;yz{|}~e3e/H E | nl V6T+g<W O 99/ 57271 | ~I WMM@ ~~~~~ m- 19 851&%0&;@5@
S99/ 09502 FELI NE CD80, FELINE CD86, FELI FELI NE El C
ACI D AND POLYPEPTIDES 1 5 1C 15 20 25 30 50 ﬂ ation clains priority
of U S. Ser 09/ 071,699, filed May 1, #9998 the conten i are
her eby i nco%?%}%ﬂ into this applicatio ef erence. Thr ohﬁﬂgﬁyﬂgg&s
application various publications are ref @W@ﬂlﬂmmmfrent heses. Full
citations for these publications may be end of the
specification i medi ately preceding the sequémee+|isting section. The

di scl osures of these publications are in their entirety hereby incorporated
by reference Into thls application to m)re fully descrlbe the state of the
art to which tH= B [ 8 K CNE) 3 < g

Curre. . tly thepRra® ReIpY %HJ&{P@@%@gs for the pr event| e:~ of feline
i mmunodef | ci ency‘é‘—s‘e‘ﬁe—% nfectious peritor.it~s disease in
cats. Current feline | eukem a virus vaccines are available, but their |evel
of eFf~cacy rermn@ app3hicanabhe ardlind) $RTRré@FESoRRYU CAUSEsdhiea =srASe.

Ther ef or e, there a eed art. fo ents and _conposi.tions. that
provi de prot ect4™ ]ro }slgﬁeacpﬁqa&’ her %‘?&gastelée whePESPhePé #E156t & an
exi sting vacc ilmerary trmoztmm tirtef fhcacygrpl 1 ext sonngpyanck feoramd .y

used vacci nes. qlrt}d?t@dt&dton,th\t%CCbpattegt%nkltatletbm s @ligfi e fordie 1,0
inability to overcorie nmaternal an dies in kittens. Safe ang?effectl ve

agents t dhel p TRF&ERERES néBe RRESH eSre al’@b heEdATIPRS SEPRUIESSh of
T-cel |l activat ippmpblandtpoaki fnar/abeofloth\d%t response ¢ uhsmmfmdah&dfmst

is believed to r t ego of e
Tcel |l receptor ?%f%epaet%tqﬁpl m‘runoge gth%e%t%l %gl%len lp%etlc ntqgegxctelg) th lt%l—tc
class | nol eculdssamButRs setohdasy EtublI.L@atSL@@ 206 WD gdismZ2ENntirety

PC T/ US99/ 09502, d 1ty %%Eb?@o%té@cﬁ?SPéﬁ/evLézgé’é'dﬁ—tcéU%@ ggip.ﬁpca?tﬂﬂm to
CD86,wi t h the|r corece{)tors /or CTLA-4 on the T-cell . The
successf ut> i nt €& i BRL bY fiﬁég’é }Pﬁ\otbét Frays I9fadd'q oakt V&t i"0H SAndhis
proliferation ofmbaittGDbemd @8+ T-5cells and the increased production
of Thl and Th2 typei mune regul ati ng cytokines. In the absence of

adequat eco- st i mJI ation of T-cells, an anergi c state nay devel op, whereby T
cells fall to pRAEERGEPENIS 2¥Noki nes. Over the years, two

nol ecul es have energed as keyl Or egul at ors of T cell responses, CD28 and its
| i gands, CD80and CD86._ CD2 the T-ce o-stinul at oryr ecept or
and upon 1t er acti oA W ¥ h ‘%Dé‘ %’PEﬁﬁﬁﬁE g TY2eF " prol ?‘?Er ‘F“%n
and cyt oki ne symntéteemsz,qmewénfehgnél’ nehmnozimﬁ:tmeﬁﬂybt dbiﬁsm aad | Bell G 52)
, al5CDh- 28 ?-~o0 S I 0 | t rol | a

Al t hough, not g%%?%?é?% %gg%g%sgo@ |Eg%%tggrgs trg ??\ |b| ‘hﬁ;&' r;(# t0hhe
costinul atory rE2peves. ’l'Fhéthaé’Faél?SoareaﬂHaltaPe? pl Ayt akbayr copeel GTLA- 4
a: ~d theirl; gangst {388, a%a@%quu@s@Qoﬁbbﬂb”@hQFané@ﬁ@S§§§etSmJ§ﬁYé’Q&§ethe

xoverall i nduct i d_suppr i_on_.of neresponses to disease I1n the
Yhost . ?‘rgrrpul%t ~r§ Fﬁ@ggp SEF5AC8T tmg’%ée léOS%I%(F(gt 6Pyec%t§] Ui eg?rit
§ may bep033| bl e 2@enmegyHrat e:om@ellt1<r>1esplj”raeesvromdeugh%eceﬁehnaf'rom’\t:hese

suppression er [&di rR¢ 0Ny, $0, Al SghakodeRa £ I foe RS faﬂWQ%Et%ﬂ&’ards
a particul ar pathogen ordi sease cond~.tion. In part| cul ar t hey

useful forvacci WaEFreRe ffai AERTI MFEIAVEUsTF sEdfesactr eat n@fﬁlsc?flt“rﬁ e2bfous
di seases, and teeahBBDY OuséI@ONa??c&ilrfas deg&neéaﬁtct\ian aubébmaeaoﬁndof

i mTunodef 58' enc% condi tion f 1 én%)ht?cyt e T e
system di 3pl ay bdrh eonto TEIRG sk £ B8 6ﬁ¥ ? 8¥FFC8WSQEﬁF?6P§
arise in the boaetneedoye frromisttamnsel ISslfandnnh gfdeettuet hgenhynus. hehpt he
thynus, naturat;9p,a8feSehest i 9n-+ ks pl,are it RLHIE a naive popul ation
of immune cells that is able 35 to recogni ze antigen in the context of

maj or hi stoconpatibillty conplex (MHC) presentation but is not

aut oreactive. Fohtowtnguldyive smtIRililoncteaaiibncahd Rroliferation in

35 response to disease in the host is believed to be

™

dependent on two interactions: the recognition of the T-
cell receptor (TCR) with immunogenic peptides in the

context of the MHC class I molecules and the secondary



WD 99/ 57271 ~19 SEP 2002 PCT/ US99/ 09502 possesses a clonally distributed T
cell receptor (TCR) which determnes its antigen specificity. 1I9JrStEtPe?.0 02coa
and CD8+ T-cells, the two major subsets found ~n nobst adult nanmmal s,

possess TCRw@mpmad of a and a subun=is (A~lison 5 and Lance’mfljl@wgsoz
Protein and gene organi zation of the TCR protein ~s simlar to that
observed with immunogl obulin (1g) nolecules, and ~t shares many properties
simlar to menbrane bound Ig on B cells (A lison and Lancer, 1987). Like
the I'g mol ecul eiNBFEFEL TEROMIBECHBSRRY | Al FFNFBCOFHF AR VRSP AnRbERSbf
potential anti QEI\:ISQ:QiéQ&C%%reE@btbPQ$ ¢I§3§83rén0768 gens- ZIYOnOEEémTZ@éan and
rear r angenent i%g%l m | ar orrﬁ exit hat observedhl n s (Dav-~s
and B~orkman, i9¥3) ucﬁfs\ﬁ th AREFHDT l%loefc&lhgfepﬂgau@@a B?yﬁ ce??%s to
generation 15 odcd dvatype caddversiltifelratToceldfs Hantol VRs+ mehti @D@ﬂ:opies of
vari able (V) genes e rm 5_%%! rr.an s 95
subunl ts, and vé;?fa |?1ng SiJlgnerrla Sberdﬁf n%"?%‘?]la rﬁaﬁgn?%gerﬁ ona ¥s
(Davi s and B~or Ka# e 198891 aUhP@k@YBO &nes- hoheveke gbgerrs @b ﬁ@?‘&@te
appear to generases€himel st iom tdhf O'UQJSeEDémthﬁ aﬂéﬁii@nstah@uggytheve@égntI al
repertoire of thgﬁalppegrls(ﬁ easgg t atdo thelg

(Lechl er et al .9 . FCRA 1t hbUgR™ Y JZ% =28 SEGF S5ft FgeRTIRES -
recogni ti on, dogsenotthaveysagmal debi werlemsdpabi lhatviees efralrigiedonaandkey

Lancer, 25,1987) dg@alf&rmf* qnélelczhe Mgéné@stft%zECBndfeltgowlggnegndtpgot0

antigen presented.in_the context of he antigen presentin
(APC), result I#RSi JRi® del iN4Y £Rr i &RTABRESval iRty &é’sé&nlé‘fléat%}fpl ex
qf s;Jrface lr)ml Sﬁybeﬁcbﬁlclarch nngDB ﬂmleztehﬂc:lmchawsf (c@hmeaﬁdetcmds,, 3\% ]
988). TCR binding results in {he shh ation.o t onp ic
indirectly I|eads" ancg%:afsl T ux ﬁ\?g It%hét%:iolnl R 1578 Ekmﬁ L% n“kﬁsFE ‘2R
producti on (WiBsedadt Lhgt Waﬂ?l.ngd)athThl STéaséadelEe céhéﬁdeﬁ?@@ﬁah ineti al
event in Jgcel lcgchbhvatd@mo The [ 7;513%959”' LAeS @haat 0BbY WhaD ich-i s
presented In 3 19 SEP 2002 WO 99/ 572 1 PCT/ US99/ 09502 association with
the MHC. There 2F&TEWBCi8Bset s ofRHENpr ARG n§CFBLEERAY e NFF TS ERT gen
presentation toaptbea¥scekl ..iv¥HE1cd aBscdl ]l 3c$@uﬂﬁhmcaz}ymsésla&ﬁsél$lcl eghed
cells within th nd_f ncilos sur SsS dgenou .
produced pepti dgsp%%/éfgsgrm%a et geigjl %%8 g excgrrgslszgd if %%lr
context of MHC &FassdE CE8PegogniCrEd by F%@Itll@ué)@ﬁpéyspﬁ@C@E@eﬁn 1s key

associ ati 9g “‘tbothehICRo(LVBEHBn?négggion(IX%d1_éﬁﬂﬂﬁ%géﬂgﬂ'(81' A mmune
i mmunosurvelllance for renoval of virally infected cells and

mal i gnanci es. REEBHAMEITGn of ﬁbﬁeé‘éFf Ibl BRI &95hy the ERBLPY EEH‘Q the
(peptides or al teredssebh peéptides t4haiosm:ghﬂa|tnd1ycaxbeea:urmlsl gnanay)y besul t

In the cyt ot oxi %/I—I-Ié h}gﬁrghocyége (C~t%)ulr£9t@ at ed dgst rugtg %Q) dhe cell.,

(Berke, 1994). ass |1 nol ec t he 'second mayo ~stoconpat| bi I ity
15 subset, are RYEAEFIFyREEGnd ERPHIBAS pPBf 85I é’ﬁélll*éﬁtlll@é‘n pEesemisr céells

¢ ncl udi ng 2|§ cel ks).maar Qﬁlh@ﬁeyr@@%%é%e%cﬁﬁ@d@eﬁd'ﬂatﬁtqcQﬁ'a'*S pathieegh or
‘nduct ; on on soge ot her cel | P‘R}Eiu ations in espor}éee to specifi c%;t gu i
possi bl e (Ger maPhSe18935°7Fhe  RC £F BB T1 Wt ec iy Mdes ndish ercr
t he oresentat| Olva«:ff‘1e1>amg©m10ng:’aIl11$tgemnfEOth.besCﬁ4.-Be'ES(eel | . Amkageanthatf i s
phagocyti ci sed, cy ed ce | sor.bed t .
presenting cell é}el?ggengggenoﬁg?iy%%%cesge #c}debounﬁ c@ﬁ%%&%
(Unanue, 1987). GFRENABREEUFe F@CRHEMINUr Pdce 1BRBR @%%%&W&?%rmq:ém% for
recognition by CD4 expressing a(3 T-cells (L~ttman, 1987). Antigen

recogn~ti of, bywcrf4 Eo%%e% [@SULLS 1€ 2R 3% hgo gteayh9$b98§y8?acets

grom h factors nec ary°f the 7 nitiation an alon
of an active |m‘ﬁ9>ﬁ’ér|°ésﬁ(§’ﬁis@f(f|%§t‘?&’nr¥%1&§‘fsf maﬁ 08é1198¢)3€n1t0r5 arise

in the bone marrow from stem cells and migrate to the
thymus. In the thymus, maturation and selection take place
to produce a naive population of immune cells that is able
35 to recognize antigen in the context of major
histocompatibility complex (MHC) presentation but 1s not

autoreactaive. Following thymic maturation, each T cell



CD4 and CD8 di ~ferentiate the as T cell subsets and define the functi onal
properties of each group. The presentation of CD4 or CD8 on ag‘g gﬂpl 2002
mut ual Iy exclusive ~(Littman, 1987). Thus, follow ng thym c selection and
mat ur ati on, ve@3%337MM-cel |l s present only CD4 or CDB. The nol e®Gra5I®exs0x o
stabilize the interaction between the TCR and antigen bound 4 WD 99| 57271
19 SEP 2002 PCT/ US99/ 09502 WMHC and determ ne whether the T cell recognizes
antigen presented in the contJ(ext VHC cl ass | ;or_class || %Li tgna?
1987). The bi ndPAGSABREPn %of St A SrSEBBPRBFRcdi € FetodfifZBECF esPe®i ve
non- pol ynor phi cwheghodetefrminele 1¢lsasstligen cpess flilcinyl.ecuher({day bepger
et ai., 1994). Bindi f or 0 e ifi i, t
stabilize the gén[?é}ggncggﬁﬁd C |V$not éntragg?l 8?}1?5%%% ttc%[e&?n*ﬁ??né)taﬁ%oﬁadg’?%
cel | activati onm@gmnalsamosisEsF) TCRhgsmpeprd af celanrd & . JyPYliiict | @rdllspn
interact wsth ARGiexphressi ngsd®) antigen in the context o~ class Il and
initiating a T hel per response, while CD8' T-cells only recognize antigen
~'= presented in the context of class I, and upon binding initiate a

cyt ot oxl ¢ respoRset¢Gerand rgenEPIPanTRaciow ¢fi HhendCRpRECTE bR ypo S Isel per
T-cells and CTL.gambe dSLfderanhi ahrdndyldha sUrfracemeXpresst O 1t
either CD4 or CDE The rra3orit%ﬁc~ T-Iyrrph?c tes beari ng} C4 are _ energltly
consi dered ~o ~8"AEFFeMaL¥ IRF UGSt Rere 1FE &°prEP8088d A e s (1B
(Yasukawa, et akell%98%)L1.C0h Reldpdranie2) Adeél8l7’s .ar éiie?orhea elgulratliorsulaf, t he
i nmure response. Lhrodgh thesPr edueti-qna 19f ?é@%%ﬁf%a f shisaul atQsy, ang
suppressi ve cytokines ; Mosmann and Cof fman, 1987). The factors produced by
g -ese cells ar BOFRPBR RANCIEESE 018TUG19Fe MY Phat LBAScFEBEOR  a Thifnotede or
afiti body nedi at edgaaspansen?aandr@atehhddmntor i delsayedatyper complexity

hypersensitivity.(DTH) response (.Mosmann d Coff man 987) ., For '
T-cells to beconéggc%ﬁtg S3h eér 683%ec§g?ﬁbﬁga\é?%vxflﬁ&fIg%%%)%&fn’a Tonpl ‘ex
cascade of evenfs wush acturcdAmdlgenles devdeted bndBenebiyt oseukebyr xon
prof essi onal APC 98&8@§ﬁ¥bEﬁfgéfgﬁy@gggaggcé$@§n9§voi9§§)muf@?ofgxéopxes

denatures the protein and breaks ~t “down into smaller fragments, peptide
fragments of bePwe¥RTi5P18 4¥ingCREF PesAuUBTRr 2% fen bound with ~he MHC
in the endoplasmc reticulumand subsequently transferred to the surface

for expression 33,4RAt zeghkenSinadles k994 hnaSHr EaeEReXRT 8580 APLA QLM i
thus visible to T-1ynphocytes and can_be recogni zed b¥ the 5 ‘19 SEP 2002
0

WO 991 57271 PCTPRRBSIGFEI5E2 T UOEIHO8G0s6PE wRERTERETPr opEF TER(PEY bt v and
expressi ng CH4 GGenkaidh, 1998)).. Wienl ike J e€lls riesegnizesT tdel ¥ cpernot
antigen, %Q)d t he proper accessor esign@l s are ELioge edsonga!tflfcerrgntégti on of
the nai ve 4% nph8&YEE octtr $ANE 3&i%onat 5 EXpans'oR-€an T oteed. MAs? yee™
undet er mi ned st thorghl thespptenmaha gpeafcoreat Pl theVEIHpresarsef ta bypes 1

(cellular) respeRegVelsSusha yPend GhumeiakhiLesponses{ Msmann, ansho) .
Cof f man, [|989). cell help ~s required for nuch of the activity of botr. a

1§ hunoral and a cellular response. AT cell dependen~ B cell response,
Whi ch is requir &ef GERantd WP (75 tRenvade St § ofpSPtaAengERSCIPéguPresddegel |
hel p for proper Bccebhematynali @oiwtakephaqe (EResnut @bnabhng 19862y,
Once the syrface 9e>g7§:esseﬁ Ig on_the Bjacell has bound_ant L}g_gﬁn, 15 1
internal i Zaticn,® 3 deessi NG ARETRVHEORT hs S 9EE f ABe BXpr s9i'on -5 LPHLER
anti gens occurs HiGetirg o 1083)gerDipmeerceld 1o thel lconaetkact fbetiteen the
CD4'T cell with the ~di, p t el |, t
activation and parr[(}lelgréer?gﬁ%%e%rfcﬁg%e %iic/eﬁ?‘gt?&egﬁﬁglgt kgl ;?5?8@6?§15g8w~e
activated hel pertireugh maynpeceupadnelvf ascerseiteg aceppéex| ofesponsachy
and Cof f e Lo hoan Factore s el L e e g e e R pan
and. : es ctors -nclude, -4, -5 an - [ an
i nduce Bmggql ac]ts%&()ga?ti onIe%%&’p’?%ng AT Ehd s é’hos?hory'latlon of 'chie
CD3 complex, which indirectly leads to a Ca' influx into
the cell, 1initiating IL-2 and IL-2R production (Weiss and
Littman, 1994). This cascade 1is considered an initial

event in T cell activaticn.

35 The TCR recognizes antigen only when i1t 1s presented in

3



25 inportant In isotypic switches for the Ig nolecule, while IL-10 acts to
prevent the initiation of a type | response which would in turh? SEP 2002
down-regul ate hunoral activity (Msmann and Cof f man, 1989). ul ar
responses (twweodgrzdo not mature in the same 30 fashi on as huPor/akes/09502
responses (type Il) (Sher et al., 1992). Upon T cell activation and
maturation to a type 1 response, factors are produced by the T cell that
favor cellular imunity. IL-2 is a T cell growh factor that al so pronotes
CTL responses, Wssaryfnpractish ocketNGt e IBenacrophayges subBetandf MHC
neut rophi I's (VARG e s » 2499 ac b w1OnSERZQRZ WROHSBAATE PCY/ Ure 1

S99/ 09502 T hel per. cells are thus able to nedirate two | argely nutuall

excl usi ve resporf§ed.: TRECylGiSisnd d&cfoPEnCPaft BPAC t Arht II“é et H
initiation of avhuwmmal tﬂ%po}ﬂs@ycoahdl nguhattions that ae fsagpr e@ﬁ;’bi«@s@f a
cellular 5 respaonse and vi.ce yers; n ff man 1989

uncl ear V\/na’{ dete&°n%%$é‘s°“\ﬂ%¥t er acT @1 mg BF’F S ﬁsumur?ype pat% %1
(I'L-2, IFNy and Heptpids oxixpr essed type tth)atcpelrtn:c(u lef, MIC 6cla@s aAd 13)

al though it is proposed.ddhat, *'PﬁcéJYP@ Qipﬁf’s% hatcdy esend Ssdhes ant i 980 QT

sol ubl e 10 actors produced b t he may i nfl uence the pe of cytok~ne
pattern that deVétfog&K Wbéﬁ’é‘ﬁﬁnanﬁs’%)ffnaﬁzps 19"89)911an&88r%?’6n1?0 PHERPype
1 and type 2 helquervesl lsncel het peerbype bSubseasl exhafechedhiccdllsecarsiii on
patterns are interned et we nd t t :
1989). aﬁ(g T h"g aq;c%se%ts hgg&%{aﬁ%}oﬁ gf %%Zﬁe%%g?rwg)t e?uzl% ~(}L¥/| f%é
experi nent ati on, C%CT cray becretdeaces aftenpdusell theptaiesi Wpakt Baght

grodel s for the r ol Gt hemd] hehpety Cetdsuif. 1ADEHE adydter dohe: de\l%@EBEEEeOf

¥pec= f ~~C respopses, ~.n.an in vivo environ addi ti
BT el por Torpndiged degi i T dhe sy o JpRERE b P AR Bn'
consi sts of CD8 bearing cytotoxic |ynphocytes. The CD8+ CTL appear to be a

maj or conponent \fc the ddMuNReSHENEEL | e sBShammues Qﬂﬁdd&fntbaftli%ﬁtlheﬂ} ~S
to destroy virally and intracellu ar 25 bacter, al(lg% BB?EeCte cells as well

as nal i gnahti es TEF%e, 3984)°TFR ¥ dawrs & Al SF o protugstigen
cyt ok~nes) but gernesabi ynoniel tdase laghory & et Mist, hmarndophrgesémbubaytes
responses’ (1 L-2, | FN( aRd. TND) oL Fo00 and Mpsumanc- 1990), Ibe. TCR-of Lhese
cells, in association Wt th CDB CDB, "recogni ze ant)aﬂgen presented I n

context of MHC cP@aR$!3tYCR$t MRNIEeEPQTFe 1G9 gERFHlLC af T 1 ikt ea“f?e@oc?élllbée
have Zurf?ce exp(%&?ﬁggg oohass th@rm@r&langs emdw?e@madley 1%y|2r1'e|§@>‘éinéag{le
pepti des t asupar a p muno- pri vil eged sites i ng
Phe brain Shd ¢ hboT aSPBs PHRarE Rat Toud SRS IR ( he 5PBL Gt T
though It is indoelble ~Fmtlneee drieas wist rphagceryftelcaﬂeéxpo&mcecxtl\Mécet rand
Paden, 1994). 7 991 72 / Q02 Protei pr% ed
1n the endopl asm%y%t?cﬁgu%]&%ﬁoﬁgﬁ %ﬁegnlegr:enqgl&ﬁe%?{atq%% r% e% trﬁlg - qg%e
denatured, parti&f| RRPIRTY DN BPEERESEEIMANE | &RNC f §P sWCFa@elass II

€Xpr essi on(EngeI k\@ﬁ@huew%)m Therael M@e@&mnl;eslﬁrcelen surface expressed and

teol ytical l'y5| il din 9-12 ani id eplt to
Cl asst whi Gn -4 TKBRLBRAF oguad CROTHE SUTT abe 6PN NESCHlT Y ERbet Rar C1994).

Theoretical |y alllLendogenousisi pr odukrtpegt | desocanetsanf doe 6RP eskart 1418

this fashion, andetivpbcsgl eqtippohdealdy sesudskided hgveldranal inrs
al | 10aut oreactwe T-cells, inmune-survejllance can detect t hepr esence of

virally infect ednﬁFetsrsé‘ﬁ§ orted CEEl | Y BRSO 0983 . PRRIIGASGR™ i Bh J1RRY
forei gn peptidesfaxpressedahyatassel :mduhactéspates moé.nlmeqrarstﬂcgejbmmmf | c
T cell recegtoors gg C/‘PB CTL (Lechler et al., 1990). ContactlSbetween tl:

ef fector céll Fhe target is required foract;vat~on to proceed (Berke)
1994). When an antl gen thatis seen as fore;gn is detected by the TCR, the

i nteractior_bet weenat had nob®clll FHedeticstabi theed by €8 bubeety sndtdetddss
| on the infecte e I n 9 Mge20rec i tion.occ he T
cell becones act ?:\r/%t(lg nég%:%gri]é’% ar?#egglr%? Bgt wg(eR %ﬁ‘guéargg céj{isear?%a‘%lon
effector Tcell, @hdCDHe caf 08t on el ceéldnspatzéhewx'TeWbmsa\rmcbhemtman,

1992). Trus, in tl@'ss f ashhey, ﬂcﬁll%ﬁs’ln Pk EBSS@I@@JJ&T @ d0hatfirkbeon, op
cel lul ar ITB.ChI nergy t aken over §5ﬁ6 pept| des will be avail able
yic

for recogni*t RUFRE1 Ia%l: Bf 'm of PEh&RRfHHE SsyPitent©
canel i m nate the sdiabeased ﬁEé|1r(ﬂﬂ'§(&,loh9M):we€ﬂ| thed arCRndt axt gy BpEedr s
to result fromone of two mayor pathways. Either the cell is induced to
undergo 30 apoptotlc death or it is |lysed through the rel ease of cytotox~c
granul es by the CTL (Berke, 1993). Apoptosis is induced in target cells
through the rel ease of factors by the CTL which induce gene expression that
result in cell death (Russel, 1983). An advantage of this nechanismis 35

t hat ceII IysI S does not occur and the potent| al for the rel ease of the

. g Y ) e Y



WD 99/57271 19 SEP 2002 PCT/ US99/ 09502 is reduced (Nagata and Col stein,
1995). Cell lysis however may be the nore common nechani sm %wz\ﬁﬁ%ch
target el ~.mnation takes place. Perform which acts to per t

cell nmenbramnesgesm7r mayor constituent of CTL S cytotoxic grpoussy/gosou et
al ., 199S). Although here are other cell types involved in this form of

i mmunosurve=l | ance, CTL appear to be a mayor conponent of antlviral and
anti-runor inmunity and, against specific pathogens, are considered

I ndi spensabl e fWiIC prBLedeites™I0e ( IBSLEET als eslTngﬁll 198999n1 #¢ % | ankygeal |
surface proteinsrypegcEged o—ﬂéffc@rﬁ@dtat@f speel féragel I pepulatianstMre
recently functi gnal aspects 05 cf | ecul es have been deri ved
and wh~i e they &re"sPRIt PApd tant t§RR el PE 1§¥"ﬁe6{ﬂ4a~‘?5n

their critical m@lecmhetheccﬁgmmztes)rrecﬁpermnyecabhsprybetpHnngrggnenGVDdent .

Avariety of acgrssoryand aduesionmiaaules (Rab playa diols Tnibhe,

devel opnent of a productive inmmune respcnse are ex
anti gen presentBngdeepl 95( &4 26 @ﬁerﬁ%rtftﬁts%lspqu@ﬂ r%ﬁé‘ﬁ OACHBI| E€ul es

are expressed a&césmlz@veheommshc@@éxhsD@afma MEC | PTHH8LaSYSbEM £dheynare
I npor rant -~

S Y ~~r|thm n are d mthe ir.ltlat~or
and mai nt enancel?ﬁ'tﬁaﬂ' 8(E (Lérl IS St ?@he&“l %@éﬁ h]Z%é-}eD 2/ ﬁ"tg}:{ss
(CDb68) and LFA-IpP4 CAMctlapeot o BAdheasiconlipl e maonpltéx 890 evpresd 1ng t he

stabi | izagpon Oéniflgshl %PCM ebAeLx: 0B3 m%égﬂezfnaaacarfﬁ%tlan r%CtéV’I‘ty
(Springer et al ~s one of the first markers expresse

pre-T-cel |'s andPBEPeY s?%sl?cfﬂsc?ugl"i’&&tlet B8] i« 3d e r@qunW| PECREEM i s
qe?zpr essed | at erppaséneeld sirandhé s copteegulat edl y#s nEnorandelibsSnombibyiing

duction (Spripger. et al. yl%%?;&b Q‘fe%%’%%rrm ne&%‘é‘ﬁ congy gxes %t‘f%‘y tuo,

denonstrate adh&sivé pr oper i'es ncti'on 1s ‘proba
VD 991 57271 19 §1EtPn2o0X Ry ySEsy 095021€(iéielIVeTyC©llan arnst r 828l | cdrar be

signal upep |igandrbi-ndingctANDereR8 Strflce 8885 RPN reshallds RNt 0
an Interaction between the receptor and its Il gand, a conformational change

in the nol ecul eSP8tructure takes 5 pl ace that results in the delivery of a
signal to the cytoplasmof one or both cells (Hutchcroft and Bierer, 1994).

Signal s del i ver egeby,t r@%@:mec’w?ﬁnﬂ@&y%sv%éﬂﬁ’né)fC]59| 8gel rg;eqxr&rmtllwg T
cel | devel opnent, but "~n the absence nal s nediated by thése

mol ecul es, T- ceFPESAEFTES bec e i (57-( géuﬁ OHAY LiPREFeyS POPACPORFS
CD28/ CD80 i nt er goui oaTLS sabﬁayonYasmm@nte@fan ,pI’DS{l&E)tJ vec4 celdlpwmditat ed

i nMmune response hnslg et _al. The it er t he C28
accessor yﬁrg?ol ecufEII % s]? ?eéggég%r‘? sgfe%}pul re oer Ifeusrﬁ acetl vat1 o% and
15 proliferatiohef Pﬁaﬁl\}@tﬂmteqfl & PRchRsteycktswimul 409na)andrudanessicid cn

al so appears toc glc@meqe%rl timeahafrRl €andd adfiftvahed apd7renor yrdA' £ sk std
proliferation an

revention of apo (itlc cel| death (L~nsl ey et al.,
19918) - The i S8SPAF ol Phat FREer SE6n 3Hrd HIRRA G A of S Tee 20m the
g%gc_hani sns has_ amvhdedoa cf itdwgala humkrah ¢heanmndesdy ameh gy €d csddponse
diated iypmuni tyq 23 3033110 o delayed type hypersensitaivity (DTH)
response (Mosmann and Coffman, 1987). For CD4" T-cells to
become activated and produce soluble growth factors, a
complex cascade of events must occur. Antigen 1s detected
and endocytosed by a professional APC, normally a
30 macrophage (Unanue, 1984). The APC denatures the protein
and breaks 1t down 1into smaller <fragments, peptide
fragments of between 15-18 amino acid residues are then
bound with the MHC 1n the endoplasmic reticulum and
subsequently transferred to the surface for expression
35 (Rotzschke et al., 1994). Surface expressed antigen is
thus visible to T-lymphocytes and can be recognized by the



19 SEP 2002 WO 99! 57171 PC T/ US99/ 09502 SUWMARY OF THE | NVENTI ON The
present invention provides isolated and purified DNA encodi ng iglggﬁ E@E
(B7-1) lIlgand, feline CD86 (B7-2) S ligand, feline CD28 recept i ne
CTi ~A-4 (CDlydyeofseggptor, as well as vectors conprising nucl ep€rasdofhoso?
encoding feline CD80, feline CD86, feline CD28, or fei~ne CILA-4. The
present invention provides a host cells transformed with CD80-encodi ng
vectors, CD86 10 encodi ng vectors, CD28-encodi ng vectors, or

CTLA- 4encod~. ng Tveefldr subdéres iwiéntrihen ppopeirdeSRpolypepbe desd esgpdeds bygt he
nucl ei c acrd of |ne glin i CTLA- 4. 15
The present |nvé%%|on 5§%§?de§ﬁ4 vacgggg c% n%r§éf¥x¥%Cda%ﬁE§ct?58 %ﬁ%%%¥

pol ypepti des encodaddsy tana ivd edxoras da@#e?f%fblnnesms f &t ¢ née CDB6red,
feline CD28, or 4 &lfnenEiakhoft- oFNEHRI BESOE &9M5H5b$9e3558u9§Oyhgeélonal
vacci nes which further conprise i munogens derived Trom pat hogens. 20 The

i nvention ptovi &GOV ateR iRICEShabl oVeénHSHEFﬁﬁméPEdlﬁﬁﬁﬁélFe§%%%%%
The ~nventicn alisp phenpdeseteﬁtvamcma®$lcap@hkecﬂf supppessi ngecahtul amune

response. L7 30 727 S I ES
16" SEp 2002 PCT/EOFG050F Lol & TR DA 4G 2 o e SolAREE o 0
feline CDBO (B7LDitMAMY) 1968EQ ID NO. 1 and 2) Ficxure 1B: Hydrophobicity
pl ot of am no acid sequence of feline CD80 (B7-1) (TAMJ). Fi QUre 2A: DNA

and am no acid C fel 7~ D oBhLa
4) FiQure ZBIISF?Ie(fJ% g%%ﬁ?%r u%elL 21(();%0 5&? emgf)ih( S\SNERQ) ace%@tb Oyob %h %o

Fi gure 5B:1335 humoral and a ce‘lular résponse. A T cell dependen- B cell

{”} response, which 1s required for antibody to be made to most
<

antigens, requires T cell help for proper B cell maturation

to take place (Chesnut et al., 1986). Once the surface
expressed Ig on the B cell has bound antigen,
15 internalizaticn, processing and MHC class 11 surface

expression of these antigens occurs (Germain, 1993).
Direct ceil to cell contact between the CD4' T cell with the
proper TCR :diotype and the B cell, promotes the activation
and prol:feration of the T cell (Chesnut et al., 1986).
20 The activated helper T cell may be capable of promoting a
type II response by secreting factors necessary for B cell
growtch and differentiation (Mosmann and Coffman, 1989).
These factors :=nclude, IL-4, IL-5 and IL-13 which can
6;) induce B cell activation and proliferation, and are
25 important in i1sotypic switches for the Ig molecule, while
IL-10 acts to prevent the initiation of a type I response
which would in turn down-regulate humoral activity (Mosmann

and Coffman, 1989).

Cellular responses (type I) do not mature i1n the same
30 fashion as humcral responses (type II) (Sher et al., 1992).

Upon T cell activation and maturation to a type 1 response,

factors are produced by the T cell that favor cellular

immunity. IL-2 is a T cell growth factor that also

promotes CTL responses, while IFNy acts to activate
35 macrophages, CTL and neutrophils (Wang et al., 1993).



hydr ophobicity plot of am no acid sequence of feline CD80 (B7- ?SS%SYNTRO).
DNA and anino acid sequence of feline CD86 (B7-2). (SEQ ID Nt Rd 2800
Hydr ophobicity plot of am no acid seauence of feline CD86 (B7-2). DNA and
am no acrd sgguesae of feline CD28. (SEQ ID NO. % and 8) | : yecopsho®@serry

pl ot of ammo acid sequence of feline CD28. DNA and am no acid seQUence of
feline CTLA-4 (CD152). (SEQ ID NO. 9 and 10) Hydrophob~c~ty pl ot of ammo
aci d sequence of feline CTLA-4 (CD152). 12 19 SEP 2002 WD 99/57271

PCT/ US99/ 09502 DENPAIUCEDY DESCREPTGN OGRUBHEPNYERICT| ORATReeprasent argednrt i on

invol ves an isohatesh nyclsia ach@ epeegdbnged. fel rpe CRBG-tigande L., kel ine
soluble CDB0 5 Ilgand.” T: ~e_present inventjon also involves an isolated

P
nucl ei ¢ aci d enRIFiFd 708 LFEBDRE Firgaft BratEd Felahé doMmslad EB88°PFgand.
The present ~nvedhtoins nvidaes «an tihaal ated ngeperesacve entodi ngealfighine
CD28 receptor or feline l.ubl 8 .re tor. T resent.dnvention 10
i nvol ves a% i sof @tied nud néilsgrlgcg;i ge%%o i‘ong a ?glnldnggfi%ﬂ%i' r%%éed;)t'or&br ']
feline sol ubl e @Tt¥ear rebept dereymanghe wirbbdirnentT t¢rl breéseht Praveti an
provi des nucl ei Qfﬁé diepeedicrd felj-ne @@y_'drgﬁ Sb:has the segygoacels
shown in Figure 1A begi rn~n? m t h _net hi onine_an engl ng th threoni neFSEQ
"D RO 1), In aRdtherTetbbaiment FhepPeseht LiveAtr8PuShr ovi dds SREBPS
acid encodi ng thefeliine €GPB86 bf gard wihdtchplhwserite Sequencgesh@an sbAuble

Fi gure3A begi nnkng,_ with thi ond and .ending_wi,t I i.n ( ence i D

NG 5) o 1R ane. ERRa B S et Fuontorr raRE R SRRy ea

encodi ng a fel i AECTDIBY Ediee ShatndeYie Frrfur @1opmapri eéRGhastfmn. 1989) .

é quencebegnT _mgn Waddh dRIh @B cangpendi sgd Wyde Sehengeseguense 1 Belger?) .
one enbodi mept _t:~e present25 invention promdes nucleic _acid encoding a

feline CTLA-4ret€Btor’ whilERhss ?’ﬁleStsed@en%glg}ﬁoﬁ?qrﬁtﬁioﬁur Ba%é(%'eﬁ? niitiTg

wi t h et hl oni neiandreadingewbehaspar dgee(Seqdetypel .2D. (QQewEk: 30 lad .an

embodi ment sof theggbove- degonidedr i n¥enpLen shBgepUc! giGeacimd ,ins. DNAQL,
RNA. | n anot her enbodi nent the DNA ~s ¢ or genonml ¢ DNA. The I nvenC on
provi des an ol | §BROBFEBRFEE Of" atll e¥3EIQ0 FPHUCIFHIA e WwhPER hERY abe
sequgnce conpl egent aky- 003 SRAURIRGEE Lﬁﬂé},ueé%egm%@ﬂtaha hﬂﬁ.emgdf@irc e d
encodi ng CD28, 0, CD86 r ' .CTLA-4.descri above. Anot her. 13 WO
06/ 87271 19 SEPORB0F PY] USSSHE5505 Sbhboti HERLL o1 thet AR T P Fbvitfes
an ol i gonucl eot sdecwhichrespahséeast 45 on t6vaueteotdesntin | ength which
has a sequence conplenentary to a sequence uniquely present in the nucleic
aci d encodi ng 8, €8O, CDB6, or 5.CTLA.4 described above. Anothe
enbodi rren?oof t h8 SV crPbed'S nv8ht i on hﬁﬁ@ﬁrdegygﬁh% }'I'g%nﬁéf)%%%'rdea
whi ch is detect abkyprbabeded I|oeldnerenboédrment adresigetectodbl EDBabearing

conprises a 10 Ldi0$Ql0pEmiGchiesophane @hghi O, NaphdhAnot hes erpodirent
the oligonucleotide is sel éctively nmethyl ated, . The i nven~i on provides a

+

y ] k
vector conpri si f§TRGEREFcacrdcentBYPRgSHIVEE{ haNEDSBY FF§ANUNeFE P Ik
S5Ql ubl e CDB0 ~5 fhinzandn Anoi herocenbdek st of/ikhBelinvenid onipt o adsular

bl asm-d vegtor designated PS|-B7-1/871-35 %AT Accession No. 209817). This
ol a0 WeS depSerBACtn hort = I8 T60d SuitnVEr ARcT AR Ty P Cul T
C ~I'lection (ATGEP4)080TIhek v st prBoallévart]e MmassubiceVa 20508299 L 20
U.S. A under thediQwisionsnoy thesBudapest,deat wa.tar theidHer aatienat
Recogniti on o~ tre Deposl ~ of 2M g{Fg\Frg%g ?I\?EB f&; ~he P(Erﬁoses of sz%ééant
Procedure. The MRS pridv:;des A X ettGr I ¥enptf FhghucterBari ¢t 2005
encodlrg a feli mheCDBB bfganesorcal ¥l iime aseloghlae 1:6D86ith CD8, recognize
30 antigen presented in the context of MHC class I (Littman,
1987) . In general, all nucleated cells have surface
expression of class I presenting endogenously synthesized
peptides (Matasumara, 1992). Specific, rmmuno-privileged
sites, aincluding the brain and the testes, have low level
35 expression of the protein, though it is inducible in these

areas with interferon exposure (Moffett and Paden, 1994).



l'igar.d. The invention prov~.des a plasmd vector designated
B7- 2#19- 2/ 011798 (ATCC Accession No. 209821). Th=s plasmd wa éiegé (ihﬁf] on
April 29) 1998 with the American Type Cul ture Collection (ATC@)

Uni versity 3QoBgshevard, Manassas, Va 20108-0971, U.S. A undecTiuses/09502
provi sions of the Budapest Treaty for the International Recognition of the
Deposit of M croorgani sns for the Purposes of Patent Procedure. 35 The
present |nvention provides a vector conprising the nucleic acid encoding a
feline CD28 reduptten ngr paofiet¢dher s dhihlemdop28smecepedrcuThe phesegh the

| vention providies Lecal0 98473710 SED 2002 RIHLSANL9502- ol gor ¢
vector designated PSI - CD28 #7/ 100296 ( ATCC Accession No

pl asni d was deptRIIFF O PPUBYD) LA PFC WFt #5% he Q%r?%éﬁaq?pﬁx%?ﬁﬁ%%n

Col | ecti on (ATQCE)ngdsz@ﬁd Uniyes s tYTB@Ub6Y}'ﬁprtﬁ@él§ [ éﬁas;av?daeamaﬁc@DWL
U S A unqir hl[]ﬁgr QVi.si_ons og‘i th& uda% ;Il'r eaty clflo e 1%0 nte national
Recogni ti o CPedErE BPINPRFSOrghr s ForCt e POSES “ot “Pat BRT
Procedur e. The Jr wsémh | ywenhEon guooEsdesl aowvecher Scu-‘rﬁﬂrqesl g menuctéitc

aci d encodi ng a(gRld1NRrETLAvE4 T eCepidredtica1fi9l hie é&id&}ér%u@ﬂyp\ 405§E§8t or.
The present |nvent| o] ' prom des a Iasm vecm WS gnat ed

| / 091997 ( ATCC Soﬁrﬂosuﬁ ?3%203 Prﬂﬂsse 1*&s epBsi fEd BH%FM
29, 1998 with timléxnnercbmamdaaﬂﬂy@lrtesuét% Gol et | @l ATECLonl 081 all

Uni ver si ty, Boul ev, ssa a 2 9 nde, o] i ons
of the B%Oapest aé@?)\?é ?1 8? er’r ng‘él‘ﬁg?,% g\k\(’:%{%%co&n %f; %Q?&{O\éhﬁ_ of
M cr oor gani sns pmsqr}r@e Pl posiest Iof llleft%ﬁteq:’mcé(}“@mé OZ@e?héelﬁﬁerﬁﬁfﬁéiheprom
gs a vector desgsiped @Hevge\e/egﬁb ibhebeQBPéh§§Soép9ﬁ@€Bt ekpop8Lahl yy
inked to the nucleic _amd n_anot her % 6% nt the =nvention -- rﬁ\il des
a ~:ost cell \/\h‘?%‘?\sﬁoﬁpr?%egaﬁﬁfl 25t Efe Hbo %n8é§8P| b&F Vectors. “Frilone
enbodl ment the rostpretd conprdssi AGLond.eafhliehe ebowd- desd@9ded vechorsti s a
eukaryoti ¢ or yot.L.C okn t he host [ PES
cither E ol >Yeacer Bk SSFEEFVPcﬁ%@?eQﬁ& %og%?@?’l R e re 30
The invention provItRIS QD poi PEepErde (ReEled 324 )t -he Whsal @mc aacirdeensdditng a
feline CD8O |igafnds&n ad eldrizegnoh ubhier &84 Idwanek qfcpcl ain® hntARaction
enbodi ment of the invention Low des a pol%%eagt | d dﬁ t;ly nucl_ei c_acid
35 encoding a 1877 HES COBES | TGLRG- bT° ' F eFT S G566 TR, “Rndter
enbodi nent of theagavehticon phevideseaelb ceWD 9Q1:572¢@h 192 3EP) 2002 Once
PCTI US99/ 99502

recognition occurs and the T cell becomes activated, a
conjugant forms between the target cell and the effector T
cell, and the effector cell 1s dispatched (Taylor and
Cohen, 1992). Thus, in this fashion, 1f self proteins are
altered or 1f the cellular machinery 1s taken over by a
{3 25 pathogen, peptides will be available for recognition by
immune survelllance and this arm of the i1mmune system can

eliminate the diseased cell (Berke, 1994).

Cellular cytotoxicity appears to result from one of two
major pathways. Either the cell 1s induced to undergo
30 apoptotic death or 1t 1is lysed through the release of
cytotoxic granules by the CTL (Berke, 1593). Apoptosis 1s
induced i1n target cells through the release of factors by
the CTL which 1induce gene expression that result in cell
death (Russel, 1983). An advantage of this mechanism is
35 that cell lysis does not occur and the potential for the

release of the potentially infectious contents of the cell



pol ypepti de encoded by nucleic acid encoding a feilne CD28 receptor or a
feline soluble CD28 receptor. The present invention provides glgﬁ#ypﬁﬁé~de
encoded by nucl eic acrd encoding a feline CTLA-4 receptor or 1 e

sol ubl e CTLAWbO sseeptor. | n anot her enbodi ment the inven~i on ROTOWSH®S502

met hod of producing the above-descri bed pol ypeptides by culturing a host
cell which expresses the poiypeptldes and |10 recovering the pol ypeptzdes so
produced. ' The present inyention proyides a vacgine conprising an
effective annun%goFe H%e%b§V§Fﬁ€sEBPbﬁﬂﬂiﬁﬁvbepﬁﬁaés aﬁng.%Xﬁ%%ﬂﬂqyever
carrier. In another esrbatienmemird heommmentieohahbspr atirdesya wACEhne aditei n
the effective a v cri | yp e ui tahl e
carrier is an a%gﬁgngé%%%ag%% §18§§m %)egrdfacgrgu’ %815)%‘?% %gt?gd%%éeﬁ@r?raantoet her
enbodi nent t he itaverti okel pr owindesnasvace né vihare-r coplss 1sbkact i v &funt
of the above-degctibed: 205 pglvReptiLde andasu~tays cari@odgh ahadWile
fromabout G 25 / kg weight body cf a feline /day to about 25 ng/ kb wei ght
of a felinelday°*Fié rgﬁégenFYPﬁ§enf?¥PﬂY?ﬁth@? oV deSTh  &fov e HREG bed
J 25 vacci ne whisghvedliherecoapLi spsean tdOMbe of efia j derdangobrfaramat patthogen.
T_n anot her enbgdi_nent e i no Wi {.hi V. in (R r a
feline pathogen?qgg?abf%? vﬁggg,“gﬁﬁanyilé?hﬁggoﬁﬁggnngﬁgﬁégﬁéﬂ%%EJIfyg
Dirofilaria i mPRtHCIRTE ea2rdr co FaceErRal 1 HRIRSGERPYen ARGt MO rrtion
enbodi mentyp t he (kg andpsenydes asyacci ne wherein the feline pathogen is
feline ~mmunodeficiency virus (FiV), feline |leukem a virus (FeLV)) feline
infectious peritonitis_ virus (FIP), feline panl eukopenia virus# feline
£alicivirus, fellPAE1réovi Fak! t5P€age PEPFARNSSWRER aNFedstO f&tfrrentiate
Oronav~rus) feldgae igyncytieal Vpspslad Bbidie sampesn veesscl{elfuectional
her pesvirus, feline Born% diseasg virus, o% a 1e|ine gggasit$. 16d VO

99/ 57771 19 SEP 5855 BChtU™ESY/ 69502 Fhe™ P hieht T DAY S P ovides’ & mettbd
of i nducing i nmwnalye i thef elamee whiéh compersest adimnideernemringt heell
feline a dase of, 2, MaCGIE CUMAINIAY -aR%10fhle ,abayer deSerd Bed of many

| rmunogens. The "~nventl on al so provides a_nethod of 5 enhancing an i nmmne
response ~n a f &l8iné WH S5 OBRPE BeseafveffRtti ve dose of a pol ypeptide, an
i mmunogen, and a suitable carrier. The invention provides a nethod of

adm-ni ster~ng the v%%\é%—ﬂ%%craé&%@s@%gga §Hﬁsg£@1@e@&§éymlé§tmﬁzgyéwéy)

system cally, topically,” or orally. 10 A further enbodi nent of

i nvention provi dédSa 1RetRBAIF VR L RMPCe8si AgPEPAYTmlife ERHENEESPRNES 2T § ne
whi ch conpri ses exbddssest echng -teltbe drel | aec afeef beekkrer hgmuea Irespoase
suppr essi ng, amount, of. 3 pql ypept 1dg 135 engedana.r gline, CILA 4. nugl el c.agi d.
| n anot her” enbodiner. ="t he i nventi on providés”a met ho Of Suppressing an

i mur e response ain serfeleiel wal CrPToRsHilSe st adne n-BWETE IRy SCe™: heTheyi akcan
ef fective | Mmune fesponse syppLesskRggareunt Gfcd:$0! D! 808! vpeptide. RO
enccdin~ ~elir.e CD80, =ellne CD86, or fellr e_CD28,.1n azothe>- enbcci nent

: U, . ol - - &

@he present mvent™=ont Hr otk ded ' M-SR RGE sBPpr 6§sitng 8n FRmineCPRERShse
I'h a feline by atMemanesterigsz)g prom about C . 25 ng/ kg body weight/day to
25 about 25 :ngj~, b body wei ght/day of a peivpeptlde encodi ng fe=one

b ovi des et ho Tohtppr edoPhg ! ansPAmIHE: T HeSOse. | OF 1 aMPneageszon
adni n~stering fromabole @c2Pplegekg budlwel ght/ dae t etabolit z@61ay/ kdf bTdy
30 weight/day ofcz polypentide eagofundade! e Lhanishife dB6acon Leline

CD28. The present ~rvent-~on al so provides a nethod of suppressing an i ne
response in a fel$PelRIAT 2 My fr oABH -an &3t diSmeife Odi §88sE18Fti Barkers

recipient of a tégstesoEd obgatrd Iansnliantarddy praFE1RIEst ehirBiigheuthenkehiifige an
SRR L :la(r)n’runeog et: eoncsee.l.ls,umg gstglg-la'npsunéxp%fesaéed later on T-cells and
1s up-regulated in memory cells or by induction (Springer

et al., 1987).

Accessory molecule complexes also demonstrate adhesive

properties, but their main function 1s probably the

9



17 WO 99157271 19 SEP 2002 PCT/ US99/ 09502 pol ypepti de encoding feline
CTLA-4 nucleic acid. The present invention also provides a mat]goggpfzm]z
suppressing an i nmune response ~n a feline suffering from5 ah™aut oi mune
di sease or wedh®rIreci pient ef a tissue or organ transpl ant HgT/US99/09502
admnistering to the feline an effective i Mmune response suppressi ng anount
of a pol vpeptide encoding feline CD80, feline CD86, or feline CD28. 10 . ~i
15 20 ~z -'' 2 5.The invention provides jsolated and purified feline CD80
(B7-1; ~ cDNA offedpyreXi it ety 94irAtet bt teS1o9RRe URPENtI Eang sB1pE ¥ des
i sol ated and purinideeddrel ene €D30 podsspepti dpef appadiisghhehy 292 asmo
acids, the nature rrerrEr%rrlle DO veed OL, mat: re formwhich has a m)l(?cul ar
mass of about 33 485KDE" an i $66fecttc poi At -Of about 971 , - aIne ’ch%lrge
at pH 7.0 of 1l@onfleredexmedsstloanad CD3Mhean nhleesudegosttimgtarer y-@otecul e
CD28, andsa t~ Bz Anthgen 8k, apsant=oa: f BeM; 3¢ P! Pﬁg‘%‘h' €2 ghganicem s

the ability to activate o~ en”ance activatson of nphocyfes) i nducing

t he producti on SHtaBmARRe ti RDPaITNPYR okRFheS aflliidltlcéclréél‘il t BeSHFdwt h
of other cell tigpes. ThegRabExelss«a@dobyCDBOse Wndlecudest ipTulakotryrpetecul e
CTLA-4, has t:ne ability to r | actiyatjon, of T-| hocytes., Th
~nventicn pr omoges‘?s%%atlend %ﬁ%H%)g}flg?i gt:l ?%ﬂnede&%t?p rTI%Z; %‘E)NA*& the
apprcxi mat el y EbEe@nmgcbéosidges! s Tesiapednby ohhea¢ st lroviages Ti-selasedadnd
purified felingLoRR polotRart idewal appr exhaatel y1330)am no acids, the
native 30 menbrane bound or mature form of which has a nol ecul ar mass of
approxi mately 36,394 kDa, ar. isoelectric point of about 9.19, a net charge
gat_pH 7.0 of 17 CPRE/EHERpr EBSEHRCHICTDIF, i t A2E85t ~FRIMRATIVF noifecal es
"CD28 and a tumyrRiccger or can amddgfied nefuePabboges C(3Algaricsay .has
the ability to activate %é enhance activat.ion of T-%yn’ghocgt es, | duch)ng
the production ot 3%mune 1881 HIFEERARGLEP: & and§ 02rEQEFat e MRESGHOGt h

| 8 19 SEP 2DG2 oD D94 57274n®PCTHRIS995096021 pédother fuéll| atypestidheand
coexpres n of _( ' COSt i oLy cu -4, has th Lhity
to regul 3% actz?‘\(/g;t%i%oenygo#l}bﬂléfrrp o%%eg ngilgq i(lr%%n%gg} o?t 6’ agg%?hi)hg to
the present invEr i bata¥acbbdai ACEC PBREAAEI (€ &rlaYecondT hahtaksotpeesin

Fel ine CD80 or £IB6, Accopr i@ therhdis, pre&sent o nventi o eanpehrses ohheanat i ve

and nmenbrane bound formor .a secreted farm| acl}gl Eg’thﬁ traps&rrb(;ﬁ;ggL

domai n. 10 The RARENGGR P ofPIRECT X0l Hied ARG Sl FEFFETY F 2t ide EDNA of

approxi mat el y 68% ndcseovedesof Théel nuerdhnagn ialrscand  ¢1peovatesn yebl ated

and puri fénﬁd fe‘J“% argp%gs polh)égeptﬁpgv]q%e@ppraomgp{.eicyagZI 1ap.no aci dgyt he
or

native menbrane boun rr.a:.ure four, whlcr has a molecul ar mass of
about 2S, 319 kfedenstardetect =& poiailagedaBdiRu9.tY7? , a net charge at pH
7.0 oT 9.58.

<
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The invention prov~.des isolated and purified feline CTLA20 4 cDNA of
approxi mately 749 nucl eotides. The Invention al so prom des ~sqa§t§€8 azﬂﬁ%
pur~f ~ed feline CITLA-4 pol ypeptide cf approximtely 223 am no i

native nenbrwoedszand or mature form which has a nol ecul ar nme€I/EHv9/eds0Lt
24,381 kDa) an ~soel ect =~C poi nt of about 6.34 25 , a net charge at pH 7.0
of -0.99. In another aspect, the invention provides a nethod of enhancing
an i mrune response in a fetid to_an imunogen, which is achieved by

admi ni stering t FEAAREABEeT Bt VENTION after or substantially

simul taneously with the feline CD30 or feline CD86 with or w .thout feline
Coe8 or feline GIUA Lo, an auoynt effeotbye o, enhance dhe lmmne o,
response. 35 In dnother aspe‘cte)ntﬁe nven?l on provi des a et hod- of —
suppressi ng an enmofengefpohse FR8A {B7ald ivaamd Zmimiogen, CbE ctB1-2)

achi eved by adminhsheri #gi1tRe 925 WRRRhef27 Lz 196P 290 AR »)

S99/ 09502 i mmunogéen before, after or substantially simultaneously wth the
feline CDBO or FEFPRECEDBE M VRLbr &fi tYRIRCH ! FABPEERENDr "HELPAE G 4 or
with anti sense BNAcdnnBNA elineacbsor viwlliee etm®slj ng f&l rmnaecEbP80 ejr
feline 5 CD86 leeflglz'xlen%l%z-%.or ’I"l?é' ?ﬁege[llré' Zz}nv%ﬁ] ﬁ naggggrldgfsf %Ctﬂé/ to
suppress the | mminé response.” | n_another aspeéct FR&"i Ruention provides a
vacci ne for ;nd&€lha§ ahTrpRAiPENeEspOide (PE0ceacadding aneFRAERogeEMB a0
conpri si ng gt he bmaqggn 2Bde ans of festd Rt okctelkkne €P80-+0f-4 mmune
response enhancenent. The inmunogen.is derived, for ex le,.fromfeline
pat hogens such &S°PEMPHe ViSTTAGdef | Clenty ST H%Cf\f]rfien%)e%‘%]eﬁ%p?ﬁ?%,
é{f'e‘l i ne parvovireacofieli be tclor onaniengs achidl bhefébhepli®br uSel amel Ches ) i ke.
-n anot her aspegt,, e ~pwent.io i a,vaccine for i:~ducng an i mune
response m fendgte}c%hgnCP%n%Qe£§Em¥cﬁ?§é %é:hi eved by adm ni stering DNA or
RNA of an 20 i mmunogen and DNA or RNA of feline CD80, CD86, CD28 accessory
nol ecul es,15 N anheCPHISM OhvedtaH rdhRidY Grerditse Qe fEagF®E snPfan
proteins In an a Tunh effect% tg rmgul atﬁ.the im*rugedresaonse. 2£ The
feline CDBO profeirfihas San "anib 5&i 4°¢&GGBAEERnFRR°TSY 58Y, ARt "A6952C
;dertical with tdredhofmfednde iRe Fredtieien§D8bespetingefY28 Ther f £¢1 nme CD86
protein has an am;no aci drgeapgensenwhi-chdrs 1680 And, 6408 ¢ dant i cal-yhth the
human and rabbst proteins, respectively. The feline 30 CD28 protein has an
am no acrd sequéfeE WAPERNEE BIBARF AATUNABREF cHT Wath 198 RaRRAIAAT- mouse
proteins, yespeatevehyenthenfetdneidsliedr4 vakcehaed bagaBheaBENOnA&hH1ng
sequence which is 88% and 78% identical, with the humag and_nouse prof ei ns,
respectively. THE htuHBN or “38PRBUSse CD8Y" of "UDBBB Y of'éitis RKanmot=" o
functional |y replaace nese daglabie CO86GupprEB8BNEr ahéi hsmuTheresprmset he
feline CD80, feline CD86, feline CD28 and feline CTLA-4 are 20 WO

991 572?71 19 SEP 2002 PCT/ US99/ 09502
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novel reagents required for the regulation of Inmmunity in felids. The
present invention enconpasses T-cell regulatory 5 accessory %QC%EPSZPH?DBO
(B7-1) or CD86 (B7-2) cr CD28 or CTLA-4 (CD152) fromfeline s

| nvent ~on prwoivds®71 sol at ed and purified nucl ei c aci ds encodiHF/UR0pARt oOr
whol e, feline CD80 or feline CD86 or feline CD28 or feline CILA-4, as well
as CD80, CD86, CD28 or CTLA-4 10 pol ypeptides purified fromether native or
reconbi nant sources. Feline CD30, CD86, CD28 or CTLA-4 produced according
to the present PR DR CRIPT IO OF o TH] e efficacy of feline vaccines
agai nst tunors and pat hogeni c organi sns and as a therapeutic to treat viral

and 75 bacteriak, disgaes |0 obe el LR DO0, P66 CIRE o CHLAL
produced accor e present mient~on 1s alSo Us to a feV|ate
di sease due to overactive, hyp@?%ti&eldrmﬁl”@ﬂl T edtSER iIPniiRe Fespénsges. 20
Nucl ei ¢ Acgds, Vectors, Transformants The sequences of the cDNA encodir~g
feline CDB0 (SEQ ID NQ, i), fei~ne CD86 (SEQID.NO 5), feline CD28 (SEQ TD
NO %) ( or feliFRIeTiR:g (SEHYTPRRYLHLCY ar @18hown°Fn AFIE 4B 1 to
5,and the predicted ammp aci d seguemcesoOffdleliane D880 7SEQ 1(DANC) .2) ,
feline CD86 (SEQ ID NO 6), feline CD28 (SEQ ID NO. 8)) or feline CTLA- 4
(SEQ ID NG 10)) are shown in FIGURES 1 to S. The designation of these
feline pol ypeptEéguras2apg0, BB, acB28INTTRAYE 3TIueTRsetlerf Pams al
am no aci gosequence honol ogy tephimany or) nosgerias) r abbsto i@y ue s rf
t hese pol ypepti des, and the abi LI ty of the CD 80 or CD86 pol ypeptides to
bend to feline CD28 receptor % e below) or to CTLA-4 and to activate or
gs:tl nmul at e or ot herw se regul ate activation of 35 T-1ynphocytes .
“Urt hernore, wi hi ng t it ¢S ct
feline CD80 or ! HLe\MZ% p%gg??gggg%%o e C}Elt té)jrfe o?ﬁﬁgér)e egcgcﬂe 21
WD 99/ 57271 19 SEP 2002 PCT/ useesqeeee? ?HI fohi e BDACEB Uit eSSYNIRG)vat i on
of NK (natgygral killer) cells, stimulation of B-cell maturation, activation
of MHC restricted cyto Xic T-Ié hacytes, ﬁrolif‘eration of mast.cells,
interaction wi tg—g—?eége 5 red g? af8 M Rdi&ti%n® oY T AmUné- refg?ﬁla? ng
cyt ok~nes. Because of the degeABBAcCYB®f2t he ¢(2Retlile N@deS (an®.§multipl e
col ons encode certain amino acids), DNAsequences other than that shown In
FIGURES 1 to 5 canlOal so encode the feline CD30, CD86, CD28 or CTLA-4
ami noaci d sequeR8XI&AaR in FIEOREBNEPEGEY SUetPlot hé&tt DNABFREI udaCifose
cont ai ni ngo" sequence- conser vat keeueackabt onsl rie WDEH 8BTHANgE i n one or
nore nucl eotidesin a given colon results in no alteration in the anmol5acid
enCOCed at that position. Furthernore, a givenanmno acid residue in a
pol ypept i de canFdauae Wé:chang@hi tdwiit aniltlerg-Ci heegvenat| cfonfolhmei on
and function ofthe native poiypepkyde.sBdchp” fgncyi QgRaconservative”variants
~nc' _ude, bLt are not |I~mted ~o, rapi acerrent of 20an am no acid with one
having simlar physico-chenmical properties, such as, for exanple, acidic,
asi ¢, hydrephobFiequy dirop: ~~- Hydraposbticecgnd ploe |ide (emgno, read:acerrent
IyS| ne Wi th arg-nine, asparty t hgl.ut. gglycine nt:~ alanine).
~z addition, anmmo25acid sequenc%s%aewgtea%dedggrgkgeFB?ed nt ho~, : t
destroyi ngt he bioactlvi~y of the nol ecule. For exanple, additionalam no

aci d sequences afignaddesh at ei oy @ﬂanem%cawpdys%wheal &ndset @nserve
as pur~ficatlon tags, suchas h~stidine ta to allow ong sgep

purification30of the protein) &ty %ﬁa%%tzﬁey érSeQCHBmN@aI Py

orenzymatixml |y renmoved). Alternatively, the additional sequences confer an

addi tional cell f.ac i ndi ng, LQt herw s ter_the rget
specificity of M %%8{ é)r‘ch EA— ,Slglﬁch as wi %rrﬂ aglc]il tion
of 35an antigen binding site forsmﬁmicefsfeﬁhe‘ef @ITMe4@15r°—)fel i ne CD86
or feline CD28 or feline 22 WO 99/57271 19 SEP 2002 PCT/ US99/ 09502 CTLA-4
cDNAs within the scope of the present inventionare those of Figure 1 to 5,
sequence-conservative variant DNAs) DNA sequences encodi ng

functi on-comservati vevari ant pol ypepti des, and conbi nati ons thereof.

The5I nventi on enconpasses fragnents of feline CD80) CD86,CD28 or CTLA-4
that exhibit a useful degree ofbioactlvity, either alone or in conbination
w th ot hersequences or conponents. As explained below, it is wellwthin the
ordinary skill in the art to predictivel ylOmani pul ate the sequence of CD80,
CD86, CD28 or CTLA-4and establish whether a _given feline CD80, CD86, CD28
or CTLA-4 vari ant possesses an appropriate dabi | | ty andbi oact~vity for a
given application, or variations thataffect the binding activities of these
nol ecul esl5resulting ~n increased effectiveness. Feline CD80 andCD86 wil |
each bins to coreceptor CD28 or ~o ccreceptorCIT~A-9. Tr:~s can be achi eved
by expre55| ng and purify ngt he var| ant CD80 CD86 CD28 or CTLA-~

. Y L o, N 1 S b -— 1




23 19 SEP 2002 WD 99157271 PCTI US99/ 09507 feline CD80, CD86, CD28 or
CTLA-4. Wthout mshing to be bound by theory, it ~s anticip 0
or CD86 genes~f romother feline species will share at Ieastafagoﬁﬂy;?(png:DB
honol ogy wi tWwotdagrFel i ne CD80, CD86, CD28 or CTLA-4 5 genes. PAT8swdgshi n

t he scope of the invention are DNAs that encode honol ogues of CD80, CD86,
CD28 or C ;'LA-4, defined as DNA encodi ng pol ypeptides that share at | east
about 25% ani no acrd Identlty W th fellne CD80, CD86, CD28 or CTLA-4. 10
General |y, nucl &EEAEERIDBHRIRTION: OF OWENTEONg to the j present invention
use nethods that are well knovvn ~n the art such as those as disclosed in,
fer exanple) Ml ecul ar ~ %6 A Laborator%/ I\/anu]al é%ﬂd Cgﬁ 15 .
Sanbr ook, Frltsdl al?&”eﬁﬁﬁrtatlflé’en PG SBYPAYS BT Dot FOL DrECTLtt et Prfidtol s
in Mol ecul ar Bi crnogdifeds  fAdfuiee QD& entgandCargst cied)1ivreen 1 HEdied@g 0 Snit h
and St“h!),geee'l‘?t and . Plry %%%enkaf‘ﬁ%téawEi_ﬂ\afsgnfﬁvoi\%sgy 1992)c g 20The
present i.”. vention enconpasses C sequencesa. d sense an

ant| sense. The inWE®RtiiComcds & ERBEMTa s dsgemeni@8ce | WIenED3T, COBsL 118028 or
CTLA-4 DNA sequennesard ddsar K18@n8equeheCesrsbht~Chushgon nutvcmteé i;m ted
to, regul atory se%u?nce | ei c ac d sequences egcodigrgg feline

CD86) CD28 or LA pBPﬁg%bW‘b%l( FR5PE T EPsBal SbeT At t‘hc%%t%‘r o‘? bgous
sequences, incl uzdlﬁ'ﬁgbxwm\sbl@n@am&ersqemesmons&@ltexmrst invention

si gnal Sequ].edqces11r97%|1%geg}{| AL Ph: SEAHRNGES: aLDET OSHaRg a8RE13nanNeRERdI Ng
regions, and the like. Transcriptional 30regul at th el errents that are

operably |inked 4 ¢ FERYRECEC? EB8EACH2BUE! € CTERR 2 cERIEREiences)
i-ncl udewi thout limtat~. on those that have t he ab| lity to di rectthe
eXpression of gene Sn%e%'n&é fér?{“z% Qi C Gk %ASHkg ¥9£dgs‘3§ felc

viruses of pr okary yotic cer Vi ruse Sfe eukar yotic cel

conbi nati on t herawfd @dte:rmfﬁﬂlm é‘t&&loo@,oe!@nriegbllat’lohysséh{aeﬁ@@sem@

known tothose skidd.ed in rilhfu%r (55 %éegm\{i@n%%fz?%me%%lgEE’ngoQ%dP@Iéyng
S99/ 09502 pol vpeptidel s) are also int roduced into cells F%magcorrbl nat| on

events. For exanpi Sy&rrarnedghent? ¥ nicr oilR-8ECEHeF ¢BFpC che
ef fecti ng honol qgm&rt:ecaﬁbenatmnn mtovilie ssi hecbd: @naendogenaidta rgenehe

encoding 5 the p r. (o] ence
W Th substanti al THeR ey Laaa R R e LR e gt m T 365
pol ypept ~de- encoﬂ%n@e@éh@lfﬁlhéﬁhr@ééhﬁ@ha@¢0ﬂn@a§@@lh§thé§§ SheRa@msne

non- honol ogeus rescogbinati ams, ngnd @el ethon,f endedenoHs g&rzee Byei@nt
honol ogous reconbi nati on, es eC|aII ﬁ glurlﬁotent eIIs aIs gé
1H‘(‘) §8 e in

The present i nveJrﬁY%Ihtp‘?%de %13 e f 2nhanting Jarhgl‘?nmﬁ *Pes
a fe a dto an insueogen, aiuiweh s iBicch evdd iy admhassterd ngetihence
| munogen bef Or%e%%ﬁ{néw SHPst aRIel:F}L {;Mﬁé ”Uéﬁé”GQiiélté{qW Lhehhestelhpe

CD80 or feline or W t hout I ne Ine CILA-4 ~n an
amount ef fecti ve($@Tepmancdt HE i rrﬁ‘lme r 88 pBRS§e. CHRPHTEGr 5Nt PERFERTI on
q) ovi des azget hodn@énnamartﬁtdwgdaa hOBLAE: r &SPONER-ddIngy fae f@1d nko cama-4
nogen, which_is_ach-ey q%/ gdm r_jisteri ng an e I’eSSI Qn. . vect or i ch
contai ns an i muhdgeR-géri¥ (\hluc Ata 7T i 16985PRGgeH AR tHe Feiie C or
feline CD86 accessorynnngeculvéshw t meRBionimet hout ‘aetil nee@B28gor fweltibne
CT:~A-4 m an amHEba?é&?ﬁé' | ¥e tonshhange e 4ynmune response. The present
i nvention provides a % redirecting an inmune response in a feud to
an i mmunogen, which is 30 achi eved by adm ni stering an expression vector

whi ch con~gons amni BAURAERIA 16NV et fam@baﬁid&cﬁabhagaavamlbhe freld ne
CD80 or feline CD86.accessary tD%\g}Xglc%q:s th oIrn Oh: ut feli %fs

feline CTLA-4 in aﬁlgﬁrﬁuﬁt gfflésc lance” t reénbrCJ sltr)noer't1
DNA :1s c¢DNA or genomic DNA.

The i1nvention provides an oligonucleotide of at least 12
35 nucleotides which has a sequence complementary to a
sequence uniquely present 1n the nucleic acid encoding
cp28, CD80, (D86, or 'CTLA-4 described above. Another
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The present invention provides a nethod of suppressi ng an i mrune response
ina fetid to an i munogen, which is 26 WO 99157271 ' 19 SEP Zogi

PCT/ US99/ 09502 achi eved by adm ni stering the i munogen before19a BrZQﬂZ
subst anti al lyoSbashi aneously with the feline CD80 or feline G8oysblbse®r

wi thout feline CD28 or feline CTLA-4 or with anti sense RNA or DNA encodi ng
feline CD80 or 5 feline CD86 or feline CD28 or feline CTLA-4) ~n an anount
effective to suppress the inmune response. The present |Invention provides a
vacci ne for i nohrmcrtglmd mflnehe aspense onn paofelded ba an 1igomuadgerni sk,

conprising 10 t mupogen effecti nt . of. feI|n l'ine
CD86 with or wi't o%kf el 98‘ 1%%%% {‘i’ %el ?‘Igeggggioﬁl ﬁ%)?gsﬁg}ﬁgg
enhancenent, orhdsl aneS@DS@“tﬁ ﬁemphemmﬁrw tde f el |qu1(§'111_¢e 4ufigueimune
response SUppre&»Sés%?mt ia apat H@él&@%@z@@hc%ﬁ?n@;”@@ﬁ' Ghdy, OV‘D%%S Br

vacci ne 15 co~npr~si ng_an expressi cn vector contaln:.ng genes for
i mmunogen(s) t ?Ie‘}ﬁ\éi%ﬁa%ﬁéij’éin§b§ﬁﬁ genes for CD80, CD85, with or
~rit!~out fel ine CD28 or feline CTLA-4 for inmune response ehancenent or

suppression. 20, Fel.ine CD80 LA-4 tjdes_The reline
CDBO gene (the FIRA End TRNG S ?d ggqute}h%ea Ov\ﬁm{ehséllgegsod wi PRCER G e
and 2) encodes prepoldgsepn dé1opnaplradidramdinrinez gewscacicdy. 1Tbelesd.| ne 25

CDB6 gene (the £DNG.And aim, Ackd SRES <0k ICH Lise oo, A gute 3)

encodes a pol ypepti approx: . mtely 320 am no aci ds. I ne CD28
gene (thel ¢DNA 2@l ahfPeCRRI d Sse§UBRERPBPT whikth P3OSAGwWN i NLIFi gEcaher

encodes a pol vpaptddandfc apRr exhgehed Yect2HealisN@edeEdSve THend g 30
[LA-4 gene (the cDNA and ammp aci d sequence of which is shown in Figure 5)

ficodes a pol ypept| de of approximately 223 am no acids. Purif~catlon of
feline CD80, CD8e CénovroCTh¥evhdasom BEecrtaimrcajmpo:rlsme@nbjcrianc s@urces i s

e oy TeLodsavel | A kRANIL e RlbanknEbud B Bl JgLAITERb L0,

i on- exchange chronat og ap y, reverse-phase chronat ography
19 SEP 2002 PCT} LS99 09562007 CATRAURRN. ¢l F19 tyfel obr sl eas i

focusi ng, affinblyskid opmiregr a@Eyanm td‘Bi-|B7KG./8f7m aspmtea: rzeé:heegga_&di ment ,

large quantitie active felin
obt ai ned by co: I§gtru?tsx(gﬁg%a sCortbi a{rhjtd %SA g%a tedc8rﬁ)|ﬁio§|lr%g %%Te
codi ng region fogofebinb @D@O ATEDS 6 anCHY®eoCudTuAes Faisled tuprf r HRCQ)o a

sequence encodi @Qaﬁlcdrﬁw@v@i‘ yh' sbhdbpgrs es iR dat T heapShMod apd4con
(G BCO BRL). nRNA encoded by this plasmd is LSynt hesi'zed usi ng techni'ques

wel | - knowRPt o t HoSeA10VERPKl edei ﬁrPHéSéPPSaﬁd iCREr SATCRE STt ™F B 2Ptel | s
by el ectroporattns. 'ﬁhﬁeqelldlcsOsmmt hesicegynanrd csecret e ﬁnéur @e@loysqasylcaﬁ ed

feline CD8O, CDg6“gDZ8 orSms wgolg tldes term nal
hi st di nes. The ﬁndl Freacrear C&c% f@tc r}% ypept | des
- The i1nvent:on provides a vector ccmprising nucleic acaid
Q} 25 encoding a feline CD86 ligand or a feline soluble CD86
ligand. The 1nvention provides a plasmid vector
designated B7-2#19-2/011298 (ATCC Accession No. 209821).
Th:s plasmid was deposited on April 29, 1998 with the
American Type Culture Collection (ATCC), 10801 Unaiversity
30 Boulevard, Manassas, Va 20108-0971, U.S.A. under the
provisions of the Budapest Treaty for the International

Recognition of the Deposit of Microorganisms for cthe

Purposes of Patent Procedure.

35 The present 1invention provides a vector comprising the
nucleic acid encoding a feline CD28 receptor or a feline

soluble CD28 receptor. The present invention provides a
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15 are purified fromthe cell supernatan~ by aff~nty chromat ography using a
hi sti di ne-bnmd~r.g resin (H s-bind, Novagen, Madison) GJI). 'ﬁh éé Qﬂ@? 0.
feline CD86 polypeptides isolated fromany 20 source are rnod+f %

met hods knowp go/sizihe art. For exanple, ~el ~ze CD80, CD86) G2Busw/oeEkA- 4
are phosphoryl ated or dephosphoryl ated, glycosylated cr degl ycosyl ated, and
the like. 5specially useful are nod;flcat~c:a that alter feline CD80, CD86,
CD28 of CTLA 2S 4 solub~I~ty, stability, and binding spec~ficlty and
affinity. FelindaGDB@ CB8EOrCDARSIICTEALS ERINEPRE MBIés0Pe86c 30ATHE

present invent 'A%%Qjﬁ)%éeszé@@lw Odu%hgn quas higreydc gobesul &s grde
fromfragrrents of felli CcD86, CD-2 CTLA-4_in a:~y_conbi nati on.

For exanpl e, FFG&U@lngl?ﬁ% Yﬁ?RMQRf @WF§16PnC§KB?4C91FLrEIEEélﬁ?t%ﬁ% CD- 28
bi ndi ng site, tmxlomr eass hhenhiviedisig yakbulket yraf ﬁsné:aassv\hshez ORO 8t ai ni ng
enhancene i respons S EP / 7271

PCT/ US99/ 8“[@5 ({Jr:’elong?% Bodines S}%E%&Vﬁ ?‘ﬁ&ssf’ eég V\gﬁggé tER86Y on
CTLA-4 and CD28€caI etéﬁzchlmwdlmaﬁat Racoymdt ivp r edi oﬁh©n Eepeslits pépl aced
by a binding regian My Lt £oIhe nef bechogbst Be sht BREi 5-C0RG, P! ecul e
wthaC-~LP.-45 blndlng region is to increase the affinity of CD28 for
CD80 or CD86 and increase the magni tude cf enhancenent of the ; mune
response. |n arriad t grreaddnte enbeadident pf&WiﬂﬁéCeﬂDh&ﬁmk&s Obm658@1agd CD28
or CD86 and CDZ r nt o] [ ove the
10 i mmune (Seinhanrgfcngé c‘g %%I |telsneéJET e%ohesgfreﬁo:i%c Lpf lr)iu%gr?%gfgt e[&[;lat |Xve
enmbodi ment , cﬂﬂﬁﬁ%%ﬁ?rﬁ@%%%ﬂ%SC%$ACDBBe%%@FQHLArﬁhérP€B§6“and“€¥DAl@n or

dragnents thereﬁovﬁd@s n@ﬂbrla@ﬁuaow&taﬁd déwgwaecé&ecmnum@ UpRNEeSSi Ng
caoab | ~ties of t\éigxnnleculeﬁ {hﬁﬁ? ther atlv 15 odi nent, chlneric
mol ecul es of CDSY And*ESSSERIANGr -4 E{ éﬁﬁbﬁ@?oﬁﬁéFgof
are nenbrane boumnd randi I edior,ectl 9BBe wmhbnethespomse ¢an adhireve Cllleudesi r ed
effect. 2,0 Arrig rofELLNEAER8 0100 (D & Sor 2 B RCILA, 4 ANTLECH! ES
The aresenf i nvention enconpasses anti bodi es that are speci'fic l'ine
CD80, CD86, CD2%zor2Crege QPHOI ypeft-2des updent i fihed %%O‘d?e%h@??oe@fabé@@ The

25 anti bodi es aé@dé&é/@"‘&%&'t OF o HDARE | Dited v ANl 1S Hd dHdat dreid Nk heb8Oo,
CD86, CD28 or LA-4 fro q@ fq&gpt speC|e§ |d§§t|gd ﬂg&gtlogal % i ns,
and the |ike. SUCRCEATI Bddi 65 ATE Tohvan ehtTy “hade” TRy T he. merheds and
conposi tions diBrbosddren Harl ow and Lane, Antibodies, A 30 Laboratory
Manual , d Spring Harbor Laboratory, 1988, as well as ~munol og~cal and
hybri doma” "t echnol ogi es known to those skilled In the art. Were natural or
synt hetic felineh€D8@,veGD86N @ﬁQBMmEsCFLAwdctmwidedcpeptﬁda@oaeeVUSsdlto

i nduce an feling 8 o 5

t he pepti des are” convenleﬁﬁq q%%hplédg§§é8% 3¢ tzgﬁ éfr%ggygﬁc% asq%lH and
adm ni stered |nnau$autab1$nduj ~uvant anmthes Em@@ddmsnEZcheVVDHMHH&KZ?& 19
SEP 2~~
)

- 25 described vectors. In one embodiment the ncost cell

provides a host cell which comprises any c¢f the above-

comprising one ©f the above-described vectors 1s a
eukaryotic or a prokaryotic cell. In another embodiment

the host cell is either E. Coli, yeast, COS cells, PCl2
cells, CHO cells, or GH4Cl celis.

30
The 1invention provides a polypeptide encoded by the
nucleic acid encoding a feline CD80 ligand or a feline
soluble CD80 ligand of claim 1. An embodiment of the
invention provides a polypeptide encoded by nucleic acid
35 encoding a feline CD86 ligand or a feline soluble CD86

ligand. Another embodiment of the invention provides a
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PCT/ US991 09502 beneficially as a vaccine to prevent infectious disease or
to pronote growth in honol ogous or heterol ogous feline species. E@r

exanpl e, the coexpression of CDB0 er CD86, with costl nul atorisgnsl cZﬁ“L?s
CD28 or CTLAvdlegsmmiany 5 conbi nation, and a tunor antigen or paniusgesol rom
a pat hogeni ¢ organi sm The coexpresslon of feline CD80 or CD86, with a
feline CTLA-4 receptor has the ability to inhibit activation of

T-1 ynphocyt es and suppress an i mmune response. A specific exanple would be
to coexpress 10p€D@Pepr1GB8@namidell FHW, nkelad c oacFd Pndedimedai mainggens in
a viral vector [ essi e i dogini ed a
vacci ne woul d ag??\%g?%ﬁ%éncoce&no% ?%g%?%}tﬂgbgﬁgl%Tgpi??er%tg%gkggf Cgfﬁe and
CD8+ Tl ynphocyt B5es@and i FeNRRL jomupEoragasatd nPaYPeEpkiiAeés suepddd & | L- 2,
IFN-Y, 1L-12, TNRaiehl 6a@id theokikg. Angthere speginfizc exaamle waul ¢ be to
express CD80, C%g CD28 Oé CTLA-4 in a viral vector or DNA expression
vector, whrch, A"GdPAPEEEr 6445 % aX TREREPRULi ¢ woul d regul ate or
redirect t:ne inmmune response. 20 Enhancenent of imunity through the

i nteraction of [ 0 RE CO28, Q- 1GHLAs r1dnhi it jon of an
| mune responsegﬁhragﬁgt@t ﬁgr&iont er 51\({:\'1 ::t?)ir? of feg{'il% é%é’qgrescglee%ﬁct hrb‘CTLA-4
t akes advant agePsPdugRangatiicafbpVEcE8SCTEPRE PebYPeRT YT athefutHan adi ng

forei gn substangesnhbhat ceuhd havenmukkppkese¥encHet rpaeptabe eddectson
overall or long term healt LA-4 nol ecul es are

_ il h. The. CD80, §D86 CD28. or CgIT
adni ni st er8d wi tRCBYREFBeEBfoPRARPSROT 85TI 83, PRI %S t hose encodi ng
antigens that are 30 desirable for induction of imunity. The feline CD80,
€C86, CD28 and/ eheCH A f3enNgchd LR 1dU0 AN £LXPIesSiaVactQy &and
i'nfected or transfected into a target cell and exgreases t he tgene pr oduct
within the targ8ELEEFRVEPRERT |2~ T&CaRORYFedSFRT SPEHeP ¥RFRT 38° ane
of the target cel kuaraabti gerrpseserntn pgotekl, edbodenert edhoui sveec i he

bl aom d. St | kP oY R SRR (0% U 0 AT D B e s s,
a poxvirus or aabevgesdscysbed afymeptikle georne 2w tdid camtadgaiepriesenti ng
cell. The feling (JBR IB6,a1dM8 @tV afg Cld-Asio@ento &g g 2gneeds. of rgenes

in any conbination is inserted into a or RNA expression 5 vector and

| n~ected into a2feF ¢Tand™BRPrEsEes t'He JENERPrBRUKTITIHe Peuddasine
"naked" DNA/ RNAwtierganet thevaetf eer 1 vdie aoouexpressiwre ohbbmrudegenibaad t he
CD80, CD86,, CD LQr =4 W 1 hi- .qet cel d = tes
to the ac'?lovati %%,l%%ﬁéﬁggg&fg%tls%\%ﬁ.g&% %oar ‘I%err é%ufaglt ?@ﬁ{lgfq 4?9?%%%‘2{1 es,
B | ynphoct yes arfd 26t mer/ keeresghpl bedbhatl velfpl1nhe/ @xpres seysr ébeira/ sbul d
be adm-n~st er ed JfaaldHaWidyg £xprnass/Ry.n a plasmd. The feline CD80, CD86,
CD28, or CTLA-4 proteins normally function a:~chored in the cell nmenbrane
as plasma nenbrane i5 accessor.. nolecules, but may be presented -n ot her
for;~. s, par~~cutrar byesenhhouhvapubsanBramehopsovhdeann: s vebddsnenbedt he

f 6l ine CDBZO_:] and i, ar | ~: l.acki,ng, §!2§.m%§$r, dommi - :
((5? hydr ophobi ¢ Z\Ifﬁ%réé@l%oggqgﬁd‘?ﬁtégT%c(%gn%ﬁlﬁ%%oé?i Frlu%%%o y' no é?l%lgeég 28 or
CTLA-4, .. e~.thdr2ENGARDr ane’ bRATQST FHABIMEN oS LATERCIERePARRAB
emboc~nent, the dipd inec&DB0 o8 detivned G &f &l erakadiew)daradikhe
cost~nmul aterv nol ecul es q??lzs OCE A~ A Sare . a scl ubl e f.orgb | ackir_g
a transnerrbrane 75 Honat h SFY F3Rr ophBHIR: FEGSrS . IR 240l ublt& Cen2 8T o
CTLA-4, pre_ er abwmitrz®, aadifderi c droranbastarsief Ll pdonogereat | iy dnechse

retated toyd C&odpdidted  HIMUROSHODLESSLAM ddL GALSoTolel kR EDR8 ek

CTLA-4 prevents ection'of transpl anted tissue and can be use to treat
aut oi mmune 30 difkehkte BpereIeeat § yEsblnm| EeopBiedii CROAYA VAgugs€FdV) f or

preventing graFtfeefsels hesicedizeaseiZisa borawnarrovet 18aspliaffectSehibl e
CD28 or CTLA-4 prevents_ binding of ?Egggl cf?rlt.ai nin g% rane bound feline
ive ah

CDBO or CDB6. 35 Teguehte:Tonseriat UnétS oREl ConRYVET i VETVEri ant s
oa feline CD80, 0EBbne CB28l oriCitus 4 DA iaved pebypepsi desrer 3 bifeddmieve

feline CD89s CIB@EC&E??UQ{ §glinwlgo%%h§%gZ&sT Qe§§%e2gg%cytial virus,

feline sarcoma virus, feline herpesvirus, feline Borna

disease virus, or a feline parasite.
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PCT/ US99/ 09502 CTLA-4 fragnent or sub-fragnent are fused In frame to

anot her sequence, such as a cytokine, interleukZn) interferon é
stimulating factor, antigen from a pathogenic nicroorganlsn1 Qngf dﬁ%z or
purificati owo»sserquence, such as a his-tag or a reporter germsTisssshosas E.
coli lacZz, E. coli uidA or green fluorescent protein. Vaccines 10 The
present invention enconpasses nmethods and conposition for enhancing the
efficacy of an imune response in feline species. In this enbodinent,
feline CD80, CI¥® vEgtepnCrlse pyRwvAadese audedherd ebnjndsingn LRMLAL By

i mrunogen for wh ¢h féliééfkﬁﬂdHﬂidM%ﬁ¥§é§ %dﬂﬂnh@%%@@n@e§808§€ £&D 1 Fer
exanpl e, ~n ~eline vaccines containing inmunogens_from pat hogens such as

feline i mmunodet i99%n&F 9|Vﬁgc%ﬁﬁi?QQQQﬁQIPQUQEHIQ v@?%; Bifg 5ERERDED

pat hogens such fmmdmég@mspa~ Vool nanvéatioe hEQbOprbusdeand fhethoe of
coronavirus, i.s d |ra felin 6] [ LA- 4
20 in theq?slaccmré}1 %% ?m&¥%%r¥éyn%}ude a%ﬁg?ﬁgFngﬁthfﬁégP%ﬁﬁ%%
response. For t&nsﬁiﬁﬁqﬂﬁxﬁ dadd o @D YEB®E, 1 deL2 8 nc A MEERAdanpuahfli ed from
native o~ recormhf@éméocafgeér as dﬁgcwmca%vepr&fﬂcm udede t Rod he £
vacci ne fo~ul ati at a concentr tlor _ran g fromabouyt GOl to_ 25

_0C.0 ng per S5erngat e C%ﬁﬁ%? Céiﬁfpcggcﬁfn?eﬁ SREOREY  are
known to those smnidmub¢uﬂaﬁwaﬁﬂﬁyqﬂamqmaﬂﬂyunm@p1VeﬂéyLnaryoselly
Pharnaceu{%cals, 1997) and are used in conbination with the present
invention for a nore effective vaccine. A vaccine for inducing and

regul ating an ihmiietRes pMRAITEE 1F dRF 110 GP 5 IRLRFGET 2SS SeaR5rPSed of
@l i munogen 35f@ﬁds&@p&%fs§€hgvarﬁnﬁhmin@f réepbnee CBO or féekneneyn@OB6 Wi th
or wit hout fellne CDQ8 or Grlnne C€%§§4 faor Innungvﬁfégonse e Qa %enent) or
feline CDBO or T@I= %%F%IBGa th3FTY SEp Yoo 5%%7f sctive

PCT/ US99/ 09502 frehime @?Eﬁ@mSEorSunnnﬁeSFespom%ansuppfe§$|GﬁdYﬁ@@tndﬁunogen

is selected fromthe: gE0UR. CORPT i EtNG. o butuiat, dindded to, felingpathogens
such as ~eline 5 I nmunodeflciency mrus, feline | eukem a virus, feline

i nfectious periSBRPEIESVT r ushef el IR HarteukBpEHEASTi r fs (PaFU0Y, f&F ne
calicivirus, feéLﬁﬁré%éVh@USahyDEmﬁQPée|r@@pdméév~fms'afEﬂdHMthNNM£EW rus
(Infectious per# rﬁé@ Eéefg adiBRLES o ¥%£§ cof@ld N& %’éc)ék' ak L_cxg e gl ine
sarcoma mrus erpesvirus Inotrachel 'S V|rus§ orna

di sease virus) ChFRAPEFa,SUPEXEFISasADsIBOYONdPL, 4elspﬁébﬂ)ar a%qltmptlde
Dirof ~l arbg | Mhisq,hbeasy hactedi al = peifogenss, and ddha dd ke2sld
Recrul at ~on of the growth or regul ati on of activation of a cell type, such
as a T-lynmphocyte, indicates that the regul atory response either stinulates
or suppresses cehl agponeh. eRegdhathon ol areis@ntne nvesparse proviaeiseld d
indicates ti-~af _shesi Nsg L her s ssed
to treat the dléeasgﬂoﬁyng‘éﬁ%%§s§a9e§ §%%u§ gggy%ggégb%gggg&%gggge
feli::e CDBC, CBEB:NCER8r1BFE emmangpén@ 615 ﬂﬁf /&y Reshbivwrralsr/ davr thart

@ ~n whobke, . i kpo@f 25 RXPLETTVRNWEEEhOEPNbEI Ai pEL Beaes)ad afndalime
I'mmunogens for %he i ne or_.naked

f ad t t
DNA vacci  ~.e ZovaCEors Lo i dité IB0E Ve ot 11 mEed o "W gR1C Frithega,
Madi son, W), peblAefEnuitveogenn Gacivsidad, a)@etﬂdﬁnﬁnﬁIguppréhsxngeﬂn
1997, 30 Hassett; BﬁeW}' 558&153199651) fZ'EQnQeBﬁSthMé‘BQFDﬁé Bforh N ggnes

for CD80, CD86, 28 an , alone or nbi natton, 1 n part or
in whol e) may b& -RfseNBélgorpedansreahdd St otPhea%lfchrzénog‘Sr‘rJ@ oo fe a

d or ot hersorrammlelaﬁwhay%@gar A 19peph :laesncoanas oe1inagoesd s pélihese

genes as may bec%% i eved Q&Egeacﬁgg(OV|ral vector and may be used as a

The present ainvention also provides a method of
suppressing an immune response in a feline suffering from
35 an autoimmune disease or is the recipient of a tissue or
organ transplant by administering to the feline an

effective 1mmune response suppressing amount of a
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34 WD 99157271 form of gene therapy. 19 SAP 2002 PCTI US99/ 09502 The
present invention provides nmethods and conpositions for inproyl

resi stance to disease of feline species for 5 nedical and/or OQ%EPCQQW
pur poses. | nybhbgrepbodi ment, feline CD80, CD86, CD28 or CTLActuupssessed
al one or in any conbination, in part or Zn whole, and ~n conbination with
or without genes encoding feline i munogens, is admnistered to feuds using
any appropriate node of 10 admi nistration. For growth pronotion or disease
resi stance, fel pnéyecBBOdEDBGCOEDRE bDel O AZLAexpresisad "acial.one or m any
conmbination is admnistered ~n a fornulation at a concentration rangi ng
fromabout 0.01 to 100.0 ng per vaccine per cat in anmounts, preferably in a
15 for m-ul at ~onTht apeEseant r anvemtiangi rg sbr omrabedies0. 25 myp'dhg/day i o
about 25 ng/kg/ garsprlegswu@l;Iarbemrmﬂl%r%egsgné@at th%eﬁtiﬁw o pats LS
feline CD80, CD86 CTL~-4 can be deterr~ined by routine

experi ment at | onaWePPRﬂb‘\‘?mmP‘?r diReaget Orsighthe BBt i Shihd E5Hi A% of
20 dosages and B&gquenersﬁsmeomsparr Agman gEO&P110d experhdrermtab ndnmgn or
subjects to each paint =n mmqg ri x Accordr g to the present i nvention,
native or reconﬁr gﬁt 75 fem 1> CHA- TS ormul 4t ed
with a physi ol ogpéabbptadeeqm:zmi:mg:areﬂuae Cserch asllmerC@&arrpdne,f@]Imsmhate
buffered sali ne - % deI oni zed water. The fornulation may al so contain
excipients, i ncI uding lubr~cant(s), plasticizer(s)) absorption enhancer(s),
30 bacterit®ide(s), and the like that are well-known mthe art. The feline

CD8o0, fFDBE CDQ&hQr1§$bﬂfﬂo@0$Mﬁﬂ$ﬁkﬂ?s@ﬁatF§thﬂ&eﬁh%gﬂléﬁ adm mé steged by
eany errective I NC I nNg W ou 1 O ntravenous

Cbcut ancous. 1M amiscari "Beancratontirtelhn 2at " R 085t esThas For
subcut aneous admrlmesntrlarr eih$ofmommlleolaheddmxagalrfmﬂmdcénsnsesCDﬁO

feline CD80, ) L § h o] Sa or al
or respi ratorfl;D%@l %@98%5%7%%6%E%E%632 2% %ﬁhf%/ ggggg adllrjrllé Eﬁi%f\g%r on,

feline CD8®, CDEETOEDRS BPUTTLAE 4natyfie i ogm Wrﬁauﬂaéxer BPeREYlar sM@Fer o-
or macro- encapsifl aledci B3, 889.kD4d ] posaresiardratchespbesesabder nal 1 pat ches

(or other slowrelease, dosage fo )A are Iso used. 5 Exanpl es npl e
'A 10 O oning of TH& S8rFAe Ched (b7 Ty U S LT

cDNA: The =el one=GDBG( B@si}mul@wei(@lezyle D28, @t LoimerAadtigenDh' A
were cloned by fj.r st RIxzPER,(ReYETS&daRsah LPLASSA RO Y TRIBS6CHRL D) oy

reaction) anplifying a region. between tw sequences that were conserved
enough to Jthke d&yeREFAVETHr i Ter SRS nfEF AR e tq”f' t RelYBPPRAEYRRRA. The
source of the m%um&gpehephpfan@&mdoZOmarmewheameehhg ePBYCines

stimul ated for af |egst ]b6ur10urs ggwtﬁr Al gkherR'%rqqut vgas The
sequenced. The seauence rimers for Ce a?f)p
anpl | f ~cati on ofCQﬂ?DI\ﬁASe@@s)? P@P&BO The t51 cers&elmwéetcarmlmdlreedlll@yf‘fmﬁsfu
meki ng CDNA wi t 3;, 2 dpwashrgam 96' PEEL Gl TBRERN Y ot @ £t he 1 Dewh¥c9Pes .
gsequenced csonserved regi on. An oligonucl eot ~de was
The 1nventicn provides isolated and purified feline CDB86
(B7-2) <cDNA of apprcoximately 1176 nucleotides. The
invention also provides 1solated and purified feline CD86
polypeptide of approx:imately 320 amino acids, the native
30 membrane bound or mature form of which has a molecular
mass of approximately 36,394 kDa, an isoelectric point of
about 9.19, a net charge at pH 7.0 of 11.27. The
coexpression of CD86, with costimulatory molecules CD28
and a tumor antigen or an antigen from a pathogenic
35 organism, has the ability to activate or enhance
activation of T-lymphogytes, inducing the production of

immune stimulating cytokines and to regulate the growth
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| egated to the 3' end of the cDNA (conplinment with the 5 end of NMRNA).

Thi s sequence served as the binding site for the upstream prd g \egnhﬁﬂ? was
PCR conpatible with the downstream PCR pri ner that correspona 3\5

anot her 30 wedesmm7mn the newl y sequenced regi on. Degener at e pomiuses/8930£T €
enployed in nultiple rounds cf nested reactions to obtain the 3' end. This
upstream prinmer for PCR was designed to react with a sequence in the newy
sequenced region. Products were either sequenced d-~. rectly or 3S cl oned
into a TA cl oniodg vekendr cadd sepehicedhfr orpexipresisasm R TRB8Gholva tdpen

readi:~g franme c\é@%l%hqa%@rgy ABRELLYENgCtIA L4 S epfd retye DY, RGR W th prinmers
36 19 SEP 2002 WD 99/5727t PCI/US99/ 09502 constructed fromthe known

seQUences. The YOREd a8 8SELBREYCRNAL sEqhERRRIF K Hi%e tines. The B7-1 ORF was
subcl oned Into a pSI plasmd with an SV40 pronoter, and the SFV plasmi d.

The pSl S us Q. e STen unet i onal nterac n of B7-1 with
the felin gd ﬁﬁrﬁersr use f%ch%ﬁC r’£ ee S éler{lg: d:%vc?rt‘é'ﬁri) cDNA
were: 5' Pri WQIQOW@%&TMAWTMQWW ;FEISE®@ | D NO.
i) ZO 3" Pri ”@U805BTC@E@5T£&Q§%W&D 1€1$EQELQ1|\Qmﬁ-Izﬂse(ssee

above for conplete lest of priners for feline_CD28 cDNA) Clpémers used
fer R /PCR ofehe 36t Vet B BPRA GiePRUNG SEQTMpPF gy SegTete

-C ~CGGATCCACCGGB¢@®§C.theA1E@é1&@@E@A@%18 domdBkQ | D NO. 13) 3' Prinmer:

5'- CGCGGﬁIEIGCTCTGGATAGGGGTCCATGTCAGB (SEQ ID NO. 14) (See above for
conplete Tist of primers for feline CD28 20 cDNA) DNA prinmers Lsed ~~r

RT/ PCR of ~he r&le 1p¥etzopAREOCDIS Wsedated Bﬁgeﬁ\é?afee%rﬁ%%%ef%ﬁw he

{tftgsg CP:?\éCpEOd@NA( @EZaBI h:)xDEQteglE 689 nucleot AdesCThE (nGeht BRTa1 SELATT"
5' - TCAATTG( A) Af%(%() é&.&A‘r ci%‘? 1[}'06% %%}Bl%é%zf&poéyp%ptéﬂ%l 3
CTLA-4 (455 bp)apdDegenerat g) 2gensrspecichids, ( GBP) nandvaeserdrgencbepadi fi ¢

(NGSP) prjdrers:,,3Q.5Fi gt fewngnP&R ha@eg ﬁolgculér masTsGBTG%EETI%Til@ (A)
CTCTG (A) CIT (O CCIG 3 (S

5' - GCATAGTA COETACATEP 4T fSEG’lCDOrﬁoab?ZBS $7i7 . a net charge at
pH 7.0 of 9.58.

The i1nvention provides :solated and purified feline CTLA-
20 4 cDNA of approximately 749 nucleotides. The invention
also provides 1sclated and purified £feline CTLA-4
polypeptide of approximately 223 amino acids, the natave
membrane bound or mature form which has a molecular mass
of about 24,381 kDa, an iscelectric point of about 6.34

, & net charge at pH 7.0 of -0.89.

o™

N
N
u

In another aspect, the invention provides a method of
enhancaing an immune response i1n a felid to an immunogen,
which 1s achieved by administering the i1mmunogen before,
30 after or substantially simultaneously with the feline
CD80 or feline CD86 with or without feline CD28 or feline
CTLA-4 1n an amount effective to enhance the 1mmune

response.
35 In another aspect, the invention provides a method of
suppressing an immune response 1in a felid to an

immunogen, which 1s achieved by administering the
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WO 99157271 i 9 SEP 2002 PCT/ US99/0950? Nested PCR with the PCR pr oduct of
the first round: Deg 5 P: 5'- TGTTGGGTTTC(T)G(A)CTCTG(A)CTT( (E} ( SEQ
ID NO. 19) 3' NGSP: 5'- ACATGAGCTCCACCTTGCAG 3': (SEQ ID NG 2 ﬁcé B. 2l1£|2 end
of CTLA-4: AggRéefrprimer 1 (AP-, Conetech Lab, Inc.) Palo Aldcra;se§49s02
Nested adaptor prinmer (AP2, Conetech Lab), gene-spec=fic priner (GSP), and
nest ed gene-specific prinmer (NGSP): 3' RACE PCR 1C AP1:

5' - CCATCCTAATACGACTCACTATAGGEC-3'; (SEQID NO ~~r-~ 21) ::'l 5 GSF:

5' - GTGAATAT GGGIRGTOAGEDASEG R e, (ESEGr DrNGub22knd'1aléyt ed riRACEnRGRsWyt h t he

product of 3 P AP, N ( SEQ
ID NO 23) 5 ERe B R CrEr et aRe EEE%S%%S S 5512}10}1“:
Primers for w: ﬁﬁllIae CCR2g Aoy EedhpeelCTEGREA- 15" wihhngptisense RNA or
5. - AACCTGAACACTIGG] COATAARG B 2o el seaaolal 280 kel c6TbAod Ty Bl
5' - GCCTCAGCTCTTAGAAATT G\%é D NO 2 rimers used for RT/PCR
of the fel?ne CB% (BF- 2 ‘ﬁITNA &. 035 ff“@@ge%%i pridfer 37 f MOHRE
f~. rst PCR produttedddde bp) supees's Rheb'1mhAGEATEEPGBEAGGACCAGSG 3'; (SEQ I D
NO. 27) Deg 3' P: 5'-CTGTGACATTATCTTGAGATTTC-3'; (SEQ ID NO. 28) 2.
Degenerate priners for the second PCR product (574 30 bp) Deg 5 P:

- GA( G) CA( T) GCACTR ) BTGEEPRHAG Fhe (SO oNOPrEY) desg 3'vapcine for
5' - CTGT GACATTATQT&‘%QQJ T.Iﬁl- 3mmuﬁ§EQeé&3hEb 3R) faﬁldch@ %%I iﬂ%&ob%nSEP

2002 PCT/ US99/ 09502 3. % : a AP2 (C1 nt h, r} Degener at e,
3' - gene- spacs=i &° TQ’;@Pﬁl%d 3. nJe "t‘%’bD ene ESec‘?Yfl & %ﬁ F") epr?ﬁ%‘r‘%t 5* RACE
PCR 5 APl: 5' - COATGETAFTNCGACTECACTATAGGEE: Sben$ SEGhDaMNGE MY . The
€‘} immunogen 1s derived, for example, from feline pathogens

such as feline i1mmunodeficiency virus, feline leukemia
virus, feline parvovirus, feline coronavirus, feline

15 leptovirus, and the lake.

In another aspect, the invention provides a vaccine for
1nducing an 1mmune response in felids to an immunogen,
which 1s achieved by administering DNA or RNA of an
20 immunogen and DNA or RNA of feline CD80, CD86, (D28
accessory molecules, in any combination, encoding the
proteins or fragments of proteins in an amount effective

to modulate the 1mmune response.

{;} 25 The feline CD80 protein has an amino acid segquence whach
1s 59% and 46% xdentical with the human and mouse
proteins, respectively. The feline CD86 protein has an
amino acid seguence which 1s 68% and 64% identical with
the human and rabbit proteins, respectively. The feline

30 CD28 protein has ar amino acid sequence which 1s 82% and
74% 1dentical with the human and mouse proteins,
respectively. The feline CTLA-4 protein has an amino
acid sequence which 1s 88% and 78% i1dentical with the
human and mouse proteins, respectively. The human or

35 mouse CD80 or CDB6 proteins cannot functionally replace
the feline CD80 or CD86 proteins. Therefcre, the feline
CD80, feline CD86, feline (CD28 and feline CTLA-4 are
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3" GSP: 5'-TGGGTAACCTTGTATAGATGAGCAGGTC-3'; (SEQ ID NO 32) Nested 5' RACE
PCR with the PCR product of 5 RACE: 10 AP2: 5'- ACTCACTATAGGGCTCGA ;
(SEQ ID NO. 33) 3' NGSP: 5'- CAGGTTGACTGAAGTTAGCAAGCAC-3'; (SH® 13k

4. 3' end ofwdBdysaAP1, AF2, 5' GSP, and 5' NGSP: 3' RACE aCR:T/ﬂJ§99N9§(iz
J' - CCATCCT. ~ATACGACTCACTATAGGCC-3'; (SEQ ID NO. 35) 5 GSP: 5
GGACAAGGGCACATATCACTGITTC-3'; (SEQ I D NO. 36) Nested 3' PACE PCRwith the
PCR product of 3' RACE: 2 0 AP2 : 5 ' -ACTC AC'_' ATAGGGCTCGAGCGEC - 3 ' ; (
SEQ T_D NO . 3 moyekb'reNGBRtshHre CAACC B :mmuSEQY| BrNO.
38) Wiole CD86 genggsFel B72 ii) ~ Prinmer: 5'-CGGGAATGICACTGAGCTTATAG 3'
25 (SEQ ID NO. 39) Fel B72 (1176) 3" Prinmer: 5 -GATCTTTTTCAGGTTAGCAGCGSE' ;
(SEQ I D NO. 40) Exanple 1B 30 Coning of CD80 (B7-1)-Syntro/ SPAH, Plasmd
917-19-8/ 16 Fel The spheﬁhrceIlln&emrlenexéhashpdséé@mradéuandeguhtaube@ with

Concanaval in A for 5 _hours S e d)_ 3 th P nd
used 1o, 158l at e-r6eaPo AT S CRC o R SOt 1 o Coe
PCT/ US99/ 09502 RNe@§9uATét AICDRNR ) Syfstcam) L e ITiotaal sPdA s t Togt adiviginth oDNAse |

(Boehri nger nph&i (e d Olsrcﬁ%Q\é% P4 sont e naila.erc” acidi@”éz‘ié‘t?dlw
preparat i ons ssen e eovvg&% the n. extra ted fromthese repar at| NS,

using Q agen's B2&F ~ P8R0 RarkEl X G g SuMrE® copy
DNA was gener at ed femmgmfm, t he mbbem:ecMOramBHn r&'l)&awm"rs CTUINFRS,
RNAsI n, r%erse g-gégéhﬁéésgxeéf gﬂoﬁ@ireé/xerr?&}&@wrée‘&ﬁ@ﬁ n%lftf er

(Prorrega) and ih m nut es hen use
generate a doubP@U§FF§ndedFelf%ﬂq F@%t hCOBRA Ftfe F CREAFEI |H¥(§’qBTFeP open
géadl ng frane (QBE&)ra&h@g;d e preeent P hv@ht B/ AH@ised to enhance the

5’ ATGGGTCACGCA NO. 4 ! d_ant ens mer 5 /
07 B 5 T AT ARG T EAGRECT o5 P SR 11 AU HaF, SBTRRS B TS c DA
(1st strand), I\/QSQAmVEIm pod yrer ase (BREdpandi¥ertpolyernsr aser puf fagrd
(BRh). PCR condbfauerés 497 @,35aL0L Qg chr@yClie hddinet? $9aaNdTinadd gy cl es
of 9~ for 30seconds 48 _or mnutes, 72 for 2 mnutes; 1 cycle of 72 for
10 minutes. PCRCEF&&ct ciPFsoq}dé?reé’ rAAFIINg teP| B\WEOr?életseQE aro$&tgéer and DNA
fragnents corre&p@@dl ngetio tbeexpestestsi 20 Rfaddedié- 1t ORFovwera-d Sed at ed,
gel pur~. f, (Qh?% stGg/ Pur |f|8at|8n Kltrh Sa ntres ara, CA) and cl oned
into pCR BLUNT OYRSAES TV EEt OF USP ARG RTET2at iR T 8™ M= 1 ogen' s Zero

Bl unt PCR O oning Kit25(San D ego, CA) DNA extracted from kanamyci n

resi stant %cterlﬂclﬁlcowcggswe@gcggg scregned-fphLnthe presence ofa unl QUe
Nhel site (contain in feline CD8O fB ?H . Inserts that were in the
range of 800-900 by sizeand contai ned a Nhel si te wer e sequenced using

ABI ' s30f | uor esceamat &dacﬁiﬁrﬁié&t ed serlemim g fral 0ol Selande DgIMeEQ 1D

( Per ki n- El mer - Cgf us ApQIeleg1 Bb%gstg 1hNGo). - Igl asprd ¥§C&§£8a@E 7 i
gene specific pri rrers ‘derivedf rom-t heugr eV| ously ¢l on &d ene were used
t ogener at e DNA S¥juehice ?)CRf%]fum Prihets (BE@ IP9H36 A5 -axe Shown in

eé CI;AAACA{QCTAT%@UR"@ l) £, a%cEQrJe Br@:créda3 aniabdadil Qeduended &£5
TACGACTCACTA‘&A SEQ 1 D_NQ 44) . B?eJl ene S%e(ilfICIBI’IgEI’S are .

| 2/ 96. 22 (5. CﬂBO (SEQ ID NO: 2), e (CD8 SEQ
feline CD28 (SEQ ID NO: 8), or feline CTLA-4 (SEQ ID NO:
10), are shown in FIGURES 1 to 5. The designation of

these feline polypeptides as CD80, CD86, CD28 or CTLA-4

30 1s based con partial amino acid sequence homology tc human
or mouse or rabbit homologues of these polypeptides, and
the ability of the CD 80 or CD86 polypeptides to bind to
feline CD28 receptor (see below) or to CTLA-4 and to
activate or stimulate or otherwise regulate activation of

35 T-lymphocytes . Furthermore, without wishing to be bound
by theory, 1t is predicted that feline CD80 or feline
CD86 polypeptides also exhibit one or more of the
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‘f 9 SEP 2002 WD 99/ 57271 PCT/ US991 09502 AACACCATTTCATCATCCTTT-3"') ; (SEQ
| D NO. 45), 1/97.33 (5' - ATACAAGTGTATTTGCCATTGIC-3') ; (SEQ I’?QE@E&%

12/ 96. 20 (5' - AGCTCTGACCAATAACATCA-3') ; (SEQ ID NO. 47) 12/96. 02

(5' - ATTAGAAATEORAETRTICACTGCT-3"') , (SEQ ID NO. 48), S 1/97.32 pCT/US99/09502

(5' - TCATGTCTGGCAAAGTACAAG 3) ; (SEQ ID NO. 49), 11/96. 32

(5" ATTCACTGACGTCACCGA-3') ; (SEQ ID NO 50), 11/96.31

(5" - AAGCCTGTGGCTCTGA-3") ; (SEQ ID NO 51). Two clones were determned to
contain full-1ehglho€DBO SerpARFice I0orasespomniihyvaviehe odr i §KnalnGDB@1
sequence With 1Qi8]e3)€ €XO@Rt i ONsOf m@ ANAPOI B My ald1qns. NG SUGH, POI Nt
mut at ~or. did not effect the amino acid sequence. The second nutation
resulted in an &RFAY25EPE Har§eCf FERFAIEEEEI Y TOIEXRF | Sol WIRHR t€Fhe
resul tant felingreD8@cehonenwas desicgraiiad  ILitkd:di16n (WERED-SHBK1{SPAH) .
15 Tc facllita~e tre _c~onl nﬁ of .feli ne CESO r]QB7- 1) %glnebehi nd a: -~y pox
promot er cont ai AFRGPESERI 2BRd BAREF £P0nPT g BTV TS HeW ritets isre
desi gned toi ntroduce EcoRI and BamH restriction enzynme cloning20sites onto
the 5° and 3' epdc@fiskheCD:80 eh@§9@9t ieel ¥ne THESEL L WO JYgz B S ar e:
sense primerl / 9 .4 Sr‘é} 5 - TCGA " TCG\ TCA GCCAAAGTGG 3 13 |
SEQ | DNO 52) HHACARLFserOPSi sl CPA§7. §ertain  amino acids), DNA

(5" - GCTAGGATCCAAEGTAHGRAGAGAEGET GAGAT - 313t ; sHSEQ LD NOGUBRF. 25The T esatt t ant
PCR fragnment wag %bg%%tc%‘ée"“tkﬁ %%?Bhe%ﬁ%%n@eq ehoped, i pt0, an a%L M
honol ogy vect or 8’ ccl~nsertlon sitfe within'the sw nepox mrus Hn 1
Mgenom ¢ fragnmeRErdf spTuRRCYRETR i SACHREEcANBPnAnt SPWAYI puser TRNAS

gsulted in the,cassette, 980s23. Abor aSRYIQOLL hmmlame \eelRh-aentar ni ng
the feline CDBO ORF behi ndt he | at e/ eark‘l synt hetic gox ﬁ%ormte , LP2EP2,
Yon 5o

andadj acent to VREB-WEHS HalZflr Ref ¢Bs8Bft EeBUbycSyhtti ¢
| at e pox pronotem d R2vEhasmavectsnl cH30r 230 Adl cevast cot r amstleet edind t h
SPV 001 tq35genera Lecombi pant, SP\, vi 1 Xpr i feljn -1 and
E. col i 13?§al acf%8§?j§a§pé“gcfcbcér2%ﬁs. hf% \éaél t!91150 P ZWt%fg]gﬁg‘?Z 1 %%%J
S99/ 09502 ExanpP&ire: aSuBckohit Hef ot CDPRE YPRPS ip6x CRr aF tABnBR ogyaneed or :
Thet codi ng regi @acqmsgurc?ebha@rg% %&éﬂ@#@&;ﬁfb%éh@%ﬂﬁ ﬁ%&%g@%hﬁppgf mer s
cont ai nng conveni ent cl oni ngj[ sl tes, tofaci sér%% e, cl oni ng ehi nd, any

pox promoter for theBdhst Fudtiar st 450x f i T HomsT bgy e G-t Ve
Thesynt heti c priveensnwer enpadee t dumtareduce anmkceRl candBgblLkcehent ngf site

at the 5' d 3 quig . RCR10f n respective L{rers
are: sense%pi mara,rl [}i/ .1 %Jg,% V\GA %@#&RTC@Q@&&%T%?@TE%T?%%I D
NC. 54) and ant ibSERSE Présver SHUY. 295" - CATCAGARTP 8T CAGEAACTGTATEESECAA- 3' )
; (SEQ ID NO. 5%)a-Biaiasul t anta:RER DNA f ragiet: nesndi gest ediai th . ECoRl
and15Bgl | ~ ar. ~d_cl onedmi nt oﬁ%n plé_mstfvwh%r}r‘nl ogg~ vect or for thegeneration
¢ a reconbi nant SEPVSATUY. Thi s~ Yol t &d Fnt AEIEAEEGt t € SRFFE-2E AV 5 sPy
OLL honol ogy vectlmrtafacel i psegtyvomsivianwiallkimneie swinegox tynusamiindl | |
Esl\@enom ¢ fyagmenf), cond @A the. fekhoe CD- aglgﬂBEdb@Qm@%Qf Blﬁ;gg%t:%ﬁé” M

, rnthetic pox pronoter) LP2EP2, andad~acen~ to_the E. coi ; mar ker

gene cassett epr FRS-GIEREYVATEYOA PRI 9FLE - poXOpr BRYTRIS . 1g9slitional
Honol ogypl asm d amet®r ,aQ30- 26gddncesasreot sadsfieciedewt hbr SR Oor
aer_erate a recomhi.nant SPV virus expressing the25feline CD-26 and
fs-gal act osi dasecaﬁroocfxé'i nts%.‘“ﬁarlrpfrégi T?nasrearév'%eraiszgfllr(‘)%l%?mt%ré “faﬁsl’nésué&o
(B7-1) - TAMU, CD86s 30 BA12%E) tep2g, (T e! LAY andvwCRBE (F AP puswiticat SPAH
CDNAs and pol ypeptidess Fhecksel ated andypukhf i@k f ehi-ge GRBR Brl) o¢DNA
of approximately 941 nucleotides codes for an open reading 35 frame of the
feline CD8BO pol yPepimafe! o1l Lppf BRPYRE kI v ﬁé?egﬁgﬁbvﬁcb’ds}: hédaipaal
menbrane bound osedudntes faanheaf anhaddy hasnal nod Bcuharf 28s D1efd1alouh £33, 485
kDa) an 42 WQ 99|57 19 P2 09502. j.soel ectri.c .paint of
about 9.1 , a ne Igc%tgr}eéé&aste SIEE?.IOQ%% .g’%;r%g %%tsrgpaencslr#elrﬁoﬁ ne fcrzléicr%a%‘llrlﬁ1 Cof
the protein i s dPpFoxiTRA%l DI/ Ao GELYsE 249ucly 27 Iwish RS9 realddD8EITAYU and
feline CD89s Syntéxeléﬁ’é\tg@ﬁebgm%a@&@%@%{di%ﬁﬂéo.l ated independently
fromtwo different sources, and the DNA and ami no acid sequences differ
slightly. The source of the CD80- TAMJ nRNA was feline peripheral blood
nmononucl ear cel | shet taubatedDaw t br 10e Cond, Codel dhef sDiti€ecmis tde feline
CDB0- Syntro/ SPAH nRNA was feli:~e spleen cells stimulated with ConA The
di fference
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.-, 1 n cDNA sequence between CD80- TAMJ and CJ80-Syntro/SPAH is T to C at
nucl eoWde 3S1 and Cto A at nucleotide 670. At t:~e am no aﬁiﬁaﬁqéme,

t he change at rucl eot~de 351 15 ~s silent, azd the change at 0 670
results In avoogsarvati ve change of neutral ami no acids, |euecnvestwo9so:

| sol euci ne, at am no acid residue 224. The Isolated and purified feline
CD86 ;37-2) cDNA of 20 approximately 1i 76 nucl eoti des codes for an open
readi ng frane of feline CD86 pol ypeptl de of approximately 320 am no aci ds,
the native nentiiTdde DotPéhDrwnetr ecorasefe i chhhagresenpl ecuéat1omss C.
approxi matel y 38.e394JsBakrap;dspel ety isc Balfind: - Ahidr-3ch9e Gappincharge
at pH 25 7.0 of_11.27._The isolated and purified feline CD28 cDNA of
approxi mat el y 688Sucl ¥R i d8eIueRess f of"aAdtRen FBRAFAGRT FARBRSHY2FEYE ne
CD28 pol ypept i dexxofarapppoxypapel §e221 a3d ardnitor raidsys t beenabf ve newdrane
bound or ture formof whic:~ has a | ecul ar S f _ab 5, kDa, an
i soel ect r-r:g? poilﬁ}veoq‘ *aBou néc? plas,seas ng?a%[ﬂ%?tgsé 92? %ﬁq'}.n% %89@58&}%% The

i sol ated and pu¥RF§ edo¥ el FHA CTLAEAae DNAclofbapproxi wee&hl 7de9oyrerel eofi des

codes for an opend&ading franeaf {&ldde CTLA doRol YPeRin de Of orher
approxi mately 223 43 WO 99157271 19 SEP %%&%&g%/ US99/ 09502 am no._ aci ds,
a

the native menbiSHEBETNETofF O HROIE S or M 84l eEutarshds of
about 24, 381 kDatlam i sbel eetinhargoigitildf abouhe6.a834 ,t@ petdchargelant pH

7.0 of -0,99. JJhe,co8XPressi QBAEnCB0s Wirgh , CogfddTul @, ry, mpkegul es

CD28 or CTLA-4, and a tunor antigen or an antiden from a gat hogeni c
organi sm has t3E &5H930ly shovhetRsate Drvdhi&idecatttPat FORCof CD28 or

7=l ynphocytes, apre-speariasel ppst@sihsl drymphoadesteandt 4. Dropokadt he
growt h of other_cel | Lypes. . Jhe coex re55éon of CD80, w th %Qst~rrgl atory
mol ecul e CTLA- 293 1He Abi T t3 T Suptiess 3¢t S6n V6 *Tr9RBh&Etes,
nore specificald§fddr 1 tyeaphocptesy Thetcvexpeessodn ohe€BB6mobkethles
costimul al o=y NDl&CH £55 09258%@5?%5?5?'{;?991%5%@ apLigs0 ehodnaAgt ! gen

from a pathogeni ¢ organi sm | y to activate or enhance
activation of TEP§SphbElt23ch npIRe e cFOTREARYPITHPR 8 PipREc FRESCERRATT 0
pronote the growtinof. attier ceal bet yplesevddie € aeH=RSSINGN a0id 686 £ ywhih

costimulatory 20 no| ecul e -4,,,22935 t bili to suppress activation of
T-1 ynphocyt es, t%%? e’ Shedit icac_%y =, yrﬁghoorcy{‘eis’. Z’Dpﬁq ephide e
AHumanHunanMbusedbeseRadhi t EhEckRenanf dEeAEE dEoAD20fcvelldHorimall asmely

oHorol 02 59 A m kot QOHEGEGHCGUEFUR GHEARD A PalNe Al 1 Ay Aln RN At A e
A(DNA/(DNA(/jPerce%Sjé\(fqﬁSequenquuenSequenA E\t ta 1y Al ¢ cutture

C g
ace) ce) ce) ce) SeyienSRgEBHT 5 gt Lo HHPWRfb Y ot 1 the application.
al dentil denti | denéivael arid ansdentst yeyt yd yisers iddentvaio Wy Felnaie 64296246- -

CD8035 Fel i ne72688-46 64- l,i ne8 §£§]7 / 4 %%P 2002

V0 95757571 PeT R GeE G Be R et 848%318’?8%23'-‘%@0‘3%%%Exa%l e 3
1s tested for biocactavity by functional binding to the

{i} 25 CD28 or CTLA-4 receptors. In a similar manner, variant

CD28 or variant CTLA-4 1s tested for bicactivity.

The present invention also encompasses feline CD80, CD86,
CD28 or CTLA-4 DNAs (and polypeptides) derived from other
30 feline species, 1ncluding without limitation domestic
cats, laons, tigers, cheetahs, bobcats and the like.
Feline (D80, (D86, (D28 or CTLA-4 homologues of the
sequence shown in Figure 1 to 5 are easily i1dentified by
screening cDNA or genomic libraries to identify clones
35 that hybridize to probes comprising all or part of the
sequence of Figure 1 to 5. Alternatavely, expression

libraries are screened using antibodies that recognize
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Use of feline CD80 (B7-1), CD86 (B7-2), CD28, and CT:~A-4 in Vaccines 10
The follow ng experinents are perfornmed to evaluate the immne1gnsfpn2ﬂi@
activities of feline CD80, CD86, CD28, and CTLA-4 in feline vaccines. In
an alternate pogesdimne, cats at 8 weeks of age are | n3ected i npepovsagkar!|y
wi th 100g of plasm d containing cDNA for fei~:~e CD80, CD86, CD28, and

C ~ LA-4 nolecules In a mxture with a plasm d conta~.ning cDNA for FIV env
and 20 gag cr FeLV env and gag, or alternatively, ~n3eCted intramuscularly
with ; OO-g of pl dsirdecCGh8@i ih#Ef .c ONASexpr €BlsA 1y palimbiose eoshinationse of
CD80 and CD28, ok, GRG0 wnd ~&6- 4, or, CD86 (28 nd, ,CTLA:
paired with CD28lbgr C'_I'L?g\}f 4?%?1@' n‘iaﬁt are w ta&g)apl asn%agg%?gﬁt g)irniélng%DNA
for FIV env and §85e6r TreR\Peifr &ifd 1§8gSPeBHrs o1 ldatshads A6t Lpaski 3OWDS0,
CD86, CD28, and GheArdmoTaby aienchakl eagese webho Vi cobent chet \oorctla. and
observed for. signs of di iﬁase ag descgi bed abovg. The results of tn‘f

chal | enge experi FERESar e A&t “e5Pa73b"F eBEPOF nGE t HRS cBNASVEPBr2Tor ¥ i ng
feline CD80, CD86haCD23cawd @nodeuwwmsd ¢DNAD§ect 6P8éontCaI2E my FIYLZehes or

FeLV genes show 10Q%,DROLEChON JTdl B8aFE-COTRALEMLLO SALS.TeCce{¥iog
only cDNA vector containing FI'V genes or FeLV genes whqa show 75% prctection

from di sease. 3539 3% FHRR ProteddfBCledt ¥15F §olddss T8 hgetRf e 45
WO 99/57271 19 8BR&20@Q2 CRCH-W.S99/ 09502 infected intranmuscularly with 0.1
to 100 ng qfo purif;ed protein for feline CD80, CD86, CD28, and CTLA-4

nol ecul es or alternatively) pairw se conb~natl ons of CD80 or CD36 paired
with CD28 or CTLAeRegEdtlel nSudlesm reeashiiaimuls oS \aetordiibse? | beel
agove, and i nf ectpddentr apusst] & )V n8al taat08reuwel 1aksyhunih, vaeci ne
conta~r~ing FIV env and %g or FeLV env and gag. Control cats do not _

recei ve CD80, CDS8° -CDFSF andScTEACES G s 1&?54 eftfed Wth 5%FTPUfent
FIV strain or Felisiddiar 100landrghserd ediaespd asty frodinddevel opngnt =af ,

di sease. 's':he r the ., | .enge Lme r t. ;
recel vi ng t]hSI; puri |é:§>og{’ot’e‘i%ﬁ% %r 3 gl ?ﬁg)%%g ?:Bég Eﬁgg gﬁa‘%&‘yrbx- 2% and
subunl t vacci ne cortzRM NGrFFACRES FeRVMoHeRUdRgnidicasy v (Féducddtrhel dence
of disease 15 companfid t:0 Rl% S e0RIXE, NFeeAhYnSUBKALL ¥AaBCkctne, captahBng
FIV or FelLV proteins. Exargjl e 4 ﬁ% Use of feline CD8O, CD86§ CD28, and
CTLA-4 to m hi b~t® oy tHmSY ¢EFETGFORERS TURor Neel F€°Ftom a cat are
transfected with a vector expressing feline CD80 or CD86 in conbination
w th CD28 or LA, e tr e t I | 1 re_r.e m.ni r to
the cat, and the pregéﬁg-eggéfgt'ﬁgﬁéié%%q}w g},%s 8,C%g%d%8ﬁ,§%% grgllq'?l%glcgg
surface of the t At sgelsle pafdsestashrad ITheuAGIVEFItean PéSporsecrpasses
transfected and nguhdanskectedeotipremsl | spoesWt ictaai-a Kioal R@0En3@s
| ocal i zed and net as%atic funor _cells. In anﬁﬁl ernate procedyre, vectors
expressi ng fel i ne*¥bsb B CHB6°F R Tonbi nation ' With s Br-criA*h=gr &°-
I n~ected direct|yréqtimeotunprqeeneecat Neslei¢ngcra aehneadesmemodogaocal
r¢sponse to,dhe tumr, celdey resyktiagd nKidhhng 8hidBepOfal Zedandso
metastatic tunor cells. Exanple 5 46

assocrated with  heterologous seguences, 1ncluding

promoters, enhancers, response eliements, ‘51gnal
sequences, polyadenylation sequences, introns, 5'- and 3'-
noncoding regions, and the like. Transcriptional
30 regulatory elements that are operably linked to feline
cbhsc, CDB86, (D28 or CTLA-4 cDNA sequence({s) include
without laimitat:ion those that have the ability to direct
the expression of genes derived from prokaryotic cells,
eukaryotic cells, viruses of prokaryotic cells, viruses
35 of eukaryotic cells, and any combination thereof. Other
useful heterologous regulatory sequences are known to

those skilled in the art.
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19 SEP 2002 WD 99/ 57271 PCT/ US99/ 09502 CLONI NG AND SEQUENCI NG OF FELI NE
CD80 cDNA I NTRODUCTION I n addition to cytokines, sone cell surface

nol ecul es have been sho:~:n to enhance or suppress a distinct 1i9m$EIPe2mZ
response. CRBO9¢/B®BylL) is an accessory nol ecul e that bends it grac®phan: CD28
O:i T-cells (Freeman et al., 1989). This interaction functions in the
delivery of a secondary stinuli that, in conjunction with the primary
signal delivered by T-cell receptor recognit;on of antigen 10 presented in
the context of MIYPerGuiess] n Freel Rlgeti vatreduasd prorof ecatlilen (A i son

and Lancer, 199dcombiRQEEbni bviasstirsbrdesambhed asca B- celdueraatigen,
CD80 has subsequently been found to be expressed gon a variety ef cell ~;

Yy
rpes, :host witR*SRPHYERCPFRsentit®y capalfifiti esCibeFEIREmad'WCLAIous1939) .
I n or~. mates angdecofieitiass idrhacCoBe abtecst eam Sertd&fekd¥ds e epicad ng
conposed of approxi mat el amp aci ds (FEreed et ai., 1987, Freeman et
o oi080) > Thet BnPBISREREIaF I AD BATEy 6  aie Ae B ST uggedt 5 20
char act eri st i cssefinendeswagneinost sy 1@ Ineydsnt 0fy t he apmisdghneb dDad,
super fani |y (19&5ys(Peagh ok altia-L99ydepr:8cComRessdo0lbd¥0  other
extracellullar 1gSF domajins, a hégroR:~oblc transnmenbrane_danmai n and a
short cytopl asnfCCPEPINEErBRABASEY alMet9980) SUFRe &G r SV 1R WIME n of
25 the mature peptodeihasianid?24 aedi diel dNHD eoifi neahdbg&houar i gdabe (B -1 i ke
regi on. fol,l owe am h F c ) -1k agggg eenman
et al " 18@9). @ﬁgxﬁgﬁ%ggcogﬁggwggtgt gg'eigﬁéégg%%% ia%ﬁhf?Tn céké&g
gl ycosyi ati on sFeess, apdeapiReugReehe mature peptide is 30 highly
@hycosyl ated, these carbohydrate residues are not thought to be involved in
binding to CD28 8r CTLA-4t as thX are_consi dered tg ge ?riented opposite
the proposed bi hdFngT88FETnPBEF6r 8ENPEPVARSS 1099) POFuPt neP NP E: 1Y etfbva
of the carbohydratenecesiahesnginesnnet fFipearcd oads iimmunbgrce twa dhi nds ng
capabiliti.es, r Lk 19. 2002, -
PCT/ US99/ 69202 ?EE? é\t’%ééf"? ﬁrﬁlgg‘%%rﬁégt Swgnggtgéég%ﬂegggﬁbi s v 0. % he
extracel | ul ar pEHPFEANGELAE nDIBELIEFUTN eyreh &iRke 199H2a5 CDEOBO°BHi nds
to two distinct feeeapt onss exprressediiathodrdicbienentpzgnes enlihe cougse of
T-cell activation. CD28 istfoggd on_a varégtg of thvnocytes and naive and
activated T-cel I'§, *Bnd R4E 2 C4aR5nST FabPe o7 RSN T2 A TSR 1 VTSI and
proliferation (Aruffo, 1987). The second CD80 receptor, CTLA-4, is usually
found at | ate i 0 | ti -celLs i psl ,
1991b) - AThough . o8 o e far L Ad has ot Been deriniiraary 3 %
establ i shed, '' Ul WeERPRIzeR thatetite FBI 88Ul HEPIEEY '8 <Upptess an
active and exi stichgelrecel by r espansecledihehct-0f exapdsBheneryectdI6) whidh The
6o mol ecul e | Loght dges,not aphear 4.9 0ake signal =ng.capagt v, Ihe
cytop' __asm c region =S rél'ative fyghor Wi th Ao résidies wrth denonstTabl e
s~gnal | ng or enzyyatiied 1fen 8GN OrHAHCOECK COE balrccesg94y. mPhechaek with
&onservatizon indhe, cyhopt asegnbaicnzdetveen; the watang 24, afk hBBA:
neptides also reflects the probability that the CD80 |acr:s s~gnal ~ng
function and acttdi&8itely F&’€?§?§F§n%JGDQQmBPeC¥EﬁPQHEETnsIey et al.
1994a). The interaction between CD80 and CD28 has been denonstrated to be
necessary for t ratio nal - cell n i ate,
t hus ~nitiat|ngq%egg%#ggkaggg%Tbggg 5%%3 F%a%1§eg§o§|9€%% é%qﬁﬁ%héggh
CD80 was f~.rst immmse f redronsactinvat efieBr@éekPs afFreetresst. afhich1987)
it has subsequenidns hren Houndhndn st :51Pset s Apreisehessi vhal oantyhgen

resenting cells includin
P g contains a% immunogen derived from a feline pathogen and

the feline CDBO or feline CD86 accessory molecules with
or without feline CD28 or feline CTLA-4 in an amount
effective to enhance the i1mmune response.

35
The present invention provides a method of suppressing an

immune response 1n a felid to an immunogen, which is
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30 macrophages/ nonocytes (Freedman et al., 1987), Langerhan's cells

(Sym ngton et al., 1993), dendritic cells (Liu et al.) 1992), Cégéam?
T-cells (Razi-WIf et al., 1992) and a variety of tunor I|nes g al .
1992). The mwesesmer of the CDB0 nol ecul e on APC has been showroTisob®s®5
irrportant in the activation of both CD4' and CD8+ T-cells 48 WD 99/ 57271
'19 SEP 2002 PCT/US99/09502 (Allison and Lancer, 1994; Bellone et al.

1994). Although the nolecule is nornally only present at significant |evels
on prof essi onal 2aAPTFVES Y (AN IEERKF 1NE nelse hieuneesn deshiesd r aldgn or

up-regul ate t hesebg@ahwgliyrmé,mulcen(eekheuyetwﬁh £h892e1 i respoenss to
transformati on pear

expr essi on. Fﬁi% ngﬁagn‘ﬁ ] Sgﬁégﬁﬁgﬁgn&ﬁ‘? @%pf&f\fg’a f%%?t%nge\ﬁel | as

in sone i mmrtablrze/@htdel bntinesse CBBB oy ONA acecexpresSetirat CD8bewel s
Sufth clent Lo PEamIbe Tebde Togelieiant! V@fsjaonowze@lgk 71 1992) . nAlLhough
t he klnetlcs of “expression are uncl ear ~S possi bl'e that tunor’ 4ér ved
CDS0 nmay be a rem@ﬁ@reet‘:éef:ﬁév'eoﬁ@og‘eﬁpé"ﬁ]sm% IMRURE SHF SBRBISEi onar y
mechani smt hrough whi ch the i mune system can renove 15 transfornmed or

t unor geni c cel Iz, Antonia et al . 1998}3. (‘é{he role o. the CD28é B7

i nteraction appéarsPEFFEIEat " HriWary O 8eF| 2 akEFURRT oot THEY LSyt i or
of antigen in themoont exspofis¢ hen M Cebydt he ACRusnagent(sel f compf fsagien: to

initiate gptlr ”%heprﬂkrhﬁr?&?ér& 0Rnand £2@ca¢ kY aldRh 0T o - ?@Mﬁe( @%’é‘éfar&z
1992). TCR stinulation_in the absence of a c ssory_si gnal g?lcan lead to a

state of anergy '6F*RFpEPBEpYLtRieESEoPR FELAPE pBAEI AY i bPE R niditid et
., 1987). The fhirndmngnef réhpox@&nmheeméﬂtorortfrualﬁrecerblsovmthféhﬁquDBO

mbl ecul e on the i gen, 25-pf esent-ng scel L second
signal required C?%tsag]t‘ -Vat e&hﬁg L[})‘cé%l ? %Schv\g&% SSets%é%% %%8%1%1 €& TCR i s
engaged) in the Isbsermsaaf ahibed weervnd: s gratentiaiy ep et Ide o norcherone

activated ;and can, RECATR,ANLK gicG rle3BG8h e\te@dor ¢98P3 1 nThY S fehkli caby rol e
for the CD28 30 O intéraction has been clearly deflned not_ only in the

activation of NndVBIIFRN D) | §° BEL18Fs PATHHAaIshF TP aA8TA2 f9rore8 tind
nai ve and nmenor yo@a8' Writelds derhoed felomesnedds rest £ percpireral £dt ood

hare 25 ol so al o BAES" 10 BEN8602 " B68T8TIH" hori ssr 09502

CD80, being expressed on activated B cells, T-cells, nmacrophages, and
nmonocyt es JAzumeret i rpd . cpdP 9386 Kidielsl o @fzmxar@g&ypa boveyer are
slightly different for the two mol ecul es (Hat hcock et af 1994). CD86
generally 5 appears earlier in an active inmune response t han CD80, and
appears to be carst|fall trie/ellys @xpressedhen amroeytiesniRpreerad séqaénce
1991). Wile O C%rh ear; as,JAke gﬁ 2€ EEur,gftﬂer 44y tizal shipgylatign

CD86 appears early in e response or nd expressed constltU|t|ver at
| ow 10 | evel s omme@dc@epﬁsaemewléft 2812 amwm)acurfﬁe 8 setiace

g?? ot ei ns eypke sipgd algdmat raeel EDNﬁrachSd?@ﬁﬁﬁ%dMaetsléeyhelﬁQ@ndrt QhtbRi is
espective counter receg ors_on.either, CD4+ on | s Lancegget al .

199S). There do WG Appedrtfo’ ee%%Od“f fafé) Spﬁ%%—%e Al fljxofna it her
mol ecul e to initiz et actlidgat Cba @ﬁ:ﬁi‘.rm ¢h2Beganeontlnd cDNFelansl emino

i nduce C-L acti VA«E&’ME‘@EDEPEE 8t @h1enl994knodlUsn %Q@ugét@)slé%%%éé L hat

both nolecules initrate simlar signal cascade upon”bnd~rg t
CTLA- 4 respecti MW%%&@ EPPaPXIma e NGl AW NH AT LRS- eé"@lee§eéFL§6 seem

to bind these cotmimers rReRPt@he WDKA @mjadmlmdwet:uasSa@@leme s wehickl is
di fferent| al eff

| t t t f
this "two Ilgand?el?‘\’/%ﬂ rjereel'J %o‘ﬂlﬂrr‘]ecs‘r’ygr%%g? gm é)(ra 15p° lhg?@éﬁppz%flma%aece °

223 amino acaids.

Purification of feline CD80, CD86, CD28 or CTLA-4 from
35 natural or recombinant sources 1s achieved by methods
well-known in the art, including, but not limited to,

ion-exchange chromatography. reverse-phase chromatography
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25 CD80 was originally described as a marker for B-cells) and high |evels
of both CD80 and CD86 are found on B cells stinulated with EX 20[12

i i popol ysaccharide (LPS), ants-1g, antl CD40, concanavalln A a&)é ),

IL-2, and | wd@d9gsiatihcock et al., 1994). IFNy and IL-5 have be@m/@hwmozo 30
up-regul ate CD86 in nurine B-cells, though no data are available fromthe
human system or for CD80 in regards to these i mmuno-regul ators (Azuma et
al ., 1993a). The k| netlcs of expressiqn are slight different in B-cells
for each rol ec®. CEDSER T ¥ Mepr Eéecflg&rlaylgﬁ rert sl%gl]s A Gt 2GR YEE A )
whi |l e CD80 zs MfmmenéhMadogaﬂamﬁ,t Zhdrcendl does noh aeaecla fpeakd
expr essi on unt|I fte 8 200 9 7 [ U /09502
(Lenschow et al ml%l%@ge)rﬁ C%%f%]e ? r?tlsctEll on %% lé\%)%ae szjSBJ%I go?%pegr%g to be
regul ated by M¥&D&% as€$D28 nedi élTe@ §| ghal |Qk@8(14@l§3avbYetCQﬂStr4C91912’}9 ?wo

other surface r%&&rﬁn@l BAAZDA nded R&pkABORG aftte db
expression. Cross-linkin ressed or. the B—ceII b%ﬂ}g or T-cel | s
e

expressing the %%Juﬁf‘%r PgeepFB?G' rEQEIBt 8d FiPnér a8 cosot §Si 6n
(Azuma et al., 4983nce wimbémgosschﬂmmgﬂt e sfea dneee ptean duleewn Ty e@ul at es

t he expression ot I uI n
gand CD40OL have[g)%e\gln IQE gqé:?gld §§ é@ﬁé mﬁhr oﬁéﬁg(\?\%]d %Qé%ofé I’eSSI on i's
regul ated on AP@(W@@@Slzﬂdal US’“@QZF)GCH@D&WQSS @%b%eb@@dnortoat\f@tﬁﬁety of

cell typesp incudi s Blﬁethé,aﬁpn@ﬁat @ﬁtvs@ﬂ@léathfscsebk&rzﬁ kiahlsasfs and
human endotheI| cells and can -re d on 15 these cells ~n ~he
ot

presence of A 5P gAY TRty TR
g.g?épressed on acgby\eacwydlmd ~£eél1bs -COéd ,bi ndPdg, of AOPA0 byr CDAMLHras
er. s:-own tg,y P@ggyiaég CDAOA EXPRESH! O veh ABS 1hauah: e apes ot

appear to i nduce ression i n of pes expre55|ng t he receptor,
i ncl udi ng erdoth%HJaqfd ceflsng F%Ej%oletc%?G % EDRY ARERDIgE s

mol ecul esy st hOUQPeSf'tah*ﬂglécBSSrbﬁantﬁéo A aqumdeént Moy h@/fefmlc
struc:.ural sinm-=ar~ties arg1 are thou% %nge gtantlx relﬁﬁ Freeman
et al., 1993). 2B IAEHOBI Bgbis Pesdi Bties “CoRteter atet | %%e i ke
domai ns, wit'.:Nbesgeonsedadezsomedidues in the transnmenbrane or cytopl asmc
domai ns (June et al. 1995). A fam |y enconpassing the B7 genes has been
proposed that woul d, in add; tIon to CDB0 and CD86,. i ncl ude butyrophllin
(BT), 30 nyel i nFolapdeifit GEyHEELdns cop? bty Ramsariest héo%ﬁF%‘P{egr‘WH@%}hal 0g,
B-G (Linsbey et sahrcel%%b)modﬂf1eM3®yandetBrcﬁ§r}ema&v1 encodedaby .t herddHC

gene conpl ex, which rai ses g .pate I ev( ion Ilnk b en the MHC
and the requisi F8°C cBgFl mui~ at o1y nandeagm es Etgnsl ey° %t ar. )%4%). 35

Resting murine ahdshbmanl@ted| | srexperesplonry evedd, ofgBHrosRGEP 2002 WO
99157271 PCT 89845%959%59@5%&“ | hupma aﬂﬂcmrm%ohgql ks {igpduT C@Jé

clones), activated with ants at agprem ab

| evel s (Hat hcocRPet L 4F2t>qgfna tTFiZ E%pFerJsf?eorFDg&f bGER - CBBOS and %B?% or.
tivated2®-cel ks smyuiS refy eckcabrerapi ; iahd abrrddoed | speeréxpang vded
tocrine costimulagl 2 (Azuma et ai., 1993b). Interestingly, CD80 has been

shown to be up-regu at&d on HIV infected CD4; Tcells) with concomtant CD28

clown-regulation. It Zs proposed that this is a possible mechani sm of viral

10 transm ss~on pphamURripaioeCicpde CDAH-2aCebirha L i th fher £ (0801 88 di at ed
contact with the infected | ynphocytes -'s (Haffar et al., 1993) . .
30 The present invention encompasses the production of
chimeric molecules made from fragments of feline CD8O,
CD86, CD-28 and CTLA-4 in any combination. For example,
introducing the binding site of CTLA-4 n place of the
CD-28 binding site, to increase the binding affinaty of
35 CD28 while maintaining enhancement of the immune

response.
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Human peri pheral bl ood nonocytes express |Iow |l evels of CDB0 and hi gh =evel s
of CD86, while exposure to GMWCSF or 15 IFNy resu;ts in the up-r :jgp%gz
of surface expression of both CD80 and CD86 (Barcy et al., 1995). ~s a
strong | nducer Q%5489 ,€xpression in human peripheral bl ood nonosyt88§99/09502

(Schmttel et al., 1994). No data is reported on peritonea= nmacrophages i::
the human system but resting 20 nuri:~ macropnages express |ow | evel s of
CDB80 and CD86 (Freeman et al., 1991, Ha~r _cock et al. 1994). LPS and | FNY

stinmulation of nurlne grmaanbpdagest | nclieaaeri sy fsace sexpressison ort tbaghon

I FNY m co~rm :at;on.w.th inter k 10 _down-r | at e oth.r o] i ng
et al., 1993). 25 Scpﬂé&n@_canggﬁérglgt ?Lge c%)fﬁqéa\l}&?g?%s%g%l o“\?]va:ge%e é%o%ﬁplbo%%gggn
nol ecul es and LangephafD88cek| sepkpredsbyow bendiBgofrednes, ofth6ligh-4. The
culturing tends to LAgLease eXpPhesdiihd DothzEellollaas (Latgemn etrah-4
1994). In dendritic cells, CD86 appears to be nore strggglkl up-regul at ed
after 30 cul tu?ing, PHPPER? sT&A PP etS BRI WY PTGy Fhe2 hoF R F¥pBFt SHEsr 6P&
~n dendritic cell nensated @sgnahdngnétaddwatie abgaltudd 398 )enhancement of
interestingly, thou | L: S f ect 0 i I itlhc
cells, it acts to dga%-r‘eréﬁf%ae %%é%fnesgpr eggi C%l#( I?ﬁle elﬁgaseels;éal %“9’%3355}3%35
O Doherty et al. (1998BysrxemslecsleRaet vifiPe® and (GRAG |cav EIDS SofarCDER2ker €7

| ow, upon. naturati epaghleRdEztherkek! s apeesRiiordde PMARD/ SHR7improveERhe
2002 PCT/ US99/ 09502 hl‘gher Igvel s_of %ﬁp Lar%aogn',s cel | .expressiqn q;
CD80 is inh~btfed by™BOFR FEEABCIRE FHRP I Wit E N8G50 S E CHES r everSe
| FNy inhibition., thbughnaotivéletbBodmhébi i ~onif€ramameleahles| 896XD8S |amd
humans anti mce spegihig Gyt Qksdiesfaverhgen, deonsLighog 4 0 gxeph s Cont/ol
‘over CDBC and CD86 expression. IL-4a4|§ls a strong induce?‘hof CD§6 andrt'o ae
| esser extent CDB0 BAMBraBf| sPPGRAckat alMPTrATD4)theihi ITEYENY FHRREEESESI
CDSG eXpreﬁsi on <()n aﬁpsabiﬁewlgié cet | ctders%s) ¥81=aGrHdl r. gnB-£el |£ donneutes
and macrophages (Hathcock et al_.. ' 994) Though |F ears tQ. Up:regul gt
D80 expr ooe o8 i FORGEYTEL: ~ISTMET (2L Por O i Pegard: Braxpriie] Grofaree
nmacrophages. |L-10, asuedTEh- 4 heprigsgnest of thENGE actse trewowane egpilrat eand
CDB0 and CD86 expregghonean 15, smonacyhes (ARG Lt ab. .od3%R)e THES desired
interac~ior. may be a potential mechanismof a switch froma Thl response
(DTH) to a Th2 resp6hs&°Fhunoral). IL-10 : ~owever, does not influence CD8O
expression cn dendritic cells (Buelens et al., 1995). This may Further

reflect a role_of t Iﬁﬂ;de "= I r bse ion as
de: ~drlt~c cel%los ar teﬁ?ﬁ—o%%ﬁggto € i%r?ggr’tg?l?giﬁft%%%ﬁ%t H#f%%&g% a type 2

response. |IL-7 increases CD80 expression on T-cells though effects on other

cel| types are undefrpeed {8881 Shvé@hs 10993 om¥biid&s Bageh boGPBA @xpiession
has been shown to 25 be -nediated t;:rough the crosslinki ng)fz%f the p75 TNF

receptor, and expresSSieGtidadn bed ncreastd ~rPihe prBEEnce “6F %I L-A ( Ralitfei
and Ki pps, 1995). | nicaresbi-ngky TNEebehdngs t ast heiesane teanelabwfe .ol eclibes

as C40. another potgnt Laitialor of, (DAQ expLession o OM CIRARPEALSw] 92O

30 regul ate dendritic € S an a:ngé’r‘han S cel |l expression of sur

CD80) while | FNy onlfieicagsEB8ap- Fledful &028nosf CTERE? | Fraheksd feaens FPaFsed-
et a:i) 19f94)- ghe rleE_Qg:an%}{ cmburméggjdag, aBehah ¥isi S aﬁldtraﬂéf onmé.%_r;d Such
virally infected target cells - cytotoxic T 35 ocyt es L) wa
| ong thought to be <OIGRPHES a%/reed ﬁcfﬂvo%bﬁnf & gn‘f%llir%gn o ef%?éki’%%g 484
peptides expressed iqonpbsicbOs981 57 AnSHar20022RATLEEE9/ B850Rcdies, A
subsequent e (it rodaid A, LRI Celos dehh, ARC:EELEQULabBELERBD. SUbhace

0S S of it

mol ecul e into the h resul't’ I'n sim'lar Tevels anti-tunor 1 mmu
(Hodge et al., 1994)as Weigd, ast 1appealredidvdt agAcBYREREPY? | e EisIgieRegnown

that the CD80 5 nol acdiltghdse BRL11EGULH 8thd G reUSt RinBreh@ak@$BONSe @intRetic
initiate it if re-infroduction occur

(Hodge et _al., 1%94%. hese . . .

experiments denonst rate thatPihe €88 'rr%?%%u?’é FEL‘%F\% Fr Y%%t PhBbator 2&F
cellular imunity, amgedhat -amdspecidn cEé¢lUmme sCDeel | WiDde , r edphses C€ahAba -
35 specific immune response, the peptides are conveniently
coupled to a suitable carrier such as KLH and

administered in a suitable adjuvant such as Freund's.
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| 0 i nduced to possibly control the malignancy and prevent reestablishnment.
(Hodge et al., 1994). Increased CDBO expression can have detrjmental
effects as is seen in the devel opnment of sone forns of aut o~r1nﬁlr$ER/.20ﬂZ is
t hought t habw&b&2Mm synergy with IL-12 is inportant 15 ~:: thpeTRRbd/ds02
devel opment of nultiple sclerosis (M5) and results ~n T cell stinulation
and the devel opnent of DITH (Wrdhage.”. et al., 1995). Experinental

aut oi nmune encephal onmyei ~tis (EAE) can be partially in:~iblted by the

admi ni straticn Enabl ol bl CRA-a | (peolrex far iprEvealt 20 fsyjiectss d1Fkese

i nhi bition of d&Tyt% l;ﬂ%ﬂo@é- g@)ﬂwf:ﬂeixl?l%l%%_oﬁs szﬁé@&é W %tlllpxgz
reflects a potential role for this ~:~teraction ~n exacerbating the di sease
(Arima et al . SPAYYEY - . FIReX3#RIe ardte slomeeasde mbife N8 o CRE6.
progressi on of wbcian cefstaeiule orfimunel ¢aspansep28 chracTiWhil e ihe aghNA
encodi ng the protei Qnggs been idsoéayclalgn Ln rotderzatns agd a|cr)1r‘_dilrnatetnes,,~t has not
been isol aled outSrde”of “these gr oups. “Thetei9Fe PS5 an TRort arnjtfo%oﬁ'pani on
ani mal and pot epd it dgemtel onfanesm ovihel catixgamssiod orfi rfgldme3@D80 or
=nmunol ogi cal reggent g, from kehifdespeches WebloPbpVhde taal sph94 cfegearch
into di seases of veterinary inportance with po?entl al relevance t0 di sease
progressi on or prevehti AFSIVEHHREY Spect elMAMCIRISA SAARD THERKERES 5720 19
SEP 2002 WO 39][ Ifi e %Eﬁ&%@l .SQSQaebsﬂicatei@mefe &Brlilﬁibéaigfd‘c&gﬁﬁ&ts. | srT1O:|2N%°~
was extracte peri a 00 n ear 2BMO). stimul ate or
16 hr w tﬁBCon éfgéjqéi ?16 @ﬁgg l%ﬁl ng,}mNAp%\f’r act iEgl‘rs;El rdzearélé’netl\éc Biot exc,
aouston, TX). |hhtaabViyalSvepharwas B8R | XRrd DI MV &C RN 1TEhyewdrese

%ﬁjr%an;ﬁer i pt gllseI (ﬂ&léﬁ@gﬁéir@ﬁ %ra)ldgyiva@g%h%gmdém@sa&bﬁv&e pr Eﬁaéncgr igfly,
“he and oligo were heated t.o or n renove s ndar
structure. The gﬁ?ugﬁﬁ’?’, 58 erP i T <5 Ped te¢8 reapﬁen%g)gded%nd t he
m xture 10 i ncubmheidbdywred, hindatind2€e bFohhoev eyt I st dgcubatiore s eickC~=-

sanpl e was.heat 95 r S am.t,o s i vat.e De er rjners
derived f?(S)m co%gefngu%’ ﬁeggl\l?on’s Ivr%mtl i'n It?ﬁllg&"r1urr‘ell'n Sta%gldsulpfnégg%fioﬂ?oﬁb i'shed

sequences (GeneBaaklfGai PkrmsisumgLlBAPewep ecxpeasenPPIYed" PR tHE2E Mix i al

15 anpl | Titﬁat ~?ET9A-@ %44? r\!ah%ﬁ?Ue@?oﬁ:”BQ-ﬂNpﬂ ! ts,i%aco%i;agr %G%elgéréakg
regron w I N e con an 0 n o e gene. r r -
Bpes skl weAS G

A(CT) A AGA ACC tLR GSRInt§TReRAS3 2 ugic, §IETEN T 186G AAA
(CT) TG A hct starecpotyrerasenchaespoeseti on (PCR) protocol 20 enpl oying
Taq pol ymgpase was used to anplify the product. The reaction m xture,
lacklr.g the Taa enzyme, was m-tiallJ heated :.0 95C fcr 5 min,_ in a hot
start step, to PpPE¥BREMEMe ChriEUTGH YoF NEPTFRICRA REYEEIaFRe BNy nke Wel® added
prior to the intbiati®n obsthetanpenat e cycdies 35 The1BCRibaacifi aoh was

then heated to 95C for 30 sec ttqgnelat %he doubl e stranded DINA, %’B%a reaction

was then cool ed*t'843CT FAF3D" setf 16 F 4cT| TRRTE T he ammeal| ﬁa‘o he*

degenerate prineP§s AilowCanned! cageserperatage dbstbaphayedal coferddstate
e binding of pri PRES)LAALL WL 6,30 Al AQQ?EBOEBkQQSHSsqut@%%@%t&k‘i’a& was

then heated to 72C_for 45 sec, the opti mal nperature fo q

pol ynerase to efP¥Ad TRYSpIUAErLPaRd SV6py IEREBBPBATE NGt BRAC St PANGYETdE!
tenperature cycbe Vbsnd epeatnethell dh Meshe Faiblsowi ngpddie 8026y drescTeaf4 nal
extension step qQf -72C.for 7 mn a5§mim\/)5¢% 99/d572\~?1 h

molecliles are ere other recombinant
molecules, such as those encoding antigens that are
30 desirable for induction of immunity. The feline CDB8O0,
CD86, CD28 and/or CTLA-4 gene 1is ainserted into an
expression vector and infected or transfected into a
target cell and expresses the gene product within the
target cell so that 1t 1s anchored into the plasma
35 membrane of the target cell or antigen presenting cell,
or secreted outside the target cell or antigen presenting

cell. An expression vector, such as a plasmid, Semliki
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1 g SEP 2002 PCT/ U S99/ 09502 was used to facilitate extension of any

unconpl eted products. After visualization on a to agarose gel )1rghg] r@ﬁgct
was |igated overnight at 16C into the TA cloning vector (InVitrodg ?

Di ego, CA) fqiosmgaugncing. Two ui 5 of the ligation reaction pagus®adsdh0
transform conpetent InvaF cells. The transfornmed bacteria were streaked
onto LB plates (50 /eg/m anpicillin) coated with 40 ul of a 50 ~g/n
solution of x-gal. The followi ng day, white col onies were sel ected and

i nocul at ed i nt o F®rektoikBs 10a reaia wenal pi hgrpédvrghal ofamspers| the and
grown over ni ght 37, | ' i - = were. p r med
on overni ght culg'%hnrees% \ghégt %??‘Fﬁggc %‘ﬁééﬁf%gg Sgggésgré%ptsﬁ%%elﬁ asﬁlﬁ%gw th
the correct inséM86. PIERRAA AL d HdetdedPdeomn Heaanahre L1 PeRTNgL A
standard al kal i ngy y¥si®iREOCEHU £, 1 Nlelrt clihe nDNA bBIAYoF URtihes xprsEEicd by
ohenol : chl erof orm extractjon (Mniat~s et %I l 19B2). The DNA was
precipitated i nvf‘i}:&rur?@%d FRIEHETo " ERd 2t hER1Ei §BSt SHPTFFSCS E-RORF Fhe

di gests were vi sualduzed on aht% bglardsesgel "hekddt ePNRABNRO ol oanesic

wnt ' .- piasmd Al font Aaedol LeoPLOBEL, | BE ChimBhASHT Gt tdieaopy i fi ed
from pos~tne cl ones and sequenced using ether Sequenase based (USB,

O evel and, OH) $38&adiR st d-dedky? teyihifatbreadfifenes hy oF bylid
fluorescent dye dergdimites cyel €hsequenci gor Pesihandz drescr 29a Nosmal krCT)
From t he segaence oflatthe c DNA, _Ispfci fii 3£esandBS' ri mers vere consfruct ed
for use ~m 5 rapid anplif 1€at|on Of ¢ ends® ( redcti ons and For
derivation of thellsseqddtiegnphiveoly~undei axpuesisedegurrareatre ppuher bef rom

fe 3' untransl af &eh £ 29 OPed UER) 1 030ng s dh@trk@r oh the ' p18ghQn Therne
rat hon cDNA anpli ication pr ot ocol _(dC onetech, P Alto) CA) was_used to

al o
derive the 5 sddirerte oPPhe Gite.  WRE pricdule TR BBMVECS TR ALY at ed
for 12 hr with Gumdkand agenededent | yhed del lwnkhbbESe ddhe dNA wasbexheact ed
35 using the ULTF, ASPEC RNA . action reagent .(Bi o .-W0_ 99157271
~19 SAP 2002 PC‘I‘?%%%%OQS ‘Zei)eétﬁgli*%té'bp%e%t T8 irklj(ge f?%e‘rer%g%“fé?hé“fel nge SO
gene: B7 START: TG GGPaOAG GEAR GCA WAAGORCGTBTPge0e EXThAGT - AGA GAA GAG CTA
AAG AGG C PBMC cDNA produced previously and known to contain DNA 5 encodi ng
t he gene was enp] oyed. Thi s,PgR reaction (95C for 5 mlno‘% cycle; 95C for 30
sec, 42C for 30 e e SE°PHFM3B" s BOF Ty RSP G 28] re N (FPEEBEGy ed
Kl enTag DNA pol vserasks, abhaehzygreacockhambmbhate r ebaahs semaybrophoiicl ease
activity ~n the hopes of_ re i 'y 10 r.and r t oci at ed
with Tag p%?ynerléegcgl.ﬁn‘l‘heanrcegg?egrg.cya“ﬁ%r[}l\fébes&lgﬂgggbg{ésrgé%%éqle%p %r %@mnt
whi ch was cl onedCHE~0f t he: 'S tASE| aNPRTPTARG AIOUNT AYi spbgere am-Dileg@n CA)
and sequenced asapPrevhously desctihesk  The.ftnalnsedvencerefethaegenses
~zcluded cDNA fromtwo §§pa‘£a}%e 1 _anc'amaklls.ﬁ mach hase pair .of the gﬁg& was
i ndependent |y ve?TfiBa™2n"af PRAY $H! ee'Seputat & Eeqien &8 SFarisre om
i.f.d~, ~ ~dua_ P,oR ¢Edcnn:ax®, i e setiucke t frrmposisidiing ya afrsgrsmerd e f ed
&rem  PCR §aduceg,pi st L%y RORESLE TR, extacheds L om exnes ivmplal, cat

HK5 was used for Init~a=_ anplification attenpts wt owever thi's cat
was subsequent' yP¥RFPTehhAt éd ghd3tUR¥her IprBductss Wt etbr 68tcedeating

di fferent ani mal gisdhgei pbthabdanpl THé€nl i 2 f It eidsndmated
PBMC RNA resulted_ in a 344 by prc%%éct tea% Ls}{l_ared 700 ~dent ty é/vith t

human CD80 gene (RF§: 7°&heE5. pPf ner 5Wer e PSFEEPFPe FHEA190%i 6
within tre centetrarsphencedi ngssegquandecaorbesportli hy tedthedgG ke

dormai n. Al thoughsadditLon loe@‘i@‘i@‘é'ia&es%@uBﬁE”%b%ﬁ"‘%&e %‘-33/3_% i&%ﬂlﬁe

initial experinents in ordéer to anplify regions that encoded nore o e
peptide, only thESEORPFY2RT G FraBP- JSF5UF BERF BASFAES }1r eshPRred dFFow
product of an apptepepaise: sigsludiat ep2exper EMENt S prevents binding of a

cell containing membrane bound feline CD80 or CD86.
35 Sequence-conservative and functional conservative

variants of feline CD80, CD86, CD28 or CTLA-4 DNA and
polypeptides or a biocactive feline CDB0O, CD86, CD28 or
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62 "'1 9 SEP 2002 WD 99/57271 PCT/ U S99/ 09502 enpl oyi ng these additiona
degenerate priners with gene specific priners were unsucceSﬁ%fh. Thus, both
the 5° and 3' regions had to be derived by enpl oyi ng ot her ook
battery of swydeygrgene specific prinmers was created 5 from tpgnsessHee
data obtained fromthe initial product. (B7-20 5 , 1355 , 140 3 , 50 3
284 5" , and 1 905" ) . Initially, the 3 priners were used In 5 13ACE
PCR procedure saonmewhat simlar to the procedure used to successfully
anplify the 5 &g¢fort ofraFEREDR nBrRehT 2IMSRE Na* pr 6HEEE Wwas fFagwuce
?g?loyin% tgif EﬁFﬁ@&x&Xéeibén&E[th?FlRAGElQPNAg&BERhé@CaiﬁfgkﬁéﬁﬁﬁﬁF(j ]
ontech, Palo A tao , successfu | ifi a regiopn_ that encoded the
SR SN :

5 codi ng sequed&&® r o 9 527 Ret at BEERRADwdEo™ @
successful |y anplatficgrenaict h malsireot§apietmocobnt ippdy al @npl prchtdamaras

carried out: wi t n - 3 .and e chor _ pri - IS cifd on
did not prtgducerég%g%?ﬁ?gd%gi@% I%g %a,ﬁggsggﬁeg?e %% C%T%ggigl 'ngSI%C%?I‘saIé
product as the tengicdteldete %ercf%‘rlné‘daasi Ay B HANPrBPCEBS BECE 4 nest ed
3" prinmers and the anchor 20 priner AP-1 as the 5 priner. A product of the
appropriate Ienq}arg:cmps Pr oduced from each of these reactions (Fig. 9).
Sequence data deri ved'FF om di r ect sequenci ng of the RACE products gave
conplete identity in the 20 and 135 by 25 regions, respectively, that

over | apped gt he it ialels¥ns eaenced 344 LipRE88L Chec R HHAIIBALSS EXt &hded
fromthe known region 5 thr oug&%hgf?ﬁgA%G start codon of the feline gene
N3

and into the 5 &gt r SREPRELBSY FEY t §EbetheeATHRE FeSPOGSEy 10
§aquence deri veddinam tdese epr.oduct $hi@ ambotheeht, r €giioneotnghe tosmn CDSO

Gene was | ess thand he idegtyty.{ quuh Lo, exst et ugen Lhe 44 by regLon of
the feline gene and the anal ogous regi on w thin the human sequence: was
observed that a % vatchagk of Kefslkegy tics loiid bt weenuRb erpspensand

murine sequencesdd t BkAmgbe S~2 Al 1N 1M1 RS 1 {NPEGH SHNSL L heussgussnce
data from 63 ~ft%éns§p€&1 002 WD 99/5727] 5 10 15 20 25 PCT/US99/ 09502

regi ons outside §EPEgPon stovied & arfHerIfir k&g a8 hgsi and
conservation (dafe et lshé@em)a Rnew pane'otbbrdpgemeyate gudhmassfebcsdl ng

the 3. untrans| alad.Jaghan veiensvibhes)zed fLam fgflsr?@%&orn%%mfmgi n

the 3" UTR of t ruman and nouse sequences. esecgqgl nMers success
anpl i fsed cDNA t¥ai&Fimsédef Fenm RNAGS dIdreg FPBM Cor8s A @A8marafEdr PBMC

fromcat ~038. Uniid kend nvide:ididd ateamaldd it¢l inRiynptogeddnhas qualseyi 8 of
nested reactions had to be run to obt aig the final rproduct fri maw ECR
© P&m WERi n the

reactions using tUhesd G8Gen&rate SEi mer §°and AR ASF B iSter §°

344 by fragment GOBREt H®OE oregllbh-4irhndtidmifvical Ingtyivel d¢rclregambinant
I dentifiable bands (FLg. - 10}, HOWBYAT opRGE! 64 IEACH IS 1 AISLRG %lﬁHESQ
pri mary product and addltlonaF spec~f~c 5" priners, resu][ted in the
oducti on of priRiTEtlahar éfic8deaNEHE FE &I nTAGIZ I r SO0 - §3) to

25 100.0 mg per vaccine per cat.

Commerc:ral sources of feline vaccines are known to those
skilled 1in the art {Compendium of Veterinary
30 Pharmaceuticals, 1997) and are used in combination with

the present invention for a more effective vaccine.

A vaccine for inducing and regulating an i1mmune response
in a felid to an immunogen, 1s comprised of an immunogen
35 and an effective amount of feline CD80 or feline CD86
with ox without feline CD28 or feline CTLA-4 for immune

response enhancement, or feline CD80 or felane CD86 with
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Fol | owi ng sequencing of the 3" product it was found that once o~.:ts~de ef
the constant regio:~, identity again declined. The distal enc‘ @f E:Eh? @di ng
sequence showed very | ow ~dent~ty which further decl~. ned fol‘l \ﬁ g g

stop codon. Wi rmfe 3' sequence, a reverse prinmer outside obcthgog@dina
regi on begi nning at nucl eoti de 960 was constructed. This construct in
conbination with a priner enconpassing the start codon anplified a product
of the anticipated size. Sequencing of the final product denonstrated that
each cf the prdflons FHdter fgted Tegicons sBPasensERRYe8vePRap and this
fragnent provided a contiguous and conpl ete sequence of the feline CD30
gene (Fig. 12)._ 30 For anplification of anplified fromthe RN, anipals ED3
and EK6. ani malTher& Eomseet éFysgf?%t‘Wasfar&?eé d SARYPt HBWFﬁéFnﬁrogﬁEt,
sanpl es were frrom Cohivd séd nutat edfPBM: of pdthdgaast tswcpr odact Seflnam each

sequenced and e £l I fLr LEh I t three 64 _- SEP
2002 VIO 991 5727’1%%%?6%' ?%g?%:ayi%g%%% t_l%g%%%en%aﬂ’ft‘é% | éeérl?a"g
retained by thelffEdmeuseperdeoFtys IIpus  THeId ngpPesPEEOPREI-8d& 1FES| dues
thought to be ipvolwed i mehohdi ng:and A riisoposer dragvh edkon: yie hisl e
honol ogy between the hunman and the feline CDB0O sequence is not _as great as
the i dentity betSiRie t hé 13R) s mofGhaRgs, PRNDarEon df RE prdsosed
hydrophi | | cl ty ot somenonst r atags eshatviwhsl e fdibrmee arsyraeywaradlet yiagfuschanges
~n the spegificeamno acidmegience. (40 dheRe el30 AdEquently o

e % g&s ?{]1% &
honol ogous and potentially do ~ not alter the surface characteristics of
the peptide (FigiT4®) . DISCUSSI ORCF5aThedhtRREdL i de-Ttfent | (GRegetideen
&agl i ne a][]d hulrmrox%;slﬁ?]m&w@ adieindny nefeCle&{é aggrlm%re@t,e, [ingifg.flatz’&%
egree of nucleotide ho 0 i.s.not_translated to the ti,de. It appears
that while the generte’ EPSJd%§~'s Deég;teenlélraa]t éj,atZ‘r?@einﬁ’sS‘ﬁg %geéﬁ%& (i.e.
CD28) differences between nucl eotide 20 sequences do not significantly

al ter the,peptigey, Wt o COBE cRe ~SeEWAL 1 O Qiqovendld AMng aedd dtggrity
Zs not as cr~t~ca’ and thus evolutionary alterations_in the nol ecul e

across speci es ar@ShbrBYBRr nFeSP b e. 2 Af thERIIP T oVl 92t ddisd
sequences shar eregZbat@hatiasgloyshodetbaée cegiees ufs identidpreddiar eatgr e

conplications ip._ i ni a full Teagth se ce. _The | n~t] al pyr oduct
was obtained fr Tnggkﬁé do%_%‘f‘aanbkor‘eg?()n ag‘f t'he ‘ol ecu g,nsgn ar egct[_ﬁegtlé
denonstrat es t hen@ii ghess Hegr eehof 1nonRer veaR@rEd < e t[GBNA Ftrigm e B0

speci es chened. o2rigersedhal Jecognizede thedRQ 07 aRdesUcEesSidldy 1n
anplified a product were readily produced, resulting in the 344 ntd.
fragment enconp888i ngltfe wel | conserved | gC region. Unfortunately, due to
the | ack of 67 19 SEP 2002 WO 99157271 PCT/ US991 09502 honol ogy in the
signal peptide and. Zo.tBg Gyt ephasm epdomaigy and-3) o UTR, é@iﬁ-&or@'hdr?eat ed
measures were required to rsofaté the sequence of t%ése regi ons. e
é§esence of seq@&nckldaady f COMPLREtEERt rat PEFiton°S hicwewsPlepr ovideh a

rong anghor pekptebEeARWII gdtdie r%&ht@inihﬁ nYeefelilsy cobbd befeline
elucidated. Feline CD80 is_a fine exanple Qf ow, by obt ai ni n% a short

stretch of a nolMBCURRISHRGE UsitTy RACECREt RoddBHY: Yeerd a1® PrimRTS i n
conmbi nati on w t raancher opr imgresi MMt 1sequented ok@ regilonded haic aafell |

l'ength Sequencenggnﬂ%%fégghég:OBEgkggg( Promega, Madison, WI), pcDNA
(Invitrogen, Carlsbad, CA). (Donnelly JJ, et al., 1997;
30 Hassett and Whaitton, 1996.)

The genes or fragments of the genes for CD80, CD86, (D28,
and CTLA-4, alone or 1n any combination, in part or in
whole, may be inserted or transfected 1into the
35 chromosomes of a felid or other mammal. Such integration
of these genes or fragments of these genes as may be

achieved with a retroviral vector and may be used as a
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.> Conparison of the putative am no acid sequences of these cloned CD80

nol ecul es denonstrates a | ack of overall honol ogy. The nurine and human

poi ypept | des denonstrated 15 | ess than 500 honol ogy at the am 0g iggﬂz

| evel . Thi s ywg o6@fparable to the 590 identity between feli nemdjggg and
46~ identity between the feline and nmurl ne pol ypepti des and per haps
reflects the evolutionary proximty of the species. A conparison of the
predi cted 20 hydroph~l ~clties of the feline and human resi dues, which
denonstrat es anf@bMaef d3erdatNSEARY pot ent | aIIy be exposed cr recessed due
to their relative hydrophilicity, reveals t::at while at the amno acrd

| evel , the speC|f| c am no adds not 5e et ai ned,. t he changes appear to
be 25 rel ativel YP8oREEFIRY. lq’ﬁ?%t%‘?é?rtﬂfs‘i‘? &5 MERE 95t & éjlo"%éiséﬁﬁoélﬁ of

t he hydrophi | | c£by dimgphwhlne @hanacame afo tdieeaabecﬁl €el had éﬁsumem;forref | ect
overall, a_structural]y_ s t The surf i pears to
have partl 2ul ar aér#%%%i aa(l:n&c{[g CO{HRQL¥P%P %‘?V?pec%el y i t\tvol%\%gcfo %&qbl%%dl ng,

and ot her strucfetahe RO &818ds f—“ﬁ%@ Pre € I 4y reé‘tpaﬁerﬁsédstarllmeupé’ tifmat

will allowint eéﬁ?t&&fbﬂéﬂdnhelhl nggofeﬁi Qfhd1e ! akfy plra%mﬁmadtqctnhere
i s divergence in tpe i dent of the am no acid tresSJ dues in the CD8

nol ecul es from t'f& pr‘??ra?étﬁ%/i%t r SGERE AW Ferh T edTHREPE P s ds
retenti on of thedohanackepdsticcsiefidheubgsF. afive dppprowr CD8O mofeculfe 68
WO 99l 57561 f erﬁgﬁ’ .2,99§t &I' U 59%9959&091985' %&%mgfm%ﬁ ag,no d,erdgnal

1 gC-1i ke domain an e domain proxi nmal menbr ane associ at ed
region. As wit hr?ﬁés'é%‘h%%fr vfﬁ]ﬁé‘ﬁ FEEGecrPHar |<H%28drﬂjf FEJ% ODSFKPLIFEIRT ti es
@rie far greater abehueesrt henctms; arﬁorﬁb&@la@.ﬁ&rﬁ i banabeimeenetbe vaii abl e
regions (Fr eemag et al 8t) ,lc nLr tconnservatl 0 |on tgouga(g @PI e
domain is dust 69ETV5BAURITe  KRFCFBLAATTH tlhaélgégﬁstanf“ Fegion is over
700, with the shépPt Osmgepreh \farcmmeeseﬁduest 164- dr8B1ft he pegionfiommid ch
the ~nltial 344fetretu1faleagﬂeatt e RReicrad) 050 A lla frdongraaher ddentity.
This central region of am no aci_ds wﬁ%ea dues 1 21) within the

constant regi on“@éﬁﬁr{éﬁ atté)s 3R h o gb/éita\)éeeﬁtt H‘éﬂhun%en FREFIIE
seQUences, W thcaatextendedunegidormin?8 o&mfmﬂm@ dpgr,esinhees dVls lc%) in
which only a singlg di E£§’ :ﬁé‘cc? ée%%%%eét ﬁg eeg' drlnbfi€ s %%ﬁﬂﬁe
denonstrat es s~Cfn~f ~can correspon I'ng residués 1n

mar i ne nol ypept ikd@wrThen hylke ophtl i @uﬁlat BFebyr es@barishong & d@atmlh@—rof t hi s

reason dempnstr &L &dd ghld k%'r'e'&;@@ﬂc%ssUéﬁécecéﬁﬁ%?%dgOna agey e &p the
| evel of cross speci'es 20 conservati o: pot ential invol venent

| | gand/ r ecept or SFREERITG. 121 Hds OBeeﬁPﬁﬂred’ﬁcfseElo [F4CT nROHRE p&t% of
the nol ecul e ; snditresd.l y i nvolved in the presentation of the binding domain
for receptor Iigand ~nteracction (?each e~ al., 1995). It has beer _
experinmentally 25 determ ned however, that both the var;able and const ant
Ugtl fs are requiAEOrEaRdet P ety RESFERG AGVEPEh SIAtAIVE, OFQUSFOmyRRANt

€gncent ration ofthamel egmiss rC@%IGdUQSZBnth@TLﬁQ- eggoaoeifnumee@xwaﬁeél uar
domai ns, along with the hi gh}ﬂle el iver ence W thin the transnmenbrane

and 30 cyt opl asMtSIETEPAE paé%lcrer’tt(fl ar £A Fl%’f)’nﬁ”fciﬂ the e BF™EHBO as a
;i gand rat her thﬁmdta‘xat.&gbafﬁegadl |stglnaqoac>trt ydeXsnweéedh hwamsar .and Thaei ne

CDBO, the fee- ”eﬁ A& S B3 h'ﬁ@'oy gl ‘EQ%X' akﬁglglggtgar bopydrat &

resi dues are not ought to be i nvolved direct I'ng) but may ﬂelp
to increase the Jstéwwamttys of Phasextiagel$ul ara THCHP69SNhaDCSEPS 02 WO

991 5|7271 PJCBF]{ UCS%%&&&Qﬁdals gnamey thdoddgeeethak. ﬁré9%)lldEblbtvheﬁf1 ahaSgD;y

popul ati on of C-8' T- S_es e ho ge et _a 1

Wi le this techrtt ogy%ﬁ‘ﬁs%ﬁgéﬂe gc‘)ﬁ:gde'nt ted%ghgt ﬁﬁoigﬁ"%‘:gm 2 YB§ SﬁgFogy

~t may al so of the invention 1s administered by any effectlve means,
including without limitation intravenous, subcutaneous,

intramuscular, transmuscular, topical, or oral routes.

35 For subcutaneous administration, for example, the dosage
form consists of feline CD80, CD86, CD28 or CTLA-4 in
sterile physiological saline. For oral or respiratory
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5 be applicable in establishing anti-viral imunity. As discussed

previously, long termnon-progress~or. In acquired i nmune defi ghgiﬁy
syndronme is thought to be nediated through the initial establ 2@9 a

strong anti-y#Yokmkhy response (Landay et al., 1994). It appeam%Tkg9y@ggz
those individuals able to maintain an asynptomatic ~~, status for the

| ongest time after infection are able to ' nmount and nmaintain a strong CTL
response directed against the virus. Wile trad~t~. onally vacci nes have
been directed admBusstraltioshi Aglandu@idl (REporkdR8 ior £TEdcsi newsobl d

i nduce the developpErodf @b AftSidd Vi el RAPWARLIAN e dhins RQRYkLAL | on

m ght provide protection sir?ilar ~c_that found in long term

non- pr ogr essor s*74 1 1%ai-veé 1PPEPTLEuaNe , M3 HASBREEES on B?r%?béﬁﬁxﬁ§§bdo§a00|ne
20 that conbi neskcirlyY 164t dBeMd RiddeyLRImeplairde ag¢ewl Ber asebt ir. the
surface exgression of the costinuiatory nolecule in conbination with MHC Cl
presentation of FIV -y epitopes. If successful, this should result in the
expansion o a FIV specific nCTL popul ation ~n the nanme 25 Individual. On
subsequent expogyre i@ Vvirulent virus, the vaccinated individual would be
prinmed to nmount—a response against cells that beconme infected with the
virus, elimnating them before the virus has the cpportunlty to establish
itself and begiExahpsieesiaructi on 30 of the conponents of the i mmune system
Exanpl e 6 ONI NG AND SEQUENCI NG OF FELI NE CD28 cDNA | NTRODUCTI ON 71 19
SEP 2002 991 57271 PCT/ US99109502 CD28 is a surface choproteln normal |y
expressed as a RbadanEecicorpdsédlane dé&ila caP7 di suTide FPARed B4 HDa
@wbunlts It iscpopenbea oftLihe Znwainogl obulin supergene famly, and is
cﬁaracterlzed by a single extracellular V S region, a transnmenbrane domain
and a short intracellular tail (Aruffo and Seed, 1987). Although t he

nol ecul e i s glygcosyl.ated the |es d | a roIe in
b~ndnmg and a?eyﬂppgrﬁéstde% h%% ?%@gséPﬁggfrt§%8g >&;¥ﬁxﬂlular
dormai n (Peach etDEh., 1@94). (:Dl\dkméld) enopdl nglthe hun?ahDGPat rﬁmsaseand
rabbit pepti desaegﬁll nsﬁgeegggeeemksgal ©udal) o NEC LN hoon fgg\sellegoﬂgcl oned

and -~ sequence et al oun
CD8' thynocyt esraﬁdoﬁepﬁbwéﬁal tmseaﬁan@e thﬁ@:ewee WS ¢ Fice @ aRegh

expression reSUElbl nga}ae? db@@h@‘\*&égéé@%ltﬁ&ﬁd aﬂﬁaehﬁﬁﬁéfa&*@é'd Oat8Nthe
suppression res in ti- i_ndi sley et _a

was det er ni ned gS%hnngééxqt (ﬁ%ﬁﬁf&grﬁttﬁgg %Egg %?%y FRPReT g gqf%ﬁﬂ rol e
i n regul akidong Chéhoandl€D8' deldd |( R@MEDvathmuléteduﬁpnﬂataﬂeﬁSlQQ@)homrs
addition to aUQW‘E@P'EQﬂZQ Tneel lbae v\ééth”wé‘é‘ds Adegy at ‘IQB sebudiase been

further denonstrated that de ivery his secondary signal also’acts_ to
~.r.3uce cytol yFpé 56??vr@|@%¥qrFWSmeES(ﬁfﬁn%A%% ﬁﬂapldl@g@é}~lcit€9289 s

expressed ear| y ccRat bgasnt peal | aheofs' Tergehlas:. a&ElV\bLe@ byr+natst | figk (13-
cells are nornmal i nt er medi a press, | ow | vels ,
5 TR AL L 1 LT S O S LR S AP R

al ., 199125 Aft eeametgedt | opnstiteed ecegaiom i s fAundlogcalumsrais GBS and

over half of all,CI8c§-¢sl J;ﬁe'f‘ buygeps éf[é”&‘]@i\lﬁo &m 1mer¥@%trﬁ%e0%
nearly 1000 of nurine T-cells (June et al ). he pol ecul e i s not

expressed at cofdCart M&M)s orhlﬁhéeS@PPC§uFF§8§d(?9rRﬁeeplaPln91§9@§
Following T ceIEcactheanpeﬁreawrﬁfmmenEQMheeswea PORreages ibMei wethi tAéng of

t he nol ecul e bycf%ﬁf#&%%nd pE SE%HT'C ngigbgﬁoEB tN&r  anoth

down-regul ation 0O ene a ern I'evel Fh°actt vat ed
cells (Li ey etegaln, 1m2the newly sequenced region. Degenerate primers

were employed 1n multiple rounds cf nested reactions to
obtain the 3' end. This upstream primer for PCR was

desaigned to react with a sequence in the newly sequenced

regicn. Products were either sequenced directly or
35 cloned into a TA cloning vector and sequenced from the
plasmid. The whole open reading frame was cloned by

amplifying 1in its entirety by PCR with primers
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"I 9 SEP 2.002 WD 99/57271 PCT/ US99/ 09502 1993a). Al though found I ar gel y on

| ymphocytes of the Tcell |ineage, CD28 has been reported ong? gp
from bone nmarrow bi opsi es (Kozber et al., 1987) and express g&wp res
of a naturalyfbdtatr!ike ieukemc cell line 5 (Azuma et al ., p&PR299/096428

shares a degree of structural honology with the otherB7 receptor CTLA-4
and the two are grouped as a subfamlywithin the IgSF group (Linsley et
al ., 1995a). The twonol ecul es have an extracellular IgV region, a

si ngl el0nenbr anecsparat ngd ddrmaimn,thendkmowhoseauyghops as m Bfe —aRE$s gmakieng
domai n (ArUffO SloRdd ahB7de J&ﬁggygbhgggréhhggﬁvlngeb%yM@enoﬁﬁewggo
nol ecul es is only about 31% %ere are short ions and specific residues
t hat areconplet%t?ck%%%@r%%HOb%tﬁﬁehpt%ﬁﬂt@wW#é%(ﬁﬂﬂ%¥#o FETMEEEi ng 54

pot ent ~ai | yLI npeKé adrstplfr obeaéﬂﬁ%t Zeaeﬁropgt sgtée I%Erea]gsogdsll tkeApangh sthect ur al)
Integrity eung an | nsl e (S tl X T ue reglon
|sreta|nedg QV?CBfO?ﬁZ g%?%?% %N%F&fvPﬁ éﬁfS%é;ERe %ﬁgg

(Peach et al. ,
nol ecul es, and Wt I F dtced—or e

In both CI28and_EHA_ﬂ§£e4 (reach et aI , 1994) . This region has
beenproposed asgt’ EﬁlHQEenB'abGtGlﬂﬁ@c@tﬂ@tﬁﬁGééféhé&tédﬁ%&iéﬁﬁﬁﬂiﬂﬁEl A- -
proteins, b~~t ~t has not been determned if25this region is the actual

bi nding site fof B7'8FRi fPi¥ProVites the structural motifs indirectly

requi red forbi ndt ngrimetrake ' ptatrGtieachaGhGarAA A9 -3 ‘Al t teBiTchetce are
conserved residgﬁs shared between CD28 and CTLA-4, CTLA-4 binds both CD80
éﬂd CD86 with a higher aV|d|ty30than CD28 (El ks e~ al., 1996). Thus, while
CTLA- 4 i sexpress$édearbenby for3gonplene L 298l 0bf PODRBr DN ALt SAtred TR | s i t
binds with a 20-fgh¢ higher avidity in vitro(LInslev et al.

1995b) . Al t hough CTLA-4 and ~D28 nol ecul es are evolutionary35related,

Shar: ng gomévln bhgasdsm;%hei‘ge&Lfrajiti;zgmp@ndétgg@éiomlc;@pabizéle%zg%(r)@ar to be
unre ate al azang et
i 992) . arison of *FRg’ s?gn‘f%%ﬁﬁpeé%8§%nggﬁgﬁggﬁgﬁg%g%ﬁ? toes
refl ect a hi gh iIdenNDi.t y3and suggests that different signaling pathways are
initiated by eash gblgeul o (Hchonelicand, ?Aeé@dwﬂc%%g@ﬁ& Wi | &, 038 |
expressed ~n restin T-celTs and ~s upregu ated m-t ~al | m response to
activaticn) CTLRO4 g%ﬂressron peaks 48 hr after actlvatlon and returns to
basel ine |evel s (Bre96 AR cPASh- cagbilvaki QAstLoAshbeymetsator 4992a) .code
preSS|on of CTbﬁ 4 seens to correspond to 10 CD28 down-regul ation

(Li ndsten “t al & f993) Addi tional ly, signaling pathways nedlated t hrough
l'i gand bi ndi ng the CD28 nnleguLe agg a%Rto be Inportar t.
t he expression ;
not express appmegieabl e 15 CTLA-4 in response to stlnulatlon wi th PVA or

.al ci um i onoohore (Lindsten et al., 1993). A conplete sequence of the
é}ents of CD28 redPatedeskhye. pf »my s dimai ndei Asovapl RERIprodekicndd? 2 thiwugh a
hypot hesi zed cascageghas been estrabbirahed dotiodisnott aneadd @heers  1996) .

oT

It has been suggested t hat CD28 S|gnaI|ng I nvol ves the nobi | zat~ or.
intracel | @%r (FERabBI Fem bF’ phospho inos;tide and the induction cf
protein. tyr 05| ne phgsphopyi at ~TgRA(HS (A cztmeAIGadeBnarAem,Aatﬁgm 3 The
cytoplasmc tail otsg e an cule has defined 25 notifs that are

t hought to be involvéd in intradellular signaling follow ng crosslinking by
CD80 or CD86 (J 9 1 i ra- 0 T} ¢
regi on has no de |nabV%ken£§na I'c ac%%% %gpdoe ﬁ%?gg%ht %ﬁglgkggggﬁfular

tyrosi ne activati odGABY i Rad( hpRecEheeTERFPBD1hoe V&R My ywesisdues for the
bi nding of Src famly cytoplasm c tyrosi ne kinases (June et al.) 1994).
However) s¥Weral pBt&RELi aPuUpRoSERoryl ation sites are conserved anongst the

i sol at ed SequencesD(ebiutsehw okt _apdr&iererc (1H9@).ciig @gettulcaccegzymt i ¢

activity and 35 pr rotein nteractlons are often regul ated through 74
~ 9 SEP 2002 WO 9é§§92% Ber 6%59/ 09502

3’ GSP: 5’ -GCATAGTAGGGTGGTGGGTACATG-3'; (SEQ ID NO.

18)
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differential protein phosphorylation, though enzymes responsible for this
activity by CD28 have not been elucidated (Lu et al., 1992). .A _caonsensus
site, YMXM located in the cytoplasmc tail, is a proposed si 19 SEPs2fi2s
honol ogy 2 plespBe7i yr osi ne- bi ndi ng domain (SH2 donmai n) dependantses/n9so2
phospatidylinositi-3 k~nase (PI3 kinase) binding (Prasad et a' _., 1995).
Al though this is one potential signaling pathway of CD28, it has been

denonstrated that Pl3 kinase ac iv'kty does g(gt co#el ate with IL-2_
activity, 1G and d€Sifd ACRe¥2&0 ARPLESRpPHOTLET off 4 hFflaryPeifhsequence
of CD28 signalingped si’s of:elst -trbarcetTerc petdiseyeT aranta)idnt @) tcrtdhe « ;
activation resul ti(rg% frI%mNiOnt rl@gel | ular signaling (June et al., 1994).
Wille the role of thése everits ~s not conpletely 15 understood, CD28
costinul ation | eads NgSdn i B¢ r-883EAAGF DRRTGTOISWNC-ayt/okiSHss Iy NChe 2D-cel | .
In CD28" T-cells activated with anti-CD3 or PHA, anti-CD28 increases steady
state RNA Fevel 8. cf'a eseli®s ©TLkyt okAdastor netumengl| LAPL | IC1pndtecd,
~L-4, tunor necrosis, fagtor 6INFal1e20 dryTPREE LA had eher (aP2,
gr anul ocyt e- nonocyt.e colony_stimulatin fa%t or (GMCSF), as well as the
“SbeRe )

IL-2 receptor (LerSCRGheER LRP) - 13798 EACPEHRY | eadP SR SRNA i s
dwe to both stabilgeggatisprecidhd peritneangtGSPL s and an i ncrease in
~rarscription (Hutchcroft and Bierer, 25 1996 ) . Although CD28

costl nmul ati on was ¥'i rRCEIGsRrented in CD4' T cell clones (Martin et al.,
1986), CD28 is nowdqnown Q- l@radhelRciBabheTAGEE¥ Al On Cfedmany Gel |
types. Costinulation of this pathway has been shown to regulate 30 | FNy
yr;oducti on, a Thli zc-'y)pe cytokine, and IL-4 production, a Th2 type cytoki ne,
I'n subpopul ations of amive CD4CTERRITASGESedercRtG@AATG 1994) (sHher £h2s.
costinul atory pat y is also Inportant In the activation of CD8+ CTL,

al though it does appear to be necessary for the 35 effector phase of

CTL nedi ated kil ling (Hod tal 1994). Interestjingly,, a _appears
to play a role in £5 é“ﬁ&@%%f?%ﬂé%%l%‘?z?fogﬁk U%%?OQCE%QEI JP?%%

| nfectionlSln | ynpttytes ANIARTBRTAGCHRATSORECGAAH VT dudBPEQpdBi NDve2Bor the
virus, bending of LDAg!h & mppoclenalsantireedy-6aR-kesul fsgpn @0 gHcrease
In HV production (As~o0 et al., 1993). 5In prinmates and rodents, the
secondary signal det i ver ed byt he binding of CD80 with CD28 clearly has a
denonstrablerole in the initial activation. of T-cells (Aruffo andSeed,
1987). Recent détaFsa§§Est sChoWETef that 4 #oreffect of the interaction
may be to sustain p¢pl cterati enl®bymprevent ARgCThRAORNSECCOECQPTIARS! 5’
(Lenschowz%t al ., 1_99@ R@t&d‘g 2T-\cel |s in the Go phase of growth canbecone
activated“through th If%r t%n ot’ the TCR conpl exbut are unable to
proliferate or secrel €TUAZ 31 Pheabsente GICTCAZETET GASAAAKTHGACAG s at e
termed clonal anergydS(tsnsbey.£t al., 1991a). Mature T-cells can
econeacti vated solely through the binding of the TCR with theMHC on an

\HC, but this eysnt Ustied£adsed oract Rrabranbaduged callndeatgs: (Ehrough
apoptosi s (Radvanyi_et al.,1996). Wiile other secondary Interactions (z.e.

| CAM 120cost | mul at?—@ﬁ@——‘é%??—’provi de auxiliary proliferativesignals, it
appears that CD28 nedi ated costinul ation isur.iaue in preventing.the
subsequentzagonset1 -oPCEFBRAR T AnkT YT ‘a?ﬁopf‘Ss%ér‘c(Ei é{)Foéu“al .(f}gigggé) It
has been shownt hatD&P28’' nAy Pl eJAGTATITEGGAAGBHUTARG 11y ;geisERD KhoMa .t 225pl ay
an inportant role Ln.the protec @ftj?% n d‘% am .ap Si 0i se
et al., 1995). A s%g?agneg'i %cr%gse n %%-EA%L excgﬁg‘é‘?{%% i's o sde)rj\:/ﬁedﬁlgh
T-cells costinul at é8by CD28 crosslinking (Boise et al., 1995). It is
feltthat CD28 costinulation may act to stabilize bcl-xk nmRNA) 30w th
expression of tie ehescd™ pof yPEPFEEE PPEVERE MFAMEOXEt BFCAPSPt 05174
(Radvanyi = al., 3896). CD28 ligatlon has been denonstrated to have a role

i n enhanci ng the productign of riety o - e d_type 2
cyt oki nes (Lenscho&ﬁgtgalgf %gg@&&ﬁﬁkﬁﬁéCéécgﬁégygﬁ%§g$§£¥%¥%é isgglébfor
this interaction i NOtheSdevel opment of the specific T hel per subsets. Naive
cD4' 76 19 SEP 2 | On99L57 *@%ﬁ%{%ﬁg&; s, W n |y
devel op a Thi phenggapgvif'aétiégéggggﬁ the a sené%igf %IQQ&%%%OQQQ§$Bted
signaling (Lenscho#®et al., 1996). This nay be an indirect role as |L-4
production could be induced by the exogenous addition of 5 IL-2, and the
role of CD28 signaling in the production of IL-2 has already been di scussed
(Seder et al., 1994). Additional studies iA%olving CD28 knockout nice
further support a role for the receptor In the devel opnent of Th2 cells.
10CD28- ~- m ce were devel oped by Shanl nian and coworkers with_~ the intent
of establishing how an aninmal adapts toinfection ~n the absence of the CD28
derived secondarysi gnal (Shahinlan, et al., 1993). The gene was disruptedin

o, o o - " e -




WD 99157271 19 SEP 2002 PC T/ U S99/ 09502 phenotypi c characteristics that
are simlar to CD28 deficient strains (Lane et al., 1994). V\hilgﬁhsgd ted
Tcel Il s produce normal amounts of |FNy, appreciably less |IL4 18s d pon
stinmul ation V(,?gg}gﬂgpe et al., 1994). This 5 lead to the i nabiplcir;dég%%@
cells to mount or maintain a proper hunoral response (Ronchese et al.’,
1994). Though there are many proposed pat hways of Thl and Th2
differentiation, the CD28/B7 interaction has denonstrable inrluence on T
cell subset dif3erehtendioh.CO § MRY| ABA N2 arReahs Laly)], i Deigene ramyebe a
critical functions ageQa28peresshi Niddly) AHL a7 anas of olher Huiqkines
have been shown to be directly or indirectly affected by this interaction
(Linsley et al., 19$P%). PFAEETAf|ammatory nediators IL-1a,-1L-0 and TNFa
are produced i”~. nmenory T 15 cell populations In response to CD28
signaling, while i°n & SEBul atlons only IL-1cx is produced (Cerdan et

al ., 1991;svan Koefran et -alcaTcCt88TACGAtTAACKPTRSSIOM ZS dlkgQ regulat.ed

t hrough t he CD28 s_,‘ijgnal i ng pathway (Seder et al., 1994). IL-5, IL-10 and
I L-13, other inportant 20 neciators of hunorai response, are also
uo-regul ated by t R GRPer acti’ oF CCEERACIRTIC IVIFTATIGAGCARIGTC -BI93, (SHNIP et
al ., Q93) In addijd.cmogolony stinmulating and growth factors including
GW CSF. CSC-~ and IL-3 and chenmotactlc j =actc;s including IL-8 are all

up-regul at ed with e 2P sSi gnak deki wetpdrhy EERS féirdan-ets alracH995) .

Wi | e the_poten~~al__use of [ ' I f c r| nity has
been pr evidusl y di C‘u'sgged,ACt%ggkgf\gggckgggégﬁ%@gbfhér?%ﬁcgp{)égggcl%%)i cal
g'éf,es for CD28 and 3CD3WSHRr eté nCAGART BFACTRANGTITAGERAREOAC b2t e BSEQCDZS Nind  CD30
4s 30 been denonsgfiated in rodent nodel systems to facilitate the
prevention or treatment of sone autoi nmune disorders, in the prevention of
the onset of organsreLggtipngor, gradt, vt sus heslp disgase, \ghd.in the
prevention of cytokine rel ease associated with sepsis (Harlan et al., 1995;
35 Nickoloff et aly, ghQ93,5cFhomas et al., 1994; Zhou, et al., 1994). The
addition of CTLA-4 1g to bl ock CD28/ CD80 78 19 SEP 2002 WO 99/ S7271 PCT/ U
S99/ 095021Pnt er acthi®on ih MO CARPPPEFRRT CAUBUSABFRE- 3 pt GRS | AP N -NZW
m ce, and can partisally protect against |ethal EAE and |ethal nephritis in
rats (Harlan et al_, 95) . \Wi.l, i [ her ap r ol mmune
di sorders ~r. 5 hubrraGn%pghas rot °5§%£ﬁ£%i§?ée‘?r%‘%@é§{CA—9mggEbgen g%é@ﬁv@éwq n
humans that in psotdlasis and rheumatoid arthritis, biopsies denonstrate
CDB0 expressio:~ w.ile in norrmal biopsies this expression is absent
(NI ckol of f et al.,Ne&998i Thods: @CRakirh19984) PCRnpbodechaef o’ aRHCBr gan 10

transplangg in m Geoands i mosdacehurercaxBRECRRALS) |t hepgddstign 94, CTLA-9
g and the prevention of the CD28/B7 interaction can result in at |east
partial protectior fridfrt: o gARCFeFELer MNCTHB GG 80eht Pon SFEGAD NG t he
i nduction of antigesy specific tolerance (Harlan et al., 1995). And 15
@;‘nally, t he cytok~ne rel ease and. onset of sepsis that can lead to septic
ﬁock or septi cémoaecamsbegpnevented in mce by the ~n vzvo adm n~strat =on
of CTLA-4 Ig (Zho t cony1994), e.Mma: ~k . £ {C%gf D380

i nteraction provi e%leanréDr\el)t hor ()Géﬁgﬁhggr stgﬁ&i n‘g@g?‘g‘lmg}gﬁf EXP,
costl:-~ulP@& | on antSHR oW? d¥3- W8l ght into establ ~shng sol at~ons to a

vari ety of probl engel MVEERIALS)AND METHERS §sobattonretcancthittratcddagnent
of CD28 nRNA was e tra?%ﬁgﬁq\% H 5O peri pheral bl ood |ynmphocytes 25
stinmulated for 16 hr’w us Hgthe RNAzol B RNA

Example 1B

30
Cloning of CD80 (B7-1)-Syntro/SPAH; Plasmid 917-19-8/16
Feline spleen cells were extracted from cats and cultured
with Concanavalin A for 5 hours, Cells were pelleted,
35 washed with PBS and used to 1solate total RNA(Qiagen
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extraction reagent (Bsotexc, Houston, TX). Initially cDNA was derived from
this RNA by a reverse transcr~ptase (RT) reaction enpl oyi ng otgg%pl‘gﬂﬂg
tl:e 3" primer. Briefly, the RNA and oligo dT were heated to mn
to 30 renoveygegendary structure. The RT, dNTP, buffer and dipgtrinhdesdysemt er
were then added and the m xture incubated for 1 hr at 42C. Following this

i ncubation, the sanple was heated to 95C for 5 mn to inactivate the RT.
Degenerate prinmers derived fromconsensus regions found 35 within the
human, nurine aME2aHbIPLED2ENPUISYISSIEEY -nucTe@a! 7BNA wossSEpepged WiOh

99157271 PCT/ USH@HL9507 Bo@hqun eguea&%i&&@eehovgebhﬁsg&cmn%r& then
enpl oyed for th In| tial Mﬂg |cat| on of a 673 ntd fragnment encodi ng the
d

ma~or |ty of the PBn Hia fRRATEEISI13; SIS RIP TABNET'TAA BFA CAC 5
CD28- 768: GGC Tél'ﬁﬂ'ﬁléc’l’A EEGTATAHEBEA hntemstrard: PGR prosocpl empheyisng Taq

pol ymer ase a y ogg. fo cyal I5C for
30 sec, %: for&%bgs%% a%g% (fﬂ%t%s sec’& 308§§cl e%né ghﬁ% o6 L’%LP
cycle). The f r agPRYit DNAS walse rgafienadladz ddrom el t olagéﬂés@rgéleﬂéﬁd Olf-egat ed

Into the TA cl opif@oetle@amehBYi BN, B s egayeCAk mreeqq@m as
previ ously described. Fromthe seguence of the cDNkQ ﬁpec =fic priners
RAEE o %f:

were derived andFsYRTIRYsiFEd TPYPT GEetTARSEFL HnEE %9652831'@0 CGG
AGG TAG AA' | TRrAGAtE&RCaC @R28 2389: 3AThihutd6. CRGRAAGSTAAATASECC to

| sol ation, gf the ée*gteeg'aor&dﬁb ditiedaCh B  RAGEPLALACOLSbeq BRL

Gai t her sbur g, MD to 0 ta| n remal_ni ng sequence of
the feline CDZSf%}%%uIBé 1RN¥P%sr%§@%%‘ét édameom ) hru%ﬂgAt§1ﬁ nifted
{_WC A 3' genepspeer fd Lo praomes’ wasseEmuAEAJ@AAITCS ' 5t | arsE@ DNA No .

‘nt hesi s. The BM and the prlrrer were_heated to 7SCfo § m prlqr to the

addi tion of the other rea ent's- “Fol T ow ngptrhenefS denatur atton, t

m xture was cooCéHTﬁﬁAG&aﬁlT@é@BTCoh buf f(GEQ rByM¥si AR lchl BFTRie, Bﬂ\FI'JP DTT
and Super seri pt I (3 HCas BRLg )G sbycgr D) f&‘sé‘d?@@' ) Tes Rle g xture
was | ncubated at 42C for 30 mn an hen heat ed 70 Cfor 15 mnto

denat ure the RTPOATRRERR ‘WYdierai (BRia %lda'cfdéﬂlsat‘l’&rtehésr Eattewh:

i ncubated at 55C fofcild gitn 440, rarmvgécdsmwuab RN land pEevent figxcorg ect
term nal 80 19 SEP .zooz, WD 9 8727 PCT/_US99/ Q9SU2_t r ansf er ase TdTg
extens~. on. The cf)l@d\%vag%t Hen g!ur 711 edEO\/e 79 %Oasgl\}ﬁm %‘% { {
Gal t her sburg, MDR°spbn t@lmm@b%ermv@l?umﬂemcpm anenIEdI\ﬂiP emda ph nepw
Purified gbNAel yred Lrgmtheqeol AR WRA Ebsam&ﬁtgeeoﬁé%&iﬁ&ng@o the
was5enpl oyed to add a 20-30 nucleotide dC tail to the c he” enzynme_ was

added to a mi xt BFBS6FePur FEFed HDNA, Hegndsidm ERForile rE2Ler8/ buFder,
and dCTP foll ompngdemaaur@iam ofcd hepedNA catt 188 Cki of §aﬁta cThea, ca)
reactionwas Incubated, at 37C for d the_en y t henl0he {

i nactivated at 70C for an adlcfmtl oFfaIRmfg‘U‘RIrf P S‘(ﬁ & usmgnp %ied
in a Taq pol yneraseebased 1wt siayt cPgpen ﬁea?cﬁtﬁ%nﬁ%@ P@R 5 lane r%dﬁer 30

iac 55C, fors 30 S8an’2GdRy, Ay Sehin IOHIES 7l F RENSmPE ) - FEE: PELRET S
-én this reaction Inclu edf ri med | ocat ed155' Lthﬁ cDNA sgnthels
s 8

priner, and an &ACHGF*Prine M &F ﬁérﬂénFianBF SR8 BbRPOEET Pargely
of dG witha fewadlumesielusbeI Oza te 1(ofntdursed eant ifed iwas Chdwut ¢H7+bbO ~c|

(95C for 5 min TP o Bethy, 0, 0ER LRl Py B S B BeaL e
30 cycles WthKlaé’f%aﬁo%WyWaé‘e ¥hsd) @tER t“r?éfed@@qd%ncﬁ‘?lch@rlnﬁrlw énd an
addi ti onalz upst rfaYBr BRRG aTRRCI fé@t&na@écﬁ Meeqlinthgl Orddrdiest ednag
reaction was then vzsual Ié ed on a 1 5%agar ose g k) $nd t he proper fr?grrent
extracted from FE2EFERT( FFEr 1) EL e 'WREPPUPT £ F e gRtems,  Inc
previ ousl ydescri maict hvet zAnammnte nebné i zpecafilc npenopusefiekterd

| yd iFdecsmuic hvedres 1, nebné dl fielr
(o O oCuer) Y cncTHBRBULLILEY CONRATRLOWRS S3RAUBNCED LIYQORo0Ye
term nator cycl e sequencin in . Fromt
f ragment s30conplsedace By céﬁ@&%n%%cﬂfé’chEéUMSPHéF‘PVéd aF?oH?he%‘éq&%nce a

priner paijswas MGMMAMCBJ\WW@@E@IMN@Nlme gpeniyeading (§ranme

szGt he feline CD28r TCAC%IIT%.G% CGC %Q %N%CC GC?T AGC ACA ATG ATC CTC

B7-1 gene specific primers are : 12/96.22 (5'-
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feCD28 3': CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G 35 Using these
priners, a cDNA nolecule including the entire 81 19 SEP 203@ B86Po28027271
PCT/ US99/ 09502 codi ng region was anplified from Con A stinulated EK6 and
ED3 PBMC degjysgksfiNA. This PBMC cDNA was produced previ ousl ycpigediashzbeen
denonstrated to contain RNA encoding the gene. This PCR reaction (95C for 5
-mn 15 cycle; 95C for 30 sec, 42C for 30 sec and 72C for 45 sec 30 cycles;
72C for 7 min) using KlenTag DNA pol ymerase in the hopes of reducing random
errors often adddet W%Mﬂ:kﬁ"&? 8I‘§rﬁerias(é3,EQprléhl§@ed 4®)754 by fragnent
\é\hi ch \Qlaz clAgnqd/tsqu t<heAgAmh@mt@mm @ITT@‘I@l -saqgen@;@";? 19 ﬁ@.paf@yi, OUZI%
escri bed. Wi e CD¢ eac clegtide site was_confirned by
at | east three]fﬁggbgﬁhe r9ggé&?@%@c%%ﬁﬁgﬁg§§¥*hEsUL §Eﬁég@§éy%le4zilners
chosen from concettsux ir ¢§l-HTTAGRARTOCAGTTHETIROT-A8, ;hus®Q. Iandor abbit CD28
cDNA sequence | ayed-~i ﬁﬁg@i' ngd suc fuhl ¥~Yi ed a
product tg:at \é!e/% 'gj(;%pg%‘sgﬁkg??}co’g% O#Ac?%.e@;%l i’negf%%iﬁ% Ig%qug%\gé. Due
to t:~e h~ghe= defectof dOFSEYPHRTIBEIERMGECHBhe  DASER~-deNP e, 5Q4iti al
arrlpl i f: catiAgn Uﬁi[@%?@l degemcf@t}ﬁgm@m's%y:ze?dedl(s-spt usl _N;zsht b@;enwbe .
nol ecul e. opposed to t::~e feline nol ecul e i i.ch only ma
central fragnera ¥&s ATl %ﬁtﬁfgﬁﬁggd,t%nﬂﬁquﬁ§%T é%ﬁg?%a?§§%:~§§?§s wer e
1 acklrg prom témroper ceadieagondane wf thee o€Da8nagDr CIABG Fgue2@p with' h~s
sequence |Aitial.d ragnent, 2o shar edia-56.860 riemRIeAE W bRt @%c%rl\lgbgaeus
region within human sequence, a 86%)|§Ent|ty with the rabbit c and a 790
honol ogy with tHeEFrPhedt8dPRY $EGGENCcEDTIRINSO AE dndSERE"SRIdi t F8Ral 110
Eld. as wel | asssofmed upstdeath S esSaqenaes was dnsolcateed dsinagge fRAGEaPCR 30
bco, Ga~t hersbur . r ri-hed fr i ul PBMC
was used ~n the&f&aﬂg"}eng@r 5‘&%%%9%% 1{}}% gersrg éfgggl %glrrl%l Ijlég;tcﬁtgﬁgw ts
pri mer CD28- 786vandit sedamectrdro 5t ifer8 /AG pri¢d8fe@yhiterl/ePdél i-nabl e mat eri al
(Fig. 21),5 82 19 SEP 2002 WD 99/57Z71 PCT/ US99/ 09502 Al t hough no
identifiable bands were anplified wth the priner conbination d@ CD-786,
di | uted cDNA frbth £RFSLFEACEI ditnas- FrPPY f Ped fGitMG tHeP hedPéat cpggne
prinmers, CD28-182nand GRRAB- 3% Avymstdl e deandvasigpr B86RT adnd BamHI
approxi mately GQOobPr This._ br oduc%w\gnegebsoégggg shom an 1?%%%c9eltoand
sequenced cont ai ned the T upst ream sequenc |ncfudjng and cont| nui ng
t hrough t he starnteodens (ERI223nd FBeMHEL her SEFUIEHCE b SREESe FricdidSs a 5
primer wasolO dertued that i pgtuded thg starteePdr THHeS RIDIRY, ORF,
conbira~ion with the 3' ¢ nstrugt, vere used to anglijy CDNA frcm RNA
extracted from ERBPEAA*EBSYCon AMSET mii"at & PEME pfoGici n§SR5954 5V SBr oduct
(Fig. 23). 15 At/Sheast twb TiGAIMTIMOGHHTCACHCAGCAABATAR AEI WEISEQ ID

conpl etely sequgpced and eachgynucleig.agk si&gim/@ chggggq and congirned
with at |east 3 ndependent correcily readi ng  sequences. Foll ow n

sequenci ng the BOTRCEARGERATETOIGEACHERCEARARTA) f rorkeERe LOANS o Hg

efftor tozs The resultant PCR fragment was digested with EcoRI and

~—~

BamHI and cloned into an OlL SPV homology vector (Accl
insertion site within the swinepox virus HindIII M
genomic fragment) for the generation of a recombinant SPV
virus. This resulted in the cassette, 930-23.Al1, a SPV

30 0O1L homology vector containing the feline CD80 ORF behind
the late/early synthetic pox promoter, LP2EP2, and
adjacent to the E. coli lacZ marker gene cassette
promoted by synthetic late pox promoter, LP2. Plasmid
vector, 930-23.Al1, was cotransfected with SPV 001 to

35 generate a recombinant SPV virus expressing the feline
B7-1 and E.coli f-galactosidase proteins.
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20 insure a consistent and reproduci ble product. Wth~" t:~e Wnal 68S by
=ragment encoding the entire ope.”. readi:~g ‘name, the 5 A{@ \§EP I8t ed
at position. 1, the ~' stop codcn was found at position 664-666, with ar.
addl t ~onal 1G@oeheotides in the 3" UTR (Fig. 24). As 25 w t Bcthgedi®s62D80
nol ecul e, the 5 position of the ATG codon was confirmed through sequencing
ef 5° RACE PCR products (data not shown). The feline CD28 gene, once
sequenced, denpnstrated an overall identity that was closest to the rabbet
and human 30 s&f@BRLEs IFE-gSUBEYoN1reh O EhEREREgY Pt POYhEL Rt | RRTERAY was
still strong whidegzdrdentity with the chicken sequence was nore divergent,
t hough conparable to that seen between the chicken sequence and ot her
manmal i an genes (Table 2). 83 19 SEP 2002 WD 99157271 PCT/ US99/ 09502
Tabl e 2: Conparilsorogfinfekftaeomi ¢h fainneerDhdfanwaschAftkancanfiedbbi thCD28
for sequence haapl 0@y, -Spechess ReGent,, ReMRLAgYL WA fike tel s.Pes, o
seauer _ce: 5Ammmop_"aci.d Nucl eoti deHuman 850 82010Mouse 77% 74%Rabbit 84%
84%Chi cken 59~ BUESARCENTABRERT - pelh P8 1880a8HCBO%RaRTaBPFGEdL PF obfte
t henucl ei ¢ aci d:sequence as Pf ean pis| ypalestrd berdmoldgy  tetywht h thee
derived peptide ces_ 0 her lish S.C b=a.to the
dent ity at ¢ heaaor detTeel T Rperae B SHREAEMC R MERALE S
exter~ds front RSE I neRNNI~rl &8 - 8Eolidie resiaige 319.ends appedrt t RBR i nt he
felti ne lrr_oﬂ({ecul Ieﬁréalfggﬁnérft:i, tb@sﬁ%ﬁﬂ\é@iwecj TH2 8P %/erﬁégg_sar‘éhit ti-ggséiTEgl e
extraceliul ar var -l i.n | - .,. The
hydrophobic25né%ﬁﬁ§ﬁé sﬁgaﬁi%g‘%6ngg&GQQ?éhggggéﬁEé&&ééggiggécfi%?Hﬁés,and
\§ foll owed by it hdS&D afbndiGaci d4¢cytaopl asnké¢stask. pAswidrh THe7hamats'€D28

ol ecul e, the I@lidigspelyasphrdesiasipobantial, Negonkedyel yeasyl athan -
sites (Fig. 26). Conparison of the predicted am no acid sequence o el i ne
30 and human CD28'pFetet nSCYehdBhstrageent ey dnd18eshofolVogy wireRIsans
differences (Figy127)andlhechaporhty &f cwhangss reaid1Reyf eurdokn fhherhe
transnenbrane domain and in the signal sequence and Nu% term nal donain.
The hi ghest deg?e& ot Hdhot ogy 15° cf‘qtnté?ﬁ]e Veétral- "tGSETITRE d8mai n
and in 35 the cyitoptasratcet aicBC-84.A1 1% SEVY 2002 hWWRASLY7 2EEtBCT/(BS83/ 09502
Conpari sons of i he 8 ecyl e_i t edj i ACi
sequences of thIell;I %%rgln&péndg%ri gglth'é?rbgtr%g o?%ﬁ%p%&gy%fgﬂ% y o
denonstrat e thadeWiitie THerentd 6ARY2 N YBD Gtrerkd i Nfodl-6dy Bét wesAnEhe
menbers ofot hi scife grows /ddraty speeichet :LeghoRs pRshdest duap e Mmapka~ned.

The MYPPPY notif .is retained_ al_| of helmce: ers oérthi S, 9roup._ There
appear to be adif{FORAlr resi diiss fetaified i'Athe™ el The HolecIPESERAE are
predi cted to bepFapore@nty faosysthactar sdté meyratondussl. udifg domediogry of

conserved 10 cysigingsresidyes 6F89:628) . | o' -Theagukeptagm,cdomgin of
the feline CD28 nolecule is noderately conserved with other published

sequences especP 3| §°ot RERERMTEl ifarf SSETeREBs FEVgVIZYF. SAPFESSely ofe
¢NRt racel | pkar sfghahéngopat haay st adi €l proposkakd e elnsnedi ated as a result
the crosslinking of the extracellular portion of the receptor
(Hutchcroft and Blerer, '995). Hydrophll~city plots of tre predicted am no
ac-d sequence 2Bxafpiel Pne CD28 when conpared to simlar plots of the hunman
pol ypeptide, further denonstrate the probab~.lity that each pro~e~n retains
a slm-lar structural integ~lty. V\r%er%l chances in_the am no acid sequence
ar to'%e

occur however, tHBFEcHBTmot-appe LT £ FRARt (BHangedAMH ¢ 86

hydrophil Boity (B7-2), CD28, CTLA-4 and CD80 (B7-1)-Syntro/SPAH cDNAs
and polypeptides:

The 1i1sclated and purified feline CD80 (B7-1) cDNA of
approxaimately 941 nucleotides codes for an open reading
35 frame of the feline CD80 polypeptide of approximately 292
amino acids, the native membrane bound or mature form of

which has a molecular mass of about 33,485 kDa, an
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25 of the nolecule, which reflects that changes in the am no acid sequence
are largely honol ogous. O note is the hydrophobi c nenbrane a§ rﬂ] gomal n
in which the feline and human peptides only share 75% honol ogg a!et ﬂ

very sim | ayo sopti@phlli clty profiles (Fig. 30). 30 D SCUSSIeN td$1®/09502
sequences of the cloned CD28 nol ecul es all denonstrated a noderate | evel of
evol utionary conservation. It can be hypothesized that the role of the 85
19 SEP 2002 WD 99l §7271 PCT/ US99109507?. nplecule in the activation_ and

medi ation of TIEEP!eFEIREt B P mBhi BYORE Pet ai ned$h S3ERT Ay ®H h:0gher
vertebrates, frodgmiows. ttheughranetenbsansd cemainya®sthangrioteludi 1

hi gher pri mates, romgg%rel $on, 9. the gut%ive a{q Jo aci d sequences of each
of the nol ecul 8€PERHE m)&é’ra oftd ogy“In portions of the extracelluiar
domai n proposed to be invol ved |n | i gand b|nd|ng and in intracellular

regi ons proposed 1L Presmf eravif rARE! 4dil Ble SR AEr ESRE lard Nepipl ghest
to degree of hono] ogy is found in the_region surroundi n9¥the pr oposed

|i gand bi ndi ng 3% e, PRAYPPEY 1 {9 at éaot‘?ﬁt?‘ﬁe FEYCBBRESTRLY r ofhtP8s| dudl
118-123 i n t he didlfierenpolsypepilsde andhehpr Dpasedd sagnad &eqﬂlem@@)@ﬁcééle
pepti de extend t hg, ON r Qug e e al .
15 1987). I\/bno%ierglfe.er?cgg %U’? né’ EQ?r%QS% nge?tdr%gce%ﬁul arﬁ{ wgé'
vari abl e-1i ke déetairs, pﬁmehee&t e@ﬂd@dr mﬁpneelemré CPQ—IPsgteNP&ﬁf-ede‘t’ ')

1987) . The hydrQpixobi gndarephe areuspaniirng Hdon@igy @ytre&dﬁsfpm tnlﬂ@uﬂe%5527
resi dues, and > fol |l owed by 6%41 am-. no acid Zﬁ f%’tﬁ.g Aruffo
Gl 087y Rle e PEGeR) SEbl b SIS EGt BRERarORET | TRBACE LB PL | on
é&tes i n identiwcalcPUsidanrencs devosenf ahAd - ITRMUhenhuﬁEaOpEghero/SPAH
Aterest~.gly,, Vﬁ]ftet%' )éCQEYhﬁHQ&fdé &shogaked al A esl %%ﬁ%%élbe khg =el ine
protein is NQS | e ~n the human sequence it is NQI. This amino acid
di ver gence furtptferbﬁeetaﬂe&?sa?hﬁtswqreet héte §Pén§§qéénﬁecéﬁaﬁ§@§ Between
the nol ecid es, tdes 0weragl kngt tuetwaatgechﬁr &Qﬁ:@.l’ebﬁﬁ.ﬂés cavereetatpedn AS
m ght be expected due tto t he { no ojlgy shared 30 by t he lgr ﬁ%el n,
conpari son of tH&Hydrophid |% —ﬂ/gepl 0 n%"f ¥ | e K Rthan t28 d8nbhst r at e
t hat the nol ecul =3 sshayree pottersniiald yacgidnirkandoent @4 mat | onal pat terns.
However, it also reveals that when there is aresidue that It is altered,
t he change is generally honol ogous. ~ s s~P zooz WO 99157271 PCT/ U
S99/ 09502 Wi | gﬂt%elﬁ? ﬂéﬁ’én@ﬁ&n&%ﬂ%eﬁi i 521 e aFB&S of  B’hénol EdR ehi t h
the | owesto degl’ﬁﬁaﬁx&'@ﬁwl’}/vatmennuéléﬂﬂ1}He%t &Jo@le@,g fb'ErS ahequemdeamdhgphobl c
character, thecyt Ias cfd? 8%6 !S c Srarely 320
moder at el y5conset %I [thts he? 5 gﬁéé’pgg %ﬁc%s vaa Fepyc-Y
ofintracel | ul ararmrgn@lqm pahhwaysieg enemrttrmy@e@om@db@med\aaped through t he

crosslink~. ng ofnihe L@é(éféc%ié“@fa@f—ﬁdéén of dhe Hesarkak, ardaakt heugh the

Intracel lularportion of the CD28 pol ypept!|de does not have

i ntrinsi cl0enzy¥at + E°8EEFVELG) pPétFneP F?@‘éﬁd%r%dlﬁg“?esﬁpf‘gg at pH

é‘heactlvattson of.onsfaceltul ar effector nol ecul es (Aruffo etal ., 1987).
Here are four conserved tyrosine res=duesl~8 , '$ and z~ ) that have been

pr oposed aspotent ~d sues of tyrosine phosphoryl at~on (Lu et al.,151992).
Add~m onal 'y, tFeeMMssdqr@fce My nAPAGL aed esif@bene93 Bi2g hecPlhi net

nmol ecule is pr oseeeex@@aeeﬁytem e S GRidbaes e WD N d-dAdnine
proteins (Prasaget ai .

te ~tial site of. ohosphorylatic
bypr et een ki nase*€™Fs fet atfleaé‘f‘e %?Oweoltéa?z?fnﬁoﬁg’ ﬁ%‘ i %?lErkl
or Erk2 pgoli neamlmcecaced:i$erthmehtahneenmetethtart&seacam&ndw ma(tlthrtectf@mf tofand
Bi erer, 1996). o d_pr n NGt igon t
CD28r ecept or is rrutlg:sﬁ Li?azsﬁeae é/l_éjél“?’layl:s&klritts)tg ?uf?pgﬂljéél ng téhgtltgheklg;top asm ¢
tail of the pep@ﬁ@@lmermqulmteml apgpot 2nt7 al %Irg?falql'ﬁ’g‘fgfﬁ edi 25 or-£ The
future app_~catiers_gf.the feline CD28 nol ecul e shoul d i nclude devel opi ng
tools to detect surface expression of the receptor and nonitoring CD28
expression follow ng infections with v=ruses such as FIV. If tools for
prot ei n 305det etheon 1cai albedc ormndnepumiatfi eexi Steilngenetdtads 40f am¥saget
detection, valu a \% fe S ng. the
course of inf ecg%%ﬂ;ﬂg%g@ge?g?mggg eég??%% Je(?e%orﬁel rfl%Arf&gfIOlE"JJD]g{:13
expressi on patt éKﬁE\edQ%/l nfeline (JiPsé BPlrhephide P/ apPeTtimAt e Y 1223
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35 act to exenplify the feline systemas a proper nodel of H 'V infection

i :~ humans, and nmay lead to nore definitive 87 WO 99/ 57271 ﬁﬁﬁg @}22
PC T/ US99/ 09502 answers regarding the course of infection i n1 ?

Exanpl e 7 CiiPédd28] PROTEI N EXPRESSI ON 5 | NTRODUCTI ON Whi | e pepisy deadal On
in the Imune systemis |largely nediated through sol uble factors,
Initiation of a primary ~.Y T cell response in prinmates and rodents has
been determned to require direct cell to cell contact 10 (Mescher) 1992).
Originally, thie®ipatefFddsi oimewagteNsugArLEanenbPyundwer vieatiee i feemaet i on

between the TCRnaRH hgad %e|md>1é’<£lﬂlal\ﬂ'|cmass dhe saptikgesy Pf@ﬁe'ﬂba' ngaﬁ?e” ,
but it has becone (fl ear that bin bet ween accessorg nol ecules is

recruited for FEPEIEEEFYAtRUN 0P tﬁ‘ O}t cBf P4 ( scAwAFE 25Na5I9 932)PH A O

di scussed, theogm-demsce supports the interactior_ between CD28 and CD80 as
t he medi at.or of this accessory signal (LInsley et al., 1991a). Many of the
i nportant ‘receptors and ligands in vertebrates are nenbers of the |IgSF
superfanm |y (SphiengeexprgggronTied CHEG, 20l bl eest ¥ruaotharaktewleed by
the presence ofrpaR brnufegl PPWHN Iclsﬁofegh@m eﬂowaéﬁyah&&@& from a

extracel | ul ar por (%Won of the mol ecul e % % Al t hough conservation
varies, it is GRETITHCt F 1Y 1 HYse "PEsi éczith'edt?o éﬁé’F&Fe ah I g

fold (Beale, 1&8&1)anc€h@c25wtahamctcd? iﬂsﬂimrnjcmd g conai apeact udel two

cl osely associ ated a & by apdse l.go ol ng
conserve topofftck)’gg (%FP?% Bar E:Dlg gg ?ﬁgﬁ%ﬁl h t%gpg |é8\§1
sharing of strFdP@sal hﬁroﬁ@ﬁt‘ﬁpé§5§ﬁfﬁﬁg ﬁénb€P§%f vhES fﬁﬁﬁFy“‘uiﬁé@éYl s a
gwerse array @fo13@uiendimg -unt @aacthenabandsi gaalsupgreé@pg&wgcwon

ticular to Lhis, f And { 19 SEP 200
Dol 57371 PCT/ U 9316%85%&%%%@% ePef%ﬁéifagiy %W‘E&Oﬁv&éﬁﬁs ;ﬁa CD8O

share a degree cweMaﬁ@tl@n“alofsiC@iBIoar wh g hi noshemnle)wracebﬂata&edoﬁa%a.
CD28 has ja singl.e extpagel lylar, V, {lﬁgfog)ntflgg%gf'br ahs pr%%seg, ?

di sul fi de 1inked heterodi ner (Ar u? et al. . The extracelluflar
regi on of the EEEGIETECUl B¥BdNeTRr H‘é§ bBE® é‘k\ﬂﬁtk’e BAd ATy f °8omai n
and is expressethrisce NOONEt (dr e@ﬂrrnnlfa&o@cbcytel%%m@e@gé&@ hgSk1{am |y

menbers share c ura features, . tenpl a be use a.limted basis
to establish a?llthlg i of: Fre ttir eetogfg)rlﬁgﬁ‘gl%%na FHUCTL urogfnéjfmlgél SEah

nol ecul es that thaes noﬁﬂbeﬂpﬂmaﬂ;mr}ze@ (B@P@ﬁat hwigth akost1893rtoalt hough
nei ther the CDag nok, D86 poly peptd Q%eh%\b%lg%%n e 3!;%&3?3' leiszed - CD2- ¢ Dri scol |
et al.) 1991) and CD8 (Leaky et al 1992) , mol.ecul es with 15 anal ogous
extracel | ul ar dOmei YRR Y5den ”\é’%&msﬁédlﬁfrc)?lléy Chyst AYTBEPEPR§Sand gi ve

sonme idea as to the structure of related nenbers of the 1gSF group (Linsley

et al. 1995a) D N A Human Human Mouse Mouse Rabbit Chicken

a n d Homoio Homolo Ecmolo Homolo Eomclo Homolo

{} 25 Amilino gue gue que gue gue gue
Acaid {(DNA ( A A {(DNA{ A A (DNA/ (DNA/
Percen Sequen Seguen Segquen Seguen A A A A
t a ge ce) ce) ce) ce) Sequen Sequen
S e g % e n% % % ce) ce)

30 c e Identildentildentildent i% %
Ident1 ty ty ty ty Identi Identi
ty Tty Ly
Feline 77 59 62 46 — —

CD80

35 Feline 72 68 — - 67/ 64 —
CD86
Feline 85 82 77 74 84/ 84 59/ 50
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As previously discussed, CD80 and CD86 share simlar 20 bind;r.g avidlties
w th CD28 and CTLA-4. CD28, however, is a low aff~:~ity rec Eo§ Fo m]?he

| i gands while CTLA-4 has a high af~Inlty for both nol ecul ese!) - g eg/ et

al ., 1994a) wdbspirgfhh a potenti al nechanssm has been proposed, pcinissoge8e ear
how a low affinity receptor with a rapid 25 disassociation rate as i s
possessed by CD28, is able to deliver the necessary costinulatory signal
for T cell devel opment (Linsley et al., 1995a). It is hypothesized that
CD80 bendi ng of® 8 on the T cell surface may pronote oligerimzatlon of
the receptor we&ehiweulgd 30 fa@d itate7groduc~hge cross-1inking and signal
delivery (Linsl et, al., 1995a). CD28 is found evenly distributed on
activated T-cel ind so the nolecule is proposed to migrate on the
menbrane following T cell engagenent (Damle et al., Z994). High
concentration of oligerimzed CD28 35 woul d pronote reassoci ation of free
CD28 in the region of cell:cell contact and pronote signal delivery despite
t he 89 ViD 99/ 1818 SEP 2002 PCT/ U S99/ 09502 rapi d di sassociation rate
(Linsley et ai.) 1995a). This process) ternmed mutual capping, though not

directly observed w t.h Cﬁg_'nt i Qn has denpnstrtat ed for
ot her receptor st?slen Ov%?@%lgleg?ﬁ’?{)a i-~)n'l ﬁtgetcﬁt o@ope}deﬁ%?%delalgl%cgkfgc? is
requi red (Singeyn MogAanes Wiile the CD28/ CD80 interaction has been

denonstrated to be critical for pronulgation of a T cell nediated inmune
response, there rengi ns a great deal that ~s uncl] ear about 1Q the exact

mechani snkCof thP% P HHUITR PRIWDETLT RSPt Fmed feosRIuRE EXfst ence
qﬁ\ two recept or smiamntk tavhdngangdsadun it =4 rdferfadhingn aoEsesTopestdoess as ~o

fie rol e each plays-in, T, cel |- activi Linsley et al., 1992b). Wile
CTLA-4 bi nds rm%%ys #ﬁobr‘lg? ylsll I%@l%sﬁeex%a\r/cec'(sléde 15 nmuch later follow ng

activation, and al though signaling pathways have been proposed for CD28, ~t
has not been determned if a signal is delivered upon 1 ~gand b~.nding with
CTLA-4 (Linsiey et al.) 1995a). 20 MATERI ALS AND METHODS Pr eparati on of
inserts The fol | ow ng primers were used to anpl~.fy the entire open reading
“rame of the genesahoralftelrinae cCR® @i @D80:- £t dmser weeksi nfo agepraessi on

CF e 0802560 CAPAG Ak CIATEAC T FAC ARHE FEcRRR B e Y AT roc e
GGT AGC ACA ATGIIRYAC TTC fAGG e CP8  3CP8ECE A POC TCTAGBANTIG \CES TEC ATG

TCA G 30 The 5' 2GRBR-prd nercranRd hakhi: ED28nPaL ABAS VBE gl Meerad, Wrid
BanH sites and the appLOﬂ jate linkers to facil.itate theli nsertion Into
mul tiple éPoni ng8i t%s. “ThE FBarlf $G'9' i°9 SEPS3H65 VB Yo sTIFL e

intramuscularly with 100pg of plasm:id containing cDNA
expressing pairwise combinataions of CD80 and CD28, or
CD80 and CTLA-4, or CD86 and CD28 or CD86 and CTLA-4
é? paired with CD28 or CTLA-4, in a mixture with a plasmad
25 containing cDNA for FIV env and gag or FelLV env and gag.
Control cats do not receive CD80, CD86, CD28, and CTLA-4.
Cats are challenged with wvirulent FelLV or FIV and
observed for signs of disease as described above. The
results of the challenge experiment are that cats
30 receiving the cDNA vector containing feline CD80, CDS86,
Cp28, and CTLA-4 and cDNA vector containing FIV genes or
FeLV genes show 100% protection from disease compared to
cats receiving only cDNA vector containing FIV genes or
FelV genes who show 75% protection from disease.
35

In an alternate procedure, cats at 8 weeks of age are
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PC T/ US99/ 09502 site was engineered onto the CD80 sequence by dl gesticn out
of the TA clonzng vector. The 5" priners also contain a Kozak box and the
5' ATG for both genes. In each case, the priners were used tq nGEP 12802 r om
tenpl ate enc‘(gg gg the entire sequence of each gene that ha &9/09502
previ ously clone ihto the TA cl oni ng vector, described previous

Approxi mately ten nanograns of each plasm d were used in a Taq poI ymerase
based PCR anplification (95C for 5 mn, 1 cycle; 95C for 30 sec) 60C for 30
sec, 68C for 451b0eseed IQtcpouesul88lyfwrtE olh docyeb ejg dhepanptidd ed
products were Vi Lze Y or 0 9:%%29 I . n
ligated into thg§¥g&ﬁog?ggn€ieﬁ% dﬁ%ll’&nvgtﬁ‘?%ge(gbzafp aaqg %A gPQCBPeeS
previ ousl y desceirtbéd.ceTmatilvgay—~oRarEyeERoAOWASNSEENS oOfr@Pn%@ o@lfn ¢1?&/61F

conpetent 15 cel |a%re@ﬁd~99§' tbye QLOMA\AW & reflaened @den seleshetn &5
previ ously descrl bed. d oni ngﬁl nto For. cloning into the pST_vector to

be used ~. 1’ the CN&nsf ol REEPHR of d@6§r7' PEE| | s, 23RN pl asAPE wast Tl gestdd 20
with EcoRl, and mhe;amMrmlwas;lrenuvedtw ubotdng M caopubenEZ sptmmeol um
(A con, Bever| %o %)m g) ¥ G eIV, g%rt bep gnzyne n&hgag asfy gré!‘f

r In an cohol

treated with phen oformto re residua r ot

pr eci pi t at ed. Tlﬁ?@blsn%t%o‘%/\e-r%c%ﬁ‘g%s@%ﬁﬁ freieso TR ecprt €F e puFsfi ed
plasmid DNA (Q %&%nch@%bﬁ@eathlcm vflrx@rlbelltones eema?hnbggpaﬂwﬁbeﬁém
vector with the prop nserts usj ites fou in the vector

[ anki ng. e naBA oS oot ed Sl b ot e 6 AT oy bt - 1780
agarose gel and rtdseﬂchsges:tfed thleagmaaileugeomxpeﬁven% i rgert thas t hens
durified fromthe h e r te it
i con, Bover |y Ty KAt nB R Rt Shatass Poatront oh Eoshl i o2bPed poi
reduced the chand¥d ofa%‘él?TH\g‘ht #B% 6Fb’t“ﬁetv‘é%¥‘é%“e CReNh? -1t Feht °&t 37C
with 0.1 U ~g ofrezal f shBlvesdidial f :35%nlikal r@@u@wsghatlaeec(aﬂd% disease
dephosphorly at ed t he di gested engs of _the_vector \A{;b rem)ved bX heat
Gonat or at ion o1 cotpgd ShE0 Aol TATFL BT USBUrboshe Rt BaCIRGLA8 i n
fol | oned by spircqguwafnca iV wsiFaliyeMrotepose EZ spin colum -~ (Am con,
Beverly, MA). Theinserts were |egated directly into the cut anddephosphery
1 ated pSI vector overnight at 16C use=.g 'T 4 DNA5iigase. Llgant to vector
nol ar ratio was EfAPRME it el yt hree to one with 0.05 ug of CD28 or CD8O
insert to 0.1 ~Cgof pSI. One ~cl of the | egation reaction was then used

t ot ransf or Inv E conpet.ent, fi%bs ,,Jé’n?e Is %Be“f‘ﬂﬁe?k@goﬂ}.ﬂol‘% pl at es
cont ai ni n % anpiciil at es Owér'e rncubated overni gﬁp at
37C and the nextdmtyr@olm@rsvceerle |9¢@Mﬂfat ed into Snm of LB nedia

contai ning 100 ~Cg/ m anp~c~llin. Follow ng an overnight |ncubation at
370w ts shaking at 220 rpm the plasnm d DNA was extract edw t h al kal i ne
lysis, the DNA purT?T ed by 5p -3 cAROr GF6r MBI SS of = 5P afjg Vector

precipitated w tébc:bm@synzhgmfa&nﬁe 9&‘3%31 hanalns eTher Ial‘sb%mamcRNa]seut&wea‘Ded and

en digesyed wi th10- b, gf ,~coRl wer ual, = o t gagar ose
étgg to ~de£n Ify he p05| t| ve cI ones %} Y%dDNACQ'mYAIS. ~Jéef~fgxt gg%t ec% from
5 mM of overni ghtdBuntsrered 20posRe| vet~| gRésthespurgsenagr ep $pen @SOums

(Q AGEN, Chat sworchge Caypf bl dandldTrAhe Hurifd %ﬂ%@/a@f thensefweneau by
dye Term nator cycle L!Denm n%wth anme{r ai eprlrrer to deter %the

seq
orientation of thatfser? °r°ad 1TEVBPASHT &2 LB%%RC?% Jt° tH B She
such25t hat sequenchnaransfelepe@ceedncacroe%lshecéhmbimr@ het weeht tveg vedt or
AN neertah0 ~. D3ULEsLORL e AILAMANOR WRSCOLE £ 1 GhONA AlnfAgh
gene with plasmd’in theproper orie:~tation was then grown up in
m cul tureand therepasiwe erterCé'é?tre?d W@W%Q%G@Nlumatcﬁﬁ@rtw CD8é ln
CA) 30naxi - prep cebiBnaCheni RA dnteSF\oFotTi.ASEr hiran 1lrﬂteectefa1e R e or
inserts and the El asmd were treated in ch t he sarr% (gsodre
of the SFV vect or™ds®dF B3t éd* il (1 Z65Y Bf‘n%an]ﬁl foF°q th‘“‘%Hn
32). The enzyne waspbaweveto f tam thensh gesilby rtee;mﬂrtllhu_;gaimom&ﬁmnggmfa
m cropure fil QAgi.go 9 5 p~ 2002 PCT/ US99/ 09502
Beverly, N&% Thtég% é%}eg Qnd % g\g?ggéf‘réétzéeﬂ IgéECI P was heat
i nactivated and then the pl asmd was again purified wwth a nmcropure EZ
filter. Inserts weaspaxtsacted from purified TA clor_ing vector DNA by
BanHl 5 digestion. The inserts were purified and |l egated Into the vector as
descri bed previously. Followi ng the transformati on of InvaF conpetent
cells, the plasmd insert and orientation wag confirnmed with dye term nator
cycl e sequencing as described. A large scale plasmd



10 preparation was perfornmed on a positive clone of each gene. 3 pSl
protein expression For pS. |1 transformatior_ ~ of eukaryot~c TélM?
cell swere obtained fromthe American type culture collectionl8( VL The
frozen stockyyegsshasuspended ~r. 15 m of DMVEMpl us 10% f et al p&pi§oom@Eddm
(FCS). The cultures were thengrown as a nonolayer ~n T-75 flasks. On the
evening priorto transfection, cells were renoved fromthe fl asks
aftertreatnent with a 0.250 tryps~n EDTA sol uti on by washi ng20wi sh PBS. The

cel I s were therClPEEs A0 -SRY QO EERTINE1GB8AnFPNBsue cul ture dishes
and allowed to grow to-50%co :~iuence for trie next day. For each dish to
bet ransfected S ey NuSerum ( Col | aborati ve Bi onedi cal Product s)

aedford, MA) was mxed wth 0.2 m of DEAE-25dextran/ch~~oroqui ne sol ution.
Ten ug/m of the purifiedpSl plasm d was then added to the m xture. The
medi a wasaspi r alrecaddomadnhe oCOg: okl hss armbriehee DVEMA NI ESeY undlecules have
DEAE- dextran/ c quz, el DNA sal,uf i S 0 theyc Th ure
was i ncubat ed P%ér)érg. %rhérm{ n-a 5% ro%qn)égbaﬁq%%‘fs%! I %m%l%ir?%tm\?gﬁ\ﬂé% t he
medi a and ¥epl akeFRaSay t KD8O0M(BY - 10% DMBOACFEsPRY Mhkaqule mhatt pirsds

sol uti on wasaspi¢atecofdlr andst Bg cekdiS grewacpyerat glit. i ndegyl. offlVEM 10%
FBS. The foll ow ng da%/ " the cells were_ spl 'h‘ti n%olttwo 100 .mm cul ture di shes.
After 3 days, thecHedtasBhad WSHiPAfed ™ aflct KT 1T ATt of fred® c 819 F@tdved
wi t hPBS/ 0. 5 ~. MsEDTAL 1 ThénaRBS/ ERDT A aripungrre omaswvadded ieo phem@®8y shynsSEP
2002 VWO 99/ 57273 PLJLHS9Y/ 09502 Galil s ardotBey wessehicubat ek f op 15 4i n_at
37C. The supernate was renoved and conbined with su%sequent PBS washes. The
¢ per nat el 8nd wasRes Hefe YhertNCentPRteied CIThEHE es RS efPet T wesld
~esuspended in BVEM EBSoandn&herdl COGraelds onteth &9V Irotedi N 1e9ganessi on
Transfection V\AMJ the SFV vector was.carried out in_baby hamster ki&ﬂﬁy
(BHK) cells. Th rt}?/o~g.‘b of pur i fi 8 p‘Fasmc?wﬁ‘S,S 8i ges?edsvm C3§ptafl or 1 hr
at 37C. The enzise wabstquehehyr bpevetiownd ht@ e cexgreassaRy dn |a erayy&@rixon,
Beverly, MA) andrthe BDNA peeci pbkat @dc W LR Zoon ViokdbBs: Ofg W4 .0H.c @e and
a half ~g of the _plasm d was_then used as the tenplate for Sp6 nediated in
vitro trahScriptfoREMBR=8F| §1 -t he®PRA was incubated for 1 hr at 37C with:

15 transcrlpticn buffer) 100 nM DTT, 10 nM 5" ) ppp(5' )G rNTP m xture,

wat er, RNasin, afti;6Ghalfd0far3p6r ENAGO! YRS asso FRbL oMY LEaRsSeEd ptpHN
the reac~lon was aiiquoted and a sanple visualized on a 1 o agarose gel .
Fo=t}J-five ~.|P6fYPRB-EHENSH TG Péa@tﬁ%’ﬁ%tﬁgé’d 1%’ 26"t PansTEdS BHK
cells at -800 cartkueneay igx Tal5,fl|asks, GvEdbuaedicx phius, 10%80S nmedrtee was
aspirated from <C S aced w [ ia. e in

i ncubation thi skggdr%kééls&?g%ﬁr g@éd%vﬁfta\#la%t %k/&ﬁ%ﬁ%&%ﬁ% %f@g@s{'é

| i pof ecti Bt r anSEAFBEFCRNAT 1The [Tt (HES WRiVe SP5 Lthcibat edoMEer2 Ifr die 37C
in a 5%CXR wthrhi:ae4esbulBAVuRSGTLALLON.(1AEFSr (2ehkn tdte Aedi a ywrs) .
renoved and replaced with GVE 10% FCS. The cul turwgtsr?vwexe Lncubated for 7-9
g? and the cell $ et (HERPFEOVRE Byt ryPsiFiZaid?T 3698 oG HFiro PE A
yact eri al expr esydappredtor rrpQEmeadramsodonastracd eal whohct hetdpl & srer €D80
and CD28 ‘gene. Guh and ChiAreated b dyashif. BLepated,and PHbLAL S0, S

previ ously described was |igate igase In a four to one iInsert

to 99 W359/5FFFEl MAC'SEP PEDRIPETIES99/ 09502r 93 et dVFpi BerPetdo WEh 50

ng of gel purified.:eB28 ov) CD8Re hadregatiotedas,y inqubatednborc1l8 hgst6C.
Two ul of the legation re }i_?n was, then used to trgnsform LiyaE" coppetent
celI's. Positive COHTMEs wat e’ 88F efPEE 8nd "5 SSHEEr t=or Font at'i"6R conf I Pied

by sequenci ng. lamger scat@iprespaat | omasf pedghited pbasntdahas Petfokedd
and this used t -Qf; 4 I t i di :
ng;nl:y’ i%trl‘c%%dl = & §l%ﬁ% rﬁéﬂéuPé/ pubL dilm; g

chl oride treat ansfornme I's were n up o:~ LB plates wth 50
~eg/ M karfdhyci Mgl YarpixG st /| Ghessuceérbraybath tRE1PEESapdShBPper

PREP4 pl asni ds we{sudiat ad fiege | DntBesed Coh 0Pi 88 nd’0sh t Eves cetoaTes-ver ast hen

1 screened by alkaline lysis r%nl- rtecg)s%and BanHl, restricti gF‘ di gesti on.

Col oni es with comtS¥ mate : nERFILETRS & 9 o2 & i E B ORPGEYEEr 5t CsPoEROSE

solution for futhired{iSyusemain (Bajorath et al., 1994). Furthermore,
removal of the carbohydrate residues does not appear to

35 influence the binding capabilities, rather it is proposed
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Bi ndi ng Assay Bi nding assays for t~ansfected cells expressing feline CD80
and feline CD28 were perforned after the protocol described &&%{Pﬂ W et
al ., 1994a. One day after 20 transfectior., CD28 expressing cg 25
were renovedybloegifr 75 flasks with trypsin-EDTA treatment. TheTagbsoseer e
allowed to adhere =n 24 well|l plates at a concentration of 1x105 cells per
m. Two days later, the feCD80/pSlI transfected COS-7 cells were renoved
fromT-75 25 flasks with PBS/ 0.5 uM EDTA. These cells were then
fluorescent|y [F8B& EBSHt FURFI N WSso|5R i1BF TSR SCal e E FCANPELNBEFC @ akhe
Probes, Eugene.exthaddl 1sfleki lR%nl % BSAhE0mc3R il atrL: 33 {yAkesonand
Whods, 1993). 295 transfected COS-7 cells were | abeled in the sane
fashion. The | *8d 30 cells were then washed three times with DVEM pl us
10% FCS to renove uni ncorporated | abel, counted, and added directly to the
nonol ayer. The dpy® cedindiopulAat irqds \WaIe 1@lc-ovwed de@ ciohber agbrteted hirat
37C. Nonadhere%cfel s _were rem)vei:{j gcy entlr?)(c washi.ng t he nmonol ayer 3 tines
with 35 DVEM +f09EEED Fol Tow T ¢t g, THE 1 G6reYEERER -of CBAEh of
the wells was guantficvatcedoon @ mamneplyat @f95chyMbOy08s574vd ThaiSkep 2062
PCT/ USS9/ 09502 fdUOrdUBt 6f-cdT1UOT G5GERES N Jeell-S GoRNAI B LLansteehed
popul ati ons was conpared to wells 1 n which CDB0 expressing cells were added
to COS-7 cells aGarstece i A PIfegiadsmnd (Brodd o s288ipet i {fib¢e SECRBENg
E_ssa?/s, usi ng @ﬂa%r%ebggaagb@m) 1g E@Siu@napln?} @btlﬁlﬁdl(akd ndl s ceroh@Rd oby P
i nsl ey, i st ers._Sau t o .inhibi.t cell/ce t tions,  wer
desi gned ]t%(; de?rgo trﬁltcé‘f’ﬁ%eé)p"reccleflil(ﬁ ty lgfsg?ﬁee}: n‘f‘%a'r’ag]tgled(’)lﬁrg.9 ‘Folg‘lﬁ&\ﬂoﬁﬁ%
{gl celn | abel i g, rdhe ey EFTIH0 4 Hersl icdd digdrordesf1 QD3 edxp resssibig sheld,s t o
the monol ayer) CTLA: 4 Gpd - ddk MIIVEMFCI 1l @ 1coneentrat ien of, L x0o/nls was
i ncubated with the | abeled transfected cells for 30 mn. The cell's were
washed twice witth BVEM FC3Nan§>*addedst & tFR hordeFageFe APREFREEPEFEI y2nACD28
expressing cel Imededt he B )nonol ayer were i ncubated for 30 min. with CD80
g at a concentration of 1 ~Cg/m in DVEM FCS and foll ow ng washi ng, the
fluorescently | abel ed CD80 expressi cells were added. Inhib=riot. of
bi ndi ng by° t he TifsiH ProrEFnse wass Yeu g by corBaFFhg-® MAY (ForEsderm@e in
these wel | s 20 adddrihiyndi e obgesyrkrirt welkhenwk shoal at hee bornpeind ansh

RT- PCR Transfe d ells e ed for transcrj.ptl y
RT- PCR. After tq‘#?eér%%yagﬁ“smy\@v\gs‘ Cgelxnfc%ac*t eg fr o%‘gggﬁswé er aﬁ{s]f ee(r:lizg@a\?\can‘ﬁ pS
with feCD28) 2554r@D8oN or ‘Bithoeeki nsert 2alRNA WP 4)reat edThit h IRNkse dfr ee

DNase to renove-diie-peted alnf ore COpt 8Pt Bahi A9:-PNA. tRGebal fr 1zCgnpf: RANA
was then reverse franscribed to cDQIA using an O|I%O dT $)r| ner and MuM.V
reverse tfanscript dSEATERERTLBRA SR EEHARCT Piel AT PR3 Wi G el set s

specific 30 forCcizp28)la€b80sanda BRPHf unthitheahdl khowisngdletperat urmasicl e:
95C 5 min. 1 cygle; 855 30 e B5CALSEL, 126130 386430 Cycles; 72C 5
~Cl o [ i’

mn.) 1 cycle. each reaction was then vi'sual'ized on a to agarose
| . RESULTS 96 19 SEP 2002 WD 99157271 PCTI US99/ 09502 The genes for
€l i ne CD28 andTiBb80 weregrasucoessfhddweamserded i o t hTe28 pr dkei n been

expr esst on vect 8L fohBrkar S5Vt AN PiEdesfol) OMENG AL Gl AL IUR dh&hasve
respec~l ve vectors, the genes were used to transform a conpet ent
cells. 25 T-cells to an activated state, thus initiating a praimary

T-cell response (Damle et al., 1988). Although CD80 was
first i1dentified on activated B-cells (Freedman et al.,
1987), 1t has subsequently been found on most subsets of
professional antigen presenting cells including
30 macrophages/monocytes (Freedman et al., 1987), Langerhan's
cells (Symington et al., 1993), dendritic cells (Liu et
al., 1992), activated T-cells (Razi-Wolf et al., 1992) and
a variety of tumor lines (Chen et al., 1992). The
presence of the CD80 molecule on APC has been shown to be

35 important in the activation of both CD4"' and CD8" T-cells
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5 Figures 33-38 show each of the vectors with the proper cDNA inserts.

Bi ndi ng assays were perfornmed to denonstrate that functional protein could
be expressed. The |n|t|al assays were perfornmed to determ ne thelgeSEPlﬂmz
between the 10 Ry pf CD28 and CDBO transfected COS-7 and CDZ28t/599/09502
transfected and nDc transfected COS-7 cells. Fluorescence in the wells in
whi ch the fluorescently | abel ed non-adherent CD80 transfected cells were
added were higher than ~he control wells at the initial two 15 dilutl ons.
The I n~eractlon was({Abseserspomdi ieaniamd afli%r it h@eild ohel alett waldi | utlivens ..
the retention of flupreseence yas theSAE iR Weldrfahf gﬁhvt h%r@ﬁ@'ﬁ%emat
cells expressed surface protein as ~n tre nock transfecCted ccCr

39) . 20 To show t hatIn:L3cAntht BuRhs otn cRUP e DR 91N HiRed, SPRe FHBALS e@tléd

cell lines were i nculatethalet Beéﬁ'@l&h@né}@ﬂé’ﬁ@i HECRPLRIGUANIZRN the Rignad . ndt
concentratlons of 5x105 and 1x: 05 cells, 9ggrescence in wells containing
CD28 and CD8SO expr &8 AN £0& -si rhi to that observed In the 25

previ ous experiment. In the wells in which the adherent cells were

incubated with CD80lg GUEB®sd eeBpt OfapifHmdtOdH Xi RY, dpPOELSC&Hat some
retention was conparable to that found in ghe cgg%rol mock transfe ted

wel I's. Wien COS cel T8°T7ENST ect 8a° wPh* P80 e e SHETTEEE wi t s SPG5Fe
30 CTLA-4, prior ton@x{Es gen Ispeeeehtmgoceelﬂe M%Itmf et et ldeldss 1n

however, the f'UOVe§&£€“¥%ﬂ%¥%a“9%eh“&%iﬂtf%%é§5 @9§B'§ée%d%fé@3|é%ﬁ£¥%ée%¥%h§
are not as S|gn|f|cant as that seen with the uninhibited group) It

clearly greate? thahtEthet 4iiE1€8Rt FBI PHPMRtReruBs Txgidrl st tg*f%up (Chen
‘(Flg 40). 97 19 éEPa?OOZl@@099|5ﬂZEhOB§E/U899kﬁﬁ592cQToECRx@&%s&&bhO@ﬁEd

on RNA deri ved fron1 egrcells %rqggégbfeq: ESI %P%LWA%SI %QBQB%n%E

nock transfected to %ennnstra%e

T ESENCE O Speci FE5° E8h gerie
inthe cell line. Frgspens2 showbet Hentwgagarosasyek.fornd eaclewdlut yansey
The gene for G3PDH mashanphifiedugneach sgt he Sh%r%\m‘s'y@tt%g{|&¥na%n¢§v@

positive control in the pock transfected set. 0 transfected
cel I's expresséd CDSBT #RRECHRT (BPOH RIS Gftitife éﬁﬁgnﬁgletréﬁsfe&?aé
COS-7 cells expressed the genes for CD28 and 10 G3PDH. Mock transfected

cells expressed onl ¥,6&3PBHe( Birg.c h@lkIQBDbSCU§§b@MCE5An|%%&e%&ssuﬁ{@ﬂﬂdél in
anti bodies dictated that a dlreCDassa§Fgoulc n erformed

denonstrate pepti deBxpFessi oit® Py avi??aﬁ? O%ﬁﬁgl?ﬁl?égﬁ?”lgen 0
andant s- hu CD80 nonokkonabnank=bodf estmer eM¥@stied orhesol&iRed 1y nphocyteselnd
determne if there ywas, %"—Oégégfea 'V' Y BRES %gﬁ'l Shs dl%fte*}%clon and
ant | bod~es on cel | SCORFI F B e expressing nessage for

bot hsur f ace p#@teln§cma§aﬁﬁ§ﬁc@és§fﬁe‘l$hl§C tieEofrbi h2a14 lonwi TFR t el fakat ion

that the antibodi es,di dh@oéciéimlairza&défséﬁﬁv %ﬁr@ﬁ%l eAnonefdl t & ranst £ed asl
cells, led to the2Sconcl usion t t hese anti bodi es merq?not Cross

reactive.lt was not “8Xp&ct ed’t ha y&3ﬂ§%§58§laﬁpfﬁgd Noul o Cross rRaR: 2 TS
(limted honol ogy betlieekithecthiuman aﬁ@7ﬁellﬁéété@ndnh@cgfeumgu¢Dﬂ$|mm1e¢¢&£

potential for cr OSSE?aC&‘l%' b e 1 @ mclc%al ¢ygderbyed,apt ihodyyel tapeigen
was30somewhat surprising however that the anti-hu CD28 was notcross

reactive. Thod§h t hBEESFBLalf| gyl degPearsf cfcfhsee%t%n Yt weeROPRe TR
CD28 nol ecul es, acom@gnghald ycawidiaklice amd -hweeQD28 sarvdrady, tiwt2) When
crossreacts mﬁth th roteln s not_.found. As t he35ant i

anti body) testing oghfhgéﬁug %@cléﬁépgwﬁssﬁﬁ ﬁcgesEPuF ?ﬁﬁ%daﬁl éﬁgy
had to be devised thatve8cell¥ QOIFIB7DEtore SEPLROGR RPOCATLUBIDL00BO2aneuditc

demonstrate not only;Lhg r ehahiil ity goshat ghespepltdes: WebeebebRdrhe cp28-
expressed, but that also showed t hat they were functional and capabl e of

interacting. PRe cDNRBPoATFEFRFe CDEW armf CDrE *REr-¥ SGELBEST BPFvVOBYnsdr ERY
into a series of exp/@ssiady el Whidm't helmSL veet al sbuhhi lcbed The and

requirements necessay Lo catry qub the BhAY0G AP T8LAY KhoBALa £rom
vectors may facill~até fatire proteln expreSS|on Y
small resting peripheral blood lymphocytes (Linsley et

al., 1993a).

35 As with the CTLA-4/CD28 family, there 1s also at least one
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Fol I ow ng transfectlon, expression of CD28 and CD80 m ~2NA | 0 by the COS-7
transforned cell lines was confirnmed by RT.. PCR DNase treatg?tasgf; Zhhf
RNA prior to the PCR reaction should have significantly reduc

possi bi | ity v egemam ¢ or plasm d DNA cont am nat ~. on. Furt heperiysedi@seanot
felt that the COS-7 cells would 15 naturally express either |igand which
was further co :f armed byr the 1 ack of nmessage for either surface protein
.r. the nock transfected control. The anplification of t:-~e proper nessage
fromthe RNA frioPd9 he bErafst BXPERSERY | SN apPearared Mef Felst hat-asid Sl 20
tenpl ate was presefspidddsn t@ﬁdCEhbﬁoa?debhat atbmanmessagelenccdeshyy t he
pl asm d was bei {F]“g‘?t ranscrfj bed 6 g ssa¥]§l @_erforcgreﬁ% wer e deI ed
after :hose perfotfed by dglngeﬁlsﬁgf’e °¥“8"8 nohst Fat e the & ﬁaerntb ~na
avl d;ties of hunps GR30nerRGuUCEB6 (Hartnstady et adl..,, 12541994&)86 Ayarodidliled
format was used, I at, surf S i-ne 8 ynd to
surface ex%resse%g?gflggggtgg%§ 5 ta a'té tt%ggl ﬁiﬂ’gﬁlg%t ?%r?fpgl?&%d tbgea%l n b| 't ed
wi th sol ubl e retept 8PPeFhe F@vé? GPHBFHEIPHBIYE%W PP g $Fest red Wcrrtﬂﬁntr@e

retention of fl uwmﬂtécyallabeheeﬁo crhlisei OpghecspeghidLr Wad | sac Begause
a fluorescent plate reader

not_ r.equi red _that_cells
lysed prior to fieasurdng™ Ilﬁégégiengemuﬁvg i Dg% S8RES™ Yot rt & eg‘ei hat
the retenti on ofefponrescantiy If@b!e‘idechmqﬁl toansivetetveas eel |lovwnas

99 WD 99457271,y SER, WOPQT/CQﬁ%W ﬁ%@ﬁ@oekeet eg1in Y\@M)S I neppbi G Ry
adherent cells were transfiectedwith B‘él?i‘ Ian in .s 1n which the
0

adherent cel | sWerBLABRK ACHFISct 8ok ‘?hél intacel G‘@ Tcefggponses
Bckt ransf ect edwmethepSIbqual@kltn:g @helnseekpebnsueedcuhaeineiddeitdfe on
pr esence of the ye ,%ﬂ,sf Cc r tsel £, nor ad
properties of the" géefl ST esuq te T eﬂghggggge% %geé% ce gg)rredlhﬁ?é%ab
t hei nteracti on Beeged®:t FOrAA ace e&peeysddféegeneﬁd 1gDxeAtali el Gvhi ef aI

dilution ef 1x1Q6.gells,ndhe-fildiorescencglOrpcthe wal | s kbR vAEERnt heagel |'s
wer e expressing 8was apgrom rrateig five times that of the wel|ls in
a

the gDQ
which.: the fluBFBs¢eRERYIPRbePed EBDI 1T arfdf ectted 1EEHFE werki ntf bult'ed
into wel |l s contdHathgonbclett raansf erd®d) cel TanAl ShEO0Saael | sygdd oy esleence
drops significa Lon i N t I is
stillsignifi cantgl%xhlcwﬁler tlﬁé ggggg%en%cegfﬁﬁ e %o ﬁgl QLBgscta% Sﬁ{&k
concentration OPITQ}GS el IC§218hé°rd|Cfrﬁ4éréne"§SBéFWeEﬁ%He %%b%??ﬁ’én‘?alajand

control iggonot sbahistigalbid sidinguilshablies ardmbyolnlfd theyearsunesr!y
i dentical.20Th; s assay indi catn that. an_=nteracti on ,~s occurr.i ngbf%(ﬁyer_

the CD8O transf&EFERTRNG CPEN r aT ikt el BBBEEF| s Pflat FPesuit's

retention o~ thellfflfeceescaehtéfyﬂe&h@ ed cCD80utic hewest et edd ¢cékl svohut henaey | s.
4,1 hen theadher gnt, cell.g r e, 010t >§pres\§6ng Urhacgopr Ceédﬁt%@h.ovxg et he
CDB80 transfect e% %Ielr 5 Wrelrwg r enpov 3 bygent | \%a E?ggo %s ef fect ?‘8 be
titrated cut, andByrex162 éeélls1PPaor escence in the wells was

:srt ual |yi dentical. To confirmthat an ~nter act;on was occurring, sol uble

réceptors jwere eaboduged: 1 9, 4 nhi bidedeRAGDEE/ CORA AN eracklady  Theasgoond

assay |nvoI ved e introduction of forns counter-receptors for

each peptide inha@battepts t®F | RAFBI £PBRe ankY &% e beWikkP? he §8hésSi on
partners. A sol hlieniecent wlcfrprn@mlyya@’&eﬂae amesh or agb281935ant 1 -

huCbD80-1g were i bated with t ere |vetrans te cel |
expressing the ggﬁﬁter-cf’@g%ﬁ?o? of* e &% g?Z%I?% déoé% Bcr/u
S99/ 09502 nol ecultetpcogk o dhe, n19<$41)g oIFIﬁ\heartd/\dIcei haH;ﬁpévgenAISﬁiltvwghOt he
sol ubl e prof ei n§, el QL Ol | DR ALEFINR: H-lcMag, f &lHoddiatndlugat @ Eﬁh}é

| evel of conservatlon found between the proposed bi'ndi ng regi on of

human and the S3¥Ra1l6§66sireqi ohe RPMimeSYteme T Vel ltrhaﬁegeﬁeeetwom d
be sufficient crassd eammbt-yegﬁuetbee t heubamat f agi. Qn pagtaers birhe
with their nmuri ecunter or P._Linsle er I NicC )
Due to the nunb TeT 1R s re cfglfrsé%lérh e SSJS tl I tdgl\%ra}e%rr?%ﬁ%am %I eﬁ?’o 10
performthe assai'yDIW teradix 108 lesiulse . The CDB6st 1eere>s1em$es‘t¢ oreatdly 5REQ%Y
celI's, witdythe LD281GRAL ar nsf e\%?ﬁecébbé 2l one: dermnsid aldia a1%RAR

f1 uor escence simlar to :.ha found ~n the previous experinent. It is nc.

cl ear why the adferénttigerresi Retibsead et SoPUBFE19B ‘éfEfB’d— [ LSFR 8 ﬁ’&d a
fl uorescence close to that of the nock transfected contro'_, while the
nonadherent CD80 transfected "|uorescently | abeled cells, incubated with
sol ubl e ~~T1. A-4 had about a two to three fo}d higher fluorescence. Despite
the differences nediated by the 20 type of soluble receptor, there was a
mar ked reduction in the amount of Fluorescence ~n wells in w:lch soluble
receptor was introduced over the wells In which no receptor was present.
The interaction denonstrated by the previous assay can be ~nh~b~ted by the



25 the proper soluble counter receptor prior to the m-.xng of tha calls.
Wi | e nonocl onal anti bodi es specific for surface proteins V\glgp$ i Izmji,zﬁeral
seem preferable to this type of assay, in the absence of th gg]
reagents, thiwp®serm a 30 viable format through which the exprgss$9/pnb
functional counter receptors may be denonstrated. The results of the
inlt~. al binding assay in conbination with the conpetitive bnd~ng assay
confirmthat functional feline CD80 anti CD28 cDNA have been isol ated, and
further that 35 (URASTIITE @kpre53%H by FRBOnuBsageuiantenonal Bycells
interact. A thougfsd hg p@@fscabl es pdglilised YPE PhclQl asdNO POnad24tea 9
sEP 2002 PCT/ U S99/ 09502 bl(g gn? assay gre limted, i renalhns an efficient
system in which Stltglbaz]rfﬂ?% £8%¥he Pr oBabi | i 13°0F - f unlYP oriPSur E4EEacE
expressi on and imCa;amrmnalearappeas 5.d NBECTmONr EBRRODUCTTION Lwottace

ent] thes wih aroBaaerihus’ SHALE A bealhs; ol T ¥oR0b. gagen ¢
nucl ei ¢ acid, 2)°¥ damext ﬁpF?Ehﬁ PHPREFSLSr i1 6f C@‘h@wr@@ﬁ@tﬁt@rmﬁéﬁi@me%)

unabl e to grow angd trRreREergopsd Nekyrdd SiArONAARE B davoi d oehng , Liprrann

tent (LwofF, 1957).. Vi ~ ,
whot hor RNA Cr SNG4 YT - FSsyt es.rscs%%f:?ahh%?w#rﬁe%s%ﬂa%%??%s by

an 15 i:fected ha'ospzrmmr( Lqﬁr |ta>ta1nd10Da|C|mébIS, (BOBBY. eVi ral , digeases
represent ar. ~nterest~ng system ~n which the practical app' _ications of

t he B7/ CD28 S|g | ex can.b gmonst r ted. Anon e retrowruses
i nfection W$%%ﬁg§ﬁs aﬁ%mi£1 (?ng %aeeﬁ‘rf c,pror?%’ \ﬁ]atfs ( YieW 20
£ats, resul ts i :ehabughupthiieh. CB80 mmssmne frapai doed Wik APJ s(Page et

WPOt resized to pgcur: 44y, OUgh'DElb‘e &l d i raldean opf acpérlety G |c%l(lF%%e

al ., 1984; Pedersen et al 1987). It i s thought hat the CD28/

si gnal i ng conpl e%F‘ip]IWS“gaBrSFean TPRPCY Y5 Fes SCRAYLE hat C Rl plﬁl—at O@H-a@fts

r ecept or expressax?m laﬁmaay eameglretnahe tclga&llsnfaﬁ'(ﬂl@ah(blar b@nretguabceal%%]z
FIVis a y real clinLg problem 1 n onest1c ca;s using a.series o
clinical ]ﬁ% subctFRf cal® ?nianl fest ations that ¢l osel y rfg\geﬁhlc% HA S nf &&ti on
in humans (Pederazkn. et®aB), 19879. C}Sz§0nnheyanﬁ ol AREPBN i aespresated cabout

FI'V, 30 the appr@@@@é@m%@f TlLEe@8sarl . TR BBk ed)ff@ja;dwwtn%ofﬂsﬂa%
becom ng nore evident and that it is the non- (Erlrra e nodel that nost

closely mnic th]%ef)Poﬁ 8¥8j of BP TFERHRE® i UMM 158 ¥HEI T E L odde She
nol ecul ar, bi ol ogt caloeanthd:02app&iy 99b571212i11c]9 0= Ginpe 2400h PG['/ Ht889/ Q%QZ

pat hogeni c, sim | es, g t t t-aj ned
fromH YV s%ﬁdl esé\é'%(%\é aei%le}%al?% gﬁ%e?%‘%@t g gfc(iLF‘%/ng !F {%«% in ca ag

Initially, HV ifPegeion as. mah?¥%sted by a transient5 | yrrphopenl a w t h the
devel opnent of nononucl eosis |i kesyndrone around the tine of seroconversion

(Clark et al. 1991) cdpere.d s-aeshortcherm degling Lo, OO, fgellpapuarion

a,ndCD8 b expansion results In an inrti 1 0s,
g;r)at can contri bﬁ@é’"@oaa—cf WdSRER 10 - dB8VBaSETEGF FAGL t AtMasyhpt biatand pesse

the illness(Coppagnet cal be LS%%)antBy trhe seRset (Fofe oMalS el at edswmi oIS,
t he CD4' T el | gggulatlon is seriousl dlr’\ i n~shed, an as t

a
progresses2to it S terMRALERESe TEREBRTI PES SSITOLYES SHopdl &t eon£§L Pee
drastical | y15 di abmashec Faudewetoalserve@84ps:Wiskeithehe transmembrane

initiallynphocyt BPe%ﬁt&Slé’érQP@bhéémgk'ﬁst q LRt | £O- %Eerq'cﬁbs rduc‘i\dsférﬁ%%r -

:nmune cell populations as I's seen yn other mral di seases
cell loss and CDsncqu%Wl@qfé"r@s|Bdnaeé83h1@®a~bﬁ% mrePosEdt Bat owgikdl in

orol ~feration anaaa raabﬂog@csle@wo(aawclcxa@@i mhgiu@g7%htﬁ%léﬁ5hlqtlr‘al (5T) ,

19B4) . The vel riate m el systens tical st

for iner 401 uoPHEL RO hER e YEp PATERSTore Tl FPo1 Rk 1R

di sease. FlV, a Enaynpho§f©plm1¢saiaye\ﬂtr @g,. ,wa$ 98l g~na&lrl, y\ﬂd@sandbEdGZSrén a
cat colony from Qalll' fQﬁQbé"e&nb‘_Qh' @El?e mMth pi;@meOfcto%lex, which raises a

potential evolutionary 1link Dbetween the MHC and the

requisite costimulatory molecules (Linsley et al., 1994b).

35 Resting murine and numan T-cells express low levels of
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chronic ~nfectlons occurred (Pedersen et al.) 1987). Although ti-~e disease
mani fests itself ~n a simlar manner as HI_V in humans and i9 gisEprg[][]g
rel ated taxonomcally, it is antigenlcally distinct fromthe causative
agent of Al B &Ps7enn humans (Si ebeiink et al., 1990l. Transn Bsi/osmbsi2he
i nfection occurs through the exchange cf infected bodily fluids, as zn HV,
but unlilte H'V in which sexual transm ssion zs the prinmary route of
infection, it appears that with FIV) the majority of infections_occur by
salivary 35 tr §§'}’01r? T 1R 15 MIP?ar?Jéﬁﬁtléset(aaﬂ. T qo89)clpaspsie
di fferences inddmananesi anci hearmasdmii,Ng ekP3essWOCH96 57284 18p8EP 200Z
PCT/ US99109502 _mmunaodef.l ci ency .synd is. one of the b del s t he
related il nessHhY Culr?g)nlse ( |(_"e~‘>/bee]1gznk&'fe)%rg%aﬁO.c,k 1§§0) .alcl’i nielcszéa%ﬂgr ogregé?on of
FIV is sinmlar exprievinnt At t bec i St aslidiag ded achtyatpdeTebehicanay
stages. The initigle & stageahs: char agt arizedsby f eufand'®) Al S§uaBMEr1ne

| ynphodenopat hy, a | ong asynptomati c phase follows znfect~on and precedes
the onset of tFETIARLERPRe (RTHHRSLT Riwhi AP AR gr t 1R68EeghanALYt | pPEO
secondary and qpordedni Shion~nbedk~apsregaustddEnsgth i1V einfidced ¥4). T10

Al 'though it is not, clear |f the route of lul ar infection .",>.4s the
sane, FIV ~s trco(%'llcS f o‘r”l&bd'c Ce J1L{_'sa%z§s \%g]‘?% zi_%sow fg‘\{iééﬁﬁg'(Br ofvxt/n &t al .
1991). Virally nrdreasd shiakel shexpes ~aemassdbdecr easkanhsTDAL Tvezhl

af:tl vhgylzggg?a&?%ﬂ@ﬂ?ct%@erﬁpr H?Eh@@ct@cﬁ‘? @ﬁlﬁ_ |’¥’Sd:§li§| eQﬁ'l'thtgt_ ]
al ., : e onset of the final stage e infectson co es wt
a s~anzf ~cant I%Drsl"ssg TR TR SUHFE g’é&?‘eéé‘& c}fl?:éﬁﬁ? YF“EgESYteS
%’Novot ney et al (Haflg@0)et Wi l,e MM )and FIV i nduced di sease nmay not nedi ate

+ T cell loss in the sane manner, the resulting phenotype and | nmune 20

system cysfunctjon appear to b nifested ~n a quite simlar. manner.

Al though 1t s Ry PRAFPPRFBLt FORCE! NPV Tegel PPN 1T LAV Sery
effects the devedaprent hoffhalaoeial of ntD®E, respionsepdshereexac GMrEsFairsm of
the interactiom gt 2a.resublsnlsyd MRAAAEL LA sECHIAR NI on of
concl usi vely de ined. In the late S ages of the infection the events
resulting in theeredhdd erdofPBMM (Baredl % 35 undtined {FSonrfor &trams,
1993) . Wil e thendlevet opFentD®f syitidsdaonndust ihamadl BPOPiesSras, pakdd he
elimnation by CTL have_all 30 been demonstrated to yeduce T cell

popul at1 ons 1 TRPTRVER: TEran( SR T net aind 1 endl F564 - e aoRTR%t
al.) 1996), a CD2&swdicatced mechaphagehas: absohbeen gy oprsedy(tHafdsan rat

al .) 1995), Infgeted Trgelbohhges hayecbgen germngtiated £0sdounar e@sat e
CD28 expression at both the 35 protein and nRNA | evel upon allo-antigen
stinul ati on (Haf FapeBenapt, 31995)19%s FrEVIcOEH B Hdidcusseyt) coz&Pgo4nd wo
991 57271 19 SEPI21002sPGhA Lk SO 095 0Ru £1:08 Smd d i iy d S 2 Gdalde@als i@l f or
the maturation OL ﬁ%;éﬁ§||*%%% Nsey Li@%&? Qgtag"wjéﬁ”fg“leeJﬂ)/ 10
infection resul Ts51 1 4 o’vm‘-regul ation of 8§Surface expression, % en
@F:gf ected T-cel | dovharegetagns Zeopr esrrrsd it (Cgewy gy a5 - bed8A8) apopt ot | ¢

“at her than fully activated (Schattner and Laurence, 1994). \Wile apoptosis
is a nor nmec L sm.of | nf ect cel | , i S y y n
addi ti ong?%cont ??g%f‘g}c t%%%él“c%“nco% lasﬁt e‘f‘%ggltslrg eﬁlzgvrvri na%“lt’o%\@ r~nc%zoer}:a}§n et
al ., 1994). 10 wp8eceieshavirdbheedngelaed tecthe dunetopnear deviedwg afer m

ssurvival in H ¥pgBf ectipmyn Wit highy | evels of Chbrassecieated sehidh 1009

t erm non- pr ogr essi gglﬁzﬁn}ﬁl DS i nf ect edi ndi vi dual s (]L_aar)lgay et al Qfé@%ﬁ% In
contrast, hunor 8Pt F¥BEP otbadmsy b%enagener ¥4y i neflfec TR 1S
controlling | entk¥isal Co&sogiratzed itbl hessord tsthasighgenshoewuldatd anfidrxodi es
may actuakly en L.seas r di .al., 4; Siehel =nk al

1995) . ond® o FREEEXRtY) ?gﬁkggﬁ@stgagaag‘ AT ol_rj‘r?%ar% &fie more
conconi t ant zmuABdetrtagkentgles tor ragnded  t kethe sadtahedr opia®ling

cel lular, type knnesposgest u1a humpral) typerdstesgopserhOuERYINAL b R4S
(Schattner and Laur&gce, 199;1%350Th| scoi ncides wi.th.o servatjrons t hat

progressi on frofPa She&Gthyst t GFPRESTE0BI OPnBREIDI 1T O 1551 et at %o a

decrease _d ' CTLtpedicatre regulate CD86 expression (Buelens et al., 1995).
35 O’Doherty et al. (1993).reported that while 1nitial levels

of CD80 were low, upor. maturation, dendritic cells present
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in CD8 antiviral activity (Lewes et al.,25 1994). Expression of CD28 on
CD8+ CTL al so appears to berelated to their antiviral activity, é\n%ﬂ)am%g
strong CTLnedi ated antiviral activity associated with the exprék i ¥rof 8
on CD8 popul at waygmtihi n the infected individual (Landay et al.pci/B893)095630
CD28 surface expression, though proposed as a nediator required to pronote
H V resi stance, ~s adversely~effected by the presence of HV in both

i nfected and uninfected Tcells (Caruso et al., 1994). Beginning in the
asynptomati ¢ st agesdferanl¢¥sl $ npecCPéA, a Yairthaon § ncehé peprestsage 35
of CD28 bearing Cl4yzoand CO8H kel | Byl $cdet ept ety (hew stk al pyr 1984k t
is proposed that this may account for {05 WO 99/ 57271 19 SEP 2002 PCT/ U
S99/ 09502 abr or mal §XRRIUTH EFRoKPHET§Bc Léivon THHtR EriRE seehCeSR | §orn Iilhd 0
infection (Carsso £ihabis1499%)zaa% wel lalas abbened CD8" T cell responses in
| ater stages (Zanussi et al., 1996). In HV infected individuals, reduction
in the prol;feration 5 of CD8" T-cells in the early stage of infection is
proposed to b2 rel Bt ed*tB2EE28 2@wn-HEFuUl SARYIE B onfFYt EOB"GS celpye  been
expressing CD28 prédmdesatacdd respodgert 0 ¢dnrdBrl sobpanapet aiand 1998k
Unfortunately in infected individuals, %D€%$ GBS’ J.cells-cap constitute
as nuch as 75% of THR-IT TR~ popul aticn, i9€ i W noral ©f ndrvr daaf's they
make up only 250 ofesdrr poprenat CBA0 (Saukkomklhs etSwack €998) .. THIKL) whitlge
CD8" popul ati ons neyi) erfifRaRREMBbsE NekPiesd £6h 1 Bl yi gl Soy tHe cell cypes
ef fectiveness of thlsjqﬁgula ioninits abilit 40 mount. an effective _
anti-viral ihflune tRsponse 1% DA E f}/ré FRTEP AT | FIHE T 155l
phase of the i:-We&lior.199Gar uso Teouglh, ) IHO94 kppe8irgdi s n@aveeghdate CD8O
denonstrat ed that j | .trah be_involved in

of the mrus (As;,%;éﬁeg%g§ﬁlgg§?m§§€f%%§?1n%% a é? 1 éé)goCb%%?ﬁﬁﬁgﬁggﬁﬁao
of :HV infected p¥PPPETE" Brosacterragee| |1Wi% h e¥Ri - EDBR AN aFRRCTPB
results in higher nrral wepki éat emt-hagusheer cobat lo@m Wide astdrdd3 & ane
(Sm-thgall et _al., 1995). This res 8%;6 cgn gf abLﬁted by the_addition of
CTLA-4 1g as'a sol UBPRYTTn ¢t EhE 0'recéptor ahuSt v EeFBSsEY" 2B YT e
by anti-IL-2 (Sm thgaéhtedl atechat98H) ofl B evwherhsfudmes Wht hrespecsted (D)
T-1ymphocytes, Zn 40%.0f-pat €0bSnse! wRRcderNStr aied, that, 28 |egalign
alone resulted ~n the_up-regulation of virus production w thout addjtiona
st~mul ~. required {A§38c8FealP801983YeSSpOPr @t r dabfEht 1 6f CEYAPhOBYRESDS et
popul ations with the HTV sunfacergl yceppotem @l2fefastd ts idlkhes these
down-regul atign of CD80 on the surface of APC (Chirnule, 1995).. Wile CD28
expr essi on oﬁ%T-ceWPéeﬁbg%%r¥]ro%ﬁép80mﬁg?%%nl Ay Cﬂlﬁsiﬂﬁégf?bn? Efé%s
expressi on ~s up-r egel atedsion thése 1oploksa85 (Hathar 1ettabrpoh988)a Thps 2s
a proposed mechani §€15g35n\§’8'.0h 'zﬂf-‘?Cti&&é@é’e§ecb%?nsé%£§%s£8nU'&'nnf?%@ﬁls
T-cells as 106 WO 99/ S7271 19 SEP 2002 PCIT/ US99/ 095 the interaction

bet ween CD28 on uniRPEERe®E ¢ 198 RASEDBDL bnt YR A Ed UNdeérrgdmyssel et
facilitate the cel kito cebd) cont:aet Bt-hat 1l atbowsethedaiansiers BbeMi EHSwn to
(Haffar et ai,., 1993). ile the effects of CD28 in H.V have been expl o

the 5 role ofthe sﬁrfgggl%F% eim N Vﬁﬂ%sﬁﬁﬁsiﬁiﬁf%ﬂ%tfﬁgu?Sheé%@#;?ﬁg
simlar results camebepdenpnatd sad 495 idhe caat bgs racgeolsser ved t2r prheshoran
system it wll fugfher; confirbanbhe Usef WSS, ohobBe fel tReeASs@ingly TNF

retroviral nodel. 10 _MATERI ALS AND METHODS
belongs to the same family of molecules as CD40, another

potent initiator of CD80 expressicn. GM-CSF appears to up-

30 regulate dendritic cells and Langerhan’s cell expression
of surface CD80, while IFNy only causes up-regulation of
CD86 1n these cells (Larsen et al., 1994).

The recognition, binding, and lysis of transformed and
virally infected target cells by CD8" cytotoxic T-
35 lymphocytes (CTL) was long thought to be sclely mediated
through TCR recognition of foreign peptides expressed in
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Infection in vivo Three adult specific pathogen free (SPF) fenale cats were
infected intravenously with 1x105 TC DSO of the Maryland strain o~ the FIV
virus. Two simlar females were nock 15 infected with serum coﬁgaSEPnﬂ]nae
virus to serwodgsrgantrols. 3l ood was extracted prior to the paefesioiosnzand
once every week for seven weeks. In the initial week of the ~ nfection,
cats were nonitored twice a day to ~ nsure that no initial reaction from
the infection occurred. As 2C the infection progressed, the aninals were
moni tored on a CRHNSEBENSS reEYBEYOMReIE O @i Fymphecakbls engtag@dotitheut

clinical illnessyyho-dfbdisdrabbopdivesicolhestat fiys CBGedateny ratj,qn aid
PBMC i sol ati on. CBC vvas determ ned by counti ngﬁcel | types in a dip- qU| ck

stai ned bl ood snk&fels O(fJé'F’éénéé?iO{aH“m“q_Wel g9 &y .2 rhe PRC -weldus.

extracted fr om th’@ atﬂpm&yhaepahaél m@m@:v}erlsa éﬁtSi]:Otha!.]uﬁi gradite rthe( SDgwe,
St. Lours, 0g. | ni t| al L) @g Al sever.' soléjél on, -5x105

cells were m)ved em\lc,i\1 di v d&d | At O 5 Wel I S o%us‘taél?é1 vvel?? bT 3 nseI'h 360
cel I's were resuspendeat¢ n 5001 £, reof néamENEt 8 ORPMG 1Rl t(H@dgleab%ﬂ e@dlwi.t h

anti bodi es di reCi@éM agal NSt e@et h@fcpgpﬂm@rﬁt%ewﬁrﬁs‘%&a@@ heac i (rydibaipgen at
roomtenperature entle r ocki ng t he cgégs werg S\?mthg two tines with
| 15

PBS. 107 WO 997 ‘?%"P 19SSEP 5662 PETFtS8508563 £ Aastig: “Phe
secondary anti bodyd gbat ant ispmusied gGinidid,) d:fd:]]nxlabetedpr(:m can be

Gai t her sbu MD) & ent rati 089,0f.11:+920 ad J.Qeq"éE'Pc
roomterrpe‘rrLgture %@ée &9\%% h e%t ige ro% |n% 2 ceﬁqﬁg were S then washed
three Mres with PBSRAngShPRed- WEPAIE % fad'r-rrallt?@r‘h}de. Fi uorescently | abel ed
¢popul ations were then. quantltated on a FACSCalibur flow cytoneter. The

remai ni ng PBMC “@EEY&Q§Q§QIQR)%QQEESQQBh EhﬁEh¥$érﬁéé&f%eﬁgafuéfﬁggté;as

solution. Follow ng centrifugation, the supernate was renoved, and m
of ULTRASPEC ( Bi éﬁei%enaHhstbc?n)jeVﬁ)lo%Enédﬂéds?@? e xek a%tﬁwmumémNA

was purifi ed and1pr e€i phdadied raacpreso DzuSemhed@@lelbﬁdlLThE THNGRIY Friton
was t hey. antltat $% by asure%lint of absforb

60 nm _on .
spect r opho rret ef’ menrtesusﬁ“eﬁlc!féd’efL OF4° 15¥ ‘%ﬁc and
treated water andefspd;2§n 1at T- 76TLf or 1ihal aF 1o eandetiie qllfa\mlqrameinﬁe HT-IPER P;

ior to PCR anplificatihgBerf samphe RNA; 968 n ofEJ@%QQ £0! lﬁﬁ&ﬂnﬂdﬁﬂa
term-nal ?y bl ed cat. PBMC wer e20| sol at ed” as_ descr previ ous y. The cells

were countedcn acRERBEYORER St dnd BAFYi G88 PRt BREC*af AXkEnatb Ja"c%c‘%%tq’% yon
of 5x105 cells padmihaisthaccehl s ofer estliuplleat e;ddm-t4thomoA f@xp@mrﬁénﬂﬁ and

24 hr prio tocentrlfu ati and extractio romthe ¢
ol 16t o5t R ToLTEPARHES nalf BXiSReF 38088 iV RT AR Rhs bt 1291 ng
1.S ~cg of RNA t pAnsSO2i8yéEdstoo lcrmwa\mutlmMVLr‘e!rféeercge at rrarvse i ystlase landf @in

oligo dT 3' prinemh, sThe, RNA L B | IRr e RR6- BERG Ad eahed qdE2Q suer @ dirgubat ed
for 5 mn at70C tQ renmpve RNA secondary structure and all ow for

pr| mer 30anneal i nG--Tr anséri ption buffer, MyC Z, dNTP, and DITT weret hen
{tagided and the m xture incubated for 2 mn at 42C One ~.1 of reverse

ranscriptase washkheppaddesansk they eaalol ed1akhowednt @h@rﬁesgﬁleé@{oﬁoofn n.
Four ul of _the 25-~cl reacti on was then added to.each of tqree t ube

f or 35CD80 &npl i f iatT o dnid ¢ nTEERULESS TR anphiti catiPorf i © Itg’m"9
SEP 200Z WD 991 572#bREH U 599508562 A sk thuren of saDX: BER1buff@tentdNTahand

80 wer o B7- 5038 SR ert R R RN R R R B SFREsc
primer: TTA TAC PAGUBESA CAGGESIAGeWS @nt REPPEFABF S CABRANEBR ayzrsa%ve%d

potential model of retroviral disease. Cloning of
30 mmunological reagents from felid species will provide
tools for research into diseases of veterinary importance
with potential relevance to disease progression or

prevention in other species.

MATERIALS AND METHODS
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CD28 S start: CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG CD28-239 3': ATT
TTG CAG AAG TAA ATA TCC The three tubes for each product were then
incubated at 10 95C for S min and then G 25 ~1 of Taq pol ymer e SEP 2002 1
cf water waswedgsd7t o each tube. The reacti ons were subject eccradhvesseycl es
of the followlng tenperature profile: 95C 30 sec, 55C 30 sec, and 72C 30
sec. A tube was renoved at 20, 25 and 30 cycles respectively. Twenty 15 ~cl
of each reaction was visualized on a_to agarose gel. The agarose gel was
phot ogr aphed antFeiREIRMIR, BF iRjdied £ra@ReBE a product appeared

determ ned. :ollow ng these p=el;mnary experinents, RNA preenously

extracted from e, |Leheda800s COA HerARhTRL1 B Rishon kIR 3. SiyL | ar

20 fashior_. Infection in vitro In vitro /"I nf ect ed I nes wer
stirmulated with(ZBMCA sermelateill A% Hr did YWexsy 6551 én YW reDxd sarfdi 2

assayed by the meliguanidcthahl ¥eafinPCRiRhed. udhecbETIT25. celd  dingJ s a
m xed T-I|ynphocyte popul ation tEat gr.ows %qut e absence of IL-2 ~n the

h |
growmth nedra. | itfe =3 Y6BoptP At Fohs thest TRI§ haved bt Rd5tsed
to the Maryl and(RTYr aireandidrheePplialung st¥aan ofT t be FEMevi3uUs.primer.

Approxi mat el y LypnLy pi | Lhengnar aab, oPebal uERLLBLeGked AN 30 My vloand,
infected FETJ were stinulate or 0 and”16 hr with 109 WO 99157 19 SEP
2002 PCTI U 599100%02C8Y Mgy & SRFOTHRIA. SHRNE tre -extThsctfed fHROIR + Husffael | s
after the incubahdordvddil Ide WhTRASREGRNAhext raddéedn ameacerpt ofBlyalexc,
Houst on, TX) and rified as.previously.described. 5 5.4.1s a Tcell
line deri Q‘/é(d fr%rﬁ?&abaléta?aenﬁ% éoﬁgny“t %tc ha O&&F’E”?S?et% f%?%% 5 ons &

galit hough this i sarer Ly Rt helwcedA~Eai Py °Fl Yot nf erted: © Approki viat el yhe wieht y

il 1ion MCH 5. 4pg@bhsr NEE EpPehé £4 e DY &N Fdrf UGS d s @ dr & esuspengdas 4 n 5
m of concentrated FIV infected supernatant. The 10 cells wer?ﬁ =ncubat ed at
0

this concentrattdh FEP2802RANTPR*ES 5eP TP ALIHRE D SeT ST et B2 BR st i ng
to a concentratGahcbérsbuts aad cubtear etheroreddl byed Aficer Rbemadnanikl

i nfected 5.4 iyl ate .and hr,_wit of Con. A. RNA
was extracted waT%F{‘ﬁleéﬁrl%A%gE% Ezﬁli 1%)‘( _reaoc]ﬁ%c?r (p\fngtr)] egég%‘%ﬁi otexc, °
Houston, TX) and pentfaedradiprevivust \kiesmmnidtadit Nontahiay e Bltdet igegeFor
Nort hern bl ot anal ysis, RNA concentrations were determ ned by

ectrophotoneteic at 2 Ei f n A= f anpl e wa
SP P El c,analysgs_at 260 gf&dngcgr.d(éﬁ% A Qe Qfd}x'ﬁ\'As mp S

¥
concentrated to 3 ~cg?éél and resuspen in 3 vol unes é? sanpl e | oadi ng
buffer. The sanples were then heated tc 70C for 15 mn to denature the RNA
and renove secoBdapyiseruBtuse.CAhe( SR €AG d@ATa VA TUMe GHG 2004~ (CTaIGe
| oaded onto a to denaturing agarose 25 gel and then el ectrophoresed at 70

volts for 2.5 h ‘ﬂ?]”tc” Httger bro(gﬁ%\enol bl ﬁe dye front rea(g%%s within 210m
of the bottom of tHe" g&l-2*FheP Wet"T hEMtPanstaT r e £ r hePHRF°tD" a
Genescr eeronyl ormpkobramel{DupdymeMENe Best oredMap Bypllodmwahd vapdhtary
action. The RNApwas N .crQss: | 'mgﬁgrgf? 05‘5?}<£H§ MEgDr ang by gxpasure, Lo | ow
qptensmy U Tight for 3 min and then the lanes were visualized for
Ntegrity of thenrpésdirancBaRds-By bRCshatiowi RgR: AtRefi ABTCBRBT SpeEFPI C
probe was const eucbedvest Nghd adaacpenned Wt abeldridg. Ankukhzl®a0WhsCD28
ol ecul e was Cu%d%%% prior to the initiation of the temperature cycle,
25 The PCR reaction was then heated to 95°C for 30 sec to
melt the double stranded DNA. The reaction was then
cooled to 42°C for 30 sec to facilitate the annealing of
the degenerate primers. A low annealing temperature was
employed to facilitate the binding of primers that were
30 not 100% homolcogous. The reaction was then heated to 72°C
for 45 sec, the optimal temperature for the Tag polymerase
to extend the primer and copy the opposing DNA strand.
The temperature cycle was repeated 30 times. Following

the 30 cycles, a final extension step of 72°C for 7 min
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WO 991 57271 '1 9 SEP 2002 PCT/ U S99/09502 fromthe TA cloning vector using
fl anki ng EcoRl sites. Thefragner t was purified by gel elect rophggegtﬁ fdﬂ?
extractedfromthe agarose with the Am con gel nebul ~zer (Am con %

MA) . 25 ng of Ribbd47eR product was | ncubated wi t h5random decanepéT,{)ggg,@scm n
at 95C to renove secondarystructure (Anbion, Austin, TX). The reaction was
then snapfrozen ;n liqt:ld nitrogen and dNTP | acki ng dATP and P3zadATPwer e
added to the mxture. Following a 1 mn incubation at37C, 1 ~1 cf Kl enow
DNA pol yner ase wagaaddagedantdot HealOnrinvtatgee preabated fof 30y nncPhpleted
reacti on was st 0DRRdIdL 4 e Rgdid i o) daeh A Oh 5 M FDIAw a8 g1, Fhe

subsequent | y. ~pur;fied with a_ Sephadex G50 spin col um g Loui s,
MO to renove uni mESCHGatad }’a‘%i?%eq AYETEHARE 86t 268C intP 5fet BB FegBERSn
was diluted zn 1 rﬂednfoi‘sscmvltrégl;at ~&yan bhegd) amd tdhe smcﬁJeth.yigof rhe ui

probedetert;lned on at ~nid ] |€an a%‘%‘i%envasBpgu?d\e%r €RL %h¥gr i z%gm ence

mn at 65C In 5 m° of =~Cc~.zat ~én Arrers
d evel and, OH).Fi ngvH’ Gélﬂ—ﬁe p?raﬂ)etra@tsf@rwggdemwxmorwaﬂe §I5fé§66d onto

cpmul, 20was added g %1%%@@ hEot ugaRd ansreubatied Widah otAtinonof gn b£5Ar soeat
65C. The probe was r and the_blots MSh\?\gPE s ~n 1% SSC/ 0, 1%
t

SDS at room terrper“égc/grf‘e fs&luféf?f’r oL THe Flo~s ‘&%eﬂ‘a\m t r Whate
G eger counter anctrcel/tzasxemj aer&5Cellbchnedessdr yandabsdbdeny waso qgéamli taf edB

on25a Bet agep, scﬁg{@ﬁl ('E% réngJ ”%o""aﬁé‘/rﬁi 6 fCaJH%lclgmlln‘l \é@ﬁ grown

perfcrmed, and t T aced on filmfor-16-24 wth a
i ntensifying screé?i"e“méaﬁﬁ crtadi’G4r #phhwasadevel 8pedandPthe bands
quant|tated bydensitonetry. RNA integrsty and concentration was30cor. ~irned

wtr. a G3PDH Spe(}? arLC ﬂ% (el %@%Wn@%d %Pr Q:fver*nglﬁted ARl @esTeXRS

ABM Lir_iverslty) el’ed "andhybri di'zed :.n a sinlar manner.
Seni - quant it ati ve FEPORFGF omLPRES. ZNaA t PESPRFEEEed il P4 aTRadpresdhc s N6f
CD28 was further nesstket byssedm 35 xpmmid twald \wextRCRt oS fﬂ‘rcﬁVIt:@ldaSby,lltures

descri bed, i d
091 57271 10 SEP 2005 PETFUSSSROB5D. * KAHEAT 1 OBRbEORETFPA T Badihgl K260

nm Two ug of RNA ¥etnagl fluirmakrvgiunml aserley t passoli: bbdetrof o DNA eusinag tawn

oligo dT primer aHQWQQ@%&rgvgrsgltran§@ﬁ1ptasﬁeaﬁNar%vgog§gx_@§§gEbBeqn 2
Three and one hal f ul the RT reaction was then transferréd to seven

PCR tubes. Three tY®EI™REr & afiNarodd ard ngheped 19566 rHi &gl neFRRI t hr dde
t ubes were anpli fi@ﬂgggtﬁgw&)z&smﬁie.‘d A ners: atwhidie rImigy Nk ddihe naas

anplified wit specific priners; CATTGACCTCA
ACA T - 107 CoPDLo-CRCER MR TRGTO TERR ATGORBE MR CPLASToReEn BTy
descri bed, tubes \/\Iél@smeﬁnve@ls attizgy 2erafgdeso cy@mesoommf@/ ql@fe%acdnd

sanpl e was vi sual Iggéugﬂc@dld%gggr @§§h6§| Selqneaggbt HaRedt heydy esanGe 16ing,
certain T cell deri ve ¢y ~okj nes&? Fg gllneoar y assayed from RNA from F(I%TJ
e

15 and MCH 5. ~ cel P&) Bri mersQ SP XY TSIEIOERK SEEYERALRBT BTEY
CAG GAT G IL-2 3 fIIE%éE&EKﬁ;BYEGApEﬁﬁn&%ﬂ%(ayE;ET@ehbeACSHQ TR KAA fNEEGTC

o L W arrielie o U U MG R A B S BRI

anpl i fy cDNA transéRibed fpmﬁ“il‘ES wayeof CRNA: rTakeady J9ar ceAd ofh t Ré rapid

transcription reacahp®h ¢ 1\6@%1@@'&5' edNhor egash oY@k Neea ke ch8MBARE NG or
CDNA was anplified usin Eemtlc rimers. The cDNA was a Ilflt%j
p

G3P
for 30 cycles using€ Fﬁé(g'f:dppovmo g pafamdt er 8%998LCE nih 1°QYRYRSE
sec, 55C 30 sec, 736y8fesere 3riwpecisesrow2€hb AT nubitcyobbatddentyien 1( wij)t he
reaction were then visualized on a to agarose gel. 112

30 Isolation of the 5’ region

The Marathon cDNA amplification protocol (Clonetech, Palo
Alto, CA) was used to derive the 5' sequence of the gene.
mMRNA was produced from PBMC staimulated for 12 hr with Con
A and concurrently 4 hr with LPS. The mRNA was extracted
35 using the ULTRASPEC RNA extraction reagent (Biotexc,
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19 SEP 2D02 WD 99/57271 PCT/ US99/095a2 RT-PCR to determ ne infection
Infection of FETJ and MCH 5.4 cells was confirnmed through RT-PCR

anpl | f ~cation of gag specific sequence. RNA at a concentrati of GoSEP. 2802~cg
was transcri lpaglod/sr2eiDNA at 5 previously descri bed paraneters geirigodddsdst RT

and a gag specific 3" prinmer. Ten ~i of the RT reaction were anplified by
Hot start PCRwth the followi ng paraneters: 95C 5 mn; 95C 30 sec, 55C 30
sec, 72C 30 sec, 30 cycles; 72C 5 mn. Follow ng anplification, 20 ~,| of

each 10 sanpl e were rd Sp&Ein zeddomnga fremagaf oslee gbtl 1IRESIDTS Jenelet er ni ne
the effects of acute in vivo infection on CD28 expression, cats AU0O4, AUU3
and QAC2 were infect ith tre virus Lntr n in3ectior., while cats
AWG3 15 and OAE%M&@‘%% @&Ge&aﬁ Fﬁ%n§§¥ab§1&o’§%5 'g(x%s anal yses showed sor;
~e differences between ~n CD4:CD8 ratios with the experinments= animals and

the controls. Wyi-edoe ccantaical aga cRraGEGOVER ahac MBsat@i ned a fairey
constant ratio of around two to one) there were sone fluctuations 20 mthe
experinmental group wit: the ratio dipping as | ow as one to one ~n one

ani mal i Tabl e 3)PBMRapfieNA: PEPAUEER PIRYABHBEYt 8RFatiie¥ T rgin PBRVE2 4R akiAf r om
acutely infect ecderarul ity nflectgthecadzsis employed. This PCR reaction (95°C

25CD4: VK1VK2WK3VKA 6 E 0 44, 5N/ DL 91. 2|, 01 51, 6AUU
3N/ D2. 32. 91. 31.%r\ll\?\{%&ggﬁ%%z%%%f%%f%\gl 2 C1130'5,E|’J=5026(‘i§ oS
991572' 71 PCT/ USEHD950Z 310565 ZP 25v8besN NR *ECTEDX ARG B12) 6 eMrE o8, 0
1.8 1.9 2.2 CAE G enrPad A folvredade 2- Hn 2eRzHi€ LEPRLSOUr $8.20~ P80 and

CD28 RNA expression waS perforned to denonstrate that nmessage for each

o) ecul e was pre¥¥tft and THIMF & SEpPF11ed by PCR &t RIRET I RE pEMS 6 O,
¥ 16 and 24 hr daoldewlagr&on X sdn meaddiontedlRiag hs @ag audnindraidseve ROR

procedur e | ooked 4.0 detechyd vl sz bl sebandAbat be htealuiherflon s

amplification c could be interred as a rel at' sure of
message abundancelon®Rdeficei thee~EDBDOBPRE | Y62t Pranth WA FRsteappeRiane.2C

to 25 cycles at @y thee wﬁjeﬁda‘@cggogrew@ughj ClRR crmysage WapeVissidyie on
the gel by 30 cycles in each of the experinment r oups CD28

~F 2 1] g f Fi ﬂ 4? ) -
message was al sCSASTBFR 4t eHR’h £ERE pU?mu‘%Faﬁ WL t hBAgH IFEE hr
ti me poi ntl1al so dradral § ai nEayhvysidel epdnandofat t26 gyokewaski ghdef@ndekhtly
simlar protocol - l.ayed wi RNA. extracted f ~ Fl
infected and uni\ﬁéf,%%tle 63%’55 ‘%‘%EE:R“'é‘n%i%“%%éf?gng%@%g%g%% fom
specl f ~c RNA was:t@ed: €¢7 deMDRStICRCE 187 Fel &9 VvEedwien bhet mesgmbudt tyf of
nmessage transcridee-foraeachepeptdlencrds rickar medrpikegi ously in the tine
course experinents, sanples were renoved at 20, 25 and 30 cycles. No
nmessage coul d be detected after 20 cycles, though both CD80 and CD28
products were visible by 25 cycles (Table 4). There were no denonstrabl e
di fferencesoi n expgessson of either nessage between the experinental and
control groups. Both subsets had fluctuations in which anplification cycle

e@ nt that product was visible. 114
= RNA extracted from experaimental cat HKS5 was used for

initzal amplification attempts with CD80, however this cat
was subsegquently terminated and further products were
produced in cifferent animals. The 1nitial amplification
25 of HK5 Con A stimulated PBMC RNA resulted in a 344 bp
product that shared 70% ident:ity with the human CD80 gene
(Fig. 7 and 8). The primers were specific for a region
within the center of the coding sequence corresponding to
the IgC 1like domazin. Although additional degenerate
30 primers were employed 1in these 1nitial experiments in
order to amplify regions that encoded more of the peptide,
only the combination of B7-2 (5') and B7-3 (3') resulted

1n product of an appropriate size. Later experaiments

62



WD 99157271 ~ 9 SEP Z002 PCT/ US99/ 09502 Table 4: Sem -quantytative
determination of CD80 and CD28 RT- PCR products anplified froni§ @f SR f2and
uni nfected PBMC RNA at intervals during the acute stage of an FIV

i nfection. 5C¥GARPRE | NFWK1IVWK3VWKAVWK6VKE8B/ Cl 23FECTED10 AUO  pCT/US99/09502
430/ 3030/ 3030/ 3C-j 2530/ 2525/ 25- AUU

330/ 3030/ 3025/ 25-/ 2530/ 25-/ 300QAC230/ 3030/ 3030/ 30-/ 302S/ 3025/ 25 UN 15

|55 301 30 25/ 26784 BT Rl T CATIGR R I SRRy Al Ok o 4R8F

| i nes using Fl Vsgag:fpechfineys iwaes udenopsssitled (Thars.t hetMCERS. 3’ cahd W

ne was infectabhe, ,a8dcqar hagdr8Npackéyeved %@Cédgplrbwrzé S Felhdad |
lines did not y eld gag specific RNA anplified. FIV specific product was 25
readily anpl ~fl able from RNA extracted frominfected MCH 5.4 sanpl es though
not from RNA si i [lmtinemxteacsed fhiegmagpenfsesced i.comyigier  Figs dxdgated
Simlar reactionsoperhar BB, on-SNA exidirch edaf FeBWFERE ¢ahl,Lingsoaxpesed
to FIV Petaluma and Maryland strains did not have visible 30 Cproduct  under
similar conditidfs -@dat™ mot33hown) 14 Nort herR Bl ot i8dg Hnd and 180 57).
sem -quantitative.:RGR1tlg  deteet TD2@rivesagewawrs e yperd onnreds 'on RA@ETabCRETJ
and MCH 5.4 cel | __|i Th M;Fg 4 Iy 1.1 ne_ha n i exper. t al
group and an unipr#oeacé%}(feco%?ro ,gﬁhi{lghtlhéell SEOFE%gcep}{gfﬁl%demgg%gegggs a
nonper ni ssi ve T s¢gldesEBl 1 wared 5y Fhec nt £6RLOR9CSEPN20622PCTPUes99£09502
The sem - quant i et iptddRER derppsbrated bRplogas €els héfgoaas capabl e of
produci ng CD28 nessage. Anpls~ication ir~ the FETJ uninfected control
ge;nonstrated 5 an eg&essson pattern simlar tc that seen in the tine
ourse for CD28 Tdies Nasdh Pt evRdEB| §ONAmATRL af 102 Rt OPoSY SEETPMICAPNERCha
gang_ was not Vi _Sﬂballlloe ?mt'bl, Zafzt)e,r aﬁc?%_gbeﬁi%ﬁt an@l_hrf_ﬂl@zstastﬂégﬂ&ti@ﬁ%
andi ng was visible afte ,cycles i g. : [ ar pattern_was
observed in the en"&ﬁdﬁéeégjgdél\/[%j%%% cseequ‘qqcr‘cr)e' Wlét‘\ﬁ\ %rblé’r‘? s TRCZaBE H8For e
30 cycles at 0 Wy andmbadrdsdmRNAD|was~safttess2bltyclaew fidllegivi mgtla tGikr
| ncubation,s | nterestd gl yhnaggaih f ot £6; MeH o %ac‘selaﬁﬂfl%% %@D@ﬁ%ﬁ%@d a

pattern different fromeach of the 15 controls. In the experinenta roup,
nmessage was not 3ffs=pIce Bdr 3epbRet® BICPS RELIUATIAPB0 e eastPon %é@sage
was anplified asnd copbroket & | dstiigedNALhgl €gibatit adsl aebceat ratdcen o g.
46) . Infection aLpspearengtg i”ééuﬁl‘cgs@%‘g RNA 25 gssage expression. 20
Nort::ern blot anatysis wasPuged 1o  Confirm LRe”datd-fouRd aSFig t hens
sem -quantitati V& R0 RCRI tRthhl gues  tREL-NHR Sftregin316 pm nEors Ansi rbleatsed hivizH

5.4 cells ghat Endini nfect ed degppst at egdr-{her-strongesty e of  the
hybri di zati1 on. Unsti nul atgd sanpl e fromthe uninf ec‘% ed I'ine had a 25
greater rate of IRDFPRT¥ALT ot ei*ffier PEREUSER nut 5PBd HHCUnSE-miss&d

infected MCH 5. dreeddidnsne(lRNA (Fi.g. 47). In addition to the

aut or adi ogr aphs, radioactivity was neasured on the BetaCGen. Raw counts from
@28 30 hybridization wer e st andar dic’z:egrwit counts obtained froma
sdbsequent GAPDH PFoDBREDfIhe BFot VT Lo E) HeRibISE BISnCrAly @15 the RACE
Nor mal i zed countpsréduc€O2§aNer tdrenml dfeot sdénom ¢ henBetla€en0o and 135 bp

25 regions, respectively, that overlapped the 1initially
sequenced 344 bp product. The fragments extended from the
known region 5’ through the 5’ ATG start codon of the
feline gene and into the 5’ untranslated region. Identity
between the 5’ coding sequence derived from these products

30 and the 5’ region cf the human CD80 gene was less than the
identity found to exist between the 344 bp region of the
feline gene and the analogous region within the human
sequence. It was observed that a similar lack of homology
is found between the human and murine sequences within

35 similar regions. Comparisons of the seguence data from
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35 116 WD 99157271 19 SEP 2402 PCT/ US99/ 09502 G3PDI: CD28 CD28 norm
MCH5. 4nor 14995 14921 14807 MCH5.4 Conl3336 13270 15430 A 5 MCHS. AIer%
16700 108S4 9867 M C H 5 . 4 1 15112 11077 10967 Con A RT-PCR anpl Ec\tl on

of cytoki ne RNA fw@bmsdski] 5.4 cell |ines showed anplifiabl e nessagecenlsyobas:
IL-2. Nether 10 IL-4, IL-6 or IFNY could be anplified with 30 cycles,

t hough 1L-2 nessage was easily det ect abI e (Fig. 49). DI SCUSSI ON CD28
nmessage was nmeasured In in vi g ro 15|nfect|onéodter

CD28 expressi on coul"i?gol@ngsgé’égd ﬁnan?fc? FRI TS tH IR et ‘tﬁﬁhretfs farked
al tered the nessage &expreessi arndthemtsiht | (dagnt nBNAstowhd .be recover ed,
CD28 nessage was measured by northern blotting and by a sem -quantitative
RT- PCR assay when recovery was 20 |i Fol | owi Vi VO experi mar};ts

ted. n
tine ir~fection cf thré¥%nitl% WIO[{" Fﬁ@eﬁﬁrr)?ltﬁndpgf‘?‘ﬁfﬁ of Y
previ ously expl ai nemnﬁﬁﬂsmmEd:DG&@pﬁm fweixerresgﬁgﬂqamarrplﬁvfdned dareranishA

extracted from ?an{é%j[rgrilss ougrL ebl god %EI\Rf rgy I\f()r‘?ﬁe}lr%%? ec{qjd’inln{%s%

and non-Infected co erm nati on
woul d have been pr ef%‘?ca{ﬂféi)efthe s’é‘?ﬁﬁsﬁu@ﬁtlmﬁéﬁ VLR AR s éﬁﬁ%‘}'é@lﬂ CDNA
because of |imtati onSawictweUrber @A cebdBamerd then amun oficRNAted pBMC

avai l abl e. The cats re bl ed a nterv SO_a le.l of 10 m
of bl ood was avai l abf%Ma °% or°%ach XpeV\EIfel@Jn%/ké ghﬁl y§PE© b? t Hg" Eog e
rati os of the PBMC fpwmddirect ead aarwabsoaenbsned ovact tdms Shak tperbeodws to
conpared to the,uni nfigctgd apLmglishn Wi ghy ati eg;dds, pWR %%/a%l%%sl%é%

2002 PCT/ US99/ 09502 remai ned relativel'y constant. There are differences
between the two expetidEht APIGRBHAES ?Hé[ﬁ‘@ﬁst REICBICEDS PANTEE Sagfat WiFhin
differ in the infectggevessubpumirabaehed aad; rales,s’ n@ergaajn difd efencaesmdinlly

CBC or CD8G and CD28 5 pression were_detegc abI & not wn) .

optimal Iy deterlnlne’ EXpressi 6ﬂeﬁﬁ?g RS r\(ﬁgs ?Fé%m hbg Fr c#;?‘f%ve

PBIVC i sol ated, or. ampesved agesaperdraps 4030ch9‘ thd uced spwemarin paeduct and
cells. Of these celhs:dloddmepedoste Bal by sk %sg%ednﬁe{ﬁé MU & d0n

not 10 express CD28 at the same concentration as CDA' T-cells. This in
con3unction with theCf RECFUEER Shay 6RABACEpRRT EMEHERY £ - pRELI®RX plBiBed Bt -
high levels by resting "~-cells (which constitute the ma3ority of

circulating T-cells)pbedolonghe-deenstey te enpl 9y PLRsdet efm pati pgfthel:
once outside cf the constant region, identaty again
declned. The distal end of the coding sequence showed
20 very low i1dent:ity which further declined following the
stop codon.

From the 3’ sequence, a reverse primer outside of the
coding region beginning at nucleotide 960 was constructed.
This construct in combination with a primer encompassing
25 the start codon amplified a product of the anticipated
size. Seqgquencing of the final product demonstrated that
each cf the previously determined regions did :n fact
overlap and this fragment provided a contiguous and

complete sequence of the feline CD80 gene (Fig. 12).

30 For amplification of the final product, samples were
amplified fxrom the RNA from Con A stimulated PBMC of
animals ED3 and EK6. At least two products from each
animal were completely seguenced and each nucleic acid

site was checked and confirmed with at least three
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15 than Northern blotting. Prei~mnary experinents attenpting1gosg?t%mg
CD28 nessage from 20 ~.g of RNA extracted from PBMC were unsuccesstul. The
sem quant ~tati ve RT-PCR reactl o, does detect the presence of RNA encodi ng
CD28. This tweiwjseure was al so 20 used to anpi;fy nessage speqdringsbsso£D30.
In vitro cell |~.nes provided RNA from which CD28 nessage was detected by
Northern blotting. The MCH 5.4 was chosen because as a T cell line, all of
the cells poteng%gll res ssa and.a derivative line 25 had

ex 8 e,
previ ously har bofEd t:clhreon?é %alg?n?%g?i JEMAYE i3 PEhRIPEIWRY tHH as
a cell line, a faligeecapeptidserVBig. of I RNA waShavai | ablecthas frmmude

| ynphocytes fro : e I ihagl.e . ani t S SO
pursued to deteg%gégggsn%ééggg?gvi§%ﬁkg??ﬁ§%g 5?0F§?§§?§Léﬁﬁr%ep%§§é%%é
present at a | oWl&6AESNTRILPBA on resting B-cells, and nonocytes, the

hi ghest | evels of expression are found in stinulated nonocytes and

macr ophages. A felj ant| r Lng |1, ] val | e,
T-cells no%nally g%?@a3§5@§§§325%%§§E5§pf§1e %%#?gmﬁﬁévgﬁg. %ﬁ%ﬁ ﬁ%n s to
detect 118  WOSGINEFZPE| iF)NStEaE 2EGRtPEF bheo9densnpy pBowsgch e ctwo
nmessage from RNapext r aglaéchne®, PBMy wasowpseesesst ubrprobabl y pespssed | ar
reasons as were discugiﬁq,wh;h QD%S.d?I%ernativeIX ?en%-guaptétatlye PCR
was enpl oyed wi tR EEHE 4§ Ve® o SmOEAS Shf 86E8d T BRF NP3 18t erndnstiat e
CD80 and CD28 nessagsy Tougtanges proviei ageal fief | anthyeaahdweeqasnte,
nmessage quantityp i shassay QB@%hQﬁ%EB%&PaBSmgﬁiiﬁﬂﬁah% %%ggﬁglaﬂﬁg &o

rel ative display of abundance. Northern bl ot analysis of message from
gifeline T 10 c@° PLRETWASS sHETRT ANArAREATE Ak tesagésr BPPERRS Wasd-
conpared in infased and non-infected cells there were differences in the
expression patterns. CD28 nessage was nost abundant in uninfected cells
exposed to Con A for 16 hr. Message was al so detected in unstinulated and
15 uninfected cells. Wiile nessage was detectable in the RNA ~rom
stinmulated and unstimulated FIV infected cells, levels were markedly | ess
than in the uni feedwgeat|ls. This data correlates well with simlar

findi ngs encountered using the RT-PCR detection technique. 20 The ability
to detect CD28 nessage is not encunbered by the sane |l mtatlons found with
the CDB0 riol ecul™®e HWRVRPL 149 B¢ e Popestatsoh ofl BBk presxt ngndel | s

can be isol ated fid) weuldscettahal yodie feasicbkeats, detqeh mesaggrtbr oggh
Nort hern bl otting. \\Wen tldﬁ?speC|f|c nnnochona 25 anti bodi es are

pe
devel oped for t %ﬂ&ﬁﬁ&cgoﬁ? B S 1T WERPSHRt TR <15 RGPEGBorrEt at e
nmessage | evel s wdpgdearize chsourhibé she fgoetrexpredsi on degereachepephd den

Oyt okine cDNA vag,aIldflced Lo (LNSUreddialy Ehet e uel e, diQ,dlid [RLensesaln
Infected and uninfecte l'ines. TL-2 was 30 anp rfied Trom eac group
irrespectid® of FFERIGTON 3P abVS. SNE"df her VY okl X neli apePrwade anptFhi ed.

The Northern bl atpdndictaleesathah £P28yexiressien akitthentBYA1kevelk hst

wn-regul ated in vitro by,the presence of. FIV. VMi|§ﬁ§§¥§%féﬂgjLﬂ9 gﬂguld

e confirmed by fieaSuriAg-119 3 WG EY 57 o7 =tionary

molecule across species are more permissible.

Although the overall nucleic acid sequences share a
25 relatively moderate degree of 1i1dentity, there were
complications in obtaining a full length sequence. The
initial CD80 product was obtained from the constant
region of the molecule, an area that demonstrates the
highest degree of conservation in the cDNA from the
30 species cloned. Primers that recognized the region and
successfully amplified a product were readily produced,
resulting in the 344 ntd. fragment encompassing the well

conserved IgC region. Unfortunately, due to the lack of
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19 SEP 2002 PCT/ US99/ 09502 surface protein expression, it appears that FIV
infection in vitro may Influence CD28 expression as has been-p%q%gagwg%ed
in human T-cells infected with HV (Brinchmann et al., 1994).

Cl oni ng and wegugmai ng of the cDNA encodi ng the CD28 and CD8(csigsyalopsng
conplex fromthe feline systemyielded product anal ogous to the nol ecul es

i solated fromother 10 systems. \Wile the putative am no acid sequence of
the feline prot g gem)nst rattheed Srlell,<;;1tl| vel%tllé)w i dgntl ty : ~uman and
mari ne pol ypept i 488 “EEnpar i sons” of " tHondl 0gy" betweed pr ék/e. o%}é??/pt?%rﬁ]ecd

mol ecul es, the Aetenti oandf Thardtt.erimotiec rewpduestedndnehsufast weéragt 15
the surface ~i 93k 13 <0t Q%laﬂ%ttet Qh@a\é%a%eﬁ'cgn%lf' %Jé@% b éedrr%é) the

concl usi on t hat e |Isolated product was ~n the feline ana

In contrast thepifélsleﬁ’@eCDQﬁ n%?‘é‘é“tﬂ*%e r&aél%eé”ﬁﬂdeFE?e FRRRY Rty %ﬁgm h the
ns?:l elf aCIsfl angopﬂét\@trth®r®m1El@da‘él %?Irevlgl ,anemrv\@ﬁnzﬁ i’ﬂt&ﬂnOgﬂU&H Oche ]
mol ecul es cloned in other ie e, hat ur C urther
i dentified by dé&fEhsP aF}I]%d‘E)?%Tﬁ é’ﬁ&cff"d %T’i'bcrf'éita&?éiay Pe E/bﬂ%cﬁ\é\ﬁéfgl

anti bodi es direet édnagakasplea e duoal, ogpuebtpaomemgnsa i $h@t¢1e$tvsep)1ea;h1 est cou; d
not react wth ﬁneeg%ar esaad Lehhaeazégpmewé addUSeGeseta 0l Binding

assays was designe denonstrate that interaction occurred, and that the
i nteraction was *FnHzbMe dh e By ‘ébtl}hb?’éc?%e}ﬂf’o?‘er?nftrﬁ’gbetha?ssﬁ?gue‘b??ﬁl ng

was denonsfor at edely oret eAktona off ullluot eagent | sedwdeiced el | Be Whesdi Was

i nhabi tabl e by the 30 introduction of soluble counter-receptors. These
assays deronst r at eg hot “onl y that the proteins for feline CD80 and CD28
buld be expressed, but also that the surface expressed nol ecul es were able

t6 i nteract. 12Q@omph21SER 2002haNP I ¥R7 amPOd/ bIS98/ 68508ndhe eXprrsseéon of

the mol ecul es i n..an. act g, | ALSGHL9D W alse Charac] eiized o The, gxpy essi on

of CD28 and CD80 Was asSayed In in vivo an N Vvitro systens expose o the
FIV mrus. The éxnoessivon Ehe w@enwmehhpmahWMeM@ defepsedanfeh t he

| ~I'V virus,s has 1@%en -$RaWH 0§ Ondieo 1@ldvelzed thAS aRa Bb al:ld 1998). Wa@‘h@!sst
adversely affected FLV i nfe ti gg/ofﬁ felipe T-cel £ E or mati on
regardi ng the exXyt T&‘%ialﬁ‘r Sof e d thg§8Cﬁ5Ve88F§§ePn £ épﬁrSBPe 8"3R of

t he di sease shouirch coabt nuedéoth@yesbabheeh t hdef eldglarsy st end asmamine
| npor tant model }éf‘e{ﬂ“olvdersal Al ecll 9l reﬁgcggngchgr %@é@h'r%ha?ﬁz ci

t hese nol ecul es |s entially vast. An understa i mmune syste
evol utl onar~ly dingERgdnty PFoR e hePafikfdn sf;\sf:eﬁ*péahsem yflsh?—eaaeeécaeﬁcre

t hor ough umlerst Jidith.0f cheves her syrat emnfipe~ ehaeﬁemlaﬂ waR1 dbukt hehichhe
i nportance of th ellnes eC|es as a_nodel retr ral_infection

clearly establis Sn2EP afC§9F 99‘%)‘}at THE 03955 ﬁé‘ W o%Ssed
as a potenti al aﬂmnsmi crorendased mbropy ChRerrnrebamate -metraphidalcity,

vacci nes. The feldne system youid be an SHAHRS enal 1aedsl ikhz wheheho test
the ef Flcacy of this system E 25 30 35 12
3 amino dc:ds may not be Vetalned the changes appear to be

25 relatively conserved. This demonstrates the potential
retention of the hydrophilic/hydrophobic character of the
molecule that thus may reflect overall, a structurally
samilar polypeptide. The surface protein appears to have
particular amino acids that may be directly involved 1in

30 binding, and other structural amino acids that need only
retain a structure that wiil allow interaction with the

binding region to take place.

While there 1s divergence in the i1dentity of the amino
acid residues in the CD80 molecules from the praimate,
35 rodent and feline species, there is a retention of the

characteristics of the IgSF. The feline CD80 molecule
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Sepi amaguoods: Col1aBhaoh MBI L, aSERR L S SUegt Lol Lan
Al lison, J.P., andicm|érigh ‘(i1®817f)1.t1ﬁfﬂe B4 uetdr e?r%@m@m@gyasaﬁbt@wﬁn@d] on
of the T-cello antigan dLeRH Yreater 3dentity. This central region of 56
amino acids (residues 165-221) within the constant region
demonstrates 87% homology between the human and feline
sequences, with an extended regiocn of 28 amino acids
(residues 171-198) 1in which only a single difference
15 exists. The region in the feline also demonstrates
s:anificant homology to the corresponding residues in the
murine polypeptide. The hydrophilic nature of the amino
acids within this region demonstrate a high likelihood of
surface expression and due to the level of cross species
20 conservation, a potential involvement in ligand/receptor
interaction. It has been proposed that the IgC portion
of the molecule 1s directliy involved i1in the presentation
0of the binding domain for receptor ligand :nteraction
(Peach et al., 1995). It has been experimentally
25 determined however, that both the var:able and constant
mct1fs are required for effective binding (Peach et al.,
1995) . The concentration of homologous residues in the
IgC region of the extracelluar domains, along with the

high level of divergence within the transmembrane and

30 cytoplasmic domains, appear to further confirm the role
of CD80 as a ligand rather than having a signaling
capacity.

As with human and murine CD80, the feline molecule is
35 highly glycosylated. The carbohydrate residues are not
thought to be involved directly in binding, but may help

to increase the solubility of the extracellular portion
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killer |eukaem-c _cell I | nol 15-.1123. Yssel,
H ., Phillips, Jﬂﬁ% § '}%rﬁugerE‘HJ 1 td esjt %fdébenﬁunzz?l on tfrong
expressi on of BMBBIHéH %lewsﬁ-lﬁuﬁﬁﬁéyyﬁésal\], ExP4) Medlt 1d9pe84%5- 850.

Azune, NIhOCayaQ%QQ dﬂosépmddlbﬁﬁuaisHabléaﬂéeﬁalﬁtéin(339§§}mpf§ﬁﬁﬂf@nent5
for CD28-dependant C rr%fh ted 15 cytoto

it ol .

£2091- 21 01. Ba-~ or‘sataﬁ)usJ Or ' RRFFSERE E“eAFEFFB Xﬁfef’ié%) are. @wa tRdge
‘based protein nmdmlmtngndcmammm ancteoanpLes. r@xpﬁnseSdlreZtlea98gaiI8§.@ 20
Bad orath, J . , ,Reag'.,c R , Linsley, P. S . ( 1994 ) . |Imunoglobul~n
fold characterlstlcs of B7-1 (CD80) and B7-2 (CD86). Prot. Sci. 3,
2148-2150. 25 Bal azano, C., 3uonav~sta, N.) Rouvier, E, CGolstein, P.
(1992) CTLA-4 anth:CE28 t:raidrxitlﬁana@ﬁgt evas1mes ghleow | rh@egﬁﬂé&vebnéd Jat Can.
Suppl . 32 LGV, danf {C eo, O ( MrRa
Kruger, &%8 éesBadbenlsShsifgL oers IE)% 1 \}cér ossnl [ né? nldon
monocyt es resul t ‘Wq mp&PReed GFV@éIOIP“@ﬂtnuI or?ncap%ﬂﬁlt?ﬂ"l/rﬁlv I rr‘ﬁ%'ﬁTeI 7,
179-189. Beal e, zﬁpdﬂa&&@n At BOBP SR tofort hsalgmnq)ﬁﬁhdneseg@@e@@'e‘léé of
t he extracel |l ul ar elﬂ.mau ns of the | nmunogl.obulin su%er am | )é Possi blf

¥ A B

correl atlons bet\iden Fonserviicy NG oo RattoR. "EBRErBFSERENT Phys
80, 181-194. naive i1ndividuals, introduction of a gene based vaccine
20 that combined FIV proteins with the CD80 peptide could

result 1n the surface expression of the costimulatory

molecule 1n combination with MHC CI presentation of FIV

€\ epitopes. If successful, this should result in the
expansion of a FIV specific mCTL population in the naive

23 individual. ©On subsequent exposure to vairulent virus,
the vaccinated 1individual would be primed to mount a
response against cells that become infected with the
virus, eliminating them before the virus has the
cpportunity to establish ictself and begin its destruction

30 of the components of the immune system.
Example 6
CLONING AND SEQUENCING OF FELINE CD28 cDNA
INTRODUCTION
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(1994). In vitro primng cf cyt otoxic T Iyrrphocyt es agai nst poorly 5

i mrunogeni c vepby/omes by engi neered anti gen presenting cells. PERUSIFOISDIMUN.
24, 2691-2698. Berke, G (1993). The functions and mechani sns of action of
cytolytic |ynphocytes. In "Fundanental | nmunol ogy " 10 (W Paul). pp.
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Haahel m LsL., Hagnes, M trEgelnamdrafEe 3994 . alX it esisd oM uﬁ'—ﬁmélmnlaforv

nol ec_ul e CD28 og%llce(lArLl A % dns%?fl Ci ?ﬂ%ﬁo‘ﬂ%%ﬁ%% }7%%15111‘ eciéon

functional and clinical coorel romm
WC., Blssey, LIlvytogmhatedsS.: hePG@eﬁﬁéﬁS CN>®ot Brgers, t9. play Gol T g onn

E-W (1991). Felbipg,hgmunodefd ¢i,eReYed) Lils dc!‘fl‘%f‘ctr%alé@t hhED4o1 apd: GO dr 30
| ynphocytes.=J. of Virol. 62, 3359- 3364. Buck, C. A 19921 Im"runogl Qbulin

Superfanmily: stFigt u?’ét?%?l%”‘o‘@‘anaof“@l]'atl Feefih to Gther t2%%bt or
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A o & q- dP93ha
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dendr~tlc cells. Eur. J. Inmmunol. 25, 2668- 2675. 5 Caruso, A,
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Canar ~s, hera, S., A 199 pressi on of
CD28 on CD8+ an§D€D4CI-*'1Fyﬁ’pﬁocTyt=@§i§ur“ilr‘i§ HpvrieﬁﬁéEt P&iﬁreseaﬁn JeSPARLAS| .

40, 485-496,. from aovT.-X43, PHA and PMA stimulation, and suppression
resulting from anti-CD28 binding (Linsley et al., 1993b).
It was determined soon after its discovery that CD28
played an wmportant role in regulating CD4" and CD8" T-cell
actaivation (June et al., 1990). In addit:zon to augmenting
20 T-cell actaivat:icn and proliferatacn, 2t has been further
demonstrated that delivery of this secondary signal also
acts tc wnduce cytolytic activities in CTL (Azuma et al.,
1993c) .

CD28 13 expressed early in the maturation of T-cells.
25 While i1mmature CD3  cells are normally CD28°, intermediate
CD4" CD8* cells express low levels , and CD4' or CD8", CD3?
thymocytes express CD28 at high levels (Turka et al.,
1991) . After maturation, the receptor 1s found on almost
all CD4" and over half of all CD8" T-cells in humans (Turka
30 et al., 1991) and on nearly 100% of murine T-cells (June
et al., 1990). The molecule 1s not expressed at constant
,  1990).

Following T cell activation, surface expression increases,

levels on the cell surface (Turka et al.

while binding of the molecule by 1ts ligand or specific
35 mAb results in the down-regulation of the gene at both the

mMRNA and protean level in activated cells (Linsley et al.,
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fdbetter, J.A %d888)bgyDifdieient iale regyl aboey,skgnals delivered 1o by,
ant i body bi nd| ng_to the CD28 nol ecul e during the act~vat~on o

| ynphocyt es. FRREROP T S140° 17 5FEAERS e?D‘F\Fk.%CKFﬁ%HHﬁ atL@T%e
G, Mrdal, S., 2OmAY ¢ teifvf aonAerveddbet e t.heAcwoLinnkéey)eP Srex(]]fgc%:)ng

Costi nmul at -or. of | Yies, W, | ~g ]g;é%é - ~
i nduces fuclztgl ona%1 e%%?%ggl%ﬁlsof éggffﬁiﬁg Jbsleco?ggr ecep or \%7%/53 B
| mrunol . 152, 26B8C28DY¥L128 #AY| ST X RF WL Bhd IB-=stikitan, (RuQg qrg%siymsi@ell

antl ger_ receptofgsgenes anthel- erbDYeGﬂg:mftl oa Nat ure 33he 395402n,
Boer, M, Kasran 30 Van enber

qom ,
Oeuppens J. L. (E@Q%)ne%e‘gat ﬁdnogftﬁé W?# t@928fr€‘f‘fﬁrﬁ Bh ToCe gg/‘gg%?ts
in CD40 Il gand efkprtessign, (Hemtdr lsgukiln- 4 1seenet | dn arbefdo ctlentChet  for

anti body prgducti by, cells, .o 23, 2 25, YJaal
Mal ef yt, R59 h?Bp r%dl Vr‘?etégyIrl Ule %%‘Ssrecaté%f?gggls &ft%?f%iog%n

subset s of hunanmEEﬂwlq“céFF“@?ﬁ in reauced inding avidity in both CD28
and CTLA-4 (Peach ez al., 19%4). This region has been

proposed as the potent:ial iigand binding site on the CD28

g:} and CTLA-: proteins, but 1t has not been determined if

25 this region 1is the actual binding site for B7 or i1f 1t

provides the structural wmotifs indarectly required for

binding to take place (Peach et al., 1994). Although

there are conserved residues shared between CD28 and CTLA-

4, CTLA-4 binds both CD80 and CD86 with a higher avidity

30 than CD28 (Ellais etz al., 1996). Thus, while CTLA-4 1is

expressed at only 2-3% of the level of CD28 on activated

T-cells 1t binds with a 20 fold higher avidity in vitro
{Linsley et al., 1995b).

Although CTLA-4 and (D28 molecules are evolutionary
35 related, sharing common 1ligands, their function and

signaling capacities appear to be unrelated (Balazano et
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20 Bierer, 1996). It has been suggested that CD28 signaling

involves the mobilization of intracellular Ca*, metabolism
of phospho-inos:tide and the induction cf protein tyrosine

€;} phospherylation (Hutchcroft and Bierer, 1996).

The cytoplasmic tail of the (D28 molecule has defined
25 motifs that are thought to be involved in intracellular
signaling following crosslinking by CD80 or CD86 (June et
al., 1994). The 41 amino acid intra-cytoplasmic region
has no definable enzymatic activity, does not contain
intracellular tyrosine activation motifs (like the TCR)
30 nor cysteine residues for the binding of Src family
cytoplasmic tyrosine kinases (June et al., 1994).
However, several potential phosphorylation sites are
conserved amongst the isolated sequences (Hutchcroft and
Bierex, 1996). Intracellular enzymatic activity and

35 protein-protein 1nteractions are often regulated through
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IL-2, IL-3, IL-4, cumor necrosis factor (TNFa) ,
20 lymphotoxin, IFNyY, and granulocyte-monocyte colony

stimulacting factor (GM-CSF), as well as the IL-2 receptor

(Lenschow et al., 199%96). The 1ncrease in steady state

mRNA 1s due to both stabilization of the transcripts and

ég} an 1ncrease 1n c<ranscriptaon (Hutchcroft and Baerer,
25 1996) .

Although CC28 costaimulation was first documented in CD4"
T cell clones (Martain et al., 1986), CD28 i1s now known to
play a role in the actavation of many cell types.
Costimulation of this pathway has been shown to regulate
30 IFNy production, a Thl type cytokine, and IL-4 production,
a Th2 type cytokine, in subpopulations of naive CD4" T-
cells (Seder et al., 199%4). The CD28 costimulatory
pathway 1s also important in the activation of CD8" CTL,
although it does not appear to be necessary for the
35 effector phase of CTL mediated killing (Hodge et al.,
1994). Interestaingly, CD28 also appears to play a role in
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uniqueé 1n preventing the subsequent onset of clonal anergy
and apoptosis (Linsley et al., 1993a). It has been shown
é} that CD28 may play a role in regulating genes known to
25 play an important role in the protection of T-lymphocytes
from apoptosis (Boise et al., 1995). A sustained increase
in bcl-x, expression 1s observed in T-cells costimulated
by CD28 crosslinking (Boise et al., 1995). It 1s felt
that CD28 costimulation may act to stabilize bcl-x, mRNA,

30 with expression of the encoded polypeptide preventing the

onset of apoptosis (Radvanyi et al., 1996).

CD28 1ligation has been demonstrated to have a role in
enhancing the production of a variety of both T helper
type 1 and type 2 cytokines (Lenschow et al., 1996). There
35 also appears to be a role for this interaction in the

development of the specific T helper subsets. Naive CD4"
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mice had reduced T cell proliferation and production of

cytokines rthat could only be partially restored by

exogenous IL-2 (Shahinian et al., 1993). It has been
é} demonstrated that highly purified T-cells are not
25 activated by lectins in the absence of APC (Unanue, 1984).

With this knockout strain, i1t was demonstrated that the
CD28/CD80 interaction i1s required for the mitogenicity of
T cell lectins (Shahinian et al., 1993). The interaction
was also found to be aimportant in the mediaticn of
30 i1sotypic switches by B cells in response to antigen
(Shahinian et al., 1993). Unlike with the CD80 knockouts,
a demonstrable role for CD28 could be determined using

gene knockout technology. A CTLA-4 knockout mouse has yet

to be reported, but a mouse transgenic for the
35 overproduction of CTLA-4 Ig has been studied (Lane et al.,
1994) . As might be anticipated, this strain has some
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regulated through the CD28 signaling pathway (Seder et

al., 1994). IL-5, IL-10 and IL-13, other important

20 mecdiators of humoral response, are also up-regulated by

the interaction (deWaal Malefyt et al., 1993, Minty et

al., 1993) In addition colony stimulating and growth

factors including GM-CSF, CSF-1 and IL-3 and chemotactac

Qj factcrs 1including 1IL-8 are all up-regulated with the
25 signal delivered by CD28 (Harlan et al., 1995).

While the potential use of CD80 in the induction of cancer
immunity has been previcusly discussed, there are a range
of other proposed clinical uses for Cb28 and CD80.
Prevention of the interaction between CD28 and CD80 has
30 been demonstrated in rodent model systems tc facilitate
the prevention or treatment of some autoimmune disorders,
in the prevention of the onset of organ rejection or graft

versus host disease, and in the prevention of cytokine

release assoclated with sepsis (Harlan et al., 1995;
35 Nickoloff et al., 1993; Thomas et al., 1994; Zhou, et al.,
1994 . The addition of CTLA-4 Ig to block CD28/CD80
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costimnul atory ul'e exEressed by peritoneal ate cells. Proc
Acad. Sci . USA SgOUCA9NH- LA234VARDALY e e, PFOP 1 §RRismann, B., Hubele, S.,
Lane, P. (1994). 35 Mce transgenic for a soluble form of murine CTLA-4

show enhanced expapgirgnef Aﬁﬁtng@ﬁog.@em _ic CD4+ T-cells and defective
anti body production in vivo. ,T. Exp Med. 179, 137

€Z} Isolation of an initial fragment of CD28

mRNA was extracted ZIZrom HKS5 peripheral blood lymphocytes
25 staimulated for 16 hr with Con A using the RNAzZolB RNA
extraction reagent (Biotexc, Houston, TX). Initially cDNA
was derived from this RNA by a reverse transcriptase (RT)
reaction employing oligo 4T as the 3' praimer. Briefly,
the RNA, and oligo dT were heated to 75°C for 3 min to
30 remove secondary structure. The RT, dNTP, buffer and
distilled water were then added and the mixture incubated
for 1 hr at 42°C. Following this incubation, the sample
was heated to 95°C for 5 min to 1nactivate the RT.
Degenerate pramers derived from consensus regions found

35 within the human, murine and rabbit CD28 published nucleic
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model for HV i deEEERERMN n nafe™ FEe | BedeesCEnpai rtrkeﬁnthNA specific 3’
primers were derived and synthesized for use :n 5’ RACE
reactions.
15 CD28190: CGG AGG TAG AAT TGC ACT GTC C

CDh28 239: ATT TTG CAG AAG TAA ATA TCC

Isolation of the 5’ region

A modified GIBCO 5 RACE protocol {(Gibco BRL,

4N,
é;} Gaithersburg, MD) was employed to obtain the remaining 5'
20 sequence of the feline CD28 molecule. RNA was extracted

from 16 hr Con A stimulated PBMC. A 3' gene specific
primer was employed for first strand cDNA synthesis. The
RNA and the primer were heated to 75°C for 5 min prior to
the addition of the other RT reagents. Following the
25 denaturation, the mixture was cooled to 4°C and reaction
buffer, magnesium chloride, dNTP, DTT and SuperScraipt RT
(Gibco BRL, Gaithersburg, MD) were added. The RT mixture
was 1ncubated at 42°C for 30 min and then heated to 70° C
for 15 min to denature the RT. An RNase cocktail was then
30 added and the reaction incubated at 55°C for 10 min to

removal residual RNA and prevent incorrect terminal
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KlonTaq polymerase mix) with the dG/dI 5’ anchor primer

and an additional upstream gene specific 3’ primer. Thirty

pl of the nested reaction was then visualized on a 1.5%

- agarose gel, and the proper fragment extracted from the
e::? 25 gel (Fig. 19). The cDNA was purified as previously
described with the Amicon gel nebulizer and micropure

filter (Amicon, Beverly, MA). The purified cDNA sample

was sequenced through dye terminator cycle sequencing

(Perkin Elmer, ©Norwalk, CN). From the fragments

30 completed, a concensus sequence was derived. From the
seguence, a pramer palr was synthesized that encompassed

the entire open readaing frame of the feline CD28 gene:
feCD28 5’ : CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG
feCD28 3': CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G

35 Using these primers, a cDNA molecule including the entire
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15 the murzne, human and rabbit CD28 cDNA sequence were

employed 1in a PCR reacticn and successfully yielded a
product that encompassed a-most all of the feline coding
sequence. Due to the higher degree of conservation found

in the £D28 molecule, =:nitial amplification using

20 degenerarte primers y:elded virtually the entire molecule.
As opposed to the feline D80 molecule in which only a

small central fragment was -nitially produced, only the 5’

€Z} most 113 ntc.s were lacking Irom the open reading frame of
the CD28 cDNA (Frg. 20). This sequence initial fragment

25 shared an 86% homology with the analogous regaon within
human sequence, a 86% ident:ty with the rabb:t cDNA and a

79% homology with the murine coding sequence.

The 5’ ATG and the additional 110 ntd. as well as some
upstream 5’ sequence was 1solated using 5’ RACE PCR
30 (Gibco, Gaithersburg, MA). cDNA transcraibed from EKé Con
A staimulated PBMC was used :n the tailing reactions. With
this material, amplification with primer CD28-786 and the
anchor praimer dG produced little definable material (Fig.

21) .
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~ aut oi nmune MRL- | pr/lpr mce require costimulat~cn through . . e B7-
~CD28/ CT: ~A-: pathway for act_vation and can be reanerg~zed 11§ %EVoz
stinmulation of the T cell receptor 15 i:: the absence ef costinulatory
signal . Eur.w®9srlsmminol . 24) 1019- 1&25. 142 19 SEP 2002 W O&9sspdFh21l 13
FIG 1A-1 PCT/ US99/ 09502 FeB71. TAMJ

ATGGGT CACGCAGCAAAGT GGAAAACACCACTACTGAAGCACCCATATCCCAAGCTCTTT 60 | Mt Gy
Hs Ala Ala Lys Trgk Lé% Thr Pro Leu Leu Lys His Pro Tyr Pro Lys Leu Phe
CCGCTCTTGA7 GCTABE T ABTE R T P PT ARSI TG TCAGEIACATY S AECTRAEAAEE 2 0PI S L' Leu
Met Leu Al a SerpkemePhecdmis:ddei Bys a8¢rpargel | eddlecdd nc¥@la ASAom this

Ly s ACAGTGGAAGAAGT A ACTAT JTTACAACATT (I)A%? CGL80Thr _Val
Gu Gu Vval A ar$ggg@§§ ggér% %@%Ggﬁer@r uisgﬁ-grl ;Eg‘%ée?e Fr%f\ys% FLErES

Thr GAAATTCGAATCTRT BGEEAAANGEATCAT CAAAT GAT CTTHICTEGT CATGT GRGGCAAAZ40E 12T | e

Arg Ile Tyg T%ﬁi’rﬁaé@%ﬁ%&u Nﬁhigagi\égﬁ'céf@hé/ﬁllg@ia@é S-¥n an
Lys GTACAAGTGT GTACAA CATTCACTGACGT CACCGATAACCACTCC30DYnl G n
Yal Trp Pro Lys2F¢FOBfs B&h A TRRIPRBCTHr XM aMiedrhiDBsp® Asripflsream
Ser ATTGT GATCAT Geed2 EaCHASI R (AGACAATCSCAAARACAS TTIT ATJA TIKAASNESE Gt bdorvai
fle Met Ala Leu égr% L Ser Asp Asn Gy Lys Tyr Thr Cys Ile Ile Gn
LysATTGAAAAAGGGf A GTGAAACACCTGACTTCGGTGATGTTATTGGTCAGAGCT4201 e G u
Lys Gy Ser Tyr Lys Val Lys Hs Leu Thr Ser Val Met L.eu Leu Val Arg
Al aGACT TCCCT GT CECEAGTATAACEGAECT ECEHAATEEAE CTIEATAMEAT CAASNCGATA48RASRa $he
Pro Val Pr,g Ser .l r r H n e
i| o ATaTcot IaneT et R A R S e o B Ve Rys
féu Thr Ser Q@ ycAmMPIpEe 1Pro WS PRE Hi's IR ISRICTTr praXeu W Asm @plily
“UGAATTAAAT GCCABSAACASAAGAG TR CELAAGA FECHGARACE GAGED ETACACI A T6QQGh Hekeu

Asn Ala 1l1le Asn _Thr. Thr Val Ser n pPro du Thr Qu Leu Tyr Thr Ile
AGCAGTGAACTGGATP?@EA?A?&R&AMCM%TQ&%%#@& GTAT 660 Ser Ser

G u Leu Asp Phe Asn Met Thr Asn Asn His Ser Phe Leu Cys LEU Val Lys Tyr -
s sEP zooz WD 99/57271 2113 FIG 1A-2 PCT/ US99/ 09502
GGAAACTTACTAGTATCACAGATCTTCAACT CéGCAﬁAAATCAGAGCCAgGCCTTCTAAT 720.G Y Asn
Leu Leu Vi~ Ser “G n~FR8 Phe"AsP Tr p & PiE Sér oS H n Brder YRSH
AATCAGCT CT GGAT CAPTAILEFGACCTEACR ACGTAAGFGECGARRTEGT BTG CACEECAL 780c'e: WA G n

Leu Trp Ile Ile & d&Y S84 Sefon@lrmédl S8E1G ¥l | gc¥al Val hh@eg%dé&@

CTTACCTTAAGATGCCTAGI CCACAGACCTGCTGCAAGGT GGAGACAAAGAGAAATGEGEG 840” Leu Thr
Leu Arg Cys Leu P3IFedcs YAF GRS ATUANS Ar gf TH PPy Ga BRG18Puthtef udly
AGAGCGCGGAAAT CCAAAGAT ST CACET GILE ALATTAGAE T CT S GARCCACTGEAT 65908 cAbg Aba

A L T L A S Hi L S T |
A AT A A R T e R R R AP BATHC RIS B m m e r m N 01 v

Within the final 685 bp fragment encoding the entire open

€~3 reading frame, the 5’ ATG was located at position 1, the
ud stop codon was found at position 664-666, with an
additional 19 nucleot:des in the 3’ UTR (Fig. 24). As

25 with the fe CDB80 molecule, the 5’ position of the ATG

codon was confirmed through seguencing cf 5 RACE PCR
products (data not shown) .

The feline (CD28 gene, once seqguenced, demonstrated an
overall identity that was closest to the rabbit and human
30 sequences (Fig. 25). The homology with the murine cDNA
was still strong while identity with the chicken sequence
was more divergent, though comparable to that seen between

the chicken sequence and other mammalian genes (Table 2).
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An amino acid peptide sequence was derived from the

nucleic acid sequence as previously described. Identity

with the derived pept:de sequences of the other published
genes was comparable to the i1dentity at the nucleotide
level. The signal sequence of the peptide extends from
the 5’ methionine through residue 19.

the feline

It appears that in
other cloned (D28
polypeptides, that the single extracellular IgSF variable-

molecule, as 1. the

like domain extends from residue 19-153. The hydrophobic

membrane spanning domain extends for the next 27 residues,
and 1s followed by the 41 amino acid cytoplasmic tail. As

with the human CD28 molecule, the feline polypeptide has

5 potential N-linked glycosylation sites (Fig. 26).

Comparison of the predicted amino acid sequence of feline
and human CD28 proteins demonstrated regions of homology

with some differences (Fig. 27). The majority of changes

can be found in the transmembrane domain and in the signal

sequence and NH; terminal domain. The highest degree of
homology is found in the central IgSF V-like domain and in

the cytoplasmic tail.
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WD 99/57271 4113 F!' G 2A-1 FeB71- SYNTRO 19 SEP 2002 PCT/ US99/ 09502
ATGGGT CACGCAGCAAAGT GGAAAACACCACTACT GAAGCACCCATATCCCAAGCTCTTT ?g Egﬁt zﬁgy
Hs Ala Ala Lys Trp Lys Thr Pro Leu Leu Lys His Pro Tyr Pro Ly
CCCCTCTTCAT QLA A6ERAGTCTTTTTTACT TCTGI TCAGGTATCATCCAGGT GAACAAG pEZR;55%6 /69 sh£ U
Leu Met Leu Ala Ser Leu Phe Tyr Phe Cys Ser Ay Ile Ille Gn Val Asn Lys
ACAGT GGAAGAAGTAGCAGTACTATCCTGTGATTACAACATTTCCACCAAAGAACTGACG 180 Thr Yal
Gu GQu Val Ala Val Leu Ser Cys Asp Tyr Asn Ile Set- Thr Lys G u Lau Thr
GAAATTCGAAT CTATIGBRAASSBEATEAT BAAAS BETEG THEBCTB L EAT GF CF OECARYe Xrddardd e

Arg Ile Tyr Trp L t I Al_a Y t :
GTACAAGTGTCIBCCC%%?AC%%&QSA%%@%} T%C%T&X%&@M&@&%&%W%ﬁl %
Val Trp Pro LystigrCP¢8/ATRAAfG fEam Ipheddemipnsagmogal tir  MEplashhers Se&
ATTGTGATCATCCCTEA GG ChEE CAGRGAAT CHAMA BAGAGET GEARCAT ECAMMNE r36Q 1l |41, VAl
Ile Met Ala Lsu Arg Ley Ser Asp Asn Gy Lys_Tyr_ Thr sllelle dn Lys
ATTGAAAAAGEGT CTTH M&%@ﬁ?@&?@%@%ﬁ% GETHI 1A u
Lys Ay Ser TyrThy MWEHPY yethifs1kEdeThinsSerbwall 1Mot tee thevbatd A gcrAlsa
GACTTCCCTGTCCCT, TAA! W%I C@%ﬁg}%@ E?Aéscp Phe
Pro Yal Pro Ser @Th%%gcég Asn g@%@@%ﬁﬁs n eAﬁ‘L%/%pl rg ﬁ’ﬂ
AT@@TMGTMMM&WWM?%@WW%MWS
Leu Thr Ser- 4 yt@iycihel PrihdesriRino HhslleunSera Trunked Go Asshddtivdd u
GAATTAAAT TCANCACAACAGT. T;I'%_(‘:gsAgﬁA;rgTz CTGAGCTCTACACTATT 600 G u Leu
Asn Ala II'é Asn~fhr-Thr Val*Ser nN"Asp Pro Gu Thr Ju Leu Tyr Thr Ile
AGCAGTGAACTGGATTTCAATATGACAAACAACCATAGCTTCCTGTGTCTTGTCAAGTAT 660 Ser Ser

B b0 era71 sl 15 b G A o s Goe Cope! idlects T
GGAAACTTAATAGTATCABARBAT EY TCARRT FEAGARERREARET TETRRY 7900 RC9sn

Leu Il e Val Sere&backbelPhehAsmammplean kyguEeted UFR50 £ N. Pro Seridsn

AATCAGCTCTGGATCAT TATCCTGA 1T, GATCACTGCA 780 Asn .G n
Lou Trp ITo 11 cor 6 Tor S8 e Vel o V- Gor Ty 11 Vof VAF-rracThe A%
CTTACCTTAAGATGOUFAGTCEACAGA GEAGATRAAGRGSATGBRE B4 00 e ut tiéhr

Lieu Arg Cys LedxVahcBrsufegd RIG-Alch Aba Ak TeRcédbpdcd NN -chdGod cMetnd Y
AGAGCGCGGAAAT GATCTCA CTACATAG 879 Ar~7 Ala Ard Lys Tra Lys Arch

Ser r!~s Leu SePSTAfr *“BPG 2B Hydrophobicity plot: Feline CD8O (B7-1 )

Hydrophil:city plots of the predicted amino ac:d sequence

20 of feline CD28 when compared to similar plots of the human
polvpeptide, further demonstrate the probability that each

prozein retains a similar structural integrity. Where

Qi) changes i1n the amino ac:id sequence occur however, there do
not appear to be significant changes in the hydrophilicity

25 of the molecule, which reflects that changes in the aminoc

acid sequence are largely homologous. Of note 1is the

hydrophobic membrane spanning domain in which the feline

and human peptides only share 75% homology, yet have very

similar hydrophilicaty profiles (Fig. 30).
30

DISCUSSION

The seguences of the cloned (D28 molecules all
demonstrated a moderate level of evolutionary

conservation. It can be hypothesized that the role of the
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and including higher praimates.

5 Comparison of the putative amino acid sequences of each
of the molecules shows moderate homology in portions of
the extracellular domain proposed to be 1involved 1in
ligand binding and in intracellular regions proposed to
promote 1intracellular signaling. Overall, the highest

10 degree of homology 1s found in the region surrounding the
proposed ligand binding site, MYPPPY, located in the IgV
domain from residues 118-123 in the felaine polypeptide.

The proposed signal sequence of the peptide extends from
the 5’ methionine through residue 19 (Aruffo et al.,
15 1987) . Monomeric (CD28 1s composed of a single
extracellular IgSr wvariable-like domain, which extends
from residue 1%-153 (Aruffo et al., 1987). The
hvdrophobic membrare spanning domain extends for the nexc
27 residues, and 1s followed by a 41 amino acid
20 cytoplasmic tail (Aruffo et al., 1987). The feline
protein has 5 potential N-linked glycosilation sites in

identical positions as those found in the human proteain.

éi} Interestaingly, the glycosylation site located at residue

105 1n the £feline protein 1s NQS while n the human
25 seguence it 1s NQT. This amino acid divergence further
reflects that while there are sequence changes between

the molecules, the overall structural characteristics are
retained.

As might be expected due to the level of homology shared
30 by the protein, comparison of the hydrophilicity plots of
feline and human CD2B8B demonstrate that the molecules
share potentially saimilar conformational patterns.
However, 1t also reveals that when there 1s a residue

that 1t is altered, the change is generally homologous.
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FeB72GTT' TCTGTGTTCCTCGGGAATGTCACTGAGCTTATACATCTGGTCTCT GGGAgIgC?ﬁ g@EGATGGG
CATTTGTGACAGCACTATGGGACTGAGT CACACTCTCCTTGT GATGGCCCTCCI Met Asp
Ser Thr Mewd3dys7hau Ser His Thr Leu Leu Yal Met Ala PCT/US99/09502
LeuTGCTCTCTGGTGTTTCTTCCATGAAGAGT CAAGCATATTTCAACAAGACTGGAGAACTCGCLeu Leu Sec-
Gy Val Ser Sec- Met Lys Ser Gln Aia Tyr Phe Asn Lys Thr Gy Qu Leu~
80CATGCCATTTTACAAACTCTCAAAACATAAGCCTGGATGAGCTGGTAGTATTTTGECAGEPr o Cys Hi s
Phe Thr Asn Sé/t‘hiGlen Aéw IteaSemem‘suamSp ddmg ibeui¥althMat aRlee T  the

Gi n240y ACCA CTCTALCAGHTATT G W@Mg pan
Asp Lys Leu Yol Leu Tyr Glu e Phe Arg g% Lys u Asn Pro G n%ﬁs

Va| 300ATCT AAATAFPAAGESCCEHW TICSCC A ACYSATSN UiictA LeU
Lys Tyr Lys GaAHIsHiE SehalPheoAshd ¥e e@paAﬁqalI&m?{hﬁsLﬂ@dé\vagewu
Hi s360ATGITCAGAT GGAC\{/GAACE%GCA TATCACTGITTCATTCATTAT GA%
dnlle Lys ASPYE G S $UEySSPRE FPERIS Tyr Ly¥eE§ PO
Lys420@@A@TMWT@A@WU@\C@MWTW@&GTWCEW Leu
val Pro filet sisddnfikat,qer tk%rcP@Qsi—ﬁH(ﬁA ol cheuchlasdsm Big, Ser

G n480CTGAAATAACAUTAACTTCTAATA! T CATAAA Pro Gu
Ile Thr Val THOSerOAsHE AFRE TRECEP P AsANGe? 1 EP9uIN et P e ASRAERG L FHAT

Cy s 540CATCTAT ASAATSIT ACCALAATDZIBAAGIAGA DO LAE T BOEACRPAAAGRETCAGAALEDEer Ser

RSB0 CARCT ACTRICTRT AT ACT ST CARARRT T AR G B AT GHECRSE Thr

Thr Lys Tyr Asp-thiatvgin pt 1pysacgkliSar @ffensar Aspl &)l cknr (Aguf fbegt
¢ Tyr 660ACGTTTCTAT CAGGIFHGCCT |ﬂHé:@@@@W@@?&%@%ﬁq%@§@E€TIEEGE%%n Vol

Ser lle Ser Leu ProR Val His Asn Val Ser Val Phe
oys CCCTGAAACTC%AGACA%&T %TC%CF%T'F@XETA%@T@SQ%Q 3F-eu Lys
Leu A u Thr LspotutiMel deted ert SerrdsundPrmholRpdoAsn akthenAspuAlea al.

G nCTAA TAAAgAg;crr geﬂggpcg% ACTT, o_Lys Asp
Lys Asp Gu nady yuTﬁ%lleAla glvgr%%ﬁ%}%r’% ak
Met 840TTGTTGTW®@@@WG@TG¢@@¢ PN ATACTAACGASAL A

Val Phe Cys dyrMat Mal R&fa.Bhenlyse Tﬂi\imd—rﬁlé')ﬁr guk)(ﬁe%ﬁ)d—é/lsnsl—ylsl?rla%%dg n900
19 SEP 2002 WD 99/ 57271 /us 9/ 09502 8 3 Fi
CTGGOOCCTCTCATEAATGTGAAA Ceene gc&&&é&é&ééﬁéé@“ﬁé’ dy

Pro Ser His dpr&ys:G ulililasel FCeikyseAngnék uGuArEg’BlyswrGlue SEY mpy @en aThr

ACCAT T ¢ Arg
Yal Pro Tyr H S Vel P e Gl Ag S %‘5‘“*‘\%@0@%@%@3&9@% R o
TGAAGACAGCCTCAG@@@@AA@@WMGTA@@AAAM BGCFTCGECFEETGACAATE Leu LYS Thr
Alo Ser Ay Asp,byssfsa :Qenn_ouéﬁo | the F Gn8B ddy dnepholircidsy dpeotcpokel i ne
CD86 (B7-2) 20 40 60 80 100 i 40 160 180 200 220 240 260 280 300 320 A
~en n n n 0 r- ATRPFRF n2Snl“AF pha? “Ret one” - Garhi™st- RSYEE A1 5h& *FRegi ons
- Chou- Fasman Beta, cRegpéasmicGarak er - Rbbsore n gpeptiden rhas nmulityplie n ~ p
{Beta Regkons . Chous EasmBlnaTiag mediacsrs. ~~~NF NN .n nn ~~-nyT n n ~ mn.
0O TUrn, Regions - @Grnier-Robsonn n~nnnnnnnnnnnnnnn~~n 1~ ~ ~
Turn, ReglOnS - Chou-Fasman C p Coil, Regions - Grnier-Robson 3.4 o
Hydr ophi lici tyTﬁbotucuKtyt@;Damaiutlpbe of D¢ ped, 1 nanpRRpatndbi eciRegi snsuld
- Ei senberg O Beta,; ,AwphiRatic Begbemé toEbége—E]Q@rQuQﬂ:@Xé%feBg%rqnéf

-Kar pl us-Schul z_a Antigenic I'ndéx - Janeson-W
the receptor and monitoring CD28 expression following

Yal

infections with v:iruses such as FIV. If tools for protein
30 detection can be combined with existing methods of message
detecticn, valuable informatzon about the levels of
expression during the course of ainfection may be
determined. A further correlation of CD28 expression
patterns during the course of chronic FIV infection will
35 act to exemplify the feline system as a proper model of

HIV infection in humans, and may lead to more definitive
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r-, anui en ~rWd-~--u~--~Fnnr, , r, nnnnnt-~t t-, rqéngEﬁfzn021
r"7 ~'f n n wooost8nSEP zooz WO 99/57271 10113 FIG 4A FeCD28pfPfiU549/09502
S99/ 09502 ATGATCCTCAGGECTGCTTCTGGCTCTCAACTTCTTCCCCTCAATTCAAGTAACAGAAAAC / Met
lle Leu Arg Leu Leu Leu Ala Leu Asn Phe Phe Pro Ser Ile @n Vai Thr G u Asn
60 AAGATTTTGGTGAAGCAGT TGCCCAGCCTTGTGGT GTACAACAATGAGGTCAACCTTACGCL20LYSs Tl e
Leu Vol Lys d nanBWePsorggardinm Ve catrsgyef Asmfésmnad unVvidbtAssykeams.
Ser TGCAAGTACACTCACAACTTCTTCTCAAAGGAGT TCCGGECATCCCTTTATAAGGGAGTAL80CYs Lys
Tyr Thr Hi's Asn Phe Phe Ser Lys Qu Phe Arg Ala Ser Leu Tyr Lys Gy

Vnl GATAGT GCTGI GGAAGT CTGCGT TGTGAATGGAAATTACTCCCATCAGCCTCAGI TCTAC240Asp  Ser
Alo Val Qu Yal Cys Val val Asn Gy Asn Tyr Ser Hs @n Pro G n Phe

Tyr TCAAGTACAGCAEKGNE EGTGAT GGGAAAT TGGECAATGAAACAGTGACATTCTACCTC300Ser — Ser
Thr Ay Phe Aso Cys Asp Ay Lys Leu Ay Asn Qu Thr Vol Thr Phe Tyr
LEuUCGAAATTTGI TTGT TAACCAAACGCGATATTTACTTCTGCAAAATTGAAGTCATGTATCCA36QAr ch Asn
Leu Phe Yal Asn“@%8/fR8OASROTEINTFEXPBRESEYY Lys lie Qu Yol Met Tyr

Pr oCCTCCTTACATAGACAAT GAGAAGAGCAAT GGGACCAT TATCCACGT GAAAGAGAAACAT420Pro Pro
Tyr 1le Asqo Asn {@qhdptier@@®n Asn Ay Thr Ile 1le His Yol Lys Gu Lys

H sCTTTGTCCAGCTCAGCTGICTCCTGAATCTTCCAAGCCATTTTGEECACTGGTGGTGGTT480Leu Cys
Pro Afa G n Leu Ser Pro Qu Ser Ser Lys Pro Phe Trp Ala Leu Val Yol

Yal GGTGGAATCCTAGGRETRCT ACAGCTTCETACEAAGAGTGEECT CTIGSFCCTT SCTCGATCL 43G9 1™ y
Ile Leu Gy Phe -pBf, o300 Labokay Mpudld pMalcdMa Lﬁwqavcﬁéra o@sa ﬂmar

VBt AAGACCAAGAGGAGTAGGATCCT TCAGAGT GACTATATGAACAT GA

bys Arg Ser Ar-¢ i I¥teu ETPEEE As TV IS S n Wt T eF“r'& AT

Pr OCDGCCCACCCGAAMAWA%' T A€ ROGEACCAGEEBACTCEIGCCHEEAT ACAGT6 Gﬁﬁtyad?r o]

Thr Ag ArgyH s Tur G ProoTyr AaBria Ala ALd Asp: BDecAd Ald ot
T
TOCT CACAT AT AR AN b Sro T eI, GHegpiBethle ol
to only i1nvolve the interaction between the TCR on the T
cell and MHC on the antigen presenting cell, but it has
become clear that binding between accessory molecules 1is

reguired for full activation of the T cell ({Schwartz,

=
u

1592) . As discussed, the evidence supports the
interaction between CD28 and CD80 as the mediator of this

accessory signal (Linsley et al., 199la).

Many of the important receptors and ligands in vertebrates
are members of the IgSF superfamily (Springer, 1990). The
€;} 20 molecules are characterized by the presence of an
immunoglobulin-like region, normally in the extracellular

portion o©of the molecule (Buck, 1992) . Although

conservation varies, 1t 1s often limited to those residues

required to generate an Ig fold (Beale, 1985). The

25 characteraistics of an Ig domain include two closely
associated anti-parallel (B strands connected by loops

following conserved topology (Williams and Barclay, 1988).

Although there 1s a sharing of structural properties among

members of this family, there is a diverse array of

30 binding interactions and signaling properties particular

to this family (Anderson et al., 1988).
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PCT/ US99/ 09502 £oM2anee ‘@%M"ﬁ G Rale extracellilar ¥ region; though
AACCT GAACACT CCT CECAT AAREX 3 ATHESEET GCHE BUGA L BeCERASEARSEEET Cne0 Metuf® Cys
Phe Gy Ph Arg rg.Hs o] .~

AGCTGGACCT T A TR PR AR CPART TP o 2685 128 Asp
Leu Al a Ser Arg”fPHIeC'Prlﬁ Prowe@ps Tiws Aogh ey Phia kSerance f LedPPhef domain

i | eCCGTCTTCT CCA%@E@@&I@W oo T GFHESaRARCACEAGLEDRE 9) Val

Phe Ser Lys Ay _Met Hi s Vi 's Pro Al a Val _Leu Ala Ser Ser
Ar gYGTGTCGCCAGCPFESTE?R £TA F%éééo@%&*ﬁﬁt@&m@ﬁ\i%’fﬁ/ Val
Al a Ser Phe Val t@yrtp.@t@STycranGb@ S@EdS@lﬂ = ylmsmeAl hafdla tysePhebAigh an

Yal CTGTGCT} o |
Lgu Arg GI n Thr gy Ser GI n Met Thr GI u va %G:%QA%%%‘GBW QQTQEeé{a
Val AGAATGAGT TGGRCE FCERARATERIT CEAYET m%&éé%%@&mre@@ ueRsn

@ﬂ Lsu Al o Phe dieu Asrpdssp. Ser ﬂhﬁh@@hThﬁeﬁwe:H ecier &8s d MoASNCDSO

LysTGAACCTCACCAT ees 20Val. Asn
Leu Thr Ile G np@ y S % % !%e p}’% dﬁ E%T F|lsc&?§4 QVa&
Val AGCTCATGTACOGACBACORTACTATECATGEATRBEANT BEAAIEIRIAT T IR GFOA4B0GHa t beu

Met Tyr Prg Pro aB{aqo Wi sT¥f<tAL@eﬁ\Y1&MEtdcg1é/uﬁsn Hadwe HRernGeialh ey by x-
Val TCGATCCTGAACCT GATTCT GACTTCCTCCTCT CCTCGCAGCAGTCAGTT540i [ e Asp

Pro Gu Pro Oys ’-’Iﬁryo CAYFL3b OREFPIBH AT &}VEE@OT?plqi?ae % oAltReARs TYGIEUTe
Ser CAGCGATTGI TTT BETAFACGETd £CheATEAEAGET GTHE CT§TEACGTAAATEETAAAGA 600%er. , Gy
Leu Phe Phe Tyrd_?%r Phe Leu Ile Thr Ala Val Ser Leu Ser Lys Met Lsu Lys
AAAGAAGCCCT CTTACT ACABGGGT CTAT GT GAAAAT GOOOCCAACAGAGCCAGAATGTG 660 Lys Arg
Ser Pro Leu Thr Thr Gy Vol Tyr Val Lys Met Pro Pro Thr Au Pro Gu Cys
AAAAGCAAT TTCAGCQST AP T ET AL E SCCATCANTILAGNCACESH T AAACAASGARM S a2 D s@md 1kyS

@n Phe G, Pro Jyrs Bhe.lh & Plos L& bk AT FAATLIGTMGENRGLFGE: 749
a low affinity receptor for the ligands while CTLA-4 has
a high affinity for both molecules (Linsley et al.,
1994a). Though a potential mechanism has been proposed,
1t 1s unclear how a low affinity receptor with a rapid
25 disassociation rate as 1s possessed by CD28, 1s able to
deliver the necessary costimulatory signal for T cell
development (Linsley et al., 199%5a). It 1s hypothesized
that CD80 binding of CD28 on the T cell surface may
promote oligerimization of the receptor which would
30 facilitate productave cross-linking and signal delivery
(Linsley et al., 19%95a). (D28 is found evenly distributed
on actaivated T-cells and so the molecule is proposed to
migrate on the membrane following T cell engagement (Damle
et al., 1994). High concentration of oligerimized CD28
35 would promote reassociation of free CD28 in the region of

cell:cell contact and promote signal delivery despite the
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demonstratea for other receptors 1in which a 51m11ar

5 initiataion of cell:cell contact 1s required (Singer,
1992) .

While the CD28/CD80 interaction has been demonstrated to
be craitical for promulgation of a T cell mediated immune
response, there remains a great deal that 1s unclear about
10 the exact mechanisms of this signaling pathway (Linsley et
é; al., 1993a}. The existence of two receptors and two
ligands 1n this i1interaction raises questions as :to the

(&)

role each plays in T cell activity (Linsley et al

L}

1992b). While CTLA-4 binds more strongly, 1t 1s expressed
15 much later following activation, and although signaling
pathways have been proposed for CD28, :t has not been

determzned if a signal 1s delivered upon l:igand binding
with CTLA-4 (Linsiey et al., 1595a).

20 MATERIALS AND METHODS
ei} Preparation of inserts

The following praimers were used to amplify the entire open
reading frame of the genes for feline CD28 and CD80 for

insertion 1nto expression vectors:

25 feCD80 5': CGC GGA TCC GCA CCA TGG GTC ACG CAG CAA AGT GGA
AAA C

fe CDB0-960: CCT AGT AGA GAA GAG CTA AAG AGG C
teCDh28 5': CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG
feCD28 3’: CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G

30 The 5’ CD80 primer and both CD28 primers were engineered
with BamHI sites and the appropriate linkers to facilitate

the insertion into multiple cloning sites. The 3’ BamHI
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WO 991 57271 SEQUENCE LI STI NG <110> Colli sson, Ellen 'A Hash, €be§€ﬁm
I nsou, Choi <120> Feline CDBO, Fe'm ne CDB6, Feline CTLA-4 Nu And
Pol ypepti des <130> 59954- A- PCT <140> Not Yet Know <141> 1999-04- 30 <150>
09/ 071, 699 ywQIBF*27199B-05-0L .,. ~ ~ SEP 2002 PCT1US99/ 09502 @ 1&Ys/0%H2
<170> Patentln Ver. 2.9 <210> 1 <2i 1> 94| <212> DNA <213> feline CD80 <220>
<221> CDS <222> (1'!..(876) <400> 1 atg ggt cac gca gca aag tgg aaa aca cca
cta ctg aag cac cca tat 48 Met Gy Hs Ala Ala Lys Trp Lys Thr _Pro Leu Leu
Lys His Pro TyrSite wag fé‘gf@e&?& a &G cthtettCQB@y S{RFEEF &g TrIeGeteragt
ctt ttt tac ttcotgto6tid ard ysohengPhectso. ~enheLeau th.mdaﬁsl A g0 SefndLih Phe

Tyr Phe Cys 20 25 a t atg t a aca g a aa
gca gta cta 144° S}égg‘a&cb )Pgd qatt% s V%ﬁgAgﬁngsgkf‘h PoVar” Glfurgcga %91" sﬁga Val
Leu 35 90 95 tcchﬁgtp*gatertsacvemc La?tetd ttsT am:llafaa fgaancttegnmkagaga%ncaactlmga

atc 192 Seg Q’Stﬁ‘épeﬂ-’y{*éb‘sébcide%c%e'bleg'éclﬁY§e§eutH§H Hhd @ddh 1p A Qdle 5
55 60 tat tgg caa aag gat gaa atg et gtc atg tct ggc aaa 240 1
19 SEP 2002 WO 99FP5F 7}nPeTF039§f\09%9211F9rV?FbOG nﬂﬁ/%r%tg%i AWMt - Val

Leu Ala Val Mt aAPerrotdiyhakys y62erOnédho8Pagtactasaadh OgplHgntE cver dsed agg aac

gﬂg ;ﬂ‘_ﬁf tAth f‘/;f g%gq%&}%&ecrazs@ BeledOprRValp 15R 1 FLO. XS (J¥8c LYS ASNa X 9 Th
1 cycle; 95°C for 30 sec, 60°C for 30 sec, 68°C for 45
10 sec, 30 cycles; 68°C for 7 min 1 cycle). The amplified

products were visualized by electrophoresis on an agarose

‘Lil«/

gel and then 1ligated into the TA cloning vector
(InVitrogen, San Diego, CA), as previously described. The
ligation reaction was used to transform InvaF’ competent
15 cells, and positive clones were screened and selected as

previously described.
Cloning into pSI

For c¢loning into the pSI wvector to be used in the

transformation of CO0S-7 cells, the plasmid was digested

20 with EcoRI, and then enzyme was removed with the Micropure

EZ spin column (Amicon, Beverly, MA). Following removal

of the enzyme, the plasmid was treated with

eg} phenol:chloroform to removal any residual protein and
alcohol precipitated. The 1nserts were digested from 50

25 pg of QIAGEN purified plasmid DNA (Qiagen, Chatsworth, CA)

from clones containing TA cloning vector with the proper

inserts using the EcoRI sites found in the vector flanking

the i1nsert. The 100 pl digest was electrophoresed on a
1.5% agarose gel and the digested fragment cut out. The
30 insert was then purified from the agarose with a gel

nebulizer and microcon filter unait (Amicon, Beverly, Ma).
Alkaline phosphatase treatment of EcoRI digested pSI
reduced the chances of self ligation of the vector. One
hr treatment at 37°C with 0.1 U/ug of calf intestinal
35 alkaline phosphatase (CIP) dephosphorylated the digested

ends of the vector. CIP was removed by heat denaturation
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85 90 95 gat aac cac tcc att gtg atc atg get ctg cgc ctg tca gac aat

336
110
Tyr
cac
Thr
act
Leu
tct
Ay
gaa
Asn
tac
e
t gt
Val
tca
Pro
gta
Ser

Asp
aaa
Thr
ctg
Ser

cct
Leu
aga
Met

c
Asn H's Ser Ile Val Ile Met Ala Leu Arg Leu Ser Asp AﬂrB(SBP 8&105
tac act t att att caa aag att gaa aaa ggg tct tac aaa gtg 384 Lys
Cys I"Y‘é”l’ﬂq’é"(} nLys Ile Qu Lys Gy Ser Tyr Lys Val 1R€T Q@’OPQ@ aaa
act tcg gtg atg tta ttg gtc aga get gac ttc cct gtc 932 Lys Hls Leu
Val Met Leu Leu Val Arg Ala Asp Phe Pro Val 130 135 190 cct agt ata

ctt gga tct at_a tc a ata 480..Pro Se: Thr Asp
Asn Pro % ﬁl%‘ 3@ fﬂ\jrowﬁcfl}yl%’ ]ftﬁf rb ttthf act
ggt ttt M:mlrcaagre::cﬁzca&pm ccoﬂ;cmngghmug:dm8 B&e¢rys Mau A I‘I}heSer

Phe Pro {ys.fro H,g8 Leu 1§%fatEBp c1é315y17 GEZ5 4as aallégaa

aat gcc atc aac aca aca gtt tcc caa gat ‘S76 é u Leu
|l e Asn darhommiovylased B§h V,%CF‘}OIBGVEBEHSQB at ckg® aniflaa Gad™é c

atts agC 2 agaa Cnggﬂt técvaatont god34 Pee.d WaEhrap@zuaﬁ&tét'E)w Thr
Ser p t. 195 2 aca aac ca ttc ctg
gtc aag 'iL%l Qatéj é’él(‘? Py ‘?hrcégg %snC I%ne ‘leu qfsg Leu
Tyr Ay #srrlleu Log Biooﬁlﬁhazmggq@czrcar%cg:mrc watec tden tWppca® aaa

cca cag €fdndrmatvie0 Yahpe¥intGR1hke Phge Asanils Buddd deve 380 G U
Pro Ser Asn 225 30 235 290paat cag ctc tggpatc att atc ctg agc tca

agt ggg FC gt PrESCAs RO e 'Prop“ﬁl/g‘ | FEPFF &L Serhesé&lakas val
|| e0Val &<bbe 25ﬁ:u2ﬁ5egt gvatergiot agca7ctt aadcthé anaga de coilaargntecs cac

Thr Lou 05 G20 08 TS A B0 TR ToRA 585265270 ahd 15V aga
gaa atg ¥8eraghl geg cdlaawingg anaLegnisht 8eacAPaTTep Artg Y Arg
Gy Arg Ml énAsbakYsgThR L¥® AfSnh S&fhe plasmid DNA was extracted
with alkaline lysis, the DNA purified by phencl:chloroform
15 extractzon, and precipitated with two volumes of 95%

ethanol. The DNA was RNase treated and then digested with
10 U of

3]

CORI. The digests were visualized on a 1%
agarose gel to :dentify the positive clones. Plasmid DNA
was then extracted Zrom 5 ml of overnight culture of

20 positive clones using QIAprep spin columns (QIAGEN,
Chatsworth, Ca) {Fig. 31). The purified DNA was then
sequenced by dye <terminator cycle sequencing with an
internal 3' praimer to determine the orientation of the
insert i1nn the plasmid. Location of the primer was such

25 that sequencing would proceed across the junction between
the vector and insert to insure that the orientation was
correcc A clone of each gene with the plasmid in the
proper orientazion was then grown up in a 100 ml culture
and the plasmid extracted with a QIAGEN (Chatsworth, CA)

30 maxi-prep column.
Cloning into SFV

For insertion into the SFV vector, inserts and the plasmid
were treated in much the same way. One hundred pg of the
SFV vector was digested with 120 U of BamHI for 1 hr at
35 37°C (Fig. 32). The enzyme was removed from the digest by

centrifugation through a micropure EZ filter (Amicon,
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VaI Ala Val Leu 35 9G 45 Ser Cys Asp Tyr Asn IIe Ser Thr Lys

IIe.Arg e 50,55 60 Tyr, Tr n Lys Y. Net. val
Lertad y P%L_Ay)s H790 p??%éc\/é"iaps(} e\‘/-‘al rIgracg I%/s r Alys Asn
Thrwaﬁcsp ezt Thnaeﬁlw% Asygl Ashehrd slier plllaemv:;il vide MetaiAl a

Ser 10 g%éh S —byr s Il Nelys Ile
Ser %&{%&; \g/aal)éhllg Jl@%l %ys E:I-%sfggl%e%r Se%évélletsclv;et E)eéu Leu

As pFHEE Fr e vé?ormseumélq@o’l‘br ¢ loenng eredroaspih eiYGBRMEEN Pro
| | ediyss A .| | eh84ln§erté/\Qe9f%l 90211148 SEP 2H3E LCINSI9/0R502

160 Met Cys Leu Thr S%é A§%,Phe Pro Lys Pr lkﬂs Leut er Ttp
| 75V WP Asn 3G u FuE e RS e Asn TR S Yal t8& dn
190t Pros Bpomatword af Léuvffir’ TheonpereSer Seild utheu PAsysmRlde Asn

2051H-Qéré‘sgnésgrf@§t§,efor?h@a§-%r@ﬁ%nw vM.ath ld&'% wrngrbét%%n Leu

cycle seguencing as described. A large scale plasmid
preparation was performed on a positive clone of each

gene.
pPSI protein expression

For pSI transformation of eukaryot:ic cells, COS-7 cells
were obtained from the American type culture collection
(ATCC). The frozen stock was resuspended in 15 ml of DMEM
plus 10% fetal calf serum (FCS). The cultures were then
grown as a monolayer in T-75 flasks. On the evening prior
to transfection, cells were removed from the flasks after
treatment with a 0.25% trypsin EDTA solution by washing
with PBS. The cells were then seeded at -20% confluence
into 100 mm tissue culture dishes and allowed to grow to
~-50% confluence for the next day. For each dish to be
transfecred S ml of DMEM-NuSerum (Collaborative Biomedical
Products, BRedford, MA) was mixed with 0.2 ml of DEAE-
dextran/chloroguine solution. Ten upug/ml of the purified
pSI plasmid was then added to the mixture. The media was
asprrated from the COS cells and the DMEM-NuSerum/ DEAE-
dextran/chloroquine/DNA solution was added to the cells.
The culture was incubated for 3.5 hr in a 5% CO, incubator
followed by removal of the media and replacement with 5 ml
of 10% DMSO inn PBS. After 2 min this solution was
aspirated off, and the cells grown overnight in 5 ml of
DMEM/10% FBS. The following day, the cells were split
into two 100 mm culture dishes. After 3 days, the media
was asplrated, and the transformed cells removed with
PBS/0.5 uM EDTA. The PBS/EDTA mixture was added to the
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210 215 220 Val Ser G@n Ile Phe Asn Trp An Lys Ser Au Pro An Pro Ser Asn

~i 225 230 235 290 Asn An Leu Trp Ile lle Ile Leu Ser Ser Vzﬁg\%p%ﬂp Ay
Ile Val 245 250 255 Val Ile Thr Ala Leu Thr Leu Arg Cys Leu Val H's % Pro
Ala Ala 260 Wo»o@d71Arg Trp Arg Gn Arc Gu Met Ay Arg Al a A@russsoddop Lys
Arg Ser 275 280 285 His Leu Ser Thr 29Q <210> 3 c211> 879 c212> DNA <213>
feline CDB0 <220> <221> CDS <222> i2)..1876) c400> 3 atg ggt cac gca gca
aag tgg aaa aca cca cta ctg aag cac cca tat 48 Met Ay Hs Ala Ala Lys Trp
Lys Thr Pro LewdklslLpsdHthelr ovelyr dndbdetb pe Bagmehcatt B7¢€Q CtThet t g

atg cta get agtggldrhitet @6s! bondie P06 Ay OciSi heY B*i‘@hprs%}»%% %ﬁ‘e Mafs Leu
Ala Ser Leu Phe Tyr ghe %g gg 25 30 9 19 SEP 2002 WO 99 7
gt

PC T/ US991095073 £he ECERRL Gt A RS At Yt G LY Yruwegea gt a
cta 144 Ser dyrihéerkkg1GingVpkl1Ash Lys désudfénddd A wial/Aia v deu 35
40 45 tcc tgt tac ﬂac at t té:c acc aaa gaa ctg acg gaa att cga atc 192

Ser Cys Asp TyrcZercTte® P HHi“Lys Gu Leu Thr Gu lle Arg Ile 50 55 60

tat tgg caa aag gat gat gaa atg gtg ttg get gtc atg tct ggc aaa 290 Tyr Trp
A n Lys Asp Aspsid UpdMBteMil ekSredbfonal Met Ser Gy Lys 65 70 75 80 gta caa
gtg tgg ccc aag tac aag aac cgc aca ttc act gac gtc acc 288 val @n Val Trp
Pro Lys Tyr Lys Asn Arg Thr Phe Thr AsgvVaI Thr 85 90 95 ''1 -~ gat aac cac

tcc at~ gtg at cTHRBSEBECEPH WHENRCERSt EAV gURCHAT WR® STEFYRD Pdn H.kabger
Ile Val 11e Metha#hsrdru Alrgy BERET cASDs ASITHANEvIQQ d@5phAOf @ pBLsmicd t gt

atc att caa aa%{étd%&é‘sg@é QQthﬁée@afoéa? 919,884, 4yS ToLe THE QS A& e
@n Lys Ile dn'Lys y-Ser Tyr Ly a
é} 10 then removed with a micropure EZ filter (Amicon, Beverly,
MA) and the DNA precipitated with 2.5 volumes of 95% EtOH.
One and a half pg of the plasmid was then used as the
template for Sp6é mediated Iin vitro transcription.
Brzefly, the DNA was incubated for 1 hr at 37°C with:
15 transcription buffer, 100 mM DTT, 10 mM G(5’)ppp(5’)G,
rNTP mixture, water, RNasin, and 60 U of Spé RNA
polymerase. Following transcription the reaction was
aliguoted and a sample visualized on a 1% agarose gel.
Forty-five pl of the transcription reacticn was used to
20 transfect BHK cells at ~80% confluency in T-75 flasks.
GMEM media plus 10% FCS media was aspirated from the cells
and repilaced with Opti-MEM media. After a 2 min
é} incubation this media was replaced with Opti-MEM media/9
pug/ml of lipofectin/transcribed RNA. The cultures were
25 incubated for 2 hr at 37°C in a 5% CO, with frequent
manual agitation. After 2 hr. the media was removed and
replaced with GMEM-10% FCS. The cultures were incubated
for 7-9 hr and the cells were then removed by
trypsinizat:ion.

30 Cloning into pQE

A bacterial expression vector, pQE was also constructed
with the feline CD80 and CD28 gene. Cut and CIP treated
pQE plasmid, prepared and purified as previously described

was ligated with T4 DNA ligase in a four to one insert to

94



aat

230
768
~55
I'le
tgg
Adn
aca

€&

120
Lys
cct

Ile
tgc
Leu
gaa
Au
ctc
Thr

ctg
Leu

720
235
Asn
gtg
Thr
aga
Arg
tag

125
Hi s
agt

Thr Wookey1 @y Asn Pro Ser H's Asn Ile Lys Arg Ile

tta
Thr
gaa
Leu
t ac
I'le
t gt
Val
va
240
Adn
atc

Al a
caa

G.u
814

15

20

25

30

35

aaa cac ctg act tcg gtg atg tta ttg gtc aga get gac ttc cct gtc

Leu Thr Ser Val Met Leu Leu Val Arg Ala Asp Phe Pro Val 130 13S

ata act gat ctt gga aat cca tct cat aac atc aaa agg/&t@%[@&?ﬁﬂ?ro
4

odsep 160
act tct gga ggt ttt cca aag cct cac ctc tcc tgg ctg 528 3 Met

Ser Ay Ay Phe Pro Lys Pro H's Leu Ser Trp Leu 165 170 175 gaa
gaa tta aat gcc atc aac aca aca gtt tcc caa gat 576 G u Asn Gu
AsnpAkamhbHe mAdsmarThiathlar wWwWalh S8y fd noAspel8@ui851890 anets gaa act

act age.,.agt g t 4 Pro. Thr d.u Leu
Ser © gb d Ehfe&l%gglg’hew%%nl%‘gb%%d %Cgr %ES %Iéal 6zcaaaécj' alg'f:o c“alt agc
ctt ot eh@aalrgatr1Pgyacagsien avag £1672 uFled Aentrens i SEFVERNe Leu
Lys cbppe@eticASte bty |1 @210 1925 2Qmies 19 BEP 202 W0 9 H7271

PCT/ US991 09502 gta tca cag atc ttc aacg.t caa aaa tca gag cca cag cct tct
P Ser LEPRTH STPR @?hr%ge

SLASACTT O Rpr SEEBTA n PHESI A 225
aat peagactt 1ogg ft cowmtif i plgsmgt vea geafgtaecdgtangpoladd gtt

Leu ILp 1Lg 1.8 dd heuyser Seipval Yol Selall yohbe. YAl 245 250
act gca e ace tta aga tgc eta gtc cac aga cct get gca Val
LeurThidrey ARiPQAe [tadgavaentzs WrapstiogmaRacal 4s 268r265r P9 agg

agaygagnatg g8 031330 s0dGgead k8daRd@1893n8CAnBO& N on Te® Arg

et GG A B b Tia U gt s o0 280 50, glg 1o
retained 1n these colonies. Positive colonies were then
screened by alkaline lysis mini-preps and BamHI
restriction digestion. Colonies with conf:rmed :rnserts
were frozen in a 50% glycerol stock solution for future

use.
Binding Assay

Binding assays for transfected cells expressing feline
CD80 and feline CD28 were performed after the protocol
described in Linsley et al., 199%4a. One day after
transfection, CD28 expressing CO0S-7 cells were removed
from T-75 flasks with trypsin-EDTA treatment. The cells
were allowed to adhere 1n 24 well ©plartes at a
concentration of 1x10° cells per ml. Two days later, the
feCD80/pSI transfected COS-7 cells were removed from T-75
flasks waith PBS/0.5 uM EDTA. These cells were then
fluorescently labeled with a 5 uM solution of Calceain AM
(Molecular Probes, Eugene, OR) in sterile PBS/1% BSA for
30 min at 37°C (Akeson and Woods, 1993). Mock transfected
COS-7 cells were labeled in the same fashion. The labeled
cells were then washed three times with DMEM plus 10% FCS
to remove unincorporated label, counted, and added
directly to the monolayer. The two cell populations were
allowed to interact for 1 hr at 37°C. Nonadherent cells
were removed by gently washing the monolayer 3 times with
DMEM +10% FCS. Followaing the washing, the flucrescence of
each of the wells was quantitated on a microplate
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220 Val Serfu@ﬂaxi l;&o%faqrésrkaalg BrbysdSarn{d o . Pmn@llayPr g@etoi\sn 225
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280 285 o &t%é‘%%glgﬁr TRE 20 P 183 ca: 7 215 11ORP, k22 R <213%e

addition of CD80 expressing cells to the monolayer, CTLA-4
Ig 1n DMEM/FCS at a concentration of 1 ug/ml was incubated
with the labeled transfected cells for 30 man. The cells
were washed twice with DMEM/FCS and added to the
monolayer. Alternatively, CD28 expressing cells in the
13 monolayer were incubated for 30 min. with CD80 Ig at a
concentration of 1 pg/ml 1n DMEM/FCS and followang
washing, the fluorescently labeled CDB80 expressing cells
were added. Inhib:tion of binding by the fusion proteins
was gauged by comparing the fluorescence in these wells

20 with binding observed in wells without the compet:itors.
RT-PCR

Transfected COS <cells were also assayed for mRNA
transcription by RT-PCR. After three days, RNA was
extracted from cells transfected with pSI with feCD28,
25 feCD80 or without insert. RNA was treated with RNase free
DNase to remove the potent:ial for contaminating DNA. One
half pg of RNA was then reverse transcribed to c¢DNA using
an oligo dT primer and MuMLV reverse transcriptase. Each
cDNA sample was then amplified with primer sets specific
30 for CD28, CD80 and G3PDH with the following temperature
cycle: 95°C 5 min. 1 cycle; 95°C 30 sec, 55°C 30 sec, 72°C
30 sec, 30 cycles; 72°C 5 min., 1 cycle. 20 pl of each

reactiorn was then visualized on a 1% agarose gel.

RESULTS
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tggtctctgg gagctgcagt 60 7 WO 99157271 19 SEP 2002 PCT/ US99/?%5@§§P??@2tqlgs

tgt gac agc act atg gga ctg agt cac act ctc ctt 107 Me

Thr Weioo@hynlLeu Ser His Thr Leu Leu 1 5 10 15 gtg at gecuows®hgsoct g
ggt gtt tct tcc atg aag agt caa gca 1S5 Val Met Ala Leu Leu Leu Ser
Ser Ser Met Lys Ser A n Ala 20 25 30 tat ttc aac aag act gga gaa
tgc cat ttt aca aac tct caa 203 Tyr Phe Asn Lys Thr Gy Gu Leu Pro
Phe Thr Then Sene€l nE@5 461l45cadd28t aargc COBY geergaguctgsgfalgra
cag gac GAg:9aly aag @ ThASh phldt 38 b eASRof YekeUrValip¥al Bbg Trp
A@n Asp Lys 50 55 601ctg gtt ctg tat gag ata ttc aga ggc aaa gag
caa aat Yt PRFI - LefiOVAPY LR HAFRTEPH 1RO PHRE ASFRECY 1U§s VEFHOASn Pro
Val 65 "Qe/Sgemds oieraatsddit aag gt gl avaragecipktrgae aaglgac

g acc. 347 H s Leu Lys. Ty S Arg Thr .Ser. Phe L n Trp
80 85 db 95‘étu§ﬁﬁi%¥ BJ Eh%M egg% of< the vectogg ¢§§h Xﬁegégoﬁg

c” cac aat cag atc aag gac aag ggc t cac
Leu Arg ¢RNA HirssexsrsVal A n lle Lys Asp Lys Ay Thr Tyr H's Cys 100
ttc att cat tat aaa ggg ccc aaa gga cta gtt ccc atg cac caa atg 493

Hs Tyr =, G _y Pro Lys Gy Leu Val Pro Met His G t 1 20
fet goc B AT T git Sact FEOHIN® casocchoJRao AP AL Roa R8T Ser
Leu Ser Nzictigmaldl arAsaiPhec8at b@ exProsed. | | eThn113@1135s296 gt a

aat aga @joa Jaardatmbel G9C Rierftdcaaind t ¢ea66.60C 39,8l The Ser
Thr @ u Asn_Ser Gléy IIegllqusnDLeu Thr 5%/5%%1% lgg 1S5 tqfact%t at a
tat®cca gAY &g §RE%atd atPEPt TR SEr-Ser?ite &% Ay
Au Pro tysnEechd Tyan®Phe GbnklLeutransfected COS-7 cells.
Fluorescence 1n the wells in which the fluorescently
labeled non-adherent CD80 transfected cells were added
were higher than the control wells at the ainitial two
15 dilutions. The i1nteraction was dose responsive, and after
the 1nitial two dilutions, the retention of fluorescence
was the same 1n wells 1n which the adherent cells
expressed surface protein as in the mock transfected

centrols (Fig. 39).

20 To show that this interaction could be inhibited, the
transfected cell lines were 1incubated with soluble counter
receptor prior to mixing. At concentraticns of 5x10° and
1x10° cells, fluorescence in wells containing CD28 and CD80
expressing COS cells was similar to that observed in the

25 previous experaiment. In the wells in which the adherent
cells were incubated with CDB80Ig counter-receptor prior to
mixing, fluorescent retention was comparable to that found
in the control mock transfected wells, When COS cells
transfected with CD80 pSI were incubated with soluble

30 CTLA-4, prior to exposing the cells to the (CD28 pSI
transfected cells however, the fluorescence was not
inhibited as completely. While the levels are not as
significant as that seen with the uninhibited group, it
was clearly greater than either the control or other

35 experimental group (Fig. 40).
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DISCUSSION

15 A lack of suitable antibodies dictated that a direct
assay coulc nct be performed to demonstrate peptide
expressicn. Commercially available anti-hu CD28 and
anti-hu CD80 monoclonal antibodies were tested on
1solated lymphocytes to determine 1f there was cross

20 reactaivity. FACS analysis using the antibodies on cells
confirmed by PCR to be expressing message £for both
surface proteins was unsuccessful. This in combination
with the fact that the antibodies did not recognize
surface expression on pSI transfecrted cells, led to the

25 conclusion that these antibodies were not cross reactive.
It was not expected that the CD80 antibody would cross
react. The limited homology between the human and feline
CD80 molecule would 1limit the potential for cross
reactivity in a monoclonally derived antibody. It was

30 somewhat surprising however that the anti-hu CD28 was not
Cross reactive. Though there 1s a higher degree of
conservation between the cloned CD28 molecules, a
commercially available anti-hu CD28 antibody that cross
reacts with the mouse protein was not found. As with the

35 anti-hu CD80 antibody, testing of the hu CD28 monoclonals

was unsuccessful. Thus ‘an assay had to be devised that
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19 SEP Z~OZ WD égFSﬂ;??ite future protein express:.on

Following transfection, expression of CD28 and CD80 mRNA

é?? 10 by the C0S-7 transformed cell lines was confirmed by RT-
N PCR. DNase treatment of the RNA prior to the PCR
reaction should have significantly reduced any

possibility of genomic or plasmid DNA contamination.
Further, 1t was not felt that the C0OS-7 cells would
15 naturally express either ligand which was further
confirmed by the lack of message for either surface
protein  n the mock transfected control. The
amplification of the proper message from the RNA from the
transfected cells, appears to reflect that the pSI
20 template was present within the cells and that the

message encocded by the plasmid was being transcribed.

ég) The Ekinding assays performed were modeled after those
performed by Peter Linsley to demonstrate the similar

binding avidities of human CD80 and CD86 (Linsley et al.,

25 1994a). A modified format was used to demonstrate that

surface expressed feline CD28 bound to surface expressed

feline CD80 and that the interaction could be inhibited

with soluble receptor. The level of binding could be

inferred from the retention of fluorescently labeled

30 cells in the specific wells. Because a fluorescent plate

reader was used, 1t was not required that cells be lysed

prior to measuring flucorescence.

The 1nitial assay demonstrated that the retention of

fluorescently labeled CDB80-pSI transfected COS cells was
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PCTI US99109502 Arg Lys Arg Lys Lys Lys Gn Pro Ay Pro Sex Hs Gu Cys du

Thr 275 28Q 285 Tle Lys Arg Gu Arg Lys GQu Ser Lys @ n Thx AFQ(&PI\%QP?
Val Pro 290 29S 300 Tyr His Val Pro Qu Arg Ser Asp du Ala 4 Asn

[le Leu 305v31®/828 320 Lys Thr Ala Ser Ay Asp Lys Asn G n BEZHUSIMRS07 - ~~
<21 1> 6B8 -' <212> DNA <213> feline CD28 <220> <221> CDS <222> (1)..(6031
<400> 7 atg ate ctc agg ctg ctt ctg get ctc aae tte tie cce tea att eaa 48
Met 1le Leu Arg Leu Leu Leu Ala Le n Pe Pre Prg Ser Ile dn 1 5 10 15

gta aca gaa aad &AY St ot M§LYF gt AP reRL SEHITLYEIR FIGTG 6694l Thr
Gu Asn Lys |l avilmet Gtazls{gﬁs. @ Harl eih Roeiw griemhival t¥al a2Be25n30ckatsaac

Val fon feu soreiys e ForodRtctfl AP pReBRg sttt e £ 00s T e
cgg gca tcc ctttnaamsm@tfggawgta @I abackeng ghg 19EeSdr, Lyss@ed PheaArg Al a

Ser Leu Tyy Lys,ddphdal cASP pifsMc Vad 3853 L0 Haa 191%@ tt%ngtfg&gggnaat

gga aat tac tcc cat cag cct. cag ttc tac 240 du Val

Asn
Tyr Ser H s A PTHE n Bkl TWO%SthR) afg"a&sp“’tecé’ré’@eréégsgé’é the Gael th gat
ggg aaa ttg ggmeacahltgea@ agatpgegadB8sben Betrwdén €GkylPheecAsptEgsbisphely Lys

Leu Ay Asn Mra\@lo%5bggwgénlg'he é'l?rfsaqae %Qggre\ége%glc% %7:!361dg CD28..

PCT/ US99/ 09502 aca ttc tac ct ga aat tt aac caa ac t at't tac
ttc 336 Thr Pheﬁxtrwhq_eﬂall/w@lwﬁ1Eée|0Ph@fVér<1s&\sn:edln"» Thhead yare spgncehe 100

105 110 3¢ in the wells i1n which the cells were expressing the CD28
was approximately five times that of the wells in which
é} the fluorescently 1labeled CD80 transfected cells were
i introduced into wells containing mock transfected cells.
At 5x10° cells, fluorescence drops significantly due to
15 the reduction in cell number, but the level is still
significantly higher than fluorescence in the control.
By a concentration of 1x10° cells the difference between
the experimental and control 1s not statistically
distinguishable, and by 1x10* they are nearly identical.
20 Th.s assay 1indicates that an interaction i1s oOCCurring
between the CD80 transfected and CD28 transfected COS
cells that results in the retention of the fluorescently
labeled CD80 transfected cells in the wells. When the
adherent cells were not expressing surface protein
{:} 25 however, the (D80 transfected cells were removed by
gentle washing. This effect could be titrated cut, and
by 1x10“ cells fluorescence 1in the wells was virtually
identical. To confirm that an interaction was occurring,
soluble receptors were introduced to inhibit the
30 CD28/CDB0 interaction.

The second assay involved the introduction of soluble
forms of counter-receptors for each peptide in an attempt
to 1nhibit the interaction between the adhesion partners.
A soluble receptor for CD80, huCTLA-4Ig and for CD28,
35 huCDB0-Ig were incubated with the respective transfected

COS cells expressing the counter-receptor of each
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tgc aaa att gaa gtc atg tat cca cct cct tac ata gac aat gag aag 389 Cys Lys

lle Au Val Met Tyr Pro Pro Pro Tyr Ile Asp Asn Qu Lys 115 ig)sﬁﬁz aat
ggg acc att atc cac gtg aaa gag aaa cat ctt tgt cca get 932 n @ij Thr

Ile Ile H swrtys79d G u Lys N. ~s Leu Cys Pro Ala 130 135 140PCHEYSW108502Ct
cct gaa tct tcc aag cca ttt tgg gca ctg gtg gtg gtt 980 G n Leu Ser Pro G u
Ser Ser Lys Pro Phe Trp Ala Leu Val Val Val 145 150 1S5 160 ggt gga atc cta

ggt ttc tac agc ttg cta gca aca gtg get ctt ggt S28 Ay Ay Ile Leu Gy Phe
Tyr Ser Leu LeU"M&FW WEFOAl &9LethS Pix6BIIAF 1¥Be gébot geetgg-HPgSaag acc

aag agg agt aghpirod t@@dsadtbUatpidie i wilrd &% Bhp tMetinkysrifinlys Arg
Ser Arg lle Leulgdgageéefgpk%%é éSO ﬁ%?ﬁStk){é‘gﬁ at %cc%%ge%gétg\gé gggn%gg cca
ggg ccc acc cga a (o t r y Pro
Thr Arg Arg Hi sbeiyweed nhkd5r200s20boeirrtaragneoncod gha tgeagaentit thgcg gca
tac cgt tce tg 09385, 57 yr. Al.a Pr e £ Al r Arg
Ser 210 21 22?@%ctat%§éa§e§gg§%— é§st%flo%@%ﬁ@%‘%m@%m“gi-{é

feline CD28 <400uigl Mst sMid1Eefnpr §F % 1SSGtRaytAla TeiEn Phe PHBAPro Ser

Ile AGn 15 10 AoVl pHitnErd BsAd Lysci | hdigl mvalinley & oanf ekettePepr A Leu
Val Val 20 25 30_T

Phe Phe 12 -~ Ds%@%%ﬁi\%%@%%%ﬁ‘%%@%@%é o5 Sﬁgy?x@gg{%}‘%%ﬁnu
Phe Arg Al a SerofegeTyr kypguGrydVah Abp Sesapl aiVakwab0Ong5 66a&ibl¥akoCys
val val Aoy~ Oyelenodyreser Husod nuita Ghgifhe dyri85 70 7880 Sec Ser
Thr Gy Phe Asp Cys Asp Qy Lys Leu Gy, Asn du Thr Val 85 90 95 Thr Phe
Tyr Leu Arg AsncPetPhe®vat” Asted nS’Fh¥ ASEiEFe TYrtPhe D60 H551£H80
éuj transfected cells alone demonstrating a mean fluorescence
similar to that found in the previous experiment. It is
noct clear why the acherent cells incubated with soluble
15 CD80 receptor had a fluorescence close to that of the
mock transfected control, while the nonadherent CD80
transfecred fluorescently labeled cells, incubated with
soluble CTLA-4 had about a two to three fold higher
fiuvorescence. Despite the differences mediated by the
20 type cf soluble receptor, there was a marked reduction in
tne amount of £fluorescence in wells in which soluble
receptor was intrcduced over the wells 1in which no
receptor was present. The interaction demonstrated by the
previous assay can be inhibited by the :ntroduction of
Q;} 25 the proper soluble counter receptor prior to the mixing

of the cells.

While monoclional antibodies specific for surface proteins
would 1n general seem preferable to this type of assay,
in the absence of the proper reagents, this seems a
30 viable format through which the expression of functional
counter receptors may be demonstrated. The results of
the 1nitzal binding assay in combination with the
competritive binding assay confirm that functional feline
CD80 and CD28 cDNA have been i1solated, and further that
35 the proteins expressed Dby the message functionally

interact. Although the applications of this type of
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Cys Lys ~le Au VvVal Met Tyr Pro Pro Pro Tyr Ile Asp Asn Gu Lys '~ 115 120
125 ~J Ser Asn Ay Thr T le lle Hs Val Lys Gu Lys H's Leu %s Pro Ala 130
13S 140 A n Leu Ser Pro Glu Ser Ser Lys Pro Phe Trp Ala Leu 145
150 Z55 160weyys3yt [le Leu Gy Phe T~,~r Ser Leu Leu Al a ThIPCVaJS9¢XbQ50

Gy 165 170 175 Ala Cys Trp Met Lys Thr Lys Arg Ser Arg Ile Leu A n Ser Asp
Tyr 180 185 190 Met Asn Met Thr Pro Arg Arg Pro Ay Pro Thr Arg Arg Hi s Tyr
G n 195 200 205 Pro Tyr Al a Proﬁ« a Arg Asp Phe Ala Ala Tyr Arg Ser 210 215
220 <21Q> 9 <2PLNCAGY EFFIY BRA LIS ellutnée@?m54a%2%%1<‘<lmt> QIS eER 22>
(27)..1698) <900> Qhaaﬁct@ammisg&fam@caiheaa@g@}sammg\et of g ulrddr @@t t C
cgg agg cat 53 Met_ Al a C}y ress ie anPh%n@re SArg _H Hs 13 WO 99157271 1 5 19
SEP 2002 PCT/ US@@‘?‘O@%%ZE (f’gg get cag ctg gac ctg get tct agg acc tgg ccc tgc
act act ctg 1C1 Gy Ala A n Leu Asp Leu Ala Ser Arg Thr Trp Pro Cys Thr Ala
Leu 10 15 20 25%xddplietgctt ctc ttt atc ccc gtc ttc tcc aaa ggg atg cat gtg
gcc 149 Phe Ser Leu Leu Phe Ile Pro Val Phe Ser Lys Gy Met His Val Ala 30
35 90 cac cct gc tg ctg gcc agc agc cga ggt gtc gcc agc ttc gtg 197
Hs Pro Ala Vall%éJ'g Ala Ser Ser Arg Ay Val Ala Ser Phe Val 45 50 55
tgt gaa tat ggg tct tca ggc aat gcc gcc aaa ttc cga gtg act gtg 245 Cys Qu
Tyr Ay Ser Serytyodserid@ Ala Lys Phe Arg Val Thr Val 60 65 70 ctg agg
caa act ggc agc caa atg act gaa gtc tgt get gcg aca tac 293 Leu Arg @ n Thr
Gy Ser An Met Thr AQu Val Cys Ala Ala Thr Tyr 75 8G 85

Lwoff defined viruses as ‘"strictly intracellular and

potentially pathogenic entities with an infectious phase

et

€

and 1) possessing only one type of nucleic acid, 2)
10 muitiplvaing in the form of their genetic material, 3)
unable to grow and to undergo banary fission, and 4) devoid

of a Lippmann system" (Lwoff, 1957). Viruses are non-

=}
<

=
=
',J

0

vlar in nature, whose genome, whether RNA cr DNA,

o}

1rects the synthesis of further virion particles by an
15 infecrted host cell (Luria and Darnell, 1968). Viral
diseases represent an 1nteresting system wn which the
practical applications of the B7/CD28 signaling complex can
be demonstrated. Among the retroviruses, infection with

HIV 1n humans and feline mmunodeficiency virus (FIV) in

20 cats, results 1n disruption of normal immune funcrticn which
€5\ 1s hypothesized to occur through the elimination of CD4" T-
-/ cells (Fauci et al., 1984; Pedersen et al., 1987). It 1s

thought that the CD28/CD80 signaling complex plays a role
in the 1llness and that manipulation of receptor expression

25 may exacerbate the infection (Harlan et al., 1995).

FIV 1s a very real clinical problem 1in domestic cats,
causing a series of clinical and subclinical manifestations
that closely resemble HIV infection in humans (Pedersen et
al., 1987). As more information 1s accumulated about FIV,
30 the appropriateness of it as an animal model for human AIDS
is becoming more evident and that it 1s the non-primate
model that most closely mimic the progression of disease in

humans (Siebelink, 1990). The molecular, biological and
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aca gtg gag aat gag ttg gcc ttc cta aat gat tcc acc tgc act ggc 341 Thr VaI
G u Asn Qu Leu Ala Phe Leu Asn Asp Ser Thr Cys Thr Ay 90 95 1%0 EB

tcc agc gga aac aaa gtg aac ctc acc atc caa ggg ttg agg gcc 38$9 8

Gy Asn Lys VebodRseriLeu Thr Ile A n Ay Leu Arg Ala 11C 115 1EOT/arlsg)/@aaz acg
gga ctc tac atc tgc aag gtg gag ctc atg tac cca cca 437 Met Asp Thr Gy Leu
Tyr Ile Cys Lys Val Qu Leu Met Tyr Pro Pro .-~ 125 130 135 ccc tac tat gca
ggc atg ggc aat gga acc att tat gtc atc gat 485 Pro Tyr Tyr Ala Gy Mt
Ay Asn Gy Thr @ﬂh‘P‘E@nWI‘ SyAi lpretAgp 1FC95uggeSEcttita ERENt gof céaegat

tct gac ttc ctc Qﬁﬁohﬂgt@é@ Qi&acl%cgc@ré%3 15449 @t&hc’f’{@s OfsarPr GRS e28k eASP
Phe Leu Leu Trp Ilg Leu 155 160Q 165 géc a tca gga ttg ttt ttt tat

agc ttc ctt atc cEHet® 1“3 anr gdl yRFessro “Beu Phe Phe Tyr Ser Phe

Leu Ile Thr Ala Val Ser 170 175 1B0O 185 ttg agc aaa atg cta aag aaa aga agc

cct ctt act aca gﬂQtQB@lﬁ/at H320 Ll@“ecS@:[orl—ys.sNErﬁarlref’eé-ﬁ’éd AL g rSRhsReacleu
Thr Thr @& y Val éé/ é WO 991 57271 1 35 200 19 SEP 2 Pfﬂ U 893/,$9503
gtg aaa atg°ccc L¥GPHRReRAY &d&lgad'd g e&ﬁ ORBENE AL Tt t PORAPUCLECBYT VAKCLys
Met Pro Pro Thr &oudPpoe GroQyd el dyse @ sRhmddnveRrier?08 12k6 215 atlat,

ttt att ccc atc agh,{ga cagaccotta 1 9aagaagdya.,340aa g@ﬂﬁé 28 dyr- Phe Jhg
Pro Ile Asn 220 ccaatttcta a%a%%';a a_g c <210> 10 <211> 223 <21Z> PRT <2
S

feline CTLA-7 <8DERULTE Mt Heed L SXPPfe o F WY 1 st raap Alna}t@ar%
Leu Asp Leu Al a &d0:d& SercoArgpdhradids Pranay sabhicoAkaibate Phe Sefudt@ier eu
Phe 1le Pr9020 2§ecrease cduring the asymptomatic phase of the illness
€§ (Cooper et al., 1984). By the onset of AIDS related
symptoms, the CD4" T cell population 1s seriously
diminaished, and as the disease progresses to 1ts terminal
phase the entire Iymphocyte population 1i1s drastically
15 diminished (Fauci et al., 1984). While the 1initial
lvmphocytopenia 1s probably due to cortico-steroid induced
shifts in :mmune cell populations as 1s seen i1n other viral
diseases, further CD4" T cell loss and CD8" T cell expansion
are +thought to be related to viral proliferation and
20 pathogenesis (Fauci and Dale, 1975; Fauc:i et al., 1984).
The develcpment of appropriate model systems 1s a cratical
step in further elucidating mechanisms of infection and

virally i1nduced disease.

FIV, a T lymphotropic retrcvirus, was originally described
25 1n a cat colony Ifrom California in which multiple, often
chronic i1nfections occurred (Pedersen et al., 1987).
Although the disease manifests 1tself in a similar manner
as HTV in humans and 1s distantly related taxonomically, it
is antigenically distinct from the causative agent of AIDS
30 1n humans (Siebelink et al., 1990). Transmission of the
infection occurs through the exchange of infected bodily
fluids, as in HIV, but wunlike HIV 1in which sexual
transmission 1s the primary route of infection, it appears
that with FIV, the majority of infections occur by salivary
35 transmission through Dbites {(Yamamoto et al., 1589) .

Despite differences in transmissaion, the resulting
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Val Phe
Ser Ser

Asn Aia Ala Lys Phe Arg Val Thr Va; Leu Arg A n Thr Ay Ser

80 ~...

Ser Lys Ay Met Hs Val Ala H's Pro Ala Val Val Leu Ala 35 90 95
Arg Ay Val .~la Ser Phe Val Cys Au Tyr Ay Ser Ser Gﬁ‘{ 50 55 60
arg

SSEP 2002
Y Metwdbys7abiu Val Cys Ala Ala Thr Tyr Thr Val d u Asnpgriskeebséd a

B5 90 95 ehe Leu Asn Asp Ser Thr Cys Thr Gy Ile Ser Ser Ay Asn Lys Val

| OC 105
115 120
|30 135
145 150
Leu Trp
Leu Ile
Leu Thr
du Lys
40 --'

110 Asn Leu Thr Ile A n Ay Leu Arg Ala Met Asp Thr Ay Leu Tyr Ile
125 Cys Lys Val Qu Leu Met Tyr Pro Pro Pro Tyr Tyr Ala Ay Met Ay
290 Asn GhyurRgef@aiency Fyndvame|le dep FF ot IG PFo Oyde Fr @ ASHheSer
155 160 74P.d54 ; VO\99L 572 Trhyroh SER: 20021 RGT/d4SY/ 09502 Asp Phe Leu
Ile Leu Ala Ala Val Ser Ser Gy Leu Phe Phe 165 170 175 Tyr Ser Phe
Thr Ala Val Ser Leu Ser Lys Met Leu Lys Lys 180 185 190 Arg Ser Pro
Thr Ay ¥alnTyelVarodgyeskkonPraf PPV Ths @umiles 2C0 R0% PnohdtuneCys

ys G Phe Go.pro Julaheck Lackr ol e psn, 210 215,220 440> 1 ;sa1l>

<213> fell ne primer < ‘cgcggat ccg _caccat gggt

cacgcagcaa agtgganage 40i&210sheracserized <2by> DNAVEX13> fMsiliasecpBEnd
priner <400> 12 cghpgbagagpaggagct aaa paggc 25ymprsddO2c 13 phask <ZLhA 3&

rnfeccion and precedes the onset of the final three stages
in which weaight loss and multiple secondary and
., 1994).
10 Although 1t 1s not clear 1f the route of cellular infection

opportunistic infections occur (English et al

15 the same, FIV 1s tropic for CD4" T-cells as well as CD8’
T-cells (Brown et al., 1951). Virally ainfected animals
experience a decrease 1in CD4" T cell activity perhaps due
to synctia formation and cell lysis (Siebelink et al.,
15 1990} . The onset of the final stage of the infection
coincides with a significant loss cf CD4" T-cells and a
decrease of CD4:CD8 ratio (Novotney et al., 1990). While
HIV and FIV induced disease may not mediate CD4" T cell
loss i1in the same manner, the resulting phenctype and immune
20 system dysfunction appear to be manifested 1n a gquite

similar manner.

Although 1t 1s clear that infection of CD4" T-cells with
HIV adversely effects the development of a normal immune
response, the exact mechanism of the interactaon that
25 results 1n immunodeficiency has not been conclusively
defined. 1In the late stages of the infection the events
resulting in the reduction of CD4" T-cells is undefined
(Connor et al., 1993). While the development of synctia,
induction of apoptosis, and the elimination by CTL have all
30 been demonstrated to reduce T cell populations in HIV
infections (Schattner and Laurence, 1994; Fouchier et al.,
1996), a CD28 mediated mechanism has also been proposed
(Haffar et al., 1995). 1Infected T cell lines have been
demonstrated to down-regulate CD28 expression at both the
35 protein and mRNA level upon allo-antigen stimulation

(Haffar et al., 19595). As previously discussed, CD28
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<212> DNA <213> feline CD28 primer <900> 13 cgcggatcca ccggtagcac
aatgatcctc agg 33 <210> 19 <211> 31 <212> DNA <213> feline CDZS pﬁtﬁeémﬂ
<900> 19 cgcggatcct ctggataggg gtccatgtca g 31 16 ~ 9 Sep 2003
99/ 57271 PC {/g5R94Q9502 <21o> 15 <211> 27 <212> DNA <213> f epd &~
primer <900> 15 atggcttcgc cttggatttc cagcagg 27 <Z10> 16 <211> 29 <212>
DNA <213> feline CTLA-9 priner -~ <900> 16 tcaattgaat gaggaataaa ataaggctg
29 <210> 17 <211> 28 <212> DNA <213> feline C1l'LA-S primer <900> 17
tgttgggttt ctgactcisgalonkeogt §s28 2Uealld sa@hbd 20r<2h2>mBhAr&2i8> HE€l &ne
CTL -4 primer 4 <400> 18868k agla00 &f 9019091316344)29 121fzy1l9aFedlrogs
<212> DNA <213> fgéiner%%P~A- prlnefgig 19 i °
results 1n a down regulatlon of CD28 surface expression,
then infected T-cells that recognize presented antigen may
5 become apoptotic rather than fully actaivated (Schattner and
Laurence, 1994). While apoptosis 1s a normal mechanism of
HIV infected cell death, this pathway may be an additional
contributor to the concomitant T cell elimination
(Brinchmann et al., 1994).

10 CD8" CTL have been related to the development of long term

A7
;
i

survival 1in HIV infection, with high 1levels of CTL
associated with long term non-progression in AIDS infected
individuals (Landay et al., 1994). In contrast, humoral
immunity has not only been generally ineffective in
15 controlling lentiviral associated illness, 1t has been
shown —that antibodies may actually enhance disease
(Lombardi et al., 1994; Siebelink et al., 1995). Onset of
the f£inal clinical stage of HIV infection and concomitant
immunodeficiency 1s correlated with the switch from a
20 cellular, type 1 response to a humoral, type 2 response in
many patients (Schattner and Laurence, 1994). This

coincides with observations that progression from a healthy

— state to the development of AIDS is related to a decrease
7 in CD8" CTL mediatred antiviral actaivity (Lewis et al.,
25 1994) . Expression of CD28 on CD8" CTL also appears to be

related to their antiviral activity, with a strong CTL
mediated antiviral activity associated with the expression

of CD28 on CD8 populations within the infected individual
(Landay et al., 1993).

30 CD28 surface expression, though proposed as a mediator
required to promote HIV resistance, 1s adversely effected
by the presence of HIV in both infected and uninfected T-
cells (Caruso et al., 1994). Beginning in the asymptomatic
stages of an HIV infection, a reduction in the percentage
35 of CD28 bearing CD4" and CD8* T-cells 1s detected (Lewis et
al., 1994). It is proposed that this may account for
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tgttgggttt ctgactctga cttccctg 28 <210> 20 17 19 SEP 2002 WD 991 57271
PCT/ US99/ 09502 c211> 20 <212> DNA <213> feline CTLA-4 prinmer <

30> 0 0

acat gagctc caccttgcag 20 <210> 21 <211> 27 <212> DNA <213> fel eS L?M
primer <900>ywZlegis76Hat cct aat acgactcact atagggc 27 <210> 22 <g&trisdfogso212

> DI dA <213> felzne CTLA-4 prinmer <400> 22 gtgaatatgg gtcttcaggc aatg 29
<210> 23 <211> 23 <21 2> DNA <213> feline CTLA-9 prinmer <400> 23 actcactata

gggctcgagc ggc 23 <210> 29 <211> 23 <212> DNA <213> feline CTLA-4 primer

<900> 29 gaaat cogaprMgactgegctn gagt FY ne2 BEST25 120 PSL24TRZ] 3SEDNAAZ2Y3SN

feline CTLA-4 priyern nfcrion (Caruso et al., 1994) as well as altered CD8’

T cell responses 1n later stages {(Zanussi et al., 1996).

In HIV 1nfected individuals, reduction in the proliferation

5 of CD8* T-cells in the early stage of infection 1s proposed

to be related to CD28 down-regulation as only CD8" T-cells

expressing CD28 proliferate in response to IL-2 (Brinchmann

et al., 199%4). Unfortunately in infected individuals,

CD28°, CD8 T-cells can constitute as much as 75% of the

10 CDs8" populaticr, while in normal indaviduals they make up

only 25% of the population (Saukkonen et al., 1993). Thus,

™
i

. while CD8" populations may remain normal 1n infected
indivaiduals, the effectiveness of this peopulation in its
abi1lity to mount an effective anti-viral immune response

15 may be adversely effected even in the 1initial phase of the
1nfection (Caruso et al., 19%4).

Studies nave also demonstrated that Cb28 signal
rransduction may be invelved in the activity of the virus
(Asto et al., 1993; Smithgall et al., 1995). Costimulation
20 of HIV infected peripheral blood CD4" T-cells with anti-CD3
and anti-CD28 results 1in higher wviral replication than
stimulation with anti-CD3 alone (Smithgall et al., 1995).
This response can be ablated by the addition of CTLA-4 Ig

as a soluble form of the (D80 receptor and to a lesser

25 degree by ant:-IL-Z ({Smithgall et al., 1985). In other
studies with 1infected CD4" T-lymphocytes, 1in 40% of
patients 1t was demonstrated that CD28 ligation alone
resulted in the up-regulation of virus production without

add:taional stimulil requaired (Asjo et al., 1993).

30 Pretreatment of lymphocyte populations with the HIV surface
glycoprotein gpl20 results in the down-regulation of CDB8O
on the surface of APC (Chirmule, 1995). While CD28

expression on T-cells appears to be down-regulated by HIV
infection, CD80 expression 1S up-regulated on these cells
35 (Haffar et al., 19983). This 1s a proposed mechanism by

which infection may be transferred to uninfected T-cells as
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WD 99157271 <400> 25 aacctgaaca ctgctcccat aaag <210> 26 <211> 25 <212> DNA
<213> feline CTLA-4 prinmer <900> 26 gcctcagctc ttagaaattg gacag <210> 27
<211> 21 <212> DNA <213> feline CD86 priner <400> 27 tagtat tﬁﬂgﬁﬂ%eﬂ@ﬂ&ccag
g €210> 28 23495728 <212> DNA <213> feline CD86 primer <400>pBusbgafog@cat t
atcttgagat ttc <210> 29 <211> 23 <212> DNA <213> feline CD86 primer <400>
29 gagcatgcac taatgggact gag <210> 30 <211> 23 <212> DNA <213> feline CD386

primer <400> 30 ctgtgacatt atcttgagat ttc 19 SEP 2002 PCT/ U S99/ 0950? 29 25
the interaction between CD28 on uninfected T-cells and CD80

on infected T-cells may facilitate the cell to cell contact

that allows the transfer of virus (Haffar et al., 1993).

While the effects of CD28 i1n HIV have been explored, the
5 role of the surface protein in FIV has not been
distainguished. If similar results can be demonstrated in
the cat as are observed in the human system, 1t will
further confirm the usefulness of the feline as a

retroviral model.
{J} 10 MATERIALS AND METHODS
Infection in vivo

Three adult specific pathogen free (SPF) female cats were
infected intravenously with 1x10° TCID,, of the Maryland
strain of the FIV virus. Two similar females were mock
15 infected with serum containing no virus to serve as
controls. Blood was extracted prior to the infection and
once every week for seven weeks. In the initial week of
the 1nfection, cats were monitored twice a day to 1insure
that no wnitial reaction from the i1njection occurred. As
20 the infection progressed, the animals were mon:itored on a
€;} daily basis. Every week, during the acute stage of the
clinical 1llness, 5-10 ml of blood was collected for CBC
determination and PBMC i1sclation. CBC was determined by
counting cell types 1in a dip-gquick stained blood smear
25 (Jorgensen Lab., Loveland, CO).

The PBMC were extracted from the blood by separation over
a histopaque gradient (Sigma, St. Louis, MO). Following
initial washing with Alsever’'s solution, ~5x10° cells were
removed and divided into 5 wells of a 48 well plate. The
30 cells were resuspended in 500 pl of complete RPMI, and then
labeled with antibodies directed against either CD4 or CDS8.
After an hour incubation at room temperature with gentle

rocking, the cells were washed two times with PBS.
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21 23 23 23 19 19 SEP 2002 WO 99/57271 PCTNS99/ 09502 <210> 31 <211> 27
<212> DNA <213> feline CD86 prinmer <900> 31 ccatcctaat acgactcagt atag

2'7 <210> 3~ <211> 28 <212> DNA <213> feline CD86 primer ..i <4|C)9>SEE ?ﬁ%ﬁ
t gggt aacct tgv@bagabg agcaggtc 28 <210> 33 <211> 23 <212> DNA pegdh3dvokhedor ne
CD86 prinmer <400> 33 actcactata gggctcgagc ggc 23 Q10> 34 <~1~.> 25 '2| 2>
DNA <213> feline CD86 priner <400> 39 caggttgact gaagttagca agcac 25 <210>
35 <211> 27 <212> DNA <213> feline CD86 priner c900> 35 ccatcct aat

acgact cact atagggel2dwing washing, the secondary antibody, goat anti-mouse

IgG (H+L) FITC labeled (KP&L, Gaithersburg, MD), at a
concentration of 1:500 was added and incubated at room
temperature for 1 hr with gentle rocking. The cells were
5 then washed three times with PBS and fixed with 3.7%
formaldehyde. Fluorescently labeled populations were then

quantitated on a FACSCalibur flow cytometer.

The remaining PBMC were washed an additional time with 10

ml of Alsever’'s solution. Following centrifugation, the

10 supernate was removed, and 1 ml of ULTRASPEC (Biotexc,

é? Houston, TX) was added for RNA extraction. The RNA was
purified and precipitated as previously described. The

concentration was then qgquantitated by measurement of

absorbance at 260 nm on a spectrophotometer. The RNA was

15 then resuspended in 50 pl of DEPC treated water and frozen

at -70°C for later use.
Semi-cquantitative RT-PCR

Prior to PCR amplification of sample RNA, 60 ml of blood

wags collected from a terminally bled cat. PBMC were

[\
(@]

1solated as described previously. The cells were counted

cn a hemacytometer and divided 1into 4 flasks at a

concentration of 5x10° cells per ml. The cells were
stimulated with Con A for 0, 8, 16 and 24 hr prior to
centrifugaction and extraction of RNA from the cell pellet
25 with ULTRASFEC as previously described. RT-PCR was
performed using 1.5 pug of RNA transcribed to ¢DNA with MMLV
reverse transcrirtase and an oligo dT 3’ primer. The RNA,
dT pramer and DEPC treated dH,0 were incubated for 5 min at
70°C to remove RNA secondary structure and allow for primer
30 annealing. Transcription buffer, MgCl,, dNTP, and DTT were
then added and the maixture incubated for 2 min at 42°C.
One ul of reverse transcriptase was then added and the
reaction allowed to proceed for 30 min. Four ul of the 25
pl RT reaction was then added to each of three tubes for

35 CDh80 amplification and three tubes for CD28 amplification.

108



<210> 36 20 19 SEP 2002 WD 99/57271 PCT' | US99] 09502 <211> 25 <212> DNA

<213> fel Zne CD86 priner <400> 36 ggacaagggc acatatcact gtttc E[Fg 2%
<211> 23 <212> DNA <213> feline CD86 primer <900> 37 actcactata gggct B

ggc 23 cy . wolest8B <211> 25 <212> DNA <213> feline CD86 pr:POaPUSIM0802 38
cagtgcttgc taacttcagt caacc 25 <210> 39 <211> 23 <212> DNA <213> feline
CD86 prinmer <400> 39 cgggaatgtc actgagctta tag 23 <210> 40 <211> 23 <212>

DNA <213> feline CD86 prinmer <400> 90 gat ctttttc aggttagcag ggg 23 <210> 41
211> 20 <212> DNESLES Pé| LA BEROPHH Grer BT CD28 or CD80 spec:iic

primers were then added to the cDNA. The praimers for CD80
were:

B7-5220 5’ pramer: CAT GTC TGG CRAA AGT ACA AG
5 B7-284 3’ pramer: TTA TAC TAG GGA CAG GGA AG

while the primers used for CD28 were:

CD28 5’ start: CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG

28
€;f Ch28-~23% 3': ATT TTG CAG AAG TAA ATA TCC

The three tubes for each product were then incubated at
10 95°C for 5 min and then 0.25 pl of Tag polymerase in 10 ul
cf water was added to each tube. The reactions were
subjected to the cycles of the following temperature
profiie: 95°C 30 sec, 55°C 30 sec, and 72°C 30 sec. A tube
was removed at 2C, 25 and 30 cycles respectively. Twenty
15 ul cf each reaction was visualized on a 1% agarose gel.
The agarose gel was photographed and the number of cycles
at which a product appreared determined. Following these
prelaminary experaiments, RNA previously extracted from the

_ infected and control animal was amplified 1n a similar
20 fashion.

Infection in vitro

In vitro FIV infected T cell lines were stimulated with
Con A for 0, and 16 hr and expression of CD28 and CD80
assayed by the semigquantitative RT-PCR method. The FETJ
25 cell line 1s a mixXed T-lymphocyte populaticn that grows in
the absence of IL-2 1n the growth media. Independent
subpopulations of these cells have been exposed to the
Maryland strain and the Petaluma strain of the FIV vairus.
Approximately twenty million normal, Petaluma infected and

30 Maryland infected FETJ were stimulated for 0 and 16 hr with
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19 SEP~ 2D02 WD 99/57271 PC f/US99109502 <400> 91 atgggtcacg cagcaaagtg 20
<210> 92 <211> 2C <212> DNA <213> feline CD80 priner <400> 42 ctat EPa

aggt gagatc 20 <210> 43 <211> 17 c212> DNA <213> feline CD80 prﬂrﬂsﬁ% 48@ 43
caggaaacag Clyadgaerndy/ <210> 49 <211> 18 <212> DNA <213> fel i nepcgRBQy/pysbirer
<400> 49 aatacgactc actatagg 1B <2i 0> 95 <211> 21 <212> DNA <213> feline
CD80 prinmer <900> 45 aacaccattt catcatcctt t 21 :210> 46 <211> 23 <212> DNA
<213> feline CD80 prinmer <400> 46 atacaagtgt atttgccatt gtc 23 22 I 9 SAP
20Q2 WO 991 572718 Pe3/ws99] (UB0A -<2RDR ¥Is psactpkires PRAase cells after

the incubation with the ULTRASPEC RNA extraction reagent

(Biotexc, Houston, TX) and purified as previously
described.
5 MCH 5.4 1s a T cell line deraived from a cat in a colony

that had multiple FIV infections although this line 1s not
chronically FIV infected. Approximately twenty million MCH

5.4 cells were pelleted by centrifugation and resuspended

in 5 ml of concentrated FIV infected supernatant. The

10 cells were incubated at this concentration for 30 min in a
%;; 5% CO, incubator at 37°C before adjusting to a concentration
of -5x10° and cultured for 24 hr. After normal and infected

MCH 5.4 were staimulated for 0 and 16 hr wath 8 ug/ml of Con

A. RNA was extracted with the ULTRASPEC RNA extraction

15 reagent (Biotexc, Houston, TX) and purified as previously
descraibed.

Northern Blotting

For ©Northern blot analysis, RNA concentrations were
determined by spectrophotometric analysis at 260 nm.
20 Fifteen ug of each RNA sample was concentrated to 3 ug/ul
and resuspended in 3 volumes of sample loading buffer. The
% samples were then heated tc 70°C for 15 min to denature the
RNA and remove secondary structure. The samples, at a
volume of 20 ul, were loaded onto a 1% denaturing agarose
25 gel and then electrophoresed at 70 volts for 2.5 hr until
the bromophenocl blue dye front reached within 2 cm of the
bottom of the gel. The RNA was then transferred from the
gel to a Genescreen nylon membrane (Dupont NEN, Boston, MA)
by downward capillary action. The RNA was UV cross-linked
30 onto the membrane by exposure to low intensity UV light for
3 min and then the lanes were visualized for integrity of

the ribosomal bands by UV shadowing.

A feline CD28 specific probe was constructed using random

primed cDNA labeling. A full length CD28 molecule was cut
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<213> feline CD80 prinmer <400> 47 agctctgacc aataacatca 20
<210>48<211>22<212>DNA<213>f el i ne CDB0 prinmer <900> 48 attagaaatc
cagttcactg ct 22 <210> 49 <211> 21 <212> DNA <213> feline %%@quFQH 00>
99 tcatgtctogooeaamagi acaa g 21 <210> 50 <211> 18 <212> DNA <2F¥ biovED2 0
primer <400> 50 attcactgac gtcaccga 18 c210> 51 <211> 16 <212> DNA <213>
feline CD80 prinmer <400> 51 aaggctgtgg ctctga 16 <210> 52 23 WO 99/ 57271
~P~C T~/iJ~~ 9 09Q 02 <211> 29 <212> DNA <213> feline CD80 priner <900> 52
t cgagaat t ¢ gggt Eeeyceheddaagjrggnaovedqs B3 ng2 f1anBing2BooRDNAL 293> Tht i ne
CD80 primer ' <ADO=&H%

t was purified by gel electrophoresis and extracted
from the agarose with the Amicon gel nebulizer (Amicon,

Beverliy, MA). 25 ng of purified product was incubated with

[zt

random decamers for 5 min at 95°C to remove secondary
structure (Ambion, Austin, TX). The reaction was then snap
frozen in liquid nitrogen and ANTP lacking dATP and P32adATP
were added to the mixture. Following a 1 min incubation at

37°C, 1 ul cf Klenow DNA polymerase was added, and the

1C mixture 1incubated for 30 main. The reaction was stopped

with the addition of 1 ul of 0.5 M EDTA, and subsequently

é} pur>fied with a Sephadex G-50 spin column (Sigma, St.
Louis, MO) to remove unincorporated radioc-labeled

nuclieotide. > ul of :the reaction was diluted in 1 ml of

15 sczntizlilaticn fluid, and the actavity of the probe
determined on a scintillation countcer. Blots were

prehybridized for 15 min at 65°C in 5 ml of Rapid Hyb

hybradizaticon fluid (Amersham Life Scaience, Cleveland, OH).

Five ul of tne probe, at a concentration of 3-5x10% cpm/ul,

20 was added to each blot, and incubated with rotation for 1.5

hr. at €5°C. The probe was removed, and the blots washed

two times 1in 1% SSC/0.1% SDS at room temperature for 15

mir. The bklots were then scanned with a Gieger counter and

. rewasned at 65°C 1f necessary. Labeling was gquantitated on

€} 25 a Betagen scanning device. A final wash at 65°C for 15

min. was performed, and the blot placed on film for 16-24

hr at -70°C with an intensafying screen. The

autoradiograph was developed and the bands qguantitated by

densitometry. RNA integraity and concentration was

30 confirmed with a G3PDH specific probe (kindly provided by

Prof. J. Piedrahita, Texas A&M Universaity) labeled and
hybridized :n a similar manner.

Semi-quantitative RT-PCR from the in vitro infected cells

The presence of CD28 was further measured by semi-
35 quantitative PCR. As previously described, the
concentration of extracted RNA was estimated by
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gctaggatcc aatctatgta gacaggtgag at 32 . <210> 54 <211> 32 <212> DNA <213>

feline CD80 prinmer <400> 59 gatgaattcc atgatcctca ggctgggctt ‘Eb gé 2> 55
<211> 29 <212> DNA <213> feline CD80 priner <900> 55 gat cagat

at gccgcaa 29VQ2/572Hepl acenent Sheet 19 Sept ember 2002 What i SCINE
~-1. An isolated nucleic acid encoding a feline CD86 ligand or a feli ne
sol uble CD86 ligand. 10 .4-2. An isolated nucleic aci d encodi ng a feline

CTLA- 4 receptor i I tor ~~--~~ ~ 2

~3. The nucl ei ngélcgr%@%@ jfélljr%v\ﬁ]‘-hés a ;_9? e 638%5 Of §—f‘ge
sequence shown fangilgwcd WK) be«girmlwga%qmbmi mmeatndllegldangow&@h dT
i sol euci ne (Sequenger! DaN: $MLV2S reverys -t%%n%célozggenugle'%r@%ﬁgngﬁy

claim~2, wherein the feline CTLA-4 receptor sequence shown in
Fi gure 5A begi nAFRGEWPER - nEtie6niFe a?faeehﬂiﬁgﬂw toﬁ ddppurahi HeAFSeqleHes | .
D. NO: 9). 535 ~thbn Thearufdeie acbdsefveanypad €lBédn ~- -Thired whBEEI Belkbe

nucleic acid is pI acenent Sheet 19 t ember. 2002
1- A-6. The nucl eP’g’lﬁ\am*&gN%Sllnaﬁ CD&E rel e "HNA i ?terg gr‘be% Onit €

DNA. An ol i gonueledtifdedofusitng eal8 8 1zpagefeot |pdvesneaa/\mr@,d1 hhe aegequenge
conpl ementary t@uBeSQHYEARBl1f1ed with G3PDH specific primers:

G3PDH 5': CCT TCA TTG ACC TCA ACT ACA T

10 G3PDH 3': CCA AAG TTG TCA TGG ATG ACC

A

‘\L t‘}

As previously described, tubes were removed at 20, 25 and
30 cycles. Twenty ul of each sample was visualized on a 1%
agarose gel. In addxition, the presence of certain T cell
derived cytokines were similarly assayed from RNA from FETJ

15 and MCH 5.4 cells. Primers specific for:
IL-2 5"~ CAA CCC CAA ACT CTC CAG GAT G
IL-2 3': GGT CAG CGT TGA GAA GAT GCT TTGC
IL-4 5 TAT TAA TGG GTC TCA CCT ACC
é:} IL-4 3': TTG GCT TCA TTC ACA GAA CAG
20 IFNy 5': GGG TCG CTT TTC GTA GAC ATT TT
IFNy 3': CAG GCA GGA CAA CCA TTA TTT C

were used to amplify cDNA transcribed from 1.25 pg of RNA.
Twenty percent of the transcription react:on was amplified
for each cvtokine. The remaining cDNA was amplified using
25 G3PDH specific primers. The c¢DNA was amplified for 30
cycles using the following parameters: 95°C 5 min 1 cycle;
95°C 30 sec, 55°C 30 sec, 72°C 30 sec 30 cycles; 72°C 5 min
1 cycle. Twenty pl of the reaction were then visualized on

a 1% agarose gel.
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uni quely present in the nucleic acid of any of claim~1-4-1 - 2 . ~--8. The
ol i gonucl eotide of claim~7 which is at 10 |east 15 or 16 nuc{ eottgeﬁ] bn

| ength. ~3-9. The oligonucl eotide of claim3~7 or 3~-8, where g 0

ol i gonucl eoWY¥/3737ldet ect abl y | abel ed. 15 ~4--10. The ol i gonBeTA8?Y&020f
claim~3-9, wherein the detectable |abel conprises a radioisotope, a

fl uorophor, or biotin. ~-~-11 . The oligonucleotide of claim-~-7 or ~-8,

wherein 20 theyel nygl i : ly nethylated. 25 1-y~8-~ 3~5~A
R‘E b&R 'dB QQTR'_egﬁ%_&fé §ﬁk88£k¥§ y y y~

T~Ae a a s~-i e- -T - 1~1 A vector corrprlsmgthe
nucl eic acid of cI ai m ~--1. ~13. The plasmd vector of claim~-8-12
desi gnat ed B7 3&f2&mumnl @f2/REID2 36hd| ADBC SAac esdilen we. c20932ipd 8hrofgh- ~r

;" T7~1-A--9-2- - P~ei tor i ng
t he nucleic aci E]P pfC ég?pr%%f Ca{tlzloép O%e%?%c%"ﬁe%%f%ee?q%y%gpte %?9503
Q15. The pl asmc@nvé@fcmatépncl afm ©12° ded gasedt CARAGY1 Be@ 91997 qDNRCCat
Accessi onsNo. %Q%%%@bs‘%r A3 1 R %&Eé}ﬁer@r@n&s%c chRLM RTS-and ~a 14ado,
corrprlsmgSaE}e ter operably linked to the Puclelc acid. ~-5-17. "A host
cel | which conpPt§és*& v%ctd? ®Tny of SRl &itm 35~EE- RE. ARPELIG - ¥8TCThe
host cell of clampml('@]ﬂad viherism dderthdxIR celdh ithen felkawiolg pagaméters:
prokaryotic celd T. o] || aj , ereiqt

cell is select edr’ from tmfj%% gr%%op@cggr)ls%gtl négsoo(EJ ﬂE(l;n %%g % Ce;/esgbstgg%los
cells, PCl2 celdvsleerO’@éf| s, mand GHUEPWEsp émp?ez)fmatngo R el PiepEiCHe
encoded hy t he saugliel ead dr1Gfuaqlizied onla 2% dgardde 4epol ypeptide encoded
by the nucleic acid of claim4-2 . 3~-22. A nmethod of producing the

gl ypepti de of _any of claim Z~~120-21 which conprising culturing a host 30
cell which exp S he pol ypeptide and recovering the pol ypeptide so
produced. 3-~-23. A vaccine conprising an effective anount of a pol ypeptide

of any of clai md -geredhald @@%t@@&fes 3<§f C@*‘ri@rinléévo RepLacegenty Sheet
19 September 2002 TT-24. A vaccine of wherein the effective

amount is an afifaft FEFRSDR COE I%IO[“O aAtSJHGt ai}éo% BelegBseniected

with the virus by intravenous injection, while cats AWG3
15 and OAE6 were 1injected with media alone. FACS analysais
showed some differences between in CD4:CD8 ratios with
the experaimenta. animals and the controls. While the
control animals overall maintained a fairly constant
ratio of arounc two to one, there were some fluctuations
20 in the experimental group with the rat:o dipping as low

as one £o one 1n one animal {Table 3).

Table 3: CD4:CD8 T-lymphocyte ratios from PBMC drawn from

acutely infected and uninfected cats.

25
CD4: WK1 WK2 WK3 WK4 WK5 WK6 WK8
CD8
INFEC
TED

30 AUO 4 4.5 N/D 1.9 1.2 1.0 1.5 1.6
AUU 3 N/D 2.3 2.9 1.3 1.2 1.1 2.1
OAC2 2.8 1.48 2.3 1.9 1.1 1.14 1.1
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5 3~-r25. A vaccine of claim 3-3-23, wherein the effective anpunt is an
anount from about 0.25 ng/ kg wei ght body of a feline/day to abBLEERQﬂﬂﬁ/ kb
wei ght of a feline/day. 10 3-6-26. A vaccine of claim"-~~23-25 which
further conpVP9®§723h i nmunogen derived from a pat hogen. 3-~- PETUS904%81 ne
of clainms 3-r26, wherein the pathogen in a feline pathogen a rabies virus,
chl anydi a 15 Toxopl asnosis gondii, Dirofilaria immtis, a flea, or a
bacterial pathogen. 3~-8--28. A vaccine of claim 37-27 wherein the feline
pat hogen is feline i munodeficiency virus (FIV), 20 feline | eukem a virus
(FeLV), feline VNL&&tious peritonitis virus (FIP), feline panl eukopenia
virus, feline C?&TﬁbVlrUS feline reovirus type 3, feline rotavirus, feline
coronavirus, feline syncytial virus, feline sarcoma virus, feline

her pesvi rus, 252fel?ne Bor na2dfseasle Vi rus? or & f&lineé- ﬁarasit% fR29. A
mat hod of kndacomng §nmmanity pnia faligna whi.eh conpri ses .adm npsgering do
the feline a dose of a vaccine of any of claim 3~8-26-28. 30 ~1-A-30. A

nmet hod of enhancing an inmune response in a feline which conprises
admnistering to the feline a dose of a vaccine of any of claim~~e-23-38.
35 4~-31 . The mréhadnef cbatse 309- 2DHaar én@&D\Maermim thpr¥ascobne was

adm ni stered subgu%aneo s#g dlatgggusculahay 0 Sa e Cplagﬁz nt %Qg t 19
Sept enber 2002 gys 8 cal y, top y, or orasf g 237 macf]h o For
suppr essi ng an Wasumps gsesporasd |¢puald ghe n@mMﬁiﬁd:dmor PEBs aadmmihs sterd ng to

the felineys a”p81$€§té”33'ﬁﬁuﬁ% EﬁépﬁﬁsﬁrSﬂﬁﬂkﬁﬁ%b”@oﬁnﬁugﬁ Rh1&1on.
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claim'"' ~--~20. aLm =~ Sis he
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CD28 1t not expressed at high levels by resting T-cells
(which constitute the majority of circulating T-cells)
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No othexr cytokine message was amplified.

_@,

The Northern blot indicates that CD28 expression at the
mRNA level 1s down-regulated in vitro by the presence of

FIV. While thas finding should be confirmed by measuring
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TUXX"?; 3 vitro may influence CD28 expression as has been

demonstrated in human T-cells infected with HIV (Brinchmann
et al., 1994).

CONCLUSION

Cloning and sequencing of the ¢DNA encoding the CD28 and
CD80 sagnalaing complex from the feline system yielded
product analogous to the molecules 1isolated from other

10 systems. While the putative amino acid sequence of the

LY 14

{
A8

feline protein demonstrated relatively low 1identity with
the human and murine polypeptides, comparisons of
homology Dbetween previously cloned molecules, the
retention of characteristic residues, and the fact that
15 the surface rigand s not thought to have a signaling
function, led to the conclusion that the isolated product
was in fact the feline analog of CD80. In contrast the
feline CD28 molecule retained moderate identity at both
the nucleic acid and putative amino acid level, and was

20 analogous to molecules cloned 1n other species.

The nature of the molecules were Iurther 1dentified by

gmj demcnstrating interaction in binding assays. Monoclonal
antibodies directed against the analogous proteins in

other species could not reac:t with the expressed feline

25 proteins. Thus a set of binding assays was designed to
demonstrate that i1nteraction occurred, and that the
interaction was 1inhibitable by scluble receptor. In

these assays, binding was demonstrated by retention of
fluorescently labeled cells, which was inhibitable by the

30 introduction of soluble counter-receptors. These assays
demonstrated not only that the proteins for feline CDS80O

and CD28 could be expressed, but also that the surface

expressed molecules were able to interact.
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10 establish the feline system as an important model of
retroviral infection.
£
o The 1long cterm applications of these molecules 1s
potentially vast. An understanding of 1mmune systems
evolutionar:ly divergent from the human system can only
15 lead to a mcre thorough understanding of how the system
functions i1n man. Further, the importance of the feline
species as a model in retroviral infection 1is clearly
established (Siebelink et al., 1990). The CD80 has been
proposed as a potential adjuvant to -nduce memory CTL 1in
20 anti-retroviral vaccines. The feline system would be an
exceptional model 1n which to test the efficacy of this
system.
€
25
30
35
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FIG. 2A-1

FeB71-SYNTRO

ATGGGTCACGCAGCAAAGTGGAAAACACCACTACTGAAGCACCCATATCCCAAGCTCTTT 60
IMet Gly His Ala Ala Lys Trp Lys Thr Pro Leu Leu Lys His Pro Tyr Pro Lys Leu Phe

CCGCTCTTGATGCTAGCTAGTCTTTTTTACTTCTGTTCAGGTATCATCCAGGTGAACAAG 120
Pro Leu Leu Met Leu Ala Ser Leu Phe Tyr Phe Cys Ser Gly lie Ille Gin Val Asn Lys

ACAGTGGAAGAAGTAGCAGTACTATCCTGTGATTACAACATTTCCACCAAAGAACTGACG 180
Thr Yal Glu Glu Val Ala Yol Leu Ser Cys Asp Tyr Asn lle Ser Thr Lys Glu Leu Thr

GAAATTCGAATCTATTGGCAAAAGGATGATGAAATGGTGTTGGCTGTCATGTCTGGCAAA 240
Glu lle Arg lle Tyr Trp Gin Lys Asp Asp Glu Met Val Leu Ala Va! Met Ser Gly Lys

GTACAAGTGTGGCCCAAGTACAAGAACCGCACATTCACTGACGTCACCGATAACCACTCC 300
Val Gin Val irp Pro Lys Tyr Lys Asn Arg Thr Phe Thr Asp Yal Thr Asp Asn His Ser

ATTGTGATCATGGCTCTGCGCCTGTCAGACAATGGCAAATACACTTGTATCATTCAAAAG 360
lle val lle Met Ala Leu Arg Leu Ser Asp Asn Gly Lys Tyr Thr Cys lle [le GIn Lys

(_} ATTGAAAAAGGGTCTTACAAAGTGAAACACCTGACTTCGGTGATGTTATTGGTCAGAGCT

420
lle Glu Lys Gly Ser Tyr Lys Val Lys His Leu Thr Ser Val Met Leu Leu Vo! Ag Ala

GACTTCCCTGTCCCTAGTATAACTGATCTTGGAAATCCATCTCATAACATCAAAAGGATA 480
Asp Phe Pro Val Pro Ser lle Thr Asp Leu Gly Asn Pro Ser His Asn lle Lys Arg lle

ATGTGCTTAACTTCTGGAGGTTTTCCAAAGCCTCACCTCTCCTGGCTGGAAAATGAAGAA 540
Met Cys Leu Thr Ser Gly Gly Phe Pro Lys Pro His Leu Ser Trp Leu Glu Asn Glu Glu

GAATTAAATGCCATCAACACAACAGTTTCCCAAGATCCTGAAACTGAGCTCTACACTATT 800
Glu Leu Asn Ala lle Asn Thr Thr Val Ser Gin Asp Pro Glu Thr Glu Leu Tyr Thr lie

AGCAGTGAACTGGATTTCAATATGACAAACAACCATAGCTTCCTGTGTCTTGTCAAGTAT 660
Ser Ser Glu Leu Asp Phe Asn Met Thr Asn Asn His Ser Phe Leu Cys Leu Val Lys Tyr
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FIG. 2A-2

GGAAACTTAATAGTATCACAGATCTTCAACTGGCAAAAATCAGAGCCACAGCCTTCTAAT 720
Gly Asn Leu lle Val Ser Gin lle Phe Asn Trp Gin Lys Ser Glu Pro Gin Pro Ser Asn

Q‘; AATCAGCTCTGGATCATTATCCTGAGCTCAGTAGTAAGTGGGATTGTTGTGATCACTGCA 780
‘ Asn Gin Leu Trp lle lle lle Leu Ser Ser Vol Val Ser Gly lle VYol Vol lle Thr Alo

CTTACCTTAAGATGCCTAGTCCACAGACCTGCTGCAAGGTGGAGACAAAGAGAAATGGGSG 840
Leu Thr Leu Arg Cys Leu Yal His Ag Pro Ala Ala Ag Trp Ag Gin Arg Glu Met Gly

AGAGCGCGGAAATGGAAAAGATCTCACCTGTCTACATAG 879
Arg Ala Arg Lys Tro Lys Arg Ser tiis Leu Ser Thr
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FIG. 3A-1
FeB72

GTTTCTGTGTTCCTCGGEAATETCACTGAGCTTATACATCTGGTCTCTGGGAGCTGCAGT
GGATGGGCATTTGTGACAGCACTATGGGACTGAGTCACACTCTCCTTGTGATGGCCCTEC
Met Gly lle Cys Asp Ser Thr Met Gly Leu Ser His Thr Leu Leu Val Met Alo Leu 120

60

TGCTCTCTGGTGTTTCTTCCATGAAGAGTCAAGCATATTTCAACAAGACTGGAGAACTGC
Leu Leu Ser Gly Val Ser Ser Met Lys Ser Gin Ala Tyr Phe Asn Lys Thr Gly Glu Leu 180

CATGCCATTTTACAAACTCTCAAAACATAAGCCTGGATGAGCTGGTAGTATTTTGGCAGS
€ Pro Cys His Phe Thr Asn Ser Gin Asn lle Ser Leu Asp Glu Leu Val Vai Phe Trp Gin 280

ACCAGGATAAGCTGGTTCTGTATGAGATATTCAGAGGCAAAGAGAACCCTCAAAATGTTC
Asp GIn Asp Lys Leu Val Leu Tyr Glu lle Phe Arg Gly Lys Glu Asn Pro GIn Asn Vai 300

ATCTCAAATATAAGGGCCGTACAAGCTTTGACAAGGACAACTGGACCCTGAGACTCCALCA
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GACTAGTTCCCATGCACCAAATGAGTTCTGACCTATCAGTGCTTGCTAACTTCAGTCAAC
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CTGAAATAACAGTAACTTCTAATAGAACAGAAAATTCTGGCATCATAAATTTGACCTGCT
Pro Glu lle Thr Val Thr Ser Asn Arg Thr Glu Asn Ser Gly lle lle Asnleu Thr Cys 240
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CATCTATACAAGGTTACCCAGAACCTAAGGAGATGTATTTTCAGCTAAACACTGAGAATT
Ser Ser lle Gin Gly Tyr Pro Glu Pro Lys Glu Met Tyr Phe Gln Leu Asn Thr Glu Asn 000

CAACTACTAAGTATGATACTGTCATGAAGAAATCTCAAAATAATGTGACAGAACTGTACA
Ser Thr Thr Lys Tyr Asp Thr Val Met Lys Lys Ser Gin Asn Asn Val Thr Glu Leu Tyr 660

ACGTTTCTATCAGCTTGCCTTTTTCAGTCCCTGAAGCACACAATGTGAGCGTCTTTTETG
Asn Vai Ser lie Ser Leu Pro Phe Ser Val Pro Glu Ala His Asn Val Ser Vol Phe Cys /20

CCCTGAAACTGGAGACACTGGAGATGCTGCTCTCCCTACCTTTCAATATAGATGCACAAC
Alo Leu Lys Leu Glu Thr Leu Glu Met Leu Leu Ser Leu Pro Phe Asn lle Asp Alo GIn /80

CTAAGGATAAAGACCCTGAACAAGGCCACTTCCTCTGGATTGCGGCTGTACTTGTAATGT
Pro Lys Asp Lys Asp Pro Glu Gin Gly His Phe Leu Trp lle Ala Ala Val Leu Val Met 840

TTGTTGTTTTTTGTGGGATGGTGTCCTTTAAAACAC TAAGGAAAAGGAAGAAGAAGCAGE
Phe Vol Val Phe Cys Gly Met Val Ser Phe Lys Thr Leu Arg Lys Arg Lys Lys Lys Gin 900
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CTGGCCCCTCTCATGAATGTGAAACCATCAAAAGGGAGAGAAAAGAGAGCAAACAGACCA 860
Pro Gly Pro Ser His Glu Cys Glu Thr lle Lys Arg Glu Arg Lys Glu Ser Lys Gin Thr

ACGAAAGAGTACCATACCACGTACCTGAGAGATCTGATGAAGCCCAGTGTGTTAACATTT
Asn Glu Arg Val Pro Tyr His Val Pro Glu Arg Ser Asp Giu Ala Gin Cys Val Asn lle 1020

TGAAGACAGCCTCAGGGGACAAAAATCAGTAGGAAAATGGTGGCTTGGCGTGCTRACAAT
Leu Lys Thr Ala Ser Gly Asp Lys Asn Gin | 1080
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(;i Ser Gly Ile Ile Gln Vval Asn Lys Thr Val Glu Glu Val Ala val Leuy
35 40 45

Ser Cys Asp Tyr Asn Ile Ser Thr Lys Glu Leu Thr Glu Ile Arg Ile
50 55 60

Tyr Trp Gln Lys Asp Asp Glu Met Val Leu Ala Val Met Ser Gly

L
65 20 ys

75 80

Val Gln val Trp Pro Lys Tyr Lys Asn Arg Thr Phe Thr Asp Val Thr
85 80 95

Asp Asn His Ser Ile val Ile Met Ala Leu Arg Leu Ser Asp Asn Gly

100 105 110
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Lys

Lys

Pro

145

Met

Glu

Pro

Val

225

Asn

Val

Arg

Hls

Tyr

His

130

Ser

Cys

Asn

Glu

Asn

210

Ser

Gln

Ile

Trp

Leu
290

<210> 5

<211>
<212>
<213>

<220>

<R221>
<222>

<400> 5
gtttctgtge tcectegggaa tgtcactgag cttatacate tggtecretgg gagctgcagt 60

Thr

115

Leu

Ile

Leuy

Glu

Thr

195

Asn

Gln

Leu

Th

s

Arg
275

Ser

1080
DNA
feline CD86

CDs
{63)

Cys

Thr

Thr

Thr

Glu

180

Glu

His

Ile

Trp

Ala

260

Gln

Thr

Ile

Ser

Asp

Ser

165

Glu

Leu

Ser

Phe

Leu

Arg

.. {1052)

Ile

Val

Leu

150

Gly

Leu

Tyr

Phe

Asn

230

Ile

Thr

Glu

Gln

Met

135

Gly

Gly

Asn

Thr

Leu

215

Trp

Ile

Met

Lys

120

Leu

Asn

Phe

Ala

Ile

200

Cys

Gln

Ley

Arg

Gly
280

9

Ile

Leu

Pro

Pro

Gln

Val

Ser

Lys
170

Ile Asn

185

Ser

Leu

Lys

Ser

Cys

265

Arg

Val

Ser

Ala

Lys

Arg

His

155

Pro

Thr

Glu

Lys

Glu

235

Val

Val

Gly

Ala

140

Asn

His

Thr

Leu

Tyr

220

Pro

Val

His

Ser

125

Asp

Ile

Leu

Val

Asp

205

Gly

Gln

Ser

Arg

Trp
285

Tyr

Phe

Lys

Ser

Ser

190

Phe

Asn

Pro

Giy

Pro

270

Lys

Lys

Pro

Arg

Asn

Leuy

Ser

Ile

255

Arg
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Val
Val
Ile
160
Leu
Asp
Met
Ile
Asn
240
Val

Ala

Ser
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WO 99/57271 PCT/US99/09502
gg atg ggc att tgt gac agc act atg gga ctg agt cac act ctc ctt 107
Met Gly Ile Cys Asp Ser Thr Met Gly Leu Ser His Thr Leu Leu
1 5 10 15

Ggtg atg gcc ctc ctg ctc tct ggrt gtt tect tcc atg aag agt caa gca 155
val Met Ala Leu Leu Leu Ser Gly Val Ser Ser Met Lys Ser Gln Ala
20 25 30

tat ttc aac aag act gga gaa ctg cca tgc cat ttt aca aac tct caa 203
Tyr Phe Asn Lys Thr Gly Glu Leu Pro Cys His Phe Thr Asn Ser Gln
35 40 45

aac ata agc ctg gat gag ctg gta gta ttt tgg cag gac cag gat aag 251
Asn Ile Ser Leu Asp Glu Leu Val Val Phe Trp Gln Asp Gln Asp Lys
50 55 60

.
g

ctg gtt ctg tat gag a ttc aga ggc aaa gag aac cct caa aat gtt 299
Leu Val Leu Tyr Glu I Phe Arg Gly Lys Glu Asn Pro Gln Asn Val
65 70 75

=t
W

(1]

cat ctc aaa tat aag ggc cgt aca agc ttt gac aag gac aac tgg acc 347
His Leu Lys Tyr Lys Gly Arg Thr 3er Phe Asp Lys Asp Asn Trp Thr
80 85 90 95

ctg aga ctc cac aat gttt cag atc aag gac aag ggc aca tat cac tgt 395
Leu Arg Leu His Asn Val Gln Ile Lys Asp Lys Gly Thr Tyr His Cys

100 105 110

ttc att cat tat aaa

[Ce]
(o]
Q

ccc aaa gga cta gtt ccc atg cac caa atg 443
Pro Lys Gly Leu Val Pro Met His Gln Met
115 120 125

Phe Ile His Tyr Lys

@
h
<

= agt tct gac cta tca gtg ctt gct aac ttc agt caa cct gaa ata aca 491
Ser Ser Asp Leu Ser Val Leu Ala Asn Phe Ser Gln Pro Glu Ile Thr
130 135 140

gta act tct aat aga aca gaa aat tct ggc atc ata aat ttg acc tgc 539
Val Thr Ser Asn Arg Thr Glu Asn Ser Gly Ile Ile Asn Leu Thr Cys
145 150 155

tca tct ata caa ggt tac cca gaa cct aag gag atg tat ttt cag cta 587
Ser Ser Ile Gln Gly Tyr Pro Glu Pro Lys Glu Met Tyr Phe Gln Leu
160 165 170 175

aac act gag aat tca act act aag tat gat act gtc atg aag aaa tct 635
Asn Thr Glu Asn Ser Thr Thr Lys Tyr Asp Thr Val Met Lys Lys Ser
180 185 150
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caa aat aat gtg aca gaa ctg tac aac gtt tct atc agc ttg cct ttt 683
Gln Asn Asn Val Thr Glu Leu Tyr Asn Val Ser Ile Ser Leu Pro Phe
195 200 205

tca gtc cct gaa gca cac aat gtg agc gtc ttt tgt gcc ctg aaa ctg 731
Ser Val Pro Glu Ala His Asn Val Ser Val Phe Cys Ala Leu Lys Leu
210 215 220

gag aca ctg gag atg ctg ctc tcc cta cct ttc aat ata gat gca caa 779
Glu Thr Leu Glu Met Leu Leu Ser Leu Pro Phe Asn Ile Asp Ala Gln
225 230 235

cct aag gat aaa gac cct gaa caa ggc cac ttc ctc tgg att gcg gct 827
Pro Lys Asp Lys Asp Pro Glu Gln Gly His Phe Leu Trp Ile Ala Ala
240 245 250 255

AP,
"

gta ctt gta atg ttt gtt gtt ttt tgt ggg atg gtg tcc ttt aaa aca 875
val Leu Val Met Phe Val Val Phe Cys Gly Met Val Ser Phe Lys Thr

™

260 263 270
cta agg aaa agg aag aag aag cag cct ggc ccc tcect cat gaa tgt gaa 823
Leu Arg Lys Arg Lys Lys Lys Gln Pro Gly Pro Ser His Glu Cys Glu
275 280 285
acc atc aaa agg gag aga aaa gag agc aaa cag acc aac gaa aga dgta 971
Thr Ile Lys Arg Glu Arg Lys Glu Ser Lys Gln Thr Asn Glu Arg Val
290 295 300
cca tac cac gta cct gag aga tct gat gaa gcc cag tgt gtt aac att 1019
Pro Tyr His Val Pro Glu Arg Ser Asp Glu Ala Gln Cys Val Asn Ile
305 310 315
O
2 ttg aag aca gcc tca ggg gac aaa aat cag tag gaaaatggtg gcttggcgrtg 1072
Leu Lys Thr Ala Ser Gly Asp Lys Asn Gln
320 325 330
ctgacaat 1080

<210> 6

<211> 329

<212> PRT

<213> feline CD86

<400> 6

Met Gly Ile Cys Asp Ser Thr Met Gly Leu Ser His Thr Leu Leu Val
1 5 10 15
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Met

Phe

val

65

Leu

Arg

Ile

Ser

Thr

145

sSer

~hr

Asn

Val

Thr

225

Lys

Leu

Ala

Asn

sSer

50

Leu

Lys

Leu

His

Asp

130

Ser

Ile

Glu

Asn

Pro

210

Leu

Asp

val

Leu

Lys

Leu

Tyr

His

Tyr

115

Leu

Asn

Gln

Asn

val

195

Glu

Glu

Lys

Met

20

Thr

Asp

Glu

Lys

Asn

106

Ser

Arg

Ala

Met

Asp

Phe
260

Leu

Gly

Gly

val

Thr

Tyr

165

r Thr

Glu

Hils

Leu

Pro

245

val

ser

Glu

Leu

Phe

70

Arg

Gln

Pro

Leu

Glu
150

'0
]
(o]

Thr

Leu

Asn

Leu

230

Glu

val

Leu

Arg

Thr

Lvs

Ala
135

Asn

@
e
o

Lys

val

215

sSer

Gln

Phe

Val

Pro

40

val

Gly

Ser

Gly

120

Asn

Ser

Pro

Tyr

Asn

200

Ser

Leu

Gly

Cys

10

Cys

Phe

Lys

Phe

Asp

105

Leu

Phe

Gly

Lys

Asp

185

Val

Val

Pro

His

Gly
265

Ser

His

Trp

Glu

Asp

20

Lys

Val

Ser

Ile

Glu

170

Thr

sSer

Phe

Phe

Phe

250

Met

Met

Phe

Gln

Asn

75

Lys

Gly

Pro

Gln

Ile

155

Met

val

Ile

cys

Asn

235

Leu

val

Lys Ser

Thr Asn

45

Asp Gln
60

Pro Gln

Asp Asn

Thr Tyr

Met His

125

pPro Glu
140

Asn Leu

Tyr Phe

Met Lys

Ser Leu

205

Ala Leu

220

Ile Asp

Trp Ile

Ser Phe

Gln

30

ser

Asp

Asn

Trp

His

110

Gln

Ile

Thr

Gln

Lys

190

Pro

Lys

Ala

Ala

Lys
270

Ala

Gln

Lys

val

Thr

95

Cys

Met

Thr

Cys

Leu

175

Ser

Phe

Leu

Gln

Ala

255

Thr
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Tyr

Asn

Leu

His

80

Leu

Phe

Ser

val

Ser

160

Asn

Gln

ser

Glu

Pro

240

val

Leu
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Arg Lys Arg Lys Lys Lys Gln Pro Gly Pro ser His Glu Cys Glu Thr
275 280 285

I1le Lys Arg Glu Arg Lys Glu Ser Lys Gln Thr Asrt. Glu Arg Val Pro
290 295 30C

Tyr His Val Pro Glu Arg Ser Asp Glu Ala Gln Cys Val Asn Ile Leu
305 310 315 320

Lys Thr Ala Ser Gly Asp Lys Asn Gln
325

<210> 7

<211> 688

<212> DNA

<213> feline CD28

<220>
<221> CDS
222> (1)..(6631

<400> 7
atg atc ctc agg ctg ctt ctg gct ctc aac ttc tIc ccc tca att caa 48
Met Ile Leu Arg Leu Leu Leu Ala Leu Asn Phe Phe Pro Ser Ile Gln

1 5 10 15

gta aca gaa aac aag att ttg gtg aag cag ttg ccc agg ctt gtg gtg 96
val Thr Glu Asn LyS 1le Leu Val Lys Gln Leu prc Arg Leu Val val
20 25 30

tac aac aat gag gtc aac ctt agc tgc aag tac act cac aac ttc ttc 144
Tyr Asn Asn Glu Val Asn Leu Ser Cys Lys Tyr Thr His Asn Phe Phe
35 40 45

tca aag gag ttc cgg gca tcc ctt tat aag gga gta gat agt gct gtg 192
ser Lys Glu Phe AIGQ Ala Ser Leu Tyr Lys Gly Val Asp Ser Ala Val
50 55 60

gaa gtc tgc gtt gtg aat gga aat tac tcc cat cag cct cag ttc tac 240
Glu Val Cys val Val Asn Gly Asn Tyr Ser His Gln Pro Gln Phe Tyr
65 70 75 80Q

tca agt aca dgga ttc gac tgt gat ggg aaa ttg ggc aat gaa aca gtg 288
Sey Ser Thr Gly Phe Asp Cys Asp Gly Lys Leu Gly Asn Glu Thr Val
85 90 95

11
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aca ttc tac ctc cga aat ttg ttt gtt aac caa acg gat att tac ttc 336
Thr Phe Tyr Leu Arg Asn Leu Phe Val Asn Gln Thr Asp Ile Tyr Phe

100 105 110
tgc aaa att gaa gtc atg tat cca cct cct tac ata gac aat gag aag 384
Cys Lys Ile Glu Val Met Tyr Pro Pro Pro Tyr Ile Asp Asn Glu Lys
115 120 125
agc aat ggg acc att atc cac gtg aaa gag aaa cat ctt tgt cca gct 432
Ser Asn Gly Thr Ile Ile His Val Lys Glu Lys His Leu Cys Pro Ala
130 135 140

cag ctg tct cct gaa tct tce aag cca ttt tgg gca ctg gtg gtg gtt 480
Gln Leu 3Ser Pro Glu Ser Ser Lys Pro Phe Trp Rla Leu Val Val Val
145 150 155 160

ggt gga atc cta ggt ttc tac agc ttg cta gca aca gtg gct ctt ggt 528
Gly Gly Ile Leu Gly Phe Tyr Ser Leu Leu Ala Thr Val Ala Leu Gly
165 170 175

gct tgc tgg atg aag acc aag agg agt agg atc ctt cag agt gac tat 576
Ala Cys Trp Met Lys Thr Lys Arg Ser Arg Ile Leu Gln Ser Asp Tyr

180 185 190

atg aac atg acc ccc <gg agg cca ggg ccc acc cga agg cac tac caa 624
Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Arg His Tyr Gln

195 200 205
cct tac gcc cca gca cgc gac ttt gcg gca tac cgt tcc tgacatggac 673
Pro Tyr Ala Pro Ala Arg Asp Phe Ala Ala Tyr Arg Ser

210 215 220

ccctatccag aagcc 688

<210> 8

<211> 221

<212> PRT

<213> feline CD28

<400> 8
Met Ile Leu Arg Leu Leu Leu Ala Leu Asn Phe Phe Pro Ser Ile Gln
1 5 10 15

Val Thr Glu Asn Lys Ile Leu Val Lys Gln Leu Pro Arg Leu Val Vval
20 25 30

Tyr Asn Asn Glu Val Asn Leu Ser Cys Lys Tyr Thr His Asn Phe Phe

12
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Ser

Glu

65

Thr

Cys

Ser

Gln

145

Gly

Met

Lys
50

val

Ser

Phe

Lys

Asn

120

Leu

Gly

Cys

Asn

TYYX
210

<210> 9
<211> 749
<212> DNA

<213>

<220>

<221>
222>

<400> 9

aacctgaaca ctgctcccat aaagec atg
Met A

35

Glu

Ccys

Thr

Ile

115

Gly

Ser

Ile

Trp

Met

195

Ala

CcDs
(27)..1(698)

Phe

val

Gly

Leu

100

Glu

Thr

Pro

Leu

Met

180

Thr

Pro

Arg

vVal

Phe

85

Arg

Val

Glu

Gly

165

Lys

Pro

Ala

feline CTLA-4

Ala

Asn

70

Asp

Asn

Met

Ile

Ser

150

Phe

Thr

Arg

Arg

Serx

55

Cys

Leu

Tyr

His

135

ser

Lys

Arg

Asp
215

40

Leu

Asn

Asp

Phe

Pro

120

val

Lys

Ser

Arg

Pro

200

Phe

13

TyCL

Tyr

Gly

val

105

Pro

Lys

Pro

Leu

Ser

185

Ala

Lys

Ser

Glu

Leu

170

Arg

Pro

Ala

Gly

His

75

Leu

Gln

Tyr

Lys

Trp

155

Ala

Thr

Tyr

val
60

Gln

[}
i
<

Thr

Ile

His

140

Ala

Leu

Arg

Arg
2290

45

Asp

Pro

Asn

Asp

Asp

125

Leu

Leu

val

Arg
205

Ser

Ser

Gln

Glu

Ile

110

Asn

cys

val

Ala

sSer

190

His

Ala

Phe

Thr
9%

Glu

Pro

Val
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Val
Tyr

80
val
Phe
Lys
Ala
Vval
160

Gly

Tyr

r Gln

gct tgc ttt gga ttc c¢gg agg cat 53
la Cys Phe Gly Phe Arg Arg His
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999
Gly
10

Tttt

Phe

cac

His

tgt
Cys

aca
Thr
a0

atc

=i
[

atg
Met

ccc
Pro

cct
Pro

gtc
Val
170

ttg
Len

gct
Ala

tct
Ser

cct
Pro

gaa
Glu

agg

1 Arg

75

gtg
val

tcc

e Ser

gac
Asp

tac
Tyr

gaa
Glu
155

agt

Ser

agc
Ser

cag
Gln

cTt
Leu

gca
Ala

gag
Glu

agc
Ser

acqg

Thr

tat
Tyr
140

cct
Pro

tca
Ser

aaa
Lys

ctg
Leu

ctc
Leu

gtg
Val
45

999
Gly

act

Thr

aat
Asn

gga
Gly

gga
Gly
125

gca

Ala

tgc
Cys

gga
Gly

atg
Met

gac
Asp

ttt
Phe
30

gtg
Val

tct
Ser

ggc
Gly

gag
Glu

aac
Asn
11¢C

agc
Gly

cca

Prc

ttg
Leu

cta
Leu

ctg
Leu

atc
Ile

ctg
Leu

tca
Ser

ttg
Leu
95

aaa
Lys

tac
Tyr

atg
Met

gat
Asp

Tttt
Phe
175

aag
Lys

gct
Ala

ccc
Pro

gcc
Ala

ggc
Gly

caa
Gln
80

gcc
Ala

gtg
Val

atc
Iie

ggc
Gly

tct
Ser
160

Tttt

Phe

aaa
Lys

tct
Ser

gtc
Val

agc
Ser

aat
Asn
65

atg

Met

ttc
Phe

aac
Asn

tgc
Cys

aat
Asn
145

gac

Asp

tat
Tyr

aga
Arg

14

agg
Arg

ttc
Phe

agc
Ser
50

gcc
Ala

ace
Thr

cta
Leu

ctcC
Leu

aag
Lys
130

gga
Gly

tte
Phe

agc
Ser

agc
Ser

acc
Thr

tce
Ser
35

cga
Arg

gcc
Ala

gaa
Glu

aat
Asn

acc
Thr
115

gtg
val

acc
Thr

cte
Leu

ttc
Phe

cct
Pro

tgg
Trp
20

aaa
Lys

ggt
Gly

aaa

Lys

gtc
Val

gat
Asp
100

atc

Ile

gag
Glu

cag a

Gln

ctc
Leu

ctt
Leu
180

ctt
Leu

cce
Pro

999
Gly

gtc
Val

ttc
Phe

tgt
Cys
85

tcc
Ser

caa
Gln

ctc
Leu

tgg
Trp
165

atc

Ile

act
Thr

tgc
Cys

atg
Met

gcc
Ala

cga
Arg
70

gct
Ala

acc
Thr

atg
Met

tat
Tyr
150

atc
Ile

aca
Thr

aca
Thr

act
Thr

cat
His

agc
Ser
55

gtg
Val

gcg
Ala

tgc
Cys

ttg
Leu

tac
Tyr
135

gtc

Val

ctc
Leu

gct
Ala

999
Gly

0
0

gtg
Val
40

ttc
Phe

act
Thr

aca
Thr

act
Thr

agg
Arg
120

cca

Pro

atc
Ile

gca
Ala

gtt
val

gtc
vVal
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ctg 101
Leu

25
gcc 149
Ala

gtg 197
Val

gtg 245
Val

tac 293
Tyr

ggc 341
Gly

105

gcc 389
Ala

cca 437
Pro
gat 485
Asp

gca 533
Ala

tct 581
Ser

185

tat 629
Tyr
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<210> 10
<211> 223
™ <212> PRT
<213> feline CTLA-4

<400> 10
Met Ala Cys Phe Gly Phe Arg Arg His Gly Ala Gln Leu Asp Leu Ala
M 5 10 15

ser Arg Thr T pro Cys Thr Ala Leu Phe Ser Leu Leu Phe Ile Pro

25 30

o T

N B¢

val Phe Ser Lys Gly Met His val Ala His Pro Ala Val Vval Leu Ala
35 40 45

Ser Ser Arg Gly Val Ala Ser Phe Val Cys Glu Tyr Gly Ser Ser Gly
50 55 60

Asn Ala Ala Lys Phe Arg val Thr va. Leu Arg Gln Thr Gly Ser Gln
Met Thr Glu val Cys Ala Ala Thr Tyr Thr val Glu Asn Glu Leu Ala
85 90 95

Phe Leu Asn Asp Ser Thr Cys Thr Gly Ile Ser 3er Gly Asn Lys Val
10C 105 110

Asn Leu Thr Ile Gln Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr Ile
112 120 125

cys Lys Vval Glu Leu Met Tyr Pro Pro Pro Tyr Tyr Ala Gly Met Gly
130 135 140

Asn Gly Thr Gln Ile Tyr Val Ile ASp Pro Glu Pro Cys Pro Asp Ser
145 150 155 160
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Asp Phe Leu Leu Trp Ile Leu Ala Ala Val Ser Ser Gly Leu Phe Phe
165 170 175

Tyr Ser Phe Leu Ile Thr Ala Val Ser Leu Ser Lys Met Leu Lys Lys
180 185 1380

Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys Met Pro Pro Thr Glu
195 20C 205

Pro Glu Cys Glu Lys Gln Phe Gln Pro Tyr Phe Ile Pro Ile Asn

210 215 220
<210> 11
{‘::\1 <211> 40
i <212> DNA

<213> feline CDB80 praimer

<400> 11

cgcggatccg caccatgggt cacgcagcaa agtggaaaac 40

<210> 12

<211> 25

<212> DNA

<213> feline CDB0O praimer

<400> 12

cctagtagag aagagctaaa gaggc 23
‘:\5 <210> 13
- <211> 33

<212> DNA

<213> feline CD28 primer

<400> 13
cgcggatcca ccggtagcac aatgatccte agg 33

<210> 14

<211> 31

<212> DNA

<213> feline CD28 primer

<400> 14
cgcggatcct ctggataggg gtccatgtca g 31

16
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<210>
<211>
<212>
<213>

<400>

15

27

DNA

feline CTLA-4 primer

15

atggcttcge cttggatttc cagcagg

<210>
<211>
<212>
<213>

<400>

tcaattgaat

<210>
<211>
<212>
<213>

<400>

16

29

DNA

feline CTLA-4 praimer

16

17

28

DNA

feline CTLA-4 primer

17

tgttgggrtt ctgactctga cttccctg

<210>
<211>
212>
<213>

<400>
gcata

<210>
<211>
<212>
<213>

<400>

tgttgggttt ctgactctga ctrtccctg

<210>

18

24

DNA

feline CTLA-4 praimer

18
gtagg gtggtgggta catg

19

28

DNA

feline CTLA-4 primer

19

20

17

gaggaataaa ataaggctg

19 SEP 2002

PCT/US99/09502

27

29

28

24

28



8 9

S

K

3255

<

>? @QABCDEFGHI JKLMNOPQRSTU

WO 99/57271

<211> 20
<212> DNA
<213> feline CTLA-4 praimer

<400> 20
acatgagctc caccttgcag

<210> 21

<211> 27

<212> DNA

<213> feline CTLA-4 primer

<400> 21
ccatcctaat acgactcact atagggce

<210> 22

<211> 24

<212> DNA

<213> feliline CTLA-4 primer

<400> 22
gtgaatatgg gtcttcagge aatg

<210> 23

<211> 223

<212> DNA

<213> feline CTLA-4 primer

<400> 22
actcactata gggctcgage gge

<210> 24

<211> 23

<212> DNA

<213> feline CTLA-4 primer

<400> 24
gaaatccgag tgactgtget gag

<210> 25

<211> 24

<212> DNA

<213> feline CTLA-4 primer

18
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<400> 25

aacctgaaca ctgctcccat aaag

<210> 26

<211> 25

<212> DNA

<213> feline CTLA-4 primer

<400> 26

gcctcagetc ttagaaattg gacag

<210> 27

<211> 21

<212> DNA

<213> feline CD86 praimer

<400> 27
tagtattttg gcaggaccag g

<210> 28

<211> 23

<212> DNA

<213> felaine CDB6 praimer

<400> 28
ctgtgacatt atcttgagat ttc

<210> 29

<211> 23

<212> DNA

<213> feline CDB6 pramer

<400> 2%
gagcatgcac taatgggact gag

<210> 30

<211> 23

<212> DNA

<213> feline CD86 primer

<400> 30
ctgtgacatt atcttgagat ttc

19

j

k

mnopagqr

S
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<210> 31

<211> 27

<212> DNA

<213> feline CD86 praimer

<400> 31

ccatcctaat acgactcact atagggce

<210> 32

<211> 28

<212> DNA

<213> feline CD86 praimer

<400> 32
tgggtaacct tgtatagatg agcagg:ic

<210> 33

<211> 23

<212> DNA

<213> feline CD86 primer

<400> 33
actcactata gggctcgagc ggc

<210> 34
<211> 25
<212> DNA

<213> feline CDS86 primer

<400> 34
caggttgact gaagttagca agcac

<210> 35

<211> 27

<212> DNA

<213> feline CDB86 primer

<400> 35

ccatcctaat acgactcact atagggc

<210> 36

20
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<211> 25
<212> DNA
<213> feline CD86 Primer

<400> 36
ggacaagggc acatatcact gtttc

<210> 37

<211> 23

<212> DNA

<213> feline cD8g pPrimer

<400> 37
actcactata gggctcgage ggc

<210> 38

<211> 25

<212> DNA

<213> feline CD86 primer

<400> 38
cagtgcttge taacttcag: caacc

<210> 39

<211> 23

<212> DNA

<213> feline CD8§ primer

<400> 39
tg9gaatgtc actgagcrta tag

<210> 40

<211> 23

<212> DNA

<213> feline CD86 pPrimer

<400> 40
gatctttttc aggttagcag ggg

<210> 41

<211> 290

<212> DNA

<213> feline CD8O primer

21
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23
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23
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<400> 41
atgggtcacg cagcaaagtg

<210> 42

<211> 20

<212> DNA

<213> feline CD80 primer

<400> 42
ctatgtagac aggtgagatc

<210> 43

<211> 17

<212> DNA

<213> feline CD80 primer

<400> 43
caggaaacag ctatgac

<210> 44

<211> 18

<212> DNA

<213> feline CD80 praimer

<400> 44
aatacgactc actatagg

<21i0> 45

<211> 21

<212> DNA

<213> felaine CD80 primer

<400> 45
aacaccattt catcatcctt t

<210> 46

<211> 23

<212> DNA

<213> feline CD80 primer

<400> 46
atacaagtgt atttgccatt gtc

22
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<210> 47

<211> 290

<212> DNA

<213> felane CD80 primer

<400> 47
2gctctgace aataacatca

<210> 48

<211> 22

<212> DNA

<213> feline CD80 primer

<400> 48
attagaaatc cagttcactg ct

<210> 49

<211> 21

<212> DNA

<213> feline cpgp primer

<400> 49
tcatgtctgg Caaagtacaa g

<210> 50

<211> 18

<212> DNA

<213> fel:ne CD80 pramer

<400> 50
attcactgac gtcaccga

<210> 51

<211> 16

<212> DNA

<213> feline CD80 primer

<400> 51
aaggctgtgg ctctga

<210> 52

23
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<211> 29
<212> DNA
<213> feline CD80 praimer

<400> 52
tcgagaattc gggtcacgca gcaaadtgg

<210> 53

<211> 32

<212> DNA

<213> feline CD80O primer *

<400> 53
gctaggatcc aatctatgta gacaggtgag at

<210> 54

<211> 32

<212> DNA

<213> feline CDB8O0 primer

<400> 54
gatgaattcc atgatcctca ggctgggctt ct

<210> 55

<211> 29

<212> DNA

<213> feline CD80 primer

<400> 55
gatcagatct caggaacggt atgccgcaa

24
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What 18 claimed is:

' . ] 3 Led . g 14 fely CD8o— 13 3
er—afeline soluble €80 ligand

2—1. An isolated nucleic acid encoding a feline (D86

ligand or a feline soluble CD86 ligand.

3 2 . 1 3 Led » 14 fels cpag
regeptor—or a feline seluble CHB28—receptor

4—-2 . An isolated nucleic acid encoding a feline CTLA-4

receptor or a feline soluble CTLA-4 receptor.

14 1 3 ] ! . oy L2 . .

L bd . 3 13 e 1 . (&
IFBD—NO—-—3F )~

63 . The nucleic acid of claim 21, wherein the feline
CD86 1ligand has the sequence shown in Figure 3A
beginning with methionine and ending with isoleucine

(Sequence ID NO: 5).

5 _my Tes » e Tas 5 : : ] £ ety “Bec
] . . " ] ]
] . . el b . 3 r el .
{Seguenee—Ib—NO+—F

84 . The nucleic acid of claim 42, wherein the feline
CTLA-4 receptor has the sequence shown in Figure B5A
beginning with methionine and ending with asparagine

(Sequence I. D. NO: 9).

55, The nucleic acid of any of claim 3+—41-2, wherein

the nucleic acid is DNA or RNA.

143
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66 . The nucleic acid of claim 95, wherein the DNA 1is
cDNA or genomic DNA.

-7, An oligonucleotide of at 1least 12 nucleotides
which has a sequence complementary to a sequence
uniquely present in the nucleic acid of any of claim

F—41-2.

28, The oligonucleotide of <claim 23*7 which is at

least 15 or 16 nucleotides in length.

139 . The oligonucleotide of claim 337 or 328, wherein
the oligonucleotide is detectably labeled.

+4-10. The oligonucleotide of <claim 439, wherein the
detectable label comprises a radioisotope, a

fluorophor, or biotin.

35+11. The oligonucleotide of claim 437 or 328, wherein

the oligonucleotide is selectively methylated.

7 —Fhe—plagsmid—vector—of —eclaim 16 —desigrnated—PSIT—BF
14871+ 35 (AT Accesgion—No—20983FF)—

3812, A vector comprising the nucleic acid of claim 21.

%9T13. The plasmid vector of claim 1812 designated B7
2&num;19-2/011298 (ATCC Accession No. 209821).

51 _my ] g e 1ad )¢ 3 , 1 _poI copog
Erun /166296 {(ATCC Acecegsion Noe—2065839)—

22-14. A vector comprising the nucleic acid of claim 42.
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23=15. The plasmid vector of claim 2214 designated CTLA-
44 1/091997 (ATCC Accession No. 209820).

24-16. The vector of any of claim 36-2312-15, comprising

a promoter operably linked to the nucleic acid.

25-17. A host cell which comprises a vector of any of

claim 36—2412-16.

26+18. The host cell of claim 2517, wherein the host

cell is a eukaryotic or a prokaryotic cell.

27+-19. The host cell of c¢claim 2618, wherein the host

cell is selected from the group consisting of: E.

Coli, vyeast, COS cells, PCl2 cells, CHO cells, and
GH4Cl1l cells.

29-20. A polypeptide encoded by the nucleic acid of

claim 21.

33—-21. A polypeptide encoded by the nucleic acid of

claim 42.

32-—22. A method of producing the polypeptide of any of
claim 28-31320-21 which comprising culturing a hosgt
cell which expresses the polypeptide and recovering

the polypeptide so produced.
23+23. A vaccine comprising an effective amount of a

polypeptide of any of claim 28-3620 and a suitable

carrier.
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34-—24. A vaccine of claim 3323, wherein the effective
amount 1is an amount from about 0.01 mg to about

100mg per dose.

35+-25. A vaccine of claim 3323, wherein the effective
amount 1is an amount from about 0.25 mg/kg weight
body of a feline/day to about 25 mg/kb weight of a
feline/day.

36+26. A vaccine of claim 33—38523-25 which further

comprises an immuncogen derived from a pathogen.

37-27. A vaccine of claims 3626, wherein the pathogen in
a feline pathogen a rabies virus, chlamydia
Toxoplasmosis gondii, Dirofilaria immitis, a flea,

or a bacterial pathogen.

38-28. A vaccine of claim 3327 wherein the feline

pathogen 1is feline immunodeficiency virus (FIV),
feline leukemia virus (FeLV) , feline infectious
peritonitis wvirus (FIP), feline panleukopenia virus,
feline calicivirus, feline reovirus type 3, feline
rotavirus, feline coronavirus, feline syncytial
virus, feline sarcoma virus, feline herpesvirus,

feline Borna disease virus, or a feline parasite.

39-29. A method of inducing immunity in a feline which
comprises administering to the feline a dose of a

vaccine of any of claim 36—3826-28.

48—30. A method of enhancing an immune response in a
feline which comprises administering to the feline a

dose of a vaccine of any of claim 33-—3823-38.

43+-31. The method of c¢laim 3929 or 4630 wherein the
vaccine is administered subcutaneously,

intramuscularly,
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systemically, topically, or orally.
42—32. A method for suppressing an immune response 1in a

feline which comprises administering to the feline
an effective immune response suppressing amount of a

polypeptide of claim 3321.

43—33. A method for suppressing an immune response in a
feline which comprises administering to the feline
an effective immune response suppressing amount of a

soluble polypeptide of claim 28—3620.

44-34. A method of claim 4232 or 4333 wherein the amount
is from about 0.25 mg/kg body weight/day to about 25
mg/kb body weight/day.

45-35. A method of claim 4232 or 4333 wherein the feline

is suffering from an autoimmune disease or 1s the

recipient of a tissue or organ transplant.
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