
gtcaagttat
tttaatgaat
taatttagac
ttatggaaca
aaaatagaga
aaacaaatga
tcaagcaagg
aaagccacac
ggcatggact
cttttcttct
agtcattttt
tttggatttg
gcttgaagag
ctacaatctg
tatatttctt
cgtgaataag
tggccaagtg
taaaaacaaa

gacttatgaa

gacaccat agacttgata ttcaactctg agcatcaggt tctasaaaat. . d

gagacttgat
ggagggagaa
actcctcé@c
ccaaagactt
gatgacagag
aaaaatggag

tagcctggct



<213>
<400>

WO 2004/107618

Apis mellifera
11

PCT/US2004/016381

?et Lys Phe Leu ga1 Asn val Ala Leu ¥81 Phe Met val val Igr Ile

ser Tyr Ile Tyr Ala
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

?is Ser Leu Gly %ys Trp Leu Gly His 250 Asp Lys Phe

12

13

PRT
artificial

synthesized PLP peptide
12

16





