; e3e d 6J T <A*166166* 3 0 SE ~ zooz RECOVBI NANT VI RUS EXPRESSI NG
FOREI GN DNA ENCODI NG FELI NE CD80, FELINE CTLA-4 OR FELI NE CDBG AND USES
TI'1 EREOF 5 | NTERFERON-Y AND USES THEREOF Thi s application gigtgf péﬁé&ﬂty
of U S. Serial Nosesie®9/ 071, 711, filed May 1, 1998, the c P i ch
I's hereby incorporated into this application by reference. 10 Throughout
this applicati wm“‘mm“wwl I cation are referenced in parentheses. Full
citations for\mm ations may be found at the end of the
specification i medi ately preceding the sequence |listing section. The

di scl osures of these publications are in their entirety 15 hereby

i ncor pBF%"%ﬁg'ﬁg A TJ%?’@’HE%‘NCTﬁOBE‘PHl%‘"‘éﬂS@‘P‘b‘ﬁfF‘dW EIPOrTEEYE LA~y OR ERIANE @86t he
state Of°tRe 4 o which this invention pertai ns. BACKGROUND OF THE

[ NVI NTICNg§&g%ggggéigabgﬂggg%éiiﬂgﬁggiTact|vatlon and proliferation in
response ' Eeved to be dependent on two

I nteractions: the recognition of the Tcell receptor (TCR) with i munogenic
pepti des he t cul.es a ondary 25
e act i oniot - eBmear e o e e Soee S i th. (R
coreceptop§/“Ktiéél%ndfbie@ﬁﬁﬁy4lmn1@@§fﬂﬁﬂq Cqmﬁﬁ%wc@@swhmphlnﬁeractlon

of these heo-dpt hwayse c!011@19c5't\!ﬁiboﬁ?ﬁmﬁcalﬁ@bhfBﬂlaHeQ@r%BcQOth CDA+
anq CD8+ % ceII and t e |ncre sed producti gn of Th2
hroughout app ication wvarious publication are
referenced in parentheses. Full citations for these

publications may be found at the end of the specification
immediately preceding the sequence listing section. The
disclosures of these publications are in their entirety
15 hereby incorporated by reference into this application to
more fully describe the state of the art to which this

invention pertains.

BACKGROUND OF THE INVENTION

20 The stimulation of T-cell activation and proliferation in
regponse to disease in the host 1is 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

25 interaction of accessory ligands, such as CD80 and CD86,
with their coreceptors, CD-28 and/or CTLA-4 on the T-
cell. The successful interaction of these two pathways
leads to activation and proliferation of both CD4+ and
CD8+ T-cells and the increased production of Thl and Th2

30 type immune regulating cytokines. In the absence of
adequate co-stimulation of T-cells, an aﬁérgic state may
develop, whereby T cells fail to proliferate and secrete
cytokines. Over the years, two molecules have emerged as
key regulators of T cell responses, CD28 and its ligands,

35 CD80 and CD86. (D28 is the primary T-cell co-stimulatory
receptor and upon interaction with CD80 and CD86, it

enhances T-cell proliferation and cytokine synthesis,

LT
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30 type i mune regul ati ng cytokines. In the absence of adequaée
co-stinulation of T-cells, an anergic state may devel op, wher ﬂbePcamng
fail to proliferate and secrete cytokines. Over the years, two nol ecul es
have enmerged as key regulators of T cell responses, CD28 and its |igands,
35 CD80 and CD86. CD28 is the primary T-cell co-stinulatory receptor and
upon inte j W g?@p a 6, ~-f ,enhances T-cel | |if.eration and
cyt oki ne ?%Fﬁg{s]:l%ﬂé Plll ~~]SV@%atng ocgt%_go ?ilsopfzgggﬁfli % 28e| 1* deat h.
CTLA- 4 (al%o Z4al heaotpase), al=gh- R8akenviroglepostsnt plrajs amni mgortant rol e
in costi Myt Gkt A4 hough,: RRIG1EoMpLet elopdindenst ogdaei L 8Bgearns to
inhibit T-cell costinmulatory responses. The_5 interaction and interplay
anong CD28PPERER FandRiRtY T1gahdsCesrindhatendsr cAPEBSEE- nulTieor y
progesses iint e@y-thimrt hendvenakkplaguainons amhsuppressi oanaf dhamne

responses .t .se in_th st... (Linsley.et al., 1991a; 1993 . 10
CUrrentIyléﬁggggagégﬁoagécggggf&P &36EgﬁgélﬁgpryhgrﬁFgﬁéﬁFi&ﬁ %%yfeline

i munodef itei ety dpvexsé lantdnfiebtneni rdmdt i uspypsysioni dfs dimmease in cats.
current fekbBsnbeukenl aiubiye yacoldanare auaahl ee Byt thgnevel of
efficacy renains questionable and In sone cases y cause 15 the di sease.
Exper i mentt&P°3fel-i ne i nfectious peritonitis vaccines have been shown to be
nonopr ot eclirven@n auperear hyedeabh, siddasighy antypedhdgedigaied cerhancenent .
Therefore, there.is a zgeﬂ.in the ar~' _for agents and co o%iﬁhons t hat
provi de pPSEEERFORTY PENTEMAEE ARBUGCAEF 1568 Yedi882fRcPBY: hELdT s not yet
an exi sti dgfeacdicws opetihabninps odesetbe aff icatry. ofuexesti fgldmeé comonly
used vacci Eurt ; re i . in e.art for _vacci:nes and, -
agents th&?ﬁﬁﬁﬁﬁgebébgéP?éﬁgkﬁéglﬁ?éEﬁgﬁﬁggﬁFn Phg 5 g%ﬁcgegFadﬁgease < ’
enhanci ngedfit-botti zemaingd Best handlyle wacciimasionn ohskEt mays ciasisei fficul t
dugst 0 1 N@blel idied OV HEAMP; ABAEI Nate AL Dodise LBuki beeaSongRhe and
effective agents to hel p overcone these barriers are needed. 30 In the
present i NESHRLINGT BVIraRepll SHPHG (e R PRSP FLIER | AE CBPSE feline
CTLA-4 andathei r ddgands fierddgh CD8At 8P8dy embaeate86 eaphndehanery
nDIecuIesT it i.s possible to re ulatg T-cell responses, t hr ough

augnent at '8 TS5 5 essiOh® of Sr &lii PEEEI 3R, T r &F se "R357HRL T ed i hmune
response towapdstaopar thatul provade nerqratttogen foomf ehese dnsieasdegondi ti on.

| nagar i culiare, JNesen st LAULET QLY oBR! SR &% aLe; bsly! vheki¥aceknation 2

that improves the efficacy of existing and commonly used
vaccines. Furthermore, there is a need in the art for

" vaccines and agehts that induce a cell-mediated response

in the absence of disease enhancing antibodies. And

25 finally, vaccination of kittens is difficult due to

o

inability to overcome maternal antibodies in kittens. -
Safe and effective agents to help overcome these barriers

are needed.

30 In the present invention, by manipulating the expression
of feline CD28, feline CTLA-4 and their ligands feline
CD80 and feline (D86 costimulatory molecules, it is
possible to regulate T-cell responses, through
augmentation, suppression or redirection, to raise a
35 desired immune response towards a particular feline
pathogen or feline disease condition. In particular,

these costimulatory molecules are useful for vaccination



agai nst infectious diseases, treatnent of infectious diseases, and
treatnment of neo~l astic, degenerative, autoinmune, and i nmunodefi ci ency
conditions in felines. The present invention overcomnes thg % E £fficacy
and 5 effectiveness of currently available feline vaccine &5¢ribed above.
Summary of the Invention 10 The present inventions involves a reconbi nant
virus which conprises at, |l east_one foreign nucleic acid inserted wwthin a
non-essen??%%nggglbﬁf%?tfﬂ%SV| %ﬁe%ﬁﬁﬁwnfhﬁe%fWﬁWQnswahépéﬁﬁtéaéﬁ such
forei gn ndtseaseaci dardcadssa Enaritot ejfn n?ébelers@tlei n m/egéhe'rgteﬂepded is

sel ected 5 1 r.ou cons I ne otein or an
|nnunogen%c9%%?$P%n ‘'t Rereot . a %; 0 %?%é%ﬁ+9?ﬁ %ﬂ ABFeni ¢
portion tﬂe¢em¢esen¢eimn@nttsﬁ gverewmeSrtaﬁ Lamknofeat€ipacyi andt her eof ,

or & fel Ieefézre&\véneggt ebf Qhy ARk W@wn%@@lfamrt'f%rilh@efsgz‘:u;[@s portion
i's 20 capabl e of being expressed en the reconbinant virus s 1ntroduced
into an a%%?%ﬁ%?%@eaﬁegﬁ The present invention also involves a reconbi nant
virus 25 further conprising a foreign nucleic acid encodi ng an i rmunogen
derived f om 2 jen. The present i nvention also conprises reconbi nant

Vi ruses—whtcr afe capapras-t nf-‘°5nC|ng an i nmune response in a feline. The
present i nvention al so conprises reconbi nant viruses which are 30 capabl e

N P,
A B DEScH T TR ORsr g rePR. oo aning AiPuTaRieice of
feI i ne COSOMBYi$Rs( 'IT#BEIVU)lea(SSEQ)ql® Morefigandney bfi gurasii Hydsephedi city pl ot

of ami no @eid;sequengeadsdald ney 1 6B7o%) t(hEAMi)raﬁl %ﬁ&% QWA and am no
aci d sequence ofy%gllne CD80Q10( b7-1) ( SYNTRO 3.and

4) Fi gur e2¥ Fij8r opREBIESTY P aRTotSuah Iiﬁ)l%l%lu‘é]e%h‘“en%‘eb@ ¢RFPARS CBBO (B7-1)
( SYNTRO pﬁBEégureE&dJW%dﬂuhﬁumnwcﬁcnd sequeerce 0f felédtedDBOOB7-2) . (SEQ
nggo 5 and 6 ure3BﬁgédEo§hobl |tyf%Iot of /i ng_a id _se enceof feline
(B7- re4ﬁ andammo a0|& sequence 8F O+ & Finé (SEQ I D
NO. 7 andlﬂmﬁmggmmﬂwswwnte@hobherequl@tfeilaﬂlﬁngcdeSequenceaﬁof feline
CD28. Fi Ohfurder it EHHDtl"i‘&ier?queP&?lHé &ﬁégngr&élh/;?é o CD152 )

( SEQ ID and f%9€t30 Figure 5B: hobi ci t L£|Ot am no acid
sequence HrMEBRPERBICTRRYA 1 @%ggeq@; or a eline C 4 protein
or an immunogenic portion thereof. The portion is
20 capable of being expressed when the recombinant virus is
introduced

into an appropriate host.

The present invention also involves a recombinant virus
25 further comprising a foreign nucleic acid encoding an
immunogen derived from a pathogen. The present invention
also comprises recombinant viruses which are capable of
enhancing an immune response in a feline. The present
invention also comprises recombinant viruses which are

30 capable of suppression an immune response in a feline.

35



4 3 () CEP 200 Detailed Description of the Invention The presen

i nvention involves a reconbi nant virus which conprises at Ieaat one foreign
nucleic acid inserted 5 within a non-essential region of the QasEQQﬂHpE
of a virus, wherein each such foreign nucleic acid (a) encodes a protein
selected fromthe groups consisting of a feline CD28 protein or an
innunogeniqB i B ok f h’n b gsprotein or an i nmunogeni c
portion th : f =8r an i nmunogeni ¢ portion

t hereof; of a feline CTLA-4 protein or an inmunogenic portion thereof and

(b) is cap Lng ex S t Lnant Vi I S~hitroduced
into an apgf% rPL Qghost. ?ggl%ﬁgnﬁgﬁﬁ%éyﬁ%%?&%&gkﬁg §605é¥§%%c$¢€éd

i nvention the reconbi nant VBrod) compMPses (GEQI éBsFOtwd fBHeRyn nucl eic
acids; each inserted within a non-essential region of the viral genome. 20
I n anot her epbodi nent of the.inventjon the recanbi nant virus conprises at

| east thr e@%—?#%?—gighucl ei @Ydolﬁ?fa}%gbje%%w i[ﬁ%r ©dd JPRI ACEInBRALRLEHL i al
regi on of the viral genoneof2beltinanabber (Brbodi reAMUudt the invention the
reconbi nant virus conprises four foreign nucleic acids, each inserted

wi thin a non-essential region of the viral genone. |In another enbodi nent
the reconbifiaurei28s i ncl BddsapdtaBing aqist dedwened v6 Hetawe ddPPOX Vi rus,
a swigqiepox virus, or a felipe_herpesuirkys. | Rsdof eptRer enhgdi gent of the
above-identified invention the reconbi nant virus conprises nore than one
foreign 35 nucleic acid, and each foreign nucleic acids is inserted into

the same nopigssential reghpdropRoBi@itieplybedi arahot heid esofhimaat Virus

wherein al | such forei gn natl EFLiae: 6090r dPhor i ASEREEl fhto the same
nonessenti al region.

15 Fiqure 3A: DNA and animo acid sequence of feline CD86
(B7-2). (SEQ ID NO. 5 and 6)
Figure 3B: Hydrophobicity plot of amino acid sequence
of feline CD86 (B7-2).
20
Figqure 4A: DNA and aminc acid segquence of feline
CcD28. (SEQ ID NO. 7 and 8)
Figqure 4B: Hydrophobicity plot of amino acid sequence
25 of feline CD28.
Fiqure 5A: DNA and animo acid sequence of feline
CTLA-4 (CD152). (SEQ ID NO. 9 and 10)
30 Figure SB: Hydrophobicity plot of amino acid sequence
of feline CTLA-4 (CD152).
35



In a separate enbodi nent the reconbinant virus of any of conprises a
foreign nucleic acid which encodes an i mmunogen derived froma pathogen. In
a further enbodi mrent of the invention the reconbinant virus Q}‘ﬁoﬁf‘ﬁ 02
feline pathogen, a rabies virus pathogen, a Chlanydi a pat hogen,” a

Toxopl asma gondii pathogen, a Dirofilaria inmtis pathogen, a flea

pat hogen, orparhagLarbakcrabhreganos! @h@nﬁh%hgﬁgﬂom ment of the invention

t he reconbi nant virus encodeS a feline [ munodeflciency virus (FIV), feline
| eukima virus (FeLV), feline infectious peritonitis virus (FIP), feline

panl eukopeni ah¥i pussehel ineccal bsi Vivysvel ehi Reco@OVhEMS YPEs3whighi ne
rotavirus, feline.coronavirus, feli nerfsé)yncyti al arus, feline sarcona

virus, felinE°RBFpEST ras, FET e Bor ra G SEasRuGHTHS, 26t da FRFfheed
parasie. |nwathunt kernenmbaskennialof rédion neéntihen viihe ir egoigmenant i r us
conprises at t el ei I Leh. ¢co S a er for
expr essi ng tﬁ%aﬁ?%’r e%%%ﬁ%l%% argéll clj’-l f%ﬁ%ghgt ﬁgéfgﬁ%o%ﬁp%n?{ h%géé)%%%bi nant
Vi rus expres3eRrateirastlenied dimengtheuorerpsacpasisdrd the @obetbheof a
pronot er endogemesrdéeifeoyi 41Simhitn&GEn ADOSHIERY ©hetdior | Nyepti phet he
reconmbi nant virus further conprises a forel}gn nucleic acid encoding a

det ect abl e nEPRRrPTPEL{F t Fer LEMRFRRAT BPTEH" t HReTerknt f ohet hee

det ect@bl e nepker psoteitobir bet aigalacyeaidaseribhe | tneptbon fofr ther
provi des a rgcgrbi n%y%}:r us encodi ng imﬂlmo ens froma FlIV 98 gr o%ease, a
FI'V envel ope  protei i, PP 5aE" pPot edB et MBI EA v %%’f/tejr%xbea}g? t3tn. 6
3 0 SEP 2002afiie i(indenti®mn prpabbtes 66r dedegonisixpastsseidr usvHan t helhe

conpri si ng ! i g Yol |4 i B odef i - none or
o por 1 on e B e T XL o e
conprising a nucleic acid encoding feline | eukem a virus genone or a
portipn therenf anfhembBdenthen g ovhsegpbbok -deseeopbinaMvaHdiks f e her
conprising a nucleic acid,encoding feline ItlZ Gvt CS $35 or g40. The
i nvention fuFEREFRRRINT d‘éérgg’-c‘F‘Bﬁ?rhs%ﬁc%Fn CRRT CW%OE?)]F 28 ACEF1Ecti ve
~W~~nuni zi ngaai@dsnt eath sicdereebmiithamnt avnonseasen@islitapliencafrtee. The
i nvention pr\gyirgfs gng%%onbi nant feline herpesvirus containing a
nonessenti al regi oR- 'S the gl ycoprotein E gene of feline herpes virus. The
i nvention provides for a reconbinant feline herpesvirus of claim12
desi gpgt ed SEHGR3LLATGRLAeERSSE 08f NeheVREZRID) .onTirse ViEUSm¥RSaHEPOSI t
on May 1,1998 with the Amrerican Type Culture |l ection (ATCC), 10801
Uni versity BBUFE¢arePmRERSRSa8r VARF1080H971Io0818n RuUGhidst £RE9Br ovi si on
of the BudapeathTr easyrfed whehimtemrat-icasahtRetogegiownodf thhevDepdsit of
M cr oor gani sme;lgr o he Purpose of Patent Procedure. The invention provides
for a recombPnant —swi nepox virus with a nonessential region in the |arger
Hnd Il to Bgl Il subfragnment of the Hnd Il Mfragnent of sw nepox
virusysThe i pyent]an S urLaesaphoyi dg8 & HeeComRintas fald Nee S¥InBERXL Of
claim 14 designate - SPV-246 (ATCC Accession No. VR-2603). This virus was
deposi t ed onVMEYS1cOoMDDBSeF t FoWhe Mg ANCEPpE Eulbesir ecTHl| EREFBREEATCO) ,
10801 Uni ver gii tyiBoulevaide SMeRassas re¥Ac20 b8 th. v8rad. gendek .t he
provi sion of the Budapest Treaty for the International Recognition of the
Deposit of M croorganismfor the Purpose of Patent Procedure.

In another embodiment the recombinant virus includes but

30 is not limited to a raccoonpox virus, a swinepox virus,

or a feline herpesvirus.

In a further embodiment of the above-identified invention
the recombinant virus comprises more than one foreign
35 nucleic acid, and each foreign nucleic acids is inserted
into the same nonessential region. In another embodiment

the recombinant virus of any comprises more than one



In an enbodi ment of the above-described invention the reconbi nant virus,
the portion of the CD28, CD80, or CD86 7 3 0 SEP 2002 prote}'t}m/i E tEED
sol ubl e portion of the protein. In another enbodi nent of the § Pi % he
r ecombi nant virus contains foreign nucleic acid which encodes the feline

CTLA-4 prot el & NS, 3RO¥ 5 855Gk hBP:d nvz?l?t' 0chor f@reuﬁ%c' i en

conprises an e{?é% i've intunrzi ng anbunt of a feéconbi nant virus ahd a
sui tabl e carraads dre oné erm:t)@tdleldenht@f th ére sianmvee mtoings see el regiocont ai ns an
effective inmmuni zing 10 anount of the reconbinant virus between about
1x105pfu/ M and about 1x10$ cfu/m and about cfu/m . In another enbodi nent
the inventionnpaovedesate \eaobpdémemitcthe wetcioenb cargr vies af adwi ature with

the recombi nan, yiius agd Ay EECh KR fMMURIE! Ngn AIPUYn Rl A 3 2ecONd 15

i mmunogen. The 1 hvéntion provi od for enhanC|ng an 1 nmune
response i n ammebinngewhi crercomgri fesn adai npstieegeag. t olrt hea f diurbeean

ef fecti ve | mayliAeARON i finday Bl 2RotNE ARBIRSRASAIS il dipnordl nant

viruses. The i nven rovi a net hod for | nmuni z
feline by adm rf|e$ttrmr|rr@thtocgetmea‘erlabmesamrexfsf exauh\m@ermmmczmlmgnmdrwnt of t he

any of-the ag)crvgo % nti f| e‘i‘o&B%‘?QE’P,' n QBHMII saqﬁo TP3 bﬂ,\{ﬁﬂtal on provi des
u

for method f eSS|ng an P msun response 4
adm ni steri ngntmntt:h@a‘tbblgm\ a;mWeafmthogaars,uppraastzamgrea‘mmath@geeconbl nant

Vi T contal phng el UBhe BHRRen C080. 1 (TR iclfieyld fdWaRplAmn Pr oVi des

for a nethod tor suppressing an I mune response
adni ni steri nyitws tarecdde s ree fahyneeimemmoéebap@m@sswngs afid¥nt falimeconbi nant

virus contai népﬁ ngove gscrﬁb@gotf%nm 3ﬁ~.fyé‘?|dd’s"98%m8n 1OV g for

adm ni stering reconbi nant virus by Intravenous,
subcut aneous (FilR} r deliveulpanleukansmigcMirars, felpheataliohdrysorfegine

reovirus type 3, feline rotavirus, feline coronavirus, feline
syncytial virus, feline sarcoma virus, feline herpesvirus,

feline Borna disease virus, or a feline parasite.

In a further embodiment of the invention the recombinant
virus comprises at least one foreign nuclieic acid which
comprises a promoter for expressing the foreign nucleic
acid. In another embodiment the recombinant virus
expresses at least one foreign nucleic acid under the

control of a promoter endogenes to the virus.

In one embodiment of the invention the recombinant virus
further comprises a foreign nucleic acid encoding a
detectable marker. In a further embodiment of the the
invention the detectable marker is E. coli beta

galactosidase.

The invention further provides a recombinant virus encoding
immunogens from a FIV gag protease, a FIV envelope
protein, a FelLV gag protease, or a FelLV envelope
protein.



3 0 SE P 2002 intraperitoneal routes. In one enbodi nent, the invention
provides a nmethod of suppressing the immne response in a fellq? mg p bie S
feline is the recipient of a transplanted organ or tissue of is Q ?erlng
froman i mune response. In a further enbodi ment the invention provides a
met hod for suppressing an i mmune 10 response in a feline which conprises

Pybr i di 21 ng ¢ 5 Saly TIeL PRP BB 2PE GRS L5LF fh FERER Befisine
transcript , a(blalefieldond €t ingdesioe pmmuaylodeé)caeri@y Nn@scgﬁﬁonmr
Ly anscr bt LR BMd eRsFdl iR n Bl RSl de, RE LS od Hfib ATRYAL

effective to’i ransl ation I nmrune r esponse in
the feline. Fartbre cothpdsimenta nheleaboa'@ddeecwb@dfe;lmrv@riteubarrpaowdes a

Tothod for Tedieng B abragfndng LU Bualidle ARBLEN SO ses

adm nisterin ufror he fie 'a T econbi nant” Vit us cont al ni ng
nucl ei ¢ aci dre\tmmlbnmn:todes.lsa ffuetheTe cODBOripingt & muadefeldcsid €DBOdpr@t ei n or

Curor - 251 n/OHS Tl 2oi e ST rnt B oo R TR Ras R ci g o

abrogating aféuaovacéaine walqhneommrwmahheffeehwbnmmmlzwmg wnbdunt bér

;ﬁgp[ |hze:s%0 :gﬁf S C?’Rﬂ?b‘ﬁm Vi péﬁ?Sl letg Egnc??(t unor associ ated anti gen

s effected sys em-eal y. The present invention
provi des i sol at ed and purified DNA encoding feline CD80 (B7-1) |igand or

feline COB6 (i7-2) ﬂ%"rg Orgrov?cjjéye D28 LEAARLAL QeiihE! ! ngpcl}vfr (CD152)

35 receptor, 'as mel and ‘expression vectors conp or
CD86 or CD28conta11ﬁhﬁg4amomentmlpe&gloor|3/\/I’ubbeg;lyan¢$rctdlhsEtgansf of mad W th

CD80- encodi n?el?ne herpes virus. The invention provides for a recombinant
feline herpesvirus of claim 12 designated
S-FHV-031 (ATCC Accession No. VR-2604). This virus was
deposit on May 1,1998 with the American Type Culture
Collection (ATCC), 10801 University Boulevard, Manassas,
VA 20108-0971, U. S. A. under the provision of the Budapest
Treaty for the International Recognition of the Deposit of
Microorganism for the Purpose of Patent Procedure.

The invention provides for a recombinant swinepox' virus with a
nonessential region in the targer Hind Il to Bgl

Il subfragment of the Hind Il M fragment of swinepox virus. The
invention further provides a recombinant feline swinepox of claim
14 designated S-SPV-246 (ATCC Accession No. VR-2603). This
virus was deposited on

May 1,1998 with the American Type Culture Collection (ATCC),
10801 University Boulevard, Manassas, VA 20108,

U. S. A. under the provision of the Budapest Treaty for the
International Recognition of the Deposit of

Microorganism for the Purpose of Patent Procedure.

In an embodiment of the above-described invention the
recombinant virus, the portion of the CD28, CD80, or CD86

7



~ 0 s~P zooz vectors or CD86-encodi ng vectors or CD28-encodi ng vectors or

CTLA-4-encodi ng vectors. Feline species fromwhich CD80 or CD86 Py WSZ@

CTLA-4 are selected are fromthe group conprising, but not limte

donestic cats, 5 lions, pumas, bobcats, and cheetans. The invention

provides isolated and purified feline CD80 (B7-1) cDNA of approxi mately 94l

nucl eot i des.priteeimvent i ohal soolulble deeritdamt ed artk pwkriotiead f el i g CD8O

| 0 pol ypepti RSB 5 |y 2 am cids,,. the nati.ve nbr ane bound
aqﬁ)t er? 1%5% B gge ﬁ@&qtfaléérgotuk%e ﬁc&?lkrt%nf’(tea\hlrus

or mature form which as a nol ecul ar nAsSs 0O

i soel ectric GUITRIRT APBEESD. nucdeiet atial gehbehppngzodesf the fReine
coexpressi onrmafada C%tél\iﬁh the costinmul atory nol ecul e CD28, and a tunor
15 antigen or an antigen from a pathogenic organism has the ability to
activate or enhance activation of Tl ynmphocytes, inducing the production of
i mune sti miiat i B -oké ner iload timveagilat e ther geowrhcof net hati @el |

types. The C%?n)fjorriesSSi Q7 %ffngQQOVevw.th costimul at or mol ecul.e. CTLA-4, has

the ability TOrreguiare actrvatt ontBFT i RS O iTRe GSRARRI br ovi des
i sol at ed and’ipws fard &ebuhealcD86ciBYilYy. cDNA oheappbodimene! wfl it

nucl eoti des.; JIh§, I nvent,Lon; als vi.des _i.so n I,fi.ed feline
CD86 pol ypep%tni de @o'?ogp\ér oi??]gtlg y0c362}%&alnr1%ﬁoa§ci %g%gﬁgv%a&%démﬁee%b%gine
bound%r ~ meflee o h GhenwkFERTRARARE bl B I REEYWRESS 3PPUSPPKART IRiveinyl

36, 394kDa, amd spebect tkgopathli/wf aWQUtaBodB, aragkicharde alnd¥heh 0 of
11.27. The 30bco§xrﬁressi on q';erCD%, W, th costimul atory nol ecul eﬁhi&DZB and a
tumor anti gEMRHRANt | gert 15 ofPYCBAL RBgeH TV i YanPs 2 FatRehe'™ 5 ity to
activat e or frueitdvece cantniatisoanohdi: xtyugeh iy ehe iredwabig e varadct i ora\’t"\,
of immune stinulatin t Qki nes . .Q.[egu he_growt h 35 of other cetl
types. The gge@;p%glssi%g?égg& 6,1%&%1%9%%%&%‘?‘}%3%0&9@ ey eséﬁs&l-cg, has
the &bilityimoungggmt e activation of T-1ynphocytes. 10 ~0SCI' 2~0~
Fel ine CD80 or CDB6 according to the present invention are obtained from
native or reconbinant sources. Feline CD30 or CD86 according to the present
i nvention cdmsri $8Y Pk RatRRRY H3F mbRbr she™BbhAE fisim drhaNSEBFet®BY form 5
| acki ng t he imfmansmerpaneedomab nfe Thee iwhiedH | @hpRii@isd asinisdlaiad mnd

purified fel ion%hCDE% CBlélA gf appra 'irgat el y 689 .rlllucl eal%%hgl%s.ofTh% i %vfenti on
al so provi d&S iT88 &Fed"End puFi ?I éYell N Obri ] any
20 the above-identified recombinant viruses. The invention
further provides for a method for immunizing a feline by
administering to the feline an effective immunizing
amount of the any of” the above-identified recombinant
viruses.
25
The invention provides for method for suppressing an N
immune response 1in a feline by administering to the
feline any effective suppressing amount a recombinant
virus containing a soluble CD28, (D80, or CDS8e6. The
30 invention provides for a method for suppressing an immune
response in a feline by administering to the feline any
effective suppressing amount a recombinant virus

containing feline CTLA-4 protein.

35 The invention provides for administering the above
described recombinant virus by intravenous, subcutaneous,

intramuscular, transmuscular, topical, oral, or



10 pol ypeptide of approximately 221 am no acids, the native nenbrane bound
or mature form which has a nol ecul ar mass of about 25,319 kDa, an

i soel ectric point of about 9.17, a net charge at pH 7.0 of g} 3 ES [ﬁgg
invention provides isolated and purified feline CTLA4 cDNA BE ; tely
749 nucl eotides. The invention al so provides isolated and purified feline
CTLA-4 pol ypepti des of approximately 223 am no acids, that native nenbrane
bound or MREE FRGTHEINCH R D0 nol ecul ar mass of about 24,381 kDa an

i soel ectric point of about 6.34, a net charge at pH 7.0 of -0.99. The

i nvention prow des a 00X, Virus expressing forel gn DNA, the

econbi nant_.sw ne
forei gn DNA &hcBdf n&mégﬁlﬁlgnz\‘% oo, * gFPﬁéoﬁD@go B&SShe® CP8BodnPirel i ne
CTLA- 4 cDNA sappypo$ v pept icdes. inffiend nvespoosepriovi dest el imec owhenanthe

racco@Npox HJ1ys$ L%Rr efsi pg .t of iGN encodi.ng Feline 30
CD80, Feli neeCD86e Fel ;ﬁ %D%g &lé%go |tnlle y %%Dlﬁ?&:%nd %olckyp%%l des.

The inventi & p‘-rsovﬁ‘dégeél’fl%céﬁﬁmn&ﬁt Jﬁ@}q% TRIPRETA 1 us Taxpr desitief or ei gn
DNA, the forgicgaildhtencodi ng Feline 35 CD80, Feline CD86, Feline CD28, and
Fel ine CTLA-4 cDNA and pol ypep~ides. 11 3 0 SEP 20QZ I n anot her aspect,
the invention provides a nethod of enhancing an i mmune response in a fetid
to an i mmnmgmn,imdehclmthpaohi@aeda hyetacbﬂ ifesii @uip@g-etsimaﬂgnmﬂdg@rmdtefore
after, or subst II ne, thef or | i ne CD86
W th our Wi t}ho eI i }éegcggi ‘?H:?I ne%&sf S5 énlflelésgﬁﬁlﬁlgnt svﬁ epox
virus vect or‘fehﬂmm rmttwm@omp@kewrasldecapabler ofe byixikrgirfel i ne
herpesvi 1 us oechiod, ;hAi B0 AAQURL SNl 4. eNance 1he LBBUNGgsponse.

10 In another aspeci, the invention provides a met sUppressing an
i mune r espc‘}r@élslcﬁ’l@tf et i(®) fo f&ﬁlpﬁlﬂ?P@é’er’ira\ﬂ‘flcc}”ﬁpts é’éhl(éf\)é’d figlin

adm ni st er i npddemkRNAMAHREeGRT iRaf of iee ahﬁ:&rseﬁfsesuhﬁi]@éhtd ahl:deIb"égltraneous
15 wiith the felin fellne CD28

4 | en% ¢D30 ormf el %n%ﬁgg@i Wi tto hvmbt hox__
feline CTLAPASSF Wi th &ht FE8HS or DNA® | ae Fa\ﬂ‘?&l ng
feline CD80 tdnsf eduippereE3B6 oy fredume 1@2ﬁ>cmsef elln neneCTHeA: ne | n a recorrbi nant
SW nepox virus vector, reconbi nant raccoonpox Virus
In one embodiment the above-described invention provides
a method for reducing or abrogating a tumor in a feline
20 which comprises administering to the tumor in the feline
a recombinant virus containing nucleic acid which encodes
a feline CD80 protein, a feline (D80 protein or a
combinantion thereof in an amount effective to reduce or

abrogate the tumor.

25
In one embodiment the invention provides a method for
reducing or abrogating a tumor in a feline wherein the
recombinant virus further comprises, and is capable of
expressing a feline tumor associated antigen and the

30 administration is effected systemically.

The present invention provides isolated and purified DNA
encoding feline CD80 (B7-1) ligand or feline CD86 (B7-2)
ligand or feline CD28 receptor or feline CTLA-4 (CD152)
35 receptor, as well as cloning and expression Vectors
comprising CD80 or CD86 or (D28 or CTLA-4 or RNA, in

part or whole, and cells transformed with CD80-encoding



20 vector, or reconbinant feline herpesvirus vector, in an amougt f%eg@k;/e
to suppress the i nmune response. In another aspect, the inventi orp §F vi

a vaccine for inducing an i nmune response in felids to an i mmunogen 25
conprising the i nmunogen and an effective anount of feline CD80 in a
recombi nant sw nepox virus vector, recombinant raccoonpox virus vector, or
recombi nant Jeld e ner F&%%‘é'-(a%%o‘é%bo(/ecE%S' Wed —esrﬁcoondsi% enhancenent . The
i mmunogen is derived, for exanple, “from feline at ogensg such as feline
i munodef i ci®hc§Thbrésenfefiing vaiemsa viFebing ebpaeipar Vowir ushidlel i ne
coronavi r us,cigdl idie dreiyt o4 fitsas AW dign 14 ke |db s UDE- ASPRSL e e

i nvention provides a vacci.ne for 35 inducing an inmune response in fields
to an i mundgétP win R h S dhi e%’é‘(’i‘ b?oﬁdﬁilﬁ‘i%ﬁeéjri hG a9PBEDHBF ndittSmi nepox
Vi rus svect orligreconinanf belscaoapoxndi ¢husedans. 3 n ~E P 200Z vector, or
reconbi nant feline herpesvirus vector, expressing DNA or RNA of an

i mmunogen and DNA or RNA of feline CD80, CD86, CD28 accessory nol ecules, in
any conbi natThen,irgecddiony rvee istest el gl adred maghentridficsl fredtigienschaD an

amount ef fecive, {0 Jmdul e Lhe i pmyag espanse. nIbecbel e, CBGRY ot ei n

has an am no aci d sequence whi is 590 and 460 identical wth the human

and nouse 1G-St g dpEtidas yisoflfe e ldnte remgd b tfe i neaSREP ani no
aci d 19equengd Wt iide &30 pp-Hdindtdant izl anitdd tde dmaheaanthdahbi t
proteins, respectively. The feline 8 r%elg has an D .aci d sequence
Whi ch 1S 828 HF 30 PABRCI BRI MR RSt RS RUNER “Hnd SnBude 15 oA e o

respecti vel yf Thédbdugl i3ke 4GB ADR pragt el gvse leas rdre gmimtacifd adegquersca which i s
88a and 780 | [ id hy t hgyhumgn and, gouse e ively. The
human or mtﬁsgﬁ%&%ﬁ&%&é& pﬁgtlei'ns %‘gnlng}t) funﬁﬁ%ngﬁf%?prgg%gggé ﬂe#e feliine
CD80 or CD8& L5t evhsh tTher epstéemuigtely melleseleDSD251 elinge aCHB®oH el i ne

CD28 1and feldfng JeH A4 8 @nReyeh Feadent SadifMHlRd J¥ardie " ey atfon of
immunity in felids. The present invention enconpasses T-cell regulatory 25
accessory maARSchittes, EPBOACEAVEFSor TS oRCEDYRL P CTPA- 4 {TD152)
fromfeline spasesytdde | averidieny provides iwmadaladand pori firechduicl ei c

aci ds encodi i.n _part or whole, feline 0 .or feline 6 .or_feline CD28
or fel i no CROAmY ARG B RIRE pniChat T O 55 GROATE Gy des

purified fraomldi theesnat The grexprombivmmt gbificeyitheldors iGDBRLEHB6, CD28
or CRHlA-4 producect ACeprAing £9st REePLESENE I RVERRN s UsRd (42 &fthance

the effici enc% of feline vaccines against tunors and pat hogeni c organi sm
and as a th&fapeltyePRFYreat

The invention provideé isolated and purified feline CD86
(B7-2) <cDNA of approximately 1176 nucleotides. The
25 invention also provides isolated and purified feline CD86
polypeptide of approximately 320 amino acids, the native
membrane bound or mature form of which has a molecular
mass of approximately 36,394kDa, an 1isoelectric point
of about 9.19, a net charge at pH 7.0 of 11.27. The
30 coexpression of CD86, with costimulatory molecules CD28
and a tumor antigen or an antigen from a pathogenic
organism, has the ability to activate or rehance
activation of T-lymphhocytes, inducing the production of
immune stimulating cytokines and to regulate the growth
35 of other cell types. The coexpression of CD86, with
constimulatory molecule CTLA-4, has the ability to

regulate activation of T-lymphocytes.

10



35 viral and bacterial disease in cats. Feline CD80, CD86, CD28 or CThA-4

produced according to the present invention is also used to alleviate

di sease due to 13 3 D SEP 2002 overactive, hyperactive or glﬁsd;l pehEd

i mmune response. Nucleic Acids, Vectors, Transformants 5 The sequences of

the cDNA encoding feline CDBO (SEQ ID NO: 1, 3), feline CD86 (SEQ ID NO
feline ( SE 0, or feline CTLA-4 ( SE 9), are shown

| n Fi gures %DZJOI %ﬁ% t RE pﬁﬁe&(ﬁ AEPEM M i Bn§eé’ﬁgﬁ€€§ SfIHE G 4R CD8Oo

(SEQ I D NG aze @)otaﬁeleldnefr@w&a(tSE@ I N@cchbbiflanf edduredD?28 HeSEQ@d D NO:

2), or Tel | nguCTl 4168EQ0 RNOL10), At cosho, L ELOUES L 5 The

desi gnati on of t hese feline pol ypepti des as Cfia-4 is
based on partiical nakivie a8idd meRiaRre hewdfodprio Hunansecrabede fmrm abbi t

honol ague of; fhesgy @@%ﬁ’&?ﬂﬁérﬁt@ﬁan@r@orﬁa@ﬁn@b' lity of the CD 80 or CD86
pol ypeptides to bind to feline CD28 receptor (see below) or to CILA-4 and
to activate or stinmulate or -otherw se regul ate activation of

T-1 ynphocyt eahe Ruiicher ey Qgrdnﬂﬂdwtlsmsiﬂew atrm ericind Beliirorgn2dt is 20
predi ct ed theB éel [ ne ro - Of fellgg9 86,100 %eptl des, al so exr{\}: bit one or
more of the T8It of ng B a}%]tr?%ll%l es® S AcHiN AT O 6T ‘NK (Rat uraiSHGi9%r )
cells, stimalgae onp@bVBd@@I | heelated onandct imatiforedf MCinest dDx&ed

cytotgxic Ty éi%é‘ﬂ@i ’ofpra‘ﬂﬁxfo@»&%a‘t@l}pfzﬁsatmﬁﬁzl l3iddt eactingo with

cytoki ne receptors and i nduction of inmuneregulating cytokines. Because of
the degener AGRFRNEhSFALITT I IEFM WhilGh fiae codiod asitbldde ™S ai n
am no aci dslof RhWdusequences 13 otdieri ddueddidlc Yrawt idf Riyes 110 5 can

al so encode the feI | ne CD80, 8,0r, CTLA-4 ami no acid sequences
shown in Fi gurtd Ry $s @hcwgl?h%r% %%cl ude those contai ni ng
"sequence- conservatlve" variations in which a change in one or nore

nucl gat i des 45 1. A,01.eN GOdON LOTUbI Scld £0; ANLATAIIOR I dhengn o aci d

encoded at t pOSI 1 on. rnore grven am no acl resi In a
pol ypept i de caePBht efi Bepzhxigatels 749 mucleptigge. The invention

also provides isolated and purified feline CTLA-4
polypeptides of approximately 223 amino acids, that
native membrane bound or mature form which has a

20 molecular mass of about 24,381 kDa an iscelectric point
of about 6.34, a net charge at pH 7.0 of -0.99.

The invention provides a recombinant swinepox —virus
expressing foreign DNA, the foreign DNA encoding Feline

25 CD80, Feline CD86, Feline (D28, and Feline CTLA-4 cDNA
and polypeptides.

The invention provides a recombinant raccoonpox Virus
expressing foreign DNA, the foreign DNA encoding Feline

30 CD80, Feline (D86, Feline CD28, and Feline CTLA-4 cDNA
and polypeptides. T

The invention provides a recombinant feline herpesvirus
expressing foreign DNA, the foreign DNA encoding Feline

35 CD80, Feline CD86, Feline (D28, and Feline CTLA-4 cDNA
and polypep:tides.

11



wi thout altering the overall conformation and function of the native

pol ypeptide. Such "function-conservative" variants include, Buf $ff 2002
limted to, replacenment of an am no acid with one having simlar

physi co-chem cal 5 properties, such as, for exanple, acidic, basic,

hydr ophobi ¢, hydrophilic, aromatic and the like (e. g., replacenent of

| ysi ne withargl a te wth; e gl y.ci_ne_ w al_ani ne) .

I n additi on,I%agn%rg%&g%fd%ggégghce%H%régggéggggr p&%ﬁ’é’t:glgé vE\?t %%{19?0 ot
destroyi ng EREaBréast v LfmBRet Keskonsculia, aFrdelddakpl en addiuriogeal. ani no
aci d sequeng@s car Qsaﬂ@ﬁde&bdeb%lh%'amami@(@'ex@hgc 2hROX mtebdeRalhegds t 0 serve
as purification ta S’,s‘?}i(:h as .hi

) 'J.Z]:idi ne iags, éile., to allow one-step
puri fi cati oA f6 % he¥ protdit i ity wht BR8P eRBG 1 ¥r &ichent Rl Ifp gme
enzymat i cal kkpsonenowved)feAliteer aRBEVeliyh tder addhbonal fesleigieencess caif er an
addi ti onal l,I.- sur i ndi [ . erm. |ter.th arget cell
speci fici ty%%fllfne i %'ZE%DEO?%C%G?e%:gﬁlggggkgn%li)%p%lﬁ:h{’%ijéug\,i %’ﬁct%ﬁg’addi tion
of an anti g&rcROBINAdithg reaceMmmeantMiyod eyecH . f eloirne rep@Gbanahgl i ne
CD86 or felicpg iGP28hatpbel i PesChldeADNAS At hibholine scope-©fvd he present
invention are those of-Figure 1 to 5, sequence25 conservative variant DNAs,
DNA sequencE&&heRCSdit o SShdsirat i ve vari ant pol ypeptides, and
conbiipati ons thereof. The invention enconpasses fragnments of feline CD3O0,
CD86, CD28 qr CTLA-4 1t hat eégi bitt a useful.degr%e of. bi oactiv}ilt%‘,s gixt her
al one or 301n FEABIFat FORSGIt h et TLeRueRE e 8T8V 1E6fpsheft §2°%As “&xpl ai ned
bel ow, it isuppldessging n dthe Dnlimar yrekpoéhsén the art fedipr etdct iarel y
mani pul ate t ce of; 0; - of,.,CTLA- 4 bl i whet her
a given fel ﬁﬁ@@%ﬁﬂm@lﬁg%r LJA%&?/ar? nt g‘é‘é‘égggggﬁg 3?1%
appr opri at e 18MHBPBERY PEABYBI oAELRYI t YT §Pb§tgp\?éﬁlgp’pl i 6aMudRangpus
vari asi ons {hat, affectet hgebiondiong g€t E¥ithes afpddesemobecytiendugsul ting
in mcrease% iS 30SEP. 20~ gf ecti vegg\?%. Fel i ne CD80. and CD86 wi || each
bind to coréEeptier o288 0Pt 6 6P§cgﬁn “ACAAYE Rt e bR BURI &Fed by
expressi ng and,purri fyang dthe whclant «CloRMingD8be1 GR28CDE0 CdLAL41lpaleypepti de
| n @ recombingnl ;gYSLem,s 8RAAA8SAYiNG kLS cArael! sihmil aboryyagtiyity
and/ or growth-pronofing actirvity in cerfcul fure’and in aninmal’s, Toll cwed
by testing Bwitle®@ppViLEusi orecTPre, var Faaemiocbeant s nagtaahfar Bleastivity
by fyggctionagkchbibpdi g tecbhReiERA8 @k1ChkAndrbeceRtaLs. vEhecyarisant,10 CD86
is tested for bioactivity by functional binding to the CD28 or CTLA-4
receptors. PAORDS GbtgchiditnertO FIRRERSSCPE MMAS HRSPEASA 4 is tested
for bioactivity. ; 15 The present invention al so enconpasses feline CD80,
CD86, CD28 qr. CTLA-4 DNAs nd pol ypeptides) derived from aother feline
speci es, i nglnucﬁrhogtl?ﬁﬁ h%?Réc?Cl m %?ig \ %ﬁ%%%i TRATESS ?o‘r{gf:cf‘lgaerféb,r
cheet ahs, bdbdats rgndan hemhizke. HesdnareseCDBO, LEDREs CRRB2wr i@TLACHemonol ogue
of 2Qcthe s : Lh Fi t aLe eas} | genty f] b
scr egr‘?i ng cg\%%?%&e omegbli rtrgl?{l(g é?o%rgien%ﬁf y‘@(f; %%%is‘q%ha#dhy ri g)ifze to
probes conpfiediimg al ICRHC pakt of rehemsehdiehcSWenePogurelqug ovsctor, '
Al ternativehycRHIMRES 0N HESEhSSx Ara re@ eeaetdosi N ankicbedigsinithat

feline herpesvirus vector, for d1mmune response

enhancement. The immunogen is derived, for example, from
30 feline pathogens such as feline immunodeficiency virus,
feline leukenmia virus, feline parvovirus, feline

coronavirus, feline leptovirus, and the like.

In another aspect, the invention provides a vaccine for
35 inducing an immune response in fields to an immunogen,
which is achieved by administering a recombinant

swinepox virus vector, recombinant raccoonpox virus

12



25 recogni ze feline CD80, CD86, CD28 or CTLA-4. Wthout wi shing to be bound
by theory, it is anticipated that CDB0 or CD86 genes fromother feline
species will share at |east about 70% honol ogy with the feli (I@p) 200086,
CD28 or CTLA-4 genes. Also within the scope of the 30 |nvent|on are DNAs

t hat encode honol ogue of CD80, CD86, CD28 or CTLA-4, defined as DNA

encodi ng pol ptides that share at le t about 250 amino acid identity
with felin&® %%@6 CO%6, éﬁf@mgﬁnéﬁ*EA 4fa 3B HPETV LAY | eV RO

mani pul at i ent@rasemmjl DgAt ort REAPHES ant 1mﬁ1uﬁﬂ>t31eﬁn usd mehheds Rll\hsatofar e well
known in t hosg di_scl anpl e ~ o0 ~EP
Zooz Mol ecglgar% & oni ng, aiD{aborg %ry nuzsl 2ndn<égec%nbroéf3 Y tsch and
Mani atis, Cordigmtiiap Hardwstoding Cike enP*@t@an@ol sri nfivbbeewnttar i ol oay
(Edss AUfUB%bté@ﬂﬁnlnP%Hgﬁﬁeﬂntwgﬁ%eé%¥d$“%b =9k s @0 d e REUR ke FeEN€E S
Publ . Assoc., WIey-Interscience, NY, NY, 1992). The present iInvention
encorrpasse§e§BﬂRS§nd RNA sequences and sense and anti sense. The invention
al so enconpasses genom c feline CD80 CD86, CD28 or CTLA-4 DNA sequences |0
and fl anki S enges ncl u not l.imted.to, requl atory
sequences. qﬁﬁc?g cPel 88§e8u8g ﬁgoapnﬁmﬁgﬂ A&t é[ﬁﬁ 6&@, “ or

CTLA- 4 pol ypept i spndr et && soda@s“(;t@adt editht tHeet bnokngoarsd s egqueseces,

i nchydi ng ]_eg%saé%, sp t i uences,

pol 3gdenyl E::&g%tlg{esauenc S |nte§Io}ﬁs Ogﬁg Eégif%@ngzr)lgcg ?ggkﬁégu 31%% %glnd t he

| i ke. Tran@8dins iashid s%gﬂﬁ%ﬁ%wvh@¢%nhﬁt§8fhaﬂdaﬁé’o@éﬁaﬁuyaﬂum@édlto

feline Cp8@neChBRanCRAE eabEIkAprHrebhA, S%@B@@%@ibe&?0|U@%é“f%ﬁ&%b
limtati ong&ﬁ@ose t hat havg@t he abl ity to direct 20 th Egégresm on of genes

derived fr&R5r TSt c BRFI s 13T CePFELERTT u¥ f 18r §&r yoti c
cells, virases 0f% elkemiypéal ceits, ahd Anwanomhinabusee t heweefinstt her

usehul et ool aa0u5.1 60Ul akgLy csqquEnces are (9808:5a HagsesiGled in, the

25 Th €i c a résent 1 nvenfion are m)dl BY net hods
knovvn to t hosd sa@queerd:& withehar tist ¢8& tagyd t e ri @mfbﬂ:alymsbl undnel ity,

bi ndi ng af Fufby afNd RS | 'ﬁfé&’eu’f@r pxappLeivineg, Segl—l@”‘?xﬁ%aﬁr ®r

selectively 30 nethylated. The nuclelc acid sequences present
i nventi on BPESE s&D$Adi PredRBEh a BPEMFIRZpablc@rePtpr SPditagra ldét ect abl e

sng_na! ei trhen adier aqtd y ﬁé’lir[éilctlﬂiﬂﬂdr Expspl pwtéaiaglls E‘h@r‘é&%_ﬁ?,
radi,qi soto orescent. no ul es ot| i ke e present
invéﬁti on g?‘seo t?g\waes 2ot o% ‘CLtlﬁﬁt G gé}l%?eé@%&l%a %50@ dditfy cDso
CD86, CD28COILACELATr4 thdvel reagents requlred for the regulation of

immunity in felids.

The present invention encompasses T-cell regulatory
25 accessory molecules, CD80 (B7-1) or CD86 (B7-2) or CD28
or CTLA-4 (CD152) from feline species. The invention
provides isolated and purified nucleic acids encoding,
in part or whole, feline CD80 or feline CD86 or feline
CD28 or feline CTLA-4, as well as CD80, CD86, CD28 or
30 CTLA-4 polypeptides purified from either native or
recombinant sources. Feline CD80, CD86, CD28 or CTLA-4
produced according to the present invention is used to
enhance the efficiency of feline vaccines against tumors
and pathogenic organism and as a therapeutic to treat
35 viral and bacterial disease in cats. Feline CD80, CD86,
CD28 or CTLA-4 produced according to the present

invention is also used to alleviate disease due to

13



exanpl e, plasm d vectors for expression in a variety of eukarQ/G&ER:Z
prokaryotic hosts. Preferably, vectors also include a pronoter operably
linked to the feline CD80, CD86, CD28 or CTLA-4 pol ypeptide encodi ng
portion. The encoded feline CD80, CD86, CD28 or CTLA-4 pol ypeptide(s) are
expressed b Si .an uitabl e vectors and host cells as expl ained herein
or ot herwi sévéﬁg%%lf"oext %ﬁgrsakcﬁﬁvged h The A Cscefg ]'FWIeurﬁr gseeﬁ%oqs‘r?venti on
al so provides vectors that include nucleic acids encoding the feline CD80,
CD86, CD28 @, c§LkA A NN PRIIIE(S) Prb A drnfiind ) Whol e. Such vectors .
include, for éxanple, Ttve viral Vectors for expression 15 in a variety of
eukaryotic hosts, or for the expression of DNA or RNA vaccines. In one
le_rrbodi.s_rrenlt,Thaeséwgnwbgabfveﬁéoenm éhfc@ﬁliQFEd_-feh.Eln@nOtbeb &Ségdixmé_nt, the
ive vira ctor is,attenuate etion. Ln_an r i ment,
the viral vé@forﬁis§?na%??§%?e§D%% @ﬁ%ﬁ?@%ﬁﬁﬁogﬁrethéﬂ? gﬁgﬁeaggg he |ive
viral vectofDi NOsel 2tt edrffehindeCTotd (P IDsNAg, Sbut akrs mbbwhi it ed t o,
her pesvir Us; BRKLET s, aslenoviiys,8dpnanassoni ahefoVheys, SESLLAXELUS,
bacul ovirus-, "a ﬁaw rus, rhabdovirus, picornavirus. e live viral vector
is seIectedOfrﬁﬁE#ﬁ@ 9B8Qr ¥R cHAPY? sihg, 4 butf eild nRoFDPEMi(68@ £B, NPel i ne
her pggvi rusg)capbnenbecpesvi (&15) AYiNm: herpesvireisnebeyi.neshespgsybr us,
equi ne herpesvirus, pseudorabies V|r§s, SW nepox V|ruE% gV|€ox Vi, rus,
fow pox vird®; rddcoordx TRPYR, tAnar§PoRSvir b8, 2valbPnPESvPPEEL°80 Mal ony
muri ne | euketfi aclvégels, % hithe sSpvilypeptddesSerd | KD8EFOr €9B6vi radTherl i ve
viral vector.,.| t ecoblnant Vi vect or. expressi rei.gn whi ch
s fel i ne COBUY Foe, LERBtawn orb B TR Beiarrdulnid GREPS e
forei gn DNAtpbs dlsmara cONA fopsan ant i geabditom kopatdmuemeni ef or ghessm The
recomri nant . vi roi o] ruc h I S48 2002
i pLYBLOXECR! | ngORRLT UCAEH bYy NaRDl 0guUS B g0 0. SbBe

reconbi nant - or d reconstruction net hods known to those s in the
art. PreferBBlypParddidns PsPimt| tfe & bttt &PSher HAGLRGIkedSEE t he

feline CD80pe&BR9, £P2800CTEALA- AiD| YPeptt deac8COGNg POIhi DA THE 5
pronoter is sslected fromtriaégoup congrising, bgt i?_?ot 'ni%ed to
feline her p8SYFFUSSEE priciBtetts pox3T FLEASY MR het Pt | at 6f €RPRY<¥FGiot er
human cyt onegatbernose| nwedhate ebshingromiee boundebgothbbey, vitussgX
pronggper. Pb?@ﬁ&b%%dﬁtﬁE@GfS%Eﬁss%t%% 5% eline cD86 polypeptides

also exhibit one or more of the following bioactivities:

3 0 sFP zooz polypeptide(s) in part or in whol e. Such vectors include, for
5

activation of NK (natural killer) cells, stimulation of
B-cell maturation, activation of MHC restricted cytotoxic
T-lymphocytes, proliferation of mast cells, interaction
25 with cytokine receptors and induction of immune-

regulating cytokines.

Because of the degeneracy of the genetic code (i.e.,
multiple codon encode certain amino acids), DNA sequences
30 other than that shown in Figures 1 to 5 can also encode
the feline CD80, CD86, CD28 or CTLA-4 amino acid
sequences shown in Figures 1 to 5. Such other DNAs
include those containing ‘sequence-conservative”
variations in which a change in one or more nucleotides
35 in a given codon results in no alteration in the amino
acid encoded at that position. Furthermore, a given

amino acid residue in a polypeptide can often be changed
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10 includes the expression of CD80, CD86, CD28 or CTLA-4 cDNA from an
internal ribosone entry site (IRES) el enent contained in a cassette (pClTE
vect or, Novagen, Madison, W). The cell lines for grow ng vi3r I%E/'g&;gﬁﬁs

i nclude, but are not limted to, Crandell feline kidney cel Ms*¥1 )
chick enbryo fibroblasts, enbryonic sw ne kidney cells (ESK-4), porcine

ki dney cells (PK). The encoded feline CD80, CD86, CD28 or CTLA-4

pol ypept i defsihaitte BdGRBRGEENy eseryl hnycenfoubteivectand Gwmachbst cel | s

as expl ai neslf hergi Ra@H vet I@@l\gﬂp@@t&m\/\n t@d}h@%@n%(el%hl lcbﬁgewaftti%eart In a
preferred enbodi rrent ﬂ‘f er._es encodi nglle i ne CD80 CD28, CD80 and

CTLA- 4, CDR6*Lrfichoc %n?jr?:ﬂ% Thteond? na’f?%l‘ﬁ%‘ﬁ@?‘@e‘h@s for an
i Mmmunogen 2&n denirvedad fdmia H e:lrienehpauhggemmﬁlsrl nsloy et egerh ¢l a singl e

recondbi nant t or t hem fognul ated_i toall vacci The
feli g CDBOPF%%U‘ 28 5%%%Hfs’ ge%%r aF‘SH‘Q or i< @ﬁ‘tﬁ natck?%% @i th
feli ne gendsydteophvahid r ddrsiplvid igat hegemat ac eandconporiatles i e ogt he 30
reconbi nar_feyisusmefet hgd g SXP1 §5%HON 40 nélm?,%e 988 §r£§tg0%{9ﬂ1' ed by

an appropriate pronoter. In_another enbodi he ge es encoding feline
CDS0, CD86,9EPBMBESCTION 491 ¥FERe Wit AmiRaLi on, Afe i3RSFpbPated into

a reconbi naghindral aeae Oéeqaﬁﬂc\%% aﬁﬁbnla&%jdﬁced dm a]§$étaaccmn@ne¢mﬁh a

sec rec i.nant. V|r ector iC ncodes gene or_ i nmuno

dor 1 0ed 1 Oy e e, (e Y R BR SRRPRERTS ot dE AT Sosi red 19
~9 0 S~~ 2092ditmonalr wprmrseaqﬂtlaeqaaneeselar@r aduecke| bs iaitchese
proximty to achieve enhancengnt,, %Irr%ﬂ gn Oéné$d| pgct |s%r}v%f tgg desired

i mrune response 5 The I nmmunogén 1 ected fromthe group conprising, but
not |im teopmblfi@ath@np&talﬁl@gen%u@mchsas it hdinembagdef i (Gi-ency wdrus,

feline | eukem &y VbRESstE! bﬂ%lE@E%‘EtleU%fp%rHet %Béde’inv' rayisl:ext &lhén
panleukopen|a virus (parvovirus eline calicivirus, feline reovirus type

0 3> felined'$%t aviFes, ?}é?‘?‘h%ais%}’ona‘a’fr use’(’f}ﬁ‘fl%'é’t?%:h]sy per’ﬁ‘?ﬁ‘i’%‘?é vi rus),
rabu es vir uzsltéﬁhhﬂevépryt itdde Viddditialdne sagoefme¥i r usnffed! | Nngn
her pesvi rus éé h{ not r§ch% Ssu\é_lflélése) ,bm%lll ne B renaordl stg_laesrerWé ua'ls1 Chl anydi a,
Toxopl asnosi s gond |ll né parasi tes . brr 6filarta tFeas,
bacteri al ptalmogensetandltlh@plelChélC\i@G’t ofs dieline GO9GI GREAor€DAB| | of ten

i nclude one,pr nBfEAL £l ILAH 005 SYSLM £194 %'d‘ari'tri%noroﬁx%eséﬂ@i‘gex?“e or
nore markers for selection in the host such as, for 20 exanple, antibiotic

resi4t ance, PHrdEaPofi ket £PE AREKBPE18Gch as i 3- gal act osi dase(l acz) or
f 3- gl ucur oni dase (UI dA) or fluorescent markers, such as green fl uorescent

protein, and one pr ession .casse The i nserted

sequences afl}é %P%@d oY sélegll«?& gﬁﬁgﬁat?ﬁ aff® E&BFces C%%g Cglfed as
hybri ds, orfehenbl k@ThAffgatqDM\\sofwnhhlnodnh@g seqpenceEs toet Ileresent
transcripti Qﬁ@gngggﬂl atQLy se@iLenc arFe_\L eved hy net hogds koown to those

skilled in the art. Suitable host cells _
t randf or mredf PREASVEEL¥E/ i nf Baréanby BN§sS 80 %’&Ft abPEuPREPDd FREPELERFg

el ectropor athQ8: i 6ACkEnsekvhit ROsOME- vARU At ed Dh¥ ypépkeded Ungal ahaf ecti on,
m croinjecti on m crogrSOJ egtl | e, ﬁor the |like. Suitable vectors for use in

practici ng TABPHREEEA on i nclRfde WRGGLOP m TREPBRE VEDS52,
pc DNAI fragments of feline CD80, (D86, CD28 or CTLA-4 that

exhibit a useful degree of biocactivity, either alone or
30 in combination with other sequences or components. As
explained below, it is well within the ordinary skill in
the art to predictively manipulate the sequence of CD8O,
CD8+¢, CD28 or CTLA-4 and establish whether a given
feline CDS8O, CD86, CD28 or CTLA-4 variant possesses an
35 appropriate stability and bioactivity for a given
application, or variations that affect the binding

activities of these molecules resulting in increased
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(I'nvitrogen, Carlsbad, CA), pRc/CW (Ilnvi:.rogen), and pSFVI (G BCO BRL,

Gai t hersburg, MD). One preferred 20 3 0 SEP 2002 vector for use in the

invention is pSFVI. Suitable host cells include E. Coli, yeast( SEfS 20821 s,

PC12 cells, CHO cells, GH#HCl cells, BHK-21 cells, and anphi bi an nel anophore

cells. BHK-21 cells are a preferred host 5 cell line for use in practicing

the present invention. Suitaple.vec for, t construction of naked DNA

or genetic \?gggicﬁdﬁe&r?ss‘ci‘nc?ﬁ%glv\?thﬁéﬁ PR tcﬁ%isor’f’%'ﬁarega&}( E}Pb‘ﬁ‘égéf’

Madi son, W kerpSlertRronehes Nudi soncotereandrpctNm {4 nvirhiegesyn Cael sbad,

CA). 10 NuclLei i n i i " , . LA
%%th@%ddﬁgg §g§#§33£§% QﬁdCB%Qlfgqgg A0 L Afeg

pol ypepti de(s) are a Irnto cel reconpination-events. For
exanpl e, sutR8a.sEREBneE FELM & rRAYYRERtéde Aboaa Terpmbepsrtt FH§tRBOI OgoUs

15 resonbi nahigona asayhAgsSites of-an1endadgenaus she enGadiing, t B84 /or

pol ypeptide, an ?‘Inal %?Wc%r. pseudggene t her eof %E a si%Jence wth |

subst ant i al SFEERBF A% ePFHEVEBED, 1ED86 eSO Uk LA- £ in

pol ypept i deaedeadisng flehdcwéihdry r eestbhgatiront baseppididacdrsucithas

non- honol og : re [ [ n el et . endqegen ene_by

honol ogous ?é%&%glltna??gﬁ, r?%tspggg%??y%lo% p)?%élgg%?e%\?{)ce Is{%l% l%ng used.
The present biipdéngi ont@r sREdéP28 ner hEALAF 4 enfedepitog san T2& | vauhantesponse
in a,felid Eggan; KMPUBEEAEN. £ 'Bboéét?@bﬁ?y Bynadd, B EUST LAY %h?o _

i munogen before, after or substantirally Sinultaneously wt th el i ne
CD8O or fel FRe CEBBBWIAth BFLA ¢ hdRcaRidtfe CER8 2or fFEMiA&rCTRARBEF R an

amount ef f eghiryanko enhmmze tde ivaRihd espamsea-4£80 fThe pLeseat epyention
provi des a %ﬁt hod .of, _enhanci ng an i mune response in a felid to an -
i munogen, WAPERt¥*&&¢hi eved by adninistering an expression vector which'
contains an i nmmunogen derived froma feline pathogen and 35 the feline CD30

or fekine CA8 ageessary;mpLepnles wiid, oL sbhbous.tel 919 28 grof el ine
CTLA-4 in an angjunt egﬁectlve {0 enhance the I ne response. CZ‘]?

CD86, CD28 or CTLA-4 DNAs (and polypeptides) derived from
other feline species, including without limitation
domestic cats, lions, tigers, cheetahs, bobcats and the
like. Feline CD80, CD86, (D28 or CTLA-4 homologue of

20 the seguence shown in Figure 1 to 5 are easily
identified by screening cDNA or genomic libraries to
identify clones that hybridize to probes comprising all
or part of the sequence of Figure 1 to 5. Alternatively,
expression libraries are screened using antibodies that

25 recognize feline CD80, CD86, CD28 or CTLA-4. Without
wishing to be bound by theory, it is anticipated that
CD80 or CD86 genes from other feline species will share
at least about 70% homology with the feline CD80, CD86,
CDh28 or CTLA-4 genes. Also within the scope of the

30 invention are DNAs that encode homologue of CD80, CD86,
CDh28 or C(CTLA-4, defined as DNA encodihé ‘polypeptides
that share at least about 25% amino acid identity with
feline CD8O, Ch86, CD28 or CTLA-4.

35 Generally, nucleic acid manipulations according to the

present invention use methods that are well Known in

the art, such as those as disclosed in, for example,
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a 0 SEP 2002 The present invention provides a nethod of redirecting an

i mune response in a felid to an i nmunogen, which is achieved by

adm ni stering an expression vector which contains an i nmunogen derived from
a feline pathogen and 5 the feline CD80 or feline CD86 accessgip ﬂgﬁegmkes
with or without feline CD28 or feline CTLA-4 in an anmount eff i

enhance the i mune response. The -resent |nvent|on provi des a met hod ;of
suppr essi ndl@hegnlanmfdondss nlbabexataryg Manuadynd@ad whdeh is

achi eved bYSa%dkB}d%Et epkmgs&heah@mm%l@ef chﬁ,d gﬁrngOVHa%H&E)a”téfl' Iy
si mul t aneousl V\nththefellneCDB feli or w ut feline

CD28 or feld eF SETrse 3 R eﬁ@ di-n W-r#%% CD80 or
15 feline CGo8énor KehQBEOﬁDQ&o@e f@bu@maﬁr Amdmh mnﬁwsﬁnnmu eféendive to
suppress t sp T nvept i p es a vaccine for
|ndué?ng agﬁ?%gﬂggg?ég bgggf?% EEF8%8§§§ECEh ﬁgﬁuﬁgge% ¥?9 20 conpri sing

t he i nmunogen and effectlve anmount of feline CD80 or feline CD86 with or

wi thout felime IR .or §8ldite & Ldndoh9hsdLBUNSNA ESRONGE SANCeARBAt , OF
feline CD80 or feline éb86 W th fellné&%%LA-4 for inmune response
—suppr essi orfRG rFERRR R SHEGR TRFE - t hEPF nVERRT P Thrati AT DYRATIRE | ne
conpri sing @éh@ﬁdﬁéﬁéﬂiﬁh\ﬂﬁﬁwqrCmQHLaCDBBgogen@ELK{H IDNAINgpésgde s 0 feline
pat ens and ge h.or mnth ut fellne or fellne
T A or i ol Ui S8 i reandhir 0 b S0 A 50 H T het T

CD86, CD28 veg(ldtterly R’eﬁquaapza@les Thec ¥l ¢ mmmmqam&ww am no
acid seque i howp ptide of
appr oxi mat gf&%ezvébniwno ngcsl%ds E ??fﬁ‘g %51%1 p%@@he%%%ﬁ am no
aci d sequen%%s@¢l%ﬁ?éh |%%%hunm$QQ¢HQ%$ﬂQ§SB) éﬁ@éﬁ@@eafpoI%ﬁﬁ%ﬂ@%ﬁﬁJof

appr oxi mat gh¥ordLe @i, N0 caGlafizesThe fdddiesLO28 geampehthe DNA %@m no 22

3 ~E P 2002 acid se%ﬁg?ce of _whi.ch i's shown in Flgure 4%Tenc
poIYH%ptldes%ﬂu%ﬁﬁﬁﬁna YAy ALAA N 5 GRFRSSS TheR FEP e CTLAR &ene (the
DNA and ammonacddngequendtensl, whingh itheshdwirke.n Fi direns)r Bmcioies] a

pol ypepti de [ oxi I n Iy ti.gn i ne
CD80, (D86, %éﬁgQnggT%§%% F%nﬁﬁgt%?% ¢ 85%?%%% iﬁéhgasgﬁ}cééliiéachleved
by met hods @80 - kiR, i IC02%e car t CTLAC| 4dFRYA besraurncY (M) t edinolude

without limitation those that have the ability to direct

20 the expression cf genes derived from prokaryotic cells,
eukaryotic cells, viruses of prokaryotic cells, viruses
of eukaryotic cells, and any combination thereof. Other
useful heterologous regulatory sequences are known to
those skilled in the art.

25
The nucleic acids of the present invention are modified
by methods known to those skilled in the art to alter
their stability, solubility, binding afiinity, and
specificity. For example, the sequences are selectively

30 methylated. The nucleic acid sequences of the present
invention are also modified with a label capable of
providing a detectable signal, either directly or
indirectly. Exemplary labels include radioisotopes,
fluorescent molecules, biotin, and the like.

35

The present invention also provides vectors that include

nucleic acids encoding CCD80, (D86, (D28 or CTLA-4
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10 i o n- exchange chromat ography, reverse-phase chromat ographyg g.g 20
colums, gel filtration, isoelectric focusing, affinity chromat g)r ﬁy and

the like. In a preferred enbodi nent, large quantities of bioactive feline
CD80, CD86, CD28 or CTLA-4 is obtained by 15 constructing a reconbi nant DNA
sequence conprising the codi ng region for feline CD80, CD86, CD28 or CTLA-4

fused in fr 6 t al his ne es in
t he pSFVI ggﬁ?’% R- C’é?g rbc&%%%%nc% S&L@By%t hi s fsjél?r% dvlégﬂs)?/%t hesi zed
usi ng technilqelégdﬁo WePbT - *R%ﬁ@%ﬁl@o Ph@%@l@kﬁi?é@rﬁanheeéPFeaﬁ@IOnnﬂ-rloduced

into BHK-21acel{srbyr ¢l ecds opahbic auEhe edl s gﬂktah:%ta% angdosecrete
mature gl ycosylf{aatég%lf el i ne CD80, CD28 .or LA- 4 ypepti des

cont ai ni ng BYE ¥al FESEPHFN Ol'hén HPFi Y PéloimﬁéeéDeﬁpeéﬁééY CD28 or
25 CTEA-4 pﬁ)llylﬂle]dtl des arte pLﬁ’e!]f:lrEii faman t heCogd ) sTpes nadant coyrahfinity

chr ot gt aghy 3L0ga2 BLatdeRhAding 1 oaln LHs: 0y Novagen, Mad son.

30 Fel pol ypeptidés iso from any
source are @Dkl ePABy mretCE\'deé knpwﬂaypﬁpt:héeésﬁ Rare exeriptesséel bpe CD8O,

CD86, (D28 e%at@%n? & PosPhoe vt at8da ﬁa %%faowqwlﬁgegﬁggﬁeay! at ed

or degl yces the |1 ke. Especia useful _ar,e I cations
that alter Perphe cpsothepwssechPevwsr teTEh@S§oISlI§B|1I1P@y instdsi Birty, and
bi ndimg specificity and affl nity. 23 3 0 SEP ~~ Feline CD80, CD86, CD- 28,

CTLA- 4 Chl {}Bc Wbl ecul es. e%[l) ent_invention encorrp?a)}s\ses thg RL oducti on
of chi neric Hbl BEGFER" nhla‘ée"f‘?b IRtV HFF el FRECTDEE 2B ERBEYSeD- 28 and
CTLA-4 in anycd:embl reatiiden. erE@odengrrphe, fiedtinoduCD g, t @8I, ndIDRB sbte of

CTLA SN PLAER. Of LN LRY AR (A @ash! By | 0nl EPASCSLOE DLOGLAg-AMT I NIty

of CD28 while nai nt nce nt of the i mmune response
embodi nent , lnﬁéuﬁenduﬁ@rsﬁtx@@pl@r Is:y ;i3] mr@%e@ﬁonsrmom eMBrep28oar e

exchagged syﬁh tbétirl@tpl nglf nQu}E§ﬁ'§/9@1@nhc§Qg§ | ST Pt aged J@yp@eggnghng
region of r CTLA-4. The effect of ecwrgglc CD28 mpl ecule with

15
CTLA- 4 bi ndPF}gD%g%rﬁlﬁ% ‘fabCCilrﬂﬁSeaéél PRE SFPPHITSMof Erpslide ‘CBB@lor CD86
and i ncr easeet:herrrawlauﬂenoéteaharmermmu@értbabbmaﬁtr eqfionseivén an
alternatlve enb di nent Chl ric eues

N R R R

CD28, or fragne tsecftfle]?el() are ne rove e T nmune
enhanci ng ceaphbdinenes ofhe heszeahw@@mzesmlnnantammdlabyvehemboditrrent

chinggi c molegylgsnef ¢DGRANd CThAe4194Cl86 And,CHA- 4 s OkeiLaQEEBNE S

thereof) are nenbrane bound and i nprove the i mmune suppressi ng capabl lities
of these nDFg@m|e§he|ngroup comprising, but 1s not ' limite

herpesvirus, poxvirus, adenovirus, adeno-associated
virus, retrovirus, baculovirus, alphavirus, rhabdovirus,
picornavirus. The live viral vector is selected from the
25 group comprising, but 1is not limited to, feline
herpesvirus, canine herpesvirus, avian herpesvirus,
bovine herpesvirus, equine herpesvirus, pseudorabies
virus, swinepox virus, avipox virus, fowlpox virus,
raccoonpox vVvirus, canarypox virus, vaccinia virus,
30 Malony murine leukemia virus, Sindbis virus, and Semliki

Forest virus

The live viral vector is a recombinant viral vector
expressing a foreign DNA which is feline CD80, CD86, CD28
35 or CTLA-4 cDNA in part or in whole. The foreign DNA is
also a <¢DNA for an antigen from a pathogenic organism.

The recombinant viral vector is constructed by homologous
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25 an alternative enbodi nent, chinmeric nolecules of CD80 and CTLA- 4 or
CD86 and CTLA-4) or fragnents thereof, are nenbrane bound and redirect the
i mmune response to achieve the desired effect. 30 In an al B rHh

enbodi nent, the feline CD80, CD86, CD28 or CTLA-4 is a fusion protein to
anot her pol ypeptide. The pol ypeptide includes, but is not limted to, an

i mmunogl obul i n, antigen, tunor antigen, cell surface receptor, or cel
surface |i gBRECMBSNART -PEL FRETESE0E CCPREL LT HRICTRAE AMiq"odies 24  ~

0 s~ P zooztHbeepr gﬁemueunvmtlme engepaseaes aklbilpQdi esctbak asesspecific
for feline CD8

CD28 or CTLA-4.pol es ..den i ed escri bed
above. The éﬂ??ﬁgﬁi & RrE Pt yc?Bﬁ5Pb8§ r%ﬁg(%ldo a t}%fhd%%{h‘?esceﬁﬁ'gnate
feline CD3OCDERB6CDTE28r OF TLALA- HOﬂmﬂpdﬁﬂéeﬁenodsp@cpes;lonlent i Tie
funct £ onal ang, t ﬁu&p anti LSS nient | y_.made
usi ngtt he nggﬁﬁggégndq%npg%éﬁﬁ I scl osedgfﬁu‘ﬁar?‘ﬁ% J(}Yfan%u{ A%tl bodi es,
A Labor at or joandamitest d tSpri i Hetborhaxpeabbred ory, 93988rora@twén as

i munol ogi cgbxamgugybrts?ﬂ%ert%hnol oghgsekBawnyt o phemerski| | eduhnt he art.
wher e natural or %%/ant hetic feli %DQ or CTLA-4derj ved

pepti des ar8YHSBEIRI TVridlSe Ja‘ﬁ‘“?%’r?ﬁ% ea% O ED8 BPeeFPR2Bl8Beci fi c
i mrune respopses ide pephotes. 1Pramtciomyent entdeyec aipdeesdioa susdabl e

carrigr such, aiuégﬁy ¢,a Séselerﬁj | D 358t Al ey ad&b‘é’é‘“&rsH’fﬂAaE

Freund's. Prefera S€ ec Ui des” are cou pled t ysi ne core
carrier subsbﬁhtfabmyaaccntdrnglt @lbheomet hodsyosuran (R@BB)ePemnt Nat | .

Acad. Sci. U%alnég 8r: é4925§éé§e T emgsvg&teg aﬁé{rQQQheSMa&:?ESﬁ' ally

internal inmaging anti-idiofypic antibodies, are pr epar ed using known
nmet hods. 1§ (bneTé’@b(Y(ﬁlrﬂerﬂtln%rﬁ@‘feﬂr"r"@r‘i‘%e"mb M’BOI’%D?BCB‘N@TLA% is

used to i MYpkzedd Gt af 1 £hii tdd chof h@ranaéuspl ﬁ@nﬁn@rﬁla@@pvedemgd
spl enocyt es gggg to formcell ){#brldja_ gn g rr%g oma cells tqg obtain clones
of ahtibody$ { i ng°Beffs Qi ngTt8TPRARF Gues CARE YEPE Cst B¥UAFd in t he

art. The reBubthieryy oehbsl o(rE&lK—aﬂrvt,l bpdiresnsedrigtrey byedleh G S dhe
screened us v S hgkhe f gl g ding to
feline CDBOIEH%%Q%1 E%%gné e g 8| nhlcélgtal %Lﬁ 2 eﬂr‘é(a:égh%?égl ndi lr§551act| vity

of CD80, CDBBE cm%pbeseer@Ab& Wq nANBi SMA aioﬂné ve@éqqrsStarrﬁhHa%Fy

activity of -£b8Q, LDBExpER2Bear HelATh oB5ctRbkwl gL MBhio aphbskel i ne
CD86, anti -feI ine C0D28 r anti-feline CTLA-4 anti bodies are used to

i dentPfy an8FadaRti £y REtCDB0, CDB6, CD28 or CTLA-4, using 25

In a preferred embodiment, the genes encoding feline
CD80 and CD28, CD80 and CTLA-4, (CD86 and CD28, or CD8é6
and CTLA-4, in combination with genes for an immunogen
25 derived from a feline pathogen, are incorporated into
a single recombinant viral vector and then formulated
into a 1live wvaccine. The feline CD80, CD86, (CD28 or
CTLA-4 genes, alone or in combination with feline genes
derived from feline pathogens are incorporated into the
30 recombinant virus so that the expression of these genes
is controlled by an appropriate promoter. In another
embodiment, the genes encoding feline CD80, CD86, CD28
or CTLA-4, alone or in combination, are incorporated into
a recombinant viral vector, and co-administered in a
35 vaccine with a second recombinant viral vector which
encodes genes for immunogen(s) derived from feline

pathogens. These two embodiments provide the desired
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3 0 SEP 2002 i nmunoassays such as ELISA, RIA and the liKke. feline
CD80, anti-feline CD86, anti-feline CD28 or anti-feline CTLA- b{rﬁ Podﬂﬁ!Zes
are al so be used to i mmunodepl ete extracts of feline CDB0 or feline CD86 5
or feline CD28 or feline CILA-4. In addition, these antibodi es can be used
to identify, isol ate and purify feline CD380, CD86, CD28 or CTLA-4 from

different s rf.or u I I

| ocal i zat i o%%ﬁgﬂ?ﬁl i es. JPSEDS& |rga?}|](§)nggﬁgl :dnglC%g E}l?; é%f?l ganglofsel i ne
CD86 (B7-2) pricgandYf el FRAe @O28 avecepebhapFehenine GHRRZEYCRI62) orecept or
15 produced26G9edicN@rt @t ReePRIEHed NYRAMION-LIRe used beneficially as
a vaccine to prevent infectious disease or to pronote growth in honol ogous

or heterol ogous feline species. For exanple, -the coexpression of CD80 or
CD86, swi t h mhst immbabgey vl eelkese@DR2Bonr tEEELgréupi aompyiz@ng, chii nation,

and a tunor anti g ntigens a cQ ni s
coexpr essi oft gf fellq?lﬁ!ee%m%gbrl E%&EHEW ?) %%%I@llsne G alsreESEitlgF has the
ability to imkubPdeddciieamciyonvofud. | ireghioeyt eguliﬁmleupiprreg& afiei.pmane

response. AiSpECtihGsexaipLentouLdvbeubo 281¢ASXpEASSuLDB0 0L (REG Wit h
FIV, FeLV or FIP derived immunogens in a viral vector or DNA expression

vect or, MP@HVWNsddmflﬂlsltD@r &R i I ki nke Weis d BePYvaee, t¥RBance or

reguhate t he prokifienat iyt 0fi M+ amd 1688+ dotyphioayd esrnandripduce
i Mmune- regulatlngné%toklnes 30 such as .l L-2, | L-12, INFa | L-6 and

the |ike Gt hE £8i Y1 eI SamfE Shodiid iSe IfSEéQ r S¥RCEPBH. ¥HBHS D28 or
CTLA-4 in afeilinat sectomaovifiMA eSqiriessihempeections Whhthotwheheadtiksni st er ed
as a therap vvoul I | at re-di t he_i ne r . .35
Enhancenent %H h|gm’n.|n| geﬂ%%ou Eoghe i rg%%rgg%ﬁ onv(%?H?el in EE@%@ggla

with CD28 OFOWEAaﬁﬂ@ﬁllsnhlgﬂr{qldn offeglsine 3 paXESitepoz Ehrpﬁﬁﬂlﬁelﬁesponse
throygh the;jppternact irFaRaef, bekikeeiEP8R0ho6h8E W LRICTRA- 4 1t akes advant age
of the natural process of regulation rather than addi ng forei gn substances
that could have multiple even detrinmental 5 effects on overall or long term
heal th. Theveb30rsCla3s6, 11@32811Qfalc’ﬁke%t~omhe1:m esfede i ndst enedow th

ot her reconbi nant ecy es, (i%elgncodl n antlgﬂgs that are
desirabl e fglPanﬁﬁg?f%h of i i |”fy The friig. P 6, “BB28%and/ or

CTLA- 4 genempgei nsarkedsi rftaxr apelécexpnessi ohheedtcmt asdchnfaect efioor
trangpect edoLORg1d t &8k iCRlilc and; r?c%'sesozt heageﬁﬁn@wg@%a%e%n the

target cell so that it is anchored into the sma nenbrane of the t ar get
cel| or antPYER prasenfidd %%F?Slg?sgé&?‘é?Ed 6’6t3| det GLUFRFgRLIBERI or
antigen (uida), or fluorescent markers, such as green
fluorescent protein, and one OY more expression
cassettes. The inserted <coding sequences are
25 synthesized, isolated from natural sources, prepared as

hybrids, or the like. Ligation of the coding sequences
to the transcriptional regulatory sequences are achieved
by methods known to those skilled in the art. Suitable
host cells are transformed/transfected/infected by any
30 suitable method including electroporation, CaCl,- or
liposome- mediated DNA uptake, fungal infection,

microinjection, microprojectile, or the like.

Suitable vectors for wuse 1in practicing the present

35 invention include without limitation YEp352, pcDNAI
(Invitrogen, Carlsbad, CA), pRc/CMV (Invitrogen), and
pSFV1 (GIBCO/BRL, Gaithersburg, MD). One preferred
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15 presenting cell. An expression vector, such as a plasmd, Semiki Forest
virus, a poxvirus or a herpesvirus, transfers the gene to the antigen
presenting cell The feline CD80, CD86, CD28 and/or CTLA-4 geBeSkft 2bAgnents
of genes in any conbination is inserted into a 20 DNA or RNA expression
vector and injected into a felid and expresses the gene product in the
felid as a "naked" DNA/RNA or genetic vaccine. The co-expression of

i munogen aR@Ctfie EPVOVSTDRB, Lo BveRlt bP Gt ARSF Vi t hi futakkgerosel | or
ffel deI conthra':@m@smté@ma@hﬂ @@Ii,va%ém, e@dj@lnf@m@A,IctM@i i@u}gr @ﬁ@ul ation
o] ynphoc S, ocyt an r. ce ternatively, the
expressed p?%ﬁ'g?n co(%ﬁ/‘gf'p]be éaﬁﬁi’st ezfjbl ISWS‘}'@' expP si%r?'P%lbhan

pr okar yot i cmetarakhoyet iaeldyst enBHEURR aseld spl asan d, pSerfleiridied-onest 30
Virusg; a poxyhrus.or r vilu [ - hral cterl vector. The
el ime CoBoc thad HEnat ! orreTth: X AFSESIng Moy Fanctl 5a ahehor ed 1 n
the cell nehbibdelasveteerna henbkeecareesset ommlecidlead butP¥Mayobe
presented igepbher forBRciRPAklibedl arljniddeout JemRane 35 RNChoIsSn In an
one enbodi nent, the _feline CD8Q.and feline CD86 are 27 3 0 SEP zooz

sol ubl e, | aRkPhgeh (FramefenbMane saBmalt or MRS oFOHSE S egi R 1SRRI i nt er act
W th costi nutat oaydnpbeNal ¢sntb28ogenCTCArdsbka, echher a menbrane bound or
sol uP(l)e form In an alternative enbodiment, the feline CD80 or feline CD386
5 ar'e nmenbrane bound and the costinulatory nol ecul es CD28 or CTLA-4 are in
a sol ubl e fBueieiackdds ceneedisne nfe hivee dIPEO N @98y d¥haoby cCTleyi ©4n. The
sol ubl e CD28oo4pChAde (B ef £abln dd 2rdiBBliceql O Mndes useLylof gy treating

di sease related to T-c medi at ed | m’runosupgr ession in 7.0 cats. Soluble
CD28 or CTLAEe4OBPaRaRienr &V&sitiSon ofCX r aR3PPAft e8UERs SuSSANEHh b8 used to

treat autoi AuUReidijeRasdl ISP fiLaldan 50! Wi £= &8y or GldafsYodsusisef ul for
preventing graft, versus host_.di sease ig a bone narrow tranrsfgljfan(i, Sol ubl e
Co28 dr  CTLASZOPR BNt R 13° b i - ©rCh T $RIFHTE Y i et e Bdund
feline CD80tbe ©bB&peptiaieqt ker amdboly nent psthdoffeheneh€tkAf4 i faised to
an | mmunog! gyl LAcC! Qs cTheuCIbAnd L fighn s diselll 6,20 syppyess an

i mmune response or to.treaf an aufoi mmune di sease. e autoi mune di sease

i ncl udes, bGP8Fs K&28 iqH t€HLAY: RPLWPEPLidepeDEPALNG, g6ngan tPEmePl ant

rej ection, geabhpVsatrhestpdsafaseerddd) 088cgmbadi men -1 &kbne CDBO,
and/ or CD86 proteins expressed. in ﬁlther a bound or soluble formwould be
used®f or trESERBRLATIORE r AREL ABACEACRbr og&th oPPYTIFRP e SEDForY

Speci fi cal | yombhegbeki neChQ nand/ocor, CO8SpecDiEins wduwl dblher gxpressed from
a viral vect o, Qr 30 from nakeg DNA t hrough direct tunor injection or

adm ni ster eaesy_gt efti caf ;S/’oi n°c6imbi nation with or without co-vectored feline

tunor associ ated anti gens.
The present invention provides a method of enhancing an

25 immune response in a felid to an immunogen, which is
achieved by administering the immunogen before, after or
substantially simultaneously with the feline CD80 or
feline CD86 with or without feline CD28 or feline CTLA-4

in an amount effective to enhance the immune response.

30
The present invention provides a method of enhancing an
immune response in a felid to an immunogen, which is
achieved by administering an expression vector which
contains an immuncgen derived from a feline pathogen and
35 the feline CD80 or feline CD86 accessory molecules with

or without feline CD28 or feline CTLA-4 in an amount

effective to enhance the immune response.
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Sequence-conservative and functional conservative 35 variants of feline
CD80, CD86, CD28 or CTLA-4 DNA and pol ypeptides or a bioactive feline CDBC,
CD86, CD28 or CTLA-4 fragnent or sub-fragnent are fused in f r arde 0t SER82002 3
0 s~P Zooz anot her sequence, such as a cytokine, interleukin, interferon,
colony stinulating factor, antigen froma pat hogeni o m' croorgani sm

ant i body, urificati sequenc u a reporter gene,
such as 5 Errh(%opireﬁggé 1ﬁventjronu?%‘%¥l%ers gt éen hfoﬁugr e§€ S5rotiE it

Vacci nes 10 iTiheiny esssponsiyehti on feddenpas sesn nethignsgend cehposi tiison f or
enhanci ng t hegldjea C%/Oédﬁﬂnw{‘@??n&e%&o” f%éﬁéﬂ%é@@&feswﬂﬁﬂ hi's

enbodi nent, feline are used in conjunctiron with
an i mmunogeROPSRiRF| 8R LOMPEOFER Aed ivedefrom 2adeisnenpasacgespamse. For

exanpke, lntkglE@@1M@C@D9@Soﬁ0ﬂéﬁdﬁér@bsanadaawggsyfra&ua@hﬂ@&ensuﬁﬂph as
feline i munodefjciency virus ang%éel i ne. | eukem a virus, and other

pat hogens stch wEthaypt b EeddnGovt el S Fe pEOUPT fis, T rand f MopEt

coronavi rus,eflfbcltsiv(éesmroatelrelahn:eZ&hmalmmdme‘ etdgpordaB80, CD86, CD28 or
CTLA-4 in the vaccine to regulate the nagnitude and quality of the imune
response. For this purpose, feline CD80, CD86, CD28 or CTLA-4 purified from
native or r@benbraaantsbuversion Rieecidaed alsohedi ofi sebpdedsiimat ke vacci ne

formghation;gadle - EONGEM M ahi an reang Y f4PM ahRutofefl t @108 QU per
vacci ne per cat. Al ternatively a reconbi nant vector eXxpressing feline CD3O0,

CD86, CD28 &RAEEVeETPX adﬁhaléﬁeFﬁﬁﬁné SnlWPBHPaePepﬁﬁersatﬁé &% &
i ncl uded i nstubetwatqialg osﬁmhataaaoatsl@ cmmenttrh@tl e8l1iasgiamed r om 30

about 0.01 to.100. er.vaccin er nt.s refer ina .
vacci ne for r#'ﬁlléPFong? §1§8n8£n¥“%§%’8 rané‘inﬁg g% 5b5§t115‘ €2 TR/ day to
about 25 nybkg/wayh EelkisenGB8RNADSE, IR Senco@Thd:- £edrimeaddd®dstered in r
35 cQBj unct i-an s Wt Negg b 1 ¥e- (f?flner%‘ﬁz'ecaéf”@el‘i al ?’ﬂ&% ne of,a

non- repI i cati Nng vaccl ne. t1ng exarrp es o repil cat ng VaCCI nes are
t hose Conpr@@pﬁ@tngﬁﬁ@§t@weggo suppress the immune response.

The present invention provides a vaccine for inducing an
immune response in a felid to an immunogen(s) ,

20 comprising the immunogen and effective amount of feline
CD80 or feline CD86 with or without feline CD28 or feline
CTLA-4 for immune response enhancement, or feline CD80 or
feline CD86 with feline CTLA-4 for immune respoﬁse
suppression. In another embodiment the invention provides

25 a vaccine comprising an expression vector containing
genes for immunogen{(s) to feline pathogens and genes \
for CD80, CD86, with or without feline (D28 or feline

CTLA-4 for immune response enhancement or suppression.

30 Feline CD80, CD86, CD28 or CTLA-4 Polypeptides

The feline CD80 gene (the DNA and amino acid sequence
of which 1is shown in Figure 1 and 2) encodes a
polypeptide of approximately 292 amino acids. The feline
35 CD86 gene (the DNA and amino acid sequence of which is
shown in Figure 3) encodes a polypeptide of approximately

320 amino acids. The feline CD28 gene {the DNA and amino
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S Q SEP 212 reconbi nant viruses or bacteria, such as nodified feline

her pesvirus or nodified raccoonpox virus. Non-limting exanples of live
viral vaccines with [imted or no replication in a feline hOSt’3g#%EP 2002
expression of foreign 5 DNA (such as feline CD80, CD86, CD28 or LA-4 or
an i nmunogen froma feline pathogen) in a host cell, are nodified fow pox
virus, nodified sw nepox virus or Semiki Forest virus. Non-limting
exanpl es of af @sidueaideng Mfacdiiifds dre shivyge lcofprdwiad kignaeaties 40

i nactivat ed pdir4ses iQle FNApJARGRIGAN 8, Rlidd ude & pd féed aotigens
derived fromnative recoggl nant, or, synthetic sources, such as, for
exanpl e, fel 'TrIreA'lllelii?@ﬁ a T0er D¥A 28R nRBING AG BRI Yottt oS tel i ne
vacci nes ar esHawawirt @ighaeee 5$kehkedes nat el wrdpt(icenpehdipppaiindd €y nary
Phar masceuti (:éaZIES,aml&QO?) ?alncg are used in conbination with the present

i nvention for a nore effective vaccine. 20 A vaccine for inducing and
regul ating an i nmune response in a felid to an i nmunogen, is conprised of
an i nmunogen, ande cLiv QUN f ehkpe fegripng COBE Wi th or
wi t hout fel irbne w%btg{rérse%%nge%%ﬁ% EDggr' ?%hegrgggp%%sﬁéﬁhgncene% , or
feline CD80 TGt WH} ePitne TWH IR f EPHRECETLA Ashieveduhy ralgmde

suppr essi on.welle- kABMA0gRN the SeltectattTUDIMd hep@f OHPt CONMPkii%idd, tdut not,
limted to, feline pathogens such as feline 30.i munodeficiency virus,
feling | euken?& Virus SXBIARE i nf eEEFOTE ST AIN ti s vIiPUST SFeiRhfse

panl eukopenichnamarographyopn £él toduoms j oyed rilisltfaediiare riesmd rarst tipe 3,
feline rotaw . feli ayi o]l eritoRi:ti.s), rabies
virus, feH|£§é§%&§§ia?§€¥$£§? égggé?ﬁéggggégbnéﬁgi?h%,&%%Frne Hgfﬁgsvirus
(r hi not r ach&igEexged)s)enbedimRNBor A XS edB@NL s s Cfamdicactive

Toxopl asnmosis gopdi i, chehi ne papasi t@ss Dokofdtaiia 3@ o8 QiRER 4402
immtis, fleas, bacterial pathogens, and the |like. Regul ation of the growh
or régul ati SIPTHICTAGE S Pon TEFORPLBANL t VIR SRIVSES S CPRAIThdE tide

i ndi cat es t hadditrle regiegulfatofyliasponse, eitder codamdmtaIy.2o4 sty esses

“mune. respabect 8T8l PRt TN et EoBERT i, Bsleafindy A 4l cease.
or infecti ouga%:'g:élmesi nn heheelgsFVvVl replicon (GIBCO/BRL) . mRNA
encoded by this plasmid is synthesized wusing techniques
20 well-known to those skilled in the art and introduced
into BHK-21 cells by electroporation. The cells
synthesize and secrete mature glycosylated feline CD80,

Cb86, CD28 or CTLA-4 polypeptides containing 6 C-terminal

histidines. The modified feline CD80, CD86, CD28 or

25 CTLA-4 polypeptides are purified from the cell
supernatant by affinity chromatography using a
histidine-binding resin (His-bind, Novagen, Madison,
WI).

30 Feline CD80 or feline CD86 polypeptides isolated from any
source are modified by methods known in the art. For
example, feline CD8C, CDS8¢, CD28 or CTLA-4 are

phosphorylated or dephosphorylated, glycosylated or
deglycosylated, and the 1like. Especially useful are

35 modifications that alter feline CD80, CD86, CD28 or CTLA-
4 solubility, stability, and binding specificity and
affinity.
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10 In a preferred enbodi nent, the genes encoding feline CD80 agd ,
and CTLA-4, CD86 and CD28, or CD86 and CTLA-4, in conbination % %%8
for an i nmunogen froma feline pathogen, are incorporated into a single 15
reconmbi nant viral vector and then fornulated into a |live vaccine. The
feline CD80, CD86, CD28 or CTLA-4 genes, alone or in conbination with
feline imml_lg%_en ge"wm ar g |£cocﬁ)o at ed |nto t he reconbinant_ virus so that

the expressitérEE+Y \,ovymlco s iakesites o pronoter.
Adm ni stration of the vaccine resul ts in the expression of bioactive feline
CD80 or CD86P | i gar%otleséene%nd gD %tg §C4 receptors and exq%B 5| on t he
feline |mTunog n(p it Ae Same PRts provi |ng pr econdary

costi mul at o@llslegna:l sloz@qmile@hri@ld@ rfé@ded ffr@rgﬂ@rmh@n@lfnqetlh@edeﬂns@d i mune
r%mwe'%@@Wﬂ@@%@%ﬁ%&&%ﬁp%wmmﬂ%hﬁﬁ!@@Ef%mme

to the feline i Mmunogen and a vacci ne agai nst _feline disease wth I'nproved
ef ficacy. 360NGFodvsting Ehbdet Mty $he geheSTEAcHdILRgPL2ERi nefcHé®  CDs6,

CD28 or CTLAT2zal Qﬂﬁd@hgi picapbi natimirefie HHCOiPALALEA fifAhAty of
r econbi nant C:ﬁ raI vec and,coadnini stered in vaccine, with a second

r econbi nant %ct BRLIGPER 18R o Y EITEE T or Fel i hBSi erﬂWb‘é‘«?n(s),

t hus provi dlma@gdwedem red responses in the sanme cell or in cells in close
proxhgity to achi eve enhancenent of the 31 3 0 SEP 2002 desired i mune
response and a vaccine against feline disease with inproved efficacy. The
fol | owi ng afé® exnpteBodimeBEonbhfanbindiay gad&esr sforf 6P8Aseri FD8%pr essi on

of feline g:lasp ct:@ﬂgm G, copd g’r_leAAaxc.?Mu é'llil g§eni r&h{%ﬁva&%?%dtﬁgproduce
an inproved protective inmmune response al | enge .wi a pat hogeni c P
m cr oor gani §pglfn ERPr €451 bn 1 5f f)g? i C%%t?% ggnéb?% %JJCSFEA@ 'f

al one or incama-conbrhat effiethene athe ichipsrdiorcdrs wholecula awrlechonbl nant

SW NgROX Vi r”%m(ﬂAnseréexf néo f?é‘ 1&9”:1531?‘8””%8%5939%' ODegiLeLy FQf .
non- i &pl i cafi ng vaccina pur p ses, Us e one ntl) at'i 67 with
anot her vacéD?B oforhefRpeutirc GEnt a(lriecbrm)rfrm thevenagLrSdeekl ifed) for

use i Tel| hnhittnagl bie £8d tdmub! | d8oplnalXPr 655 hAN 9L bfLiIG D00,

CD86, CD28, and Ad) alone or in_any |nat|ontereo In part or in
whol e, in aeﬂ’é’@éﬁﬂlﬁﬁémt Cf‘éF\’eﬁéché‘Pé§§\‘hlP§s Ctn&§P8Legnd CD28 or CD86

and CD28, or fragments thereof, are membrane bound and
20 improve the immune enhancing capabilities of these
molecules. In an alternative embodiment, chimeric
molecules of CD80 and CTLA-4 or CD8é6 and CTLA-4, or
fragments thereof, are membraﬁe bound and improve the
immune suppressing capabilities of these molecules. In
25 an alternative embodiment, chimeric molecules of CD80 and
CTLA- 4 or CD86 and CTLA-4, or fragments thereof, are
membrane bound and redirect the immune response to

achieve the desired effect.

30 In an alternative embodiment, the feline CD80, CD86, CD28
or CTLA-4 is a fusion protein to another polypeptide. The
polypeptide includes, but 1is not limited to, an
immunoglobulin, antigen, tumor antigen, cell surface
receptor, or cell surface ligand.

35
ANTI-FELINE CD80, CD86, CD28 or CTLA-4 Antibodies



20 into the FFiV gE site, or any non-essential insertion site). For
replicating vaccination purposes, used alone, or in conbination with a
vacci ne or therapeutic agent (reconbinant, live, or killed) faqr _u i
felids, but not limted to felids. 25 3. Expression of feli ne3di8§£ep(£@%
CD28, and CTLA4, alone or in any conbination there of, in part or in whale,
in a reconbi nant raccoonpox virus (inserted into any non-essenti al
insertion site PlF%ﬁiem*'epPP@aﬂkn@nvmma&ﬂﬁsplﬁWMlmedhat onereor in

conbi nati on S\Metcth_a(h anggher f\éqciqiéwe epsbher apguyt i c @gent [ ecmAn@nt
live, or kllli})(ﬁfor (%Jﬁ? |n fell but not limted to fellds .

Expr essi on &P TR B0, 1¥B6L @%8 agnFeEg el RO i n anffhe
comnbi nati on antmmaijtesor i naseol e, Poliyie l@nzécomy namdbnsSvl BLRDX VIthlqﬂS

cont aizhi ng FlV g te nd/ nv e, pressi on of
el né copo L Ghts e SEG1E58" CRB AT Gl Rl e P aEAEs By
conbi nati on dufrfep:ﬁrtt oghec whol eldﬁnalecénrbphannal etibmeiher, pesmll tine

Cont s ai gbgggqq% fordldoagsprolanse and bnoaxelapey o maﬁé%é%ﬁ on gl feline

6, CD28, andSCTLA4, alone or in anﬁq Ination, in rt ori
whol e,in a FECHAIHamnd aceBeRpo% i oRFuSisshPaPAi hggBﬁééoﬁoﬁFﬁVWpr ot ease

and/ or envehepa.tbd Fxpr essh onaebdaeldrme @8s1 CD86.1 G026 gl ClibAdoal one or

in a conbi_nati on, conbi na t.]| Oswi.nepox .vi r.us conta ni n enes for
EoL o o R oas, LohBar B e L e dOTRae 15E oy ARy
andCTLA4, alt@rmélrmlqglmycwrbimt i ohpsensbamedr in whel ertn aWIhefmnbl nant

feline herp cont n \% pr | r
envel ope. 9. ?%E(EI{%C%ISI% %¥H$H€$%§ &%gkgcgggb ggé gé?‘%A% gﬁ%ﬁ‘e or in any
conbi nati on deurﬁvlsair PeBELACGhBER, FACR FRcHIBIGRIRD £8486nEBROVI €086,

cont ai ni nggemnes foF F@tMAgags Eot gaze A eiRe. 2080Qe Bxpresiison of
felln% CD80, CD86, CD28, andCTLA4, _al.one or in any conbination, in part orin

whol €2in a Fé‘@orﬁ)‘?rh‘é‘?ﬁl%ﬁf%%pﬁ?u%l?és Tt &t TP Fened ¥ beY F%E‘G’Baésprot ease
and/ or envelkape and Bdfgﬁgx@ﬂ:@feasarand/ CHﬁﬂl’liE&hCEDEadgﬁvaﬁ)i CAMH naki on
t hereof . 251 f essi of . feli CTLAA | one or in
any conbi nat%‘reﬁm%l% papo or.aF%m e'dr g@@?%g} nfL’lrFelcpﬁé’lﬁélr &sdirus
cont ai ni nggenss rfeor Fek¥w gagrpmreasdoammale]mvel opecarding to the
FI Vgag- pr ot gasealyd/ or @pvqlaqpeé_rgréa@nypgggbl nafdion hhgheofs 3012 ;46Xpression
of fellne CD80, (D86, CD28 LA4, alone or in _any conbination, i'n part
“ori n2Ghol e, BR ‘B 4Bt hant FRAR cIRTHE WIT us FntkaTi $ygeRERSFoRRLY
gag- pr ot easanzrd/erl enweloape andcklYdgagyphiet easeansd Dés enwaleopalser any
combi nati on thereof 3513. HE‘X pressi on $ feline CD80, CD86, CD28, or CTLA4,
“alone or i nPARPAESHIIEADEITH FHF T F T n whol e, i n swi nepox virus or :
raccoonpox Vi rus,Iroraey eobldimn@dt, @Lﬁ:ﬁEIédZ(i@:le'npr €9s8i0on CHBst, e@DzdC| udi ng,
but not. 1 mchecion & CpLi o SAMikls difliste b, andebaculRYLhUgnelier he
pur poses of generating unpurified or url pol ypeptide es 1 ncl udi ng,
but "8t |i misRd®ans grRer é?l"@ﬁe@f: d)/o‘mﬂrﬁaﬂoca’t@rﬁd wrtbctonaPrancieBadi es,

and generatq%'ﬁar(ﬂisr @AE® t-nz/efl%linaf Hahiona BTSN @%%le@,pmntanti‘ﬂaodﬁxpress' on
of feline

LA4, alo in any conbination in a FIV
or FelLV attéﬁﬁ&?&d‘n\% CE%\?e@FS?g%ﬂgo?fé re‘?fﬁ’%%ﬁt tt“%‘é B9 S§FaR§2EELY viral

vector is atihemnhat edtby geserdshiting.monoclonal antibodies secreted

by such cells are screened using in vitro assays for the
30 following activities: binding to feline CD80, CD86, CD28
or CTLA-4, inhibiting the receptor-binding activity of
CD80, CD86, (D28 or CTLA-4, and inhibiting the T-cell
stimulatory activity of (D80, CD86, CD28 or CTLA-4.

35 Anti-feline CD80, anti-feline CD8¢, anti-feline CD28

or anti-feline CTLA-4 antibodies are used to identify
and gquantify feline CD80, CD86, CD28 or CTLA-4, using
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15. Expression of feline CD80, CD86, CD28, or CTLA4, alone or in any
conbination in part or in whole, in an expression vector cont gi i% g@ﬁfs)
for feline i munogens for the purpose of admnistering as a 1 ge ti

vacci ne or naked DNA vaccine. Vectors include but are not limted to:
pTarget ( Pronega, Madison, W), pcDNA (Invitrogen, Carlsbad, CA). (Donnelly
JJ, et al., 1997; Hassett and V\hltton 1996.) 16.. The genes or fragments of
t he genes f GRS S SRY TOBBCR CBS8, Bt (CTR e 4, 23forkdicorl }#R any A8%oi nat i on,
in part or ifemhdod ecumy bent hseetedeorcigansft eehed- £81 Onk hecedy orasones Of
a fetid or aother |nte ratlo of these enes._or fra nts of

t hese genes ars]C nagagﬁ?achl g\%gé PRt evi BHC gts& gﬁd% 95 used
as a form oflngrenmddrereatm/ é’)hterapcr:memf |ﬁeenneoﬁDpﬁowdeseﬁehleodmsasnd
conposi ti on o} o] resis t sgase pel for

medi C§| and/soorl; %%%TT%%CF? ¢ O?;S)osggmgﬁﬁ t%ﬁlﬂsIA %0 enﬁ%dgﬁé!ﬁggo eI rth%ssajeo
CD86, CD28 dmtdhcaigs €Rpr %§sé‘&eéil ofte éfeniidy depBRasti ond PYYELM or in

whol e, and ife1GeMEI natigy), WebbeOr aiddhost ganes sencedicry f aliiere dggpinogens,
is adm nistered to feligs usi ngFgg&lappr rla e node o .adm ni stration. For

growt h prondtiHir Sy of i d¢ask &ite E@E%O 1E586 hefpsa lor

CTLA4, expr dssed idanerorstudiasy. conbi natl on |s admnistered in a

forméil [ation at a concentration ranging from about 34 ~ 0 SE~ 200z 0.01 to
100 ng per vaccine per cat in amounts, preferably in a fornulation at a
concent r at i ¢prldmstiiepds om about 0. 25 ng/ kg/ day to about 25 ng/kg/day. For
growth pronotion or di sease resi stance, a reconbinant 5 viral vector
expressing feline CD8O, CD28 or CTLA4, alone or in any_conbination js

adni ni st er ed 82 f 6PAAI a(t91 r})atljag%%‘?]ceﬁte}éf‘?or?nreéng Bg %+ omighast 0.01 to
100. 0 ng perfanaae ner%er réataptagamu(r)ﬁeglgrwﬁ%m y(cnlﬁsz&%b@tqun/ gt a
concentratiQn_r n|n ro 0 ay.to_about ay

It Wl(ilrgl be dHFeHS gccﬁ lflﬁe%r eq&ﬁer B4°5Fbun nVF}[lFePPnS 8D§’5 ré%@ég

or CTLA-4 céuenl@él@etaédm ped abyacedniengoepperementatieot inekl - Riewa sien the
art, such ag,byg %&%‘Eh'o't%%?&wé‘h”?ﬁrh&n&c g%%%a%‘%sh@EQrE&%%%QC'f%iﬁ%d 15

conparing a group experinental units or subjects to each point in the
matrix. AccEREH§st oFPﬁeeiSF@E%‘ﬁt |1h*\1/%rﬁqedii’rer$§tli°\‘?e°§r CP8€oREI n&RE6f.el i ne

CD80, CD86, k28 oeo%a&uéataryormaﬂe@m@sw@m@ 39 phyai-al,0gi eal layny
acce tabl e-carrier, such as,. for exanp % ghosphate bigffered aI i ne or
aI

dei offized WS B IRl $or 3PSt | Hn GRS Pntaidt eRBFpPERTs,ZTMRI ddi ng
| ubri cant ( s)patplogehiici pegas)smabsadhpt corxpmhasden( of, fbadher COBdes), and

the like thatyqare n LR thea25,2a felin : 6, CD28 or
CTLA- 4 pol ypept| de\Q’(?)LftIh Ee%:gri:\}e%tl on | s4a ECG%E?%} gégb%hgﬁggtéfl t| Ve nmeans,
i ncl udi ng wittoiiy | matdviadiamt Pav eRob¥PReBYEEaN , ﬁumr@(ﬁﬁscﬁlnar

transnuscul gmmbePi CAlspsor al rzguts%%cffqrc Slé%%&ﬁ@eo%ui@m BieSt rt%ti on,
for exarrpl e, the dosage 30 form consi st?1 feli_ne CD80 g
CTLA®Z in stcéﬁxlpéeﬁﬁygz D8PoGFc&P88al i Hthrof I8r aF eGV / r 8XpF &t Ffflved

admi ni strat |1mmurJo@;IeJnrg;e 16D80v16386 vEB28robrChNA- 4expwetBioh wekltout,
exci pi ent s) o) ad e & PEEPSYl 21 ed 05 nE 9ynuh hPARRTRS AN
mcrospheres 1[5:ermal‘1' réltc J(
enhance or regulate the proliferation of CD4+ and CD8+
T-lymphocytes, and induce immune-regulating cytokines
30 such as IL-2, IFN-g, IL-12, TNFa, IL-6 and the like.
Another specific example would be to express cpsag,
CD86, CD28 or CTLA-4 in a viral vector or DNA expression
vector, which, when administered as a therapeutic would
regulate or re-direct the immune response.
35
Enhancement of immunity through the interaction of
feline CD80 or CD86 with CD28 or CTLA-4 or inhibition of
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35 other slowrel ease dosage forns) are al so be used. 35 3 0 s~P zooZ
MATERI ALS AND METHODS PREPARATI ON OF RACCOONPOX VI RUS STOCK SAVPLES.
Raccoonpox virus(RPV) isolate ATCC VR-838 was used 5 for gzmﬂ, z
raccoonpox virus stock sanples and raccoonpox virus genom cC her
RPV isol ate available is V71-1-85A from Center for D sease Control (CDC
Atlanta, GA). Raccoonpox virus (RPV) sanples were prepared_by infecting
VERO cel | s, 2ERERMEpECc EEFROBFS MEEROWET Ifsheatlnéeﬁﬁlcﬁ:ilﬁpl eift fedfinenfBECi on of
0.01 PFU celr i apBel becen scrivmhi £ | athkeagl adsalbdgem eontdidi ﬂgtarw

| utam ne, 100 units/ eni ci | 100 nts/ stre t hese
golrjrponents \Wér;’guefﬁt ai fied Fﬁlgfﬁll kéﬁ*ﬁ or % qu:’i/al gﬁgf’g RGSHEFeaf t er

are 15 ref esugdttamaes DVMEMahegatowla redvalinjul ©rp e emennﬂectrumantalie cell

nonol gyers we rf%éq_@sst}%ﬁ %ﬂtgr%ngg%i %gaf@ﬁil ug}lgocbganng%r aces of

fetal bovine serum conta ~-In theiniti i nocul um 85m f or
10 cm pl at eCPEB nPrf HFTIR25 EmlECAsIRF RrSaddmhaisiPirededvitdh absbely onto

the cell noralayss d01t tHO1bEHLSs, bepa radisidddutgdogvesY ahak fehqur.
After this I%?‘ﬁl od, the orlginal i nocul um was brou ht up to. the recomTended
vol ume wit htPRE 2d8i PREATBPLE oRpY et e FruATTBRERM negREi F&LAEE um pl us

50 25 fetal comw, n&:rm urt):DzéI'h@n@}’at EeSTIRF € geﬁelba’sednaérséei h.ﬁt50a602 unti |
cytopgthi ¢ ellecl o LELE. arlhes JEQL U aNG CELLSELEC Rt Kest eg and

frozén in a on| ca screw cap avvl n at §7C t he
virus stock twageal iqpiol edamﬁt@x}?_r@sﬁﬁ%s SDhm agsnanplrpéﬁcbzwmthun TbE The

Liters werecusyald Yoabpubol0GRFU k. RREGARATLEN OF W NEROX VLIS STOOK
SAMPLES. Swi nepox VI rus \}g Ies were prepared by 35 mfgctl ng

enbryoni ¢ sWicfPdahe3Lf (EVBKY2ESE sceEEKOH é@FF%enPKr%eBEPpg 6?1‘l’ero cells
at a ml tipldCi tee Ofcd et eChbhiOni@ OcRd PFULgehéti ncall: low xhueegeh 36

15 presenting cell. An expression vector, such as a
plasmid, Semliki Forest virus, a poxvirus or a
herpesvirus, transfers the gene to the antigen presenting
cell. The feline CD80, CD86, CD28 and/or CTLA-4 gene or
fragments of genes in any combination is inserted into a

20 DNA or RNA expression vector and injected into a felid
and expresses the gene product in the felid as a “naked”

DNA/RNA or genetic vaccine. The co-expression of

immunogen and the CDBO; cD8e, CD28 and/or CTLA-4
within a target cell or felid contributes to the
25 activation, enhanced activation, or regulation of T
lymphocytes, B lymphocytes and other cells.
Alternatively, the expressed protein could be

administered following expression in a prokaryotic or
eukaryotic system, such as a plasmid, Semliki Forest
30 virus, a poxvirus or a Therpesvirus or other viral or
bacterial vector. The feline CD80, CD86, CD28, or CTLA-4
proteins normally function anchored in the cell membrane
as plasma membrane accessory molecules, but may be
presented in other forms, particularly without membrane

35 anchors.

In an one embodiment, the feline CD80 and feline CD86 are
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3 0 S EP 2002 Iscove's Mdified Dul becco's Medium (I MDM and RPM 1640
medi um cont ai ning 2 nM gl utani ne, 100 units/m penicillin, 3IPGEMiZQg ™
streptomycin (these conmponents were obtained from Signma or equival ent
supplier, and 5 hereafter are referred to as EMSK negative nedium, Prior
to infection, the cell nonol ayers were washed once wth EVMSK negative

mediumto r ra f { ' SPY..c ' i.n, the
i tial | noar (0 8o TS 10 ER A AR T 10 BPTEr 155 SHeEE P PASI) vas
t hen al | owedegdoahs@dns ditteuass celth et Hyetateryt wolaoutes bEDAG

redistributed eygryshalf bpther Af tRimddine PRUNAdort BE10KN @i B8k-ni NgeUl UM was
brought up to tge recomren%%:l volume with the addition of conplete EVSK

h
medi um ( EVBRENBYEEFHRE hERi e Ptienso, fSEaife18600PRE S&r bRy 1nThEPBFat es
wer e bncubahed aemBréhé nbGmndClhdintiHe eysepatiiiaeoeff eableasleenpbee. The

medi um and |1 r vest e ng..f.r [ : iLcal _screw cap
t ube at -70@&' U%rgﬁﬁt a%mg(%]glergta'%fé,ug)t?ﬁe%\{#ﬁdsaggggggv%sgggpéﬁg 8d%into 1.0
m vial s an@omneinogenhadrohalyigC regien. t &he wedebdsualfPg8absutTLO6 PFU/ m .

PREPARATI ON, OF RRVr OR:SPY DNAe E0he F8ECOGPROX 1 ¥i [[US AT SWA-NEPAXYLHEHS DNA
i sol ation, a,confluent nonol ayer of 25 VERO cells (for RPV) or EMSK cells

. =, . .

(for SPV) ifA18e9225r@hRERAakR WASCTht eREdd2 8 a i RIHEPBIPEF E5S6PN0IR Wit s
rﬁccponp%ovbtgs (é'@rﬂh;QDVB]: ?@Bﬁsathﬂri _rmf J;pameg p%esfl edays uatj'ﬁ.btti%@ cekl sdvvgre
snow ng cyt opat ni c fect. I nfected c S were the nar vest e Yy
30 861 Spi nQ ERBSBARE S (o e A (ATHE CORET] Filgh FESht 23B00MMURET or 5
m nutes i n diséasecabpeenficilige. sIhebhedChaBwasodeC@hred) iandstlielcel |
pel | et was tl d i P a er Saline S1 .,
Sg Na2HPo4, 0", T TrBPedY %?af%gl&%a%*ang%%@.' bERapt o, P85 1 T PeE b,
(per T175) BA¥rsubj scesgrlentwo $aévbdsi vEPREee2E- t RAWA-¢- 7DrEVERLE7 O

Uponithe | apinkhaw dfhe c@lilis dditd GBInd\eh&niSPahE ab8End Woe BYne 8pBoSEP 2Q02
times for 30 seconds each with 45 seconds cooling tine in between. Cellular

debris was PhefPP&noved by centrifuging (Sorvall RC 5B superspeed
centrifuge) at 3000 rpmfor 5 mnutes in a HB4 rotor at 4 C. RPV 5 virions,

present in the_supernatant...were then |l.ete y,centrifugation at 15, 000
rpmfor 20 Fr[nnnl‘ﬁi\‘fqgélg%aetr r qdrllmaer’%ssgﬁ}eo%erh(r?o?%%)falh% Er%%%éspgﬁdga in 10
mM Tris (pHifmBhogThbslfinaction Weze t BEbAL4yégedusniion ds3696sie ose

gradignt (WeypbRelQ 10, MM dhs PEsgonkeand centaiddiged, (Beckimnuks- 70M
Utracentrifuge) at 18,000 rpmfor 60 mnutes in a SW1 rotor, (Beckman) at
4 C. The vifiER258| eTNoaSUOLTENSFded* PRATS 0 RCIPAefy nfir il pPPY. 5 and
soni cated '1omnitea f@b,30 #atnrdss, Thigsdracsion wasghmyet ednepiant5 a 200
to 500 contij nuou?sucr ase ar adisen O%nd gggta[gief uged 16, 000 rpm for 60
mnutes in AWt 6t of Stf 4 C7ThE 9 virion band | ocated about three
guarters down the gradient was harvested, diluted with 20a sucrose and

pellgged byIﬁegﬁéiéﬂggéiﬂgn@F éﬁeOPQline CD80, and/or CD86 proteins

expressed in either a bound or soluble form would be used

for treatment in the reduction or abrogation of feline

tumors. Specifically, the feline CD80 and/or CD86
proteins would be expressed from a viral vector or

30 from naked DNA through direct tumor injection or
administered systemically in combination with or

without co-vectored feline tumor associated antigens.

Sequence-conservative and functional conservative
35 variants of feline CD80, CD86, CD28 or CTLA-4 DNA
and polypeptides or a bicactive feline CD8C, CD86, CD23

or CTLA-4 fragment or sub-fragment are fused in frame to
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20 rpmfor 60 mnutes in a SWM1 rotor at 4 C. The resultant pellet was then
washed once with 10 MM Tris pH 7.5 to renove traces of sucrose and finally
resuspended in 10 M Tris pH 7.5. RPV DNA was then extracted Brbrb&fhe002
purified virions by lysis ( 4 25 hours at 60 C) induced by the addition of
EDTA, SDS, and proteinase Kto final concentrations of 20 mM 0.50 and 0.5
mg/ m, respectively. After digestion, three phenol: chloroform(1:1)

ext ract i ondnRENETcoFERIEEFCand SUTE safpl @ preéopingt edibyerheukaditi on of
two 30 vol upRS rGerdfdsoldditst enthu Bdihycubatt Op, aine 204 f 84o30,M nut es.
The sanpl e w$%.then Centrifuged in an Eppendg{t m ni fuge for 5 mnutes at
full speedP?TREISHIET naf"dft WaS3FeSint ed 2 AP e (1| BEraf +<8FLeB and
rehydr at edsequénbé, MsichsapHa7hbs-taglVoEDEArapodtE€r 35ePREPARANI &8 OF FHV

VI RUS STOCK S St S FHVE000 i ATCC (ATCC No. 636) 38
~ 0 §FP Mi ﬁﬁé—zgo@vvasc—éﬁa?ﬁtg%l?regfnp{ ﬁg}%\l%& (%éér%ﬁgﬂl}lgnge \/l)rus

Strai n SGEPTYRSE1KS). FHV virus stock sanples were prepared by infecting
Crandel|l Feline Kidney (CRFK) cells at a multiplicity of infection of 5 1.0
PFU cell in Dul becco's Mdified Eagl e Medium (DVEM containing 2 nM

gl ut am ne, Y2681i8&St s/ penicillin, 100 units/m streptonycin (these
conponents were obtained fromlrvine Scientific or equivalent sur~nlier,

andlgereaf&%% ar%éégnrreg Lo as conpl%H%A%w% @%%iun) h9H§%¥s 50 feta
bovine serdm AREr Tt opat hi ¢~ eTTect Was conplete, the $im aRd cells
wer e har vespeagosdltiiquot edcandefhazenngt the0GEfheaey t efs aver tmappeoxi nat el y

L X 107 to-dopct0h RELI S BREPARATI Qb OFn CERBRSYARHS DNAE 4y fignf | uent

nonol ayer o sina 25 cne flask or 60 mmpetri di was i nfected
with 100 nf-P8f . vEPBE . sEpp T Af tE L overdhs §iFedi ARuBART BACt dPnwNéRht he cel | s

vere show g 1004menbeeat Fiox ef fBekn ther cekl 5e3Qrvar e sscapedt i gho the
nmedium The cells and nmedi um were centrlfg ed at 380?.rgn1for 5 mnutes in
a cl'Pni cal *EBHES f FFEPORTE nedi GtwaS§XG8®amt ed FlandSt hBS ceV FCHelFEt was

gently resusperdedngn Qmbumbgeakut £eomcopd ahogergs 0.shleHNOBMEDEfe Pi46~ (oct yl
phenol 25 ¢ | e I t ng a4 ni g vera f.9 nples of
?hg%no%%f%l%%ﬁipygfﬁé_g4gg%o fpgi{(}%g lgﬂ%cgmga qg.nrgls and

et hyl ene oXi de per ecul‘e urchasé rom Si Chem'cal Co.
St. Louis, ovber. Thetbeaphne wasufhcubasededtineomanwarpianst ur éeldnet o

mnutes. Tempihyolya, shagkraehyti eBrehalNase, A 30 (Si gor;£hsnical,Co., St.
Louis, MO.) wer d - ocC giled for ID -mnutes to

), e added ést k was 10 nB/n1, b C
i nacPi vat e 1BRABES. t§héreafhPR . wab8eentPRPUGEdCEERApEI FBL ERBCYRFC1TRe DNA
pel I et wasteenbygdiuteh tthpashenicpideet &rdoiqualddgn st i eheangmeliaear ded.
The super nat ant §5 flugg mgﬁidecanteg intg,a 1. E ngdogézhrgg
cont ai ni ng=35PRPSGt 206°8obP i HEaBESF ' saFFAPE R ha? nd i
prot ei naseCRLAHE npindfied from native or recombinant sources as
described above is included in the vaccine formulation
25 at a ceoncentration ranging from about 0.01 to 100.0 mg
per vaccine per cat. Alternatively a recombinant vector
expressing feline CD80, CD86, CD28 and/or CTLA-4 and an
immunogen from a feline pathogen is included in the
vaccine formulation at a concentration ranging from
30 about 0.01 to 100.0 mg per vaccine per cat in amounts,
preferably in a vaccine formulation at a concentration

ranging from about 0.25 mg/kg/day to about 25 mg/kg/day.

Feline D80, CD86, CD28 or CTLA-4 are administered in
35 conjunction with a live (i.e., replicating) viral vaccine
or a non-replicating vaccine. Non-limiting examples of

replicating vaccines are those comprising native or
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39 3 0 SEP 2002 Boehringer Mannhei m Bi ochemi cal s, |ndianapolis, IN). The
sanpl e was m xed and i ncubated at 37C fcr 30-60 m nutes. An equal vol une of
wat er - sat ur at ed phenol was added and the sanple was m xed bri ef by E?)e 5
sanpl e was centrifuged in an Eppendorf mnifuge for 5 mnutes a QL§ 2002
speed. The upper aqueous phase was renoved to a new Eppendorf tube, and two

| f _absolute et dded and the tube put a fi -2Q Cfor 30
i nt os {0 BrERPHPEaEe AALPEP cohe P L TRa 10°UEhpF WS EeREr FFAER i n an

Eppendor f  ienripfeusgel vfuer csrmmmiésedTh@csmmtanruwas tecantiedtiand t he
pel I et was ab, Q;e'sedoﬁnqﬁrg@hxﬁr@g ed i Bcchfes A0 Qi PLEPgLAti on of

| ar ger anounts o rocedure was scaled up to start w ol |
bottles or YeP3 iGat s f41asq<sf%¥lf€RF*|’©%’él | But TREPPRASHAB efofedeiisny. 01 M

TrisspH 7. pnal (ELEDTAs atf e4 €ne Dt sTRANSECT @QEOBrG@iEBAEI NGG- REQEVBI NANT
VI RUS: The  net hod |sbé)ased upon .t he cal.ci um phpsphat e fr ocedur e of

Gr aham and MUEHRGEE et [o%] 2 Wittt e RO Hg HodPf |h@£t| ety AG§ and/ or
Pl asm d DNAodefe edi | foed oo 298 ruls , i NmddQAT iWdTr kwipHpdx5, vilirNbEDHSéc - Forty

m 2M Cad d I by an I EPE. ffered
sal i ne (10% \ﬁﬁ;kﬁi Cdjl'e%(%/% h‘g&g‘% )[;I perl\gjgfra\le %@%t% @%{ on?cg§0| d

( HEPES) , 16gpma@|at1mg74ga|<@nne@ 285e NatZhrer) - ez i sigalektiddse per |iter
HZO; gnd bufifgred utth balhste BH 8tﬂ)3r Ibérabz-gaﬁ@sx@s Bbeerhasueét ed on

ice for 10 mnutes, and then added dropw se to an 800 confluent 30
monol ayer BRIERARE AR ﬁ@rﬂﬁeg é@omn&&#we'duwmwalstm O%f nedi um

(DVE plus 5%/9\Eﬁéahcbg@suﬂ@e§erbm:h dbe eekl exwmptel Newbahedidukenis at 37C
in a humdified incubator containing 50 COz. Media on the plates were P
aspi rat ed, VandSc¥ASWESe treated with 200 35 glycerol in 1XPBS ( 1 . 15¢
Na2HPO4, 0 . 2g KIDP~, 0. 8g NaCl, 0.2g Kcl per liter H20) for one

mne r h : P 0 ~0
L"E55002 ?ﬁ@ﬁg¥§a§§ Bpupsastet E%?a%%”§§&¥ﬁ# %5%f§%a%%b§§.%§98é
in the art (Compendlum Veterinary
Pharmaceuticals, 1997) and are used in combination with

the present invention for a more effective vaccine.

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

for immune response enhancement, or feline CD80 or
25 feline CD86 with feline CTLA-4 for immune response
suppression. (

The immuncgen is selected from the group comprising, but

not ., limited to, feline pathogens such as feline
30 immunodeficiency virus, feline leukemia virus, feline
infectious peritonitis virus, feline  panleukopenia

virus (parvo), feline calicivirus, feline reovirus type
3, feline rotavirus, feline coronavirus (Infectious
peritonitis), rabies virus, feline syncytial virus,
35 feline sarcoma virus, feline herpesvirus (rhinotracheitis
virus), feline Borna disease virus, Chlamydia,

Toxoplasmosis gondii, feline ©parasites, Dirofilaria
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serun). The cells were incubated at 37C as above for 3-7 days until
cytopathic effect fromthe virus was 50-1000. Virus was harvested as
descri bed above fog 5 the preparation of virus stocks. This sidcSERag00?
referred to as a transfection stock and was subsequently screened for
reconbi nant virus by the SCREEN FOR RECOVBI NANT HERPESVI RUS EXPRESSI NG
ENZYMATI C, MARKER GI%NES. 10 PREPARATI ON | NFECTED CELL LYSATES. For cell
| ysate pré&far&tison t asumPecseiédi um 95, 2RI GREl défe -nonol ayer of
cells (VERO) CRFK, or MDCK) in a 25 cnR flask or a 60 mm petri dish was
infected w ~Cl.:0 5 vi.r S | e, ;After cytopathic _effect was
conpl ete, W!tehtell%gc?iloﬁm%éndh%eﬁ%sw#\groeragr(%élé}tatég%gn ¥t hgc%:a’?ts'l%@%pel | et ed
at 3000 rpmdedrl Eymewtssch rea 2l Tniyapheeytei f igélicTbes cehét pehket was

resQSpend%@gh@agé9y~%e9£oggérH@Eh@? QHE&QEaéggb§9dEH?ngg§§¥|céf fate, 2%
f3 20 nmercapto-ethanol ). The sanples were sonicated for 30 seconds on ice

and st or e§TRWEDQYC. RGESTERNPBLOF TRRG IPRCEEDURES SERIHIA el if f9safes and
protei n staddazds Waieid WheOni mpod yaesydage des gel t R5r as€ondl Agelio t he
procedure of Laemmli . A\gt er gagé erlhe%frophoreg S %he grot eins_were
transferr 84 SHEPProTeSsed acTor dithy 6 88TbPooR™EE R OUF 18885 Fhe prinary
anti body was diellitded 1: 100 with 50 non-fat dry milk in Tris-sodium
chhgride, and sodium Azide (TSA: 30 6.61g Tris-HCL, 0.97g Tris-base, 9.0g
NaCl and 2.0g Sodium Azide per liter HZO . The secondary antibody was

al kal i ne pRosphaYeterted; agaeedmant  di Itiite @eRe0REeH MBAL e BEn&IOL ECULAR
Bl OLOG CALpEECENLQEESs , Teshoi gHascirak-1he oppEpHhat tods Of hacgsgba and DNA,
i ncl udi ng such procedures as djgestion wth restrjction endonucl eases) 41
3 o sEP z884 géfTIeﬁ‘e‘}cft righ TR E E 3 bt} (FERTS DAY f3ont GBRROIERgat i on,
phosphor yltatirore WE & hiké npaehogenat aept iwddrpahespldatiase, Hreowhdief
bacterial cultures, transfor Lon_of terla Wwih and other 5
moreoul ar "GN EAF FetRodL are aale: Phen By uikeraoi bEfal. Tt i8se) and
Current Pretcocalss. | nTivel éeline BP8PogyDBEI9DD2 xae i Tlalk- hogedest hese were

used wi t haApar oyakhat bgfn: A9 PHA SEQHENCI NG DNQ, S6948NELAGs WaSe per f or med
by fluorescent |abelled di deoxy sequencing reactions™ usi AE %I SM Dye
Ter ni nat of NEPEPOT3EGFené TRy ReRly TREAEEIGRTK t VWFER ARl thag Dpe
pol yner asexdre dRaiki NoEl Neihedter gapvbactiy er cent ASII&EL I @Y8) and
elggtrOpth%¥%%£¥£€g]promoter. Administration of the vaccine
results in the expression of biocactive feline CD80 or
CD86 ligands, and CD28 or CTLA-4 receptors and expression
of the feline immunogen(s), in the same cell, thus
providing primary and secondary costimulatory signals
25 which are needed for enhancing the desired immune
response. This embodiment provides for an early,

localized, immune response to the feline immunogen and

a vaccine against feline disease with improved
efficacy.
30
In another embodiment, the genes encoding feline CD80,
CDh86, CD28 or CTLA-4, alone or in combination, are
incorporated 1into a recombinant viral vector, and co-
administered in a vaccine with a second recombinant viral
35 vector which encodes genes for feline immunogen(s), thus

providing the desired responses in the same cell or in

cells 1n close proximity to achieve enhancement of the
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15 Perkin-El mer/ Applied Bi osystens autonmated DNA sequencer Mdel 373A
according to manufacturer's instructions. Reactions using both the dGIP
m xes and the dI TP m xes were performed to clarify areas of co,&pq%spi (2@02
Al ternatively, conpressed areas were resolved on 20 formam de gels.

Tenpl at es_wer e doubl e-stranded plasm d subcl ones or single stranded ML3

subcl ones, , and eE)ri ners were either nade to_the vector 'gus outsj de the
1Tred HE,

insert to dbeeS sequenlénern ,neorr(fw'(s)lz’?)rr1 Vi Sus yaotﬁaézlcrfer}f sgaﬁ hce

obt ai ned wisseasserbled Bmprconpaeticsing 25 DNAStar software. CLONING W TH
THE POLYMERASE CHAI N REACTI ON. The pol ynerase chain reaction (PCR) was used
to introduce restriction sites caonveni ent for the manipulation of 30

vari ous DNA® fPHd PHidite difice S50 o € TdeSGAMREPBY 'Hrfidl efeorg 1990). In
geney al , ot i hised ifir agemrd s Wi ecFege 1tihan cih baspspai to2isn sdZe and
critical r(glq_i@glns of @I ified fragnents ver.e confjrmed by DNA seqcliJenci ng.
The pri ner ¢d T E5¢h Shsd e 35S 1960 BAPHHRE deSEriMREBRT of t he
const r uct imrptEcthove| ogymneckeor sebpboae 42 to 3 cha$SARNZE@02wHEONOL OGOUS

RECOVBI NA : | NG RECOMBI NANT RPV, SPV or FHV. This
PR T hd Tono

met hod rel’i-es )Nl 0gous_r econbi nati on between the raccoonpox
virus DNA and tlhe Bstresssdonomdl 6§)ivectd?0 s TS wilds ocad £TIR4 he tissue

culgtur e celisn&£ont-aiin Ngh ot BohBEARLNBAX thitkds IMNA andpiransigetgd plasm d
honol ogy vector. FqQr honol ogqus reconbjnation to occur, the nonolayers of
cel |'s (CREEONDCK, 18r A/BRIOHE1ATH T HERPY hVSFRPV- GO EAFEC WM B38) or

S- SPV- 001 sty afos- E6befiflant iaseut Lopl betey . of Forf erdn-arepdfi AAihdFU cel |
to introdyce r.epli.cating RPV (i.e. nt hesi.s) inta the cells. The .
bl asm 4 hoRicdon Vel SRIBRATS L isirected | Sl tEte EEM ¥ hecor di ng
to the | NEECHIEX vaFRANSFECT| Ohe PRESEDUREETIe (@Ewstmhictaren U5, honol ogy
vegtors used | Bi4his precged i's ideseL] ped bglugwﬁc%ﬁE z NSFECTI ON
PROCEDURE. 6 "ém pllééit%es o% cghees (Cl:RFK, VDCK, or VERQ g‘é%e O%OMI uent
were 20 irffelctddt with S-RPV-000 or S-SPV-001 or S-FHV-001 at a multiplicity

of infection of; 0.MkREdieal bri fe DMEM OBOR! | s dTRE DY anchd rerthai ed at 37C
in a humdified 50 C2 environnent~for 2-3 hours. The transfection

procedur e e i STesSenfl¥l ISP HHAR HebriBREEd For L pdtEdt | AT 15 Reagent
(BRL). Briwgfdlg, f dn eachrecapnhiplaatte, f23ing diepdaswi duONA iwasertiddit ed up to

10041 wit S |y m_Gr O f oLl [ n@gqgﬁq. was

di ?zuot ed tolr.til:(fi(siz‘glleV\,?!t?’ﬁ]r aHQtZ% fﬁggiooo({_l&g?”g?ﬁu?gggﬂitg% ecrltl n eagrént was
t hen addedihedpwifsy FERIAEAGING FRCTONGILAOT PUPRKRSESHt AiSeed dhpnge,

pol ystyreng 5if oA redl dnubei @ndamveedigentdy. chbeapbytte avpsmt hen

i ncubated for 15-20 m nuies at roogg.tl%ra ure. Duri ng é_hl s tinme, the
virus i nociSARE#RhovedVEr om¥The s pl e s and  Phé S¢elt mdttl ayer s

washed oneestw tilin MM thegd i s 35 medi um Three ml of DMEM negative nedi um
uas, 4 hen added £0 g pl.asyi o DN Li pogsis | L Xt Ynss @ANd, LheGopy ent s
pi petted onto the €115 5For101 ayer. The cell’s were
alone or in any combination there of, in part or in
whole, in a recombinant raccoonpox virus (inserted into
any non-essential insertion site). For replicating
vaccination purposes, used alone, or in combination with
30 another vaccine or therapeutic agent (recombinant, live,
or killed) for use in felids, but not limited to
felids.
4, Expression of feline CD80, CD86, CD28, and
CTLA4, alone or in any combination, in part or in whole,
35 in a recombinant swinepox virus containing genes for FIV
gag-protease and/or envelope.
5. Expression of feline D80, CD86, CD28, and
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S 0 SE~ zooz incubated overnight (about 16 hours) at 37C in a humdified 5%
C02 environnment. The next day the 3 ml of DMEM negative nedi ymwas renoved
and replaced with 5 ni DVEM conpl ete nedium The cells were ion8ubkdt ethfat
37Cin 5 50 G2 for 3-5 days until cytopathic effect fromthe virus was
80-100a. Virus was harvested as described above for the preparation of
virus stocks. This stock was referred to as a transfection stock and was
subsequentifPécr 8eRBE PBr 1PeBBIfHCRRRENATAGE byt RATBLOOGAR BBREEN FOR 10

RECOVBI NANR RACCOONBOXa Nt RES1 ORe CHREpeEREENs FEBnRECOVBE NGAH « BAEGLONPOX

VI RUS. SC?E%N F(:R%ECOVBI NANT, RPY RSPV OR FHV EXPRESSI NG f ~ gal act osi dase
( BLUOGAL IBBRETASSAYS) 3/ Fh S USH0ni dase (X- GLUC ASSAY). Wien the E.
coli f3 gal act 6si dasexgtesZ)omucker fgbhre WA adcoCPBE at etbiat oaad

recenbi na Lru aqye o] LAl .the rec Lnant i sualized
by %ne of ?tr%héi r%%lggg‘rrg%hggs.an?nE%ﬁg%igrgé%hr'retlﬁog?gkhggcErel\rﬁ%%gﬁgBI uogal T™
(Life 20 $&i encelCTeRhRdlbgy2CBOrReSHa, ViV @RS Hebksbrageesds (200 ~g/m)

into the ag&nese P\RHazle GHd /e e dllcppue assay, and pl aques expressing
active i 3-galactosidase turned blue, The bl ue OEI agues were then picked onto
y

fresh cells (MBCK, CRERSFSVEROPIankehiin®fiEd HP ¢ he22S bl 8B9pl aque

i sol ati oncTia4t,heageaend el hodnyCPR) Boght dbngerinVennhetshbwasnt

i ncQr por at 40Q ~. g/m) intQ.~. wt argse overl ay duri t he pl aque
asg@y, an(’j’(‘aﬂgln(zile t?g(s ggﬁ‘%sgoﬁtﬁ%éﬁﬁnge ?Sr-l%al af%tros%ﬁa‘l‘}segg%r Béaggéa? The red
pl aques wend/crernpyiedloss .onto fresh cells (MDCK, 30 CRFK or VERO and

purified by further gad-plagye 030! akiPRe Idbdnt Nepases ctJdisegpyer e
typically ;%urifi ed with three to four rounds of plaque purification. Wen
the E. cofTLf4. gloeEr Bhi dBsB"YuFeBRPLIREFkER  géRePRAS 35 iRcBRPdfated into a

reconbi nafth A rdscobhei phAgUES 1eaat ainéméﬁeruécom@mmng\e%%nébsual i zed
by 1l,‘;’si ng t.he [QJT0 eni c _substrate,. X-bet a- é)g)l uUA CHX (X-G.UC, 5 44 3 L~
chl

S~1-2p02 SoPFANTERG 1A CE- B ERoni ¢ aci d,
cycl ohexyl ammomsi.um sEtgreBiozynf AGlEwe t ZB90andIDoes iamRsr posatied (200

;;(g/r ?S)Si L%&psgi‘ggéoéﬁ KeLhay AHEL Adc 1 BE, PL3APE rBS8RY s nafflopLadues
1n a recombinant raccoonpox virus containing genes for
FelV gag-protease and/or envelope.

20 10. Expression of feline (D80, CD86, CD28, and
CTLA4, alone or in any combination, in part or in whole,
in a recombinant swinepox virus containing genes for FeLV
gag-protease and/or envelope and FIVgag-protease and/of
envelope, or any combination thereof.

25 11. Expression of feline CD80, CD86, CD28, and
CTLA4, alone or in any combination, in part or in whole,
in a recombinant feline herpesvirus containing genes for

FeLV gag-protease and/or envelope and FIVgag-protease
and/or envelope, or any combination thereof.

30 12. Expression of feline CD80, CD86, D28, and
CTLA4, alone or in any combination, in parxt or in whole,
in a recombinant raccoonpox virus containing genes for
FelV gag-protease and/or envelope and FIV gag-protease
and/or envelope, or any combination thereof.

35 13. Expression of feline CD80, CD86, CD28, or
CTLA4, alone or in any combination, in part or in whole,

in swinepox Virus or raccoonpox vVvirus, or any other
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5 gl ucuroni dase turned blue. The bl ue plaques were then picked onto fresh
cells (MDCK, CRFK or VERO) and purified by further blue plaque isolation.
SCREEN FOR FORElI GN GENE EXPRESSI ON | N RECOVBI NANT RPV 10 USI NG BLACK PLAQUE
ASSAYS. To anal yze expression of foreign antigens expressgq Bgpr QgUerbi nant
raccoonpox viruses, nonol ayers of cells (MDCK, CRFK or VERO were Infected
wth reco ﬁ(]aéll V' Of ;i ~oQve y w4t rient_.a ose nedi a
and i ncubgt%e ki ofsrll?gz 5%%%Ma?ﬁig5¥%%8f o%{l‘gl glg)&el gl\}gllétgpr%gontEt%%olc’cur. The
agar ose oVEHayindSresen VEEHSv Bt PRFR Pl HSh, fathd heelfurdasesl afi t h 100%
net hanol o ek di it sm@ir 1 OEA t espenaiir® and gdig cald gl r lrd ed.

Fi xation of the cells results .in .cytoplasnmc antigen %s wel | as surface
anti gen 20 HetECHidn RHEr D5 slﬁé’&tyﬁd(c) ’_s%rg%’(?@raﬁfgﬁeﬁ et etV kean be

det éct ed usidg monetixedl cebhsibdheepr i aady ganlcraedyrivas thediddated to
the appropriate dilution w 1 50 non-fat dry mlk in Tris-sodium
chl ori de, p%ﬁg @51 |tulnc1)rfgl| %%%Aég%ﬁ%ﬁeéﬁs HC1, 25 0.97g Tris-base, 9.0g
NaCl and 2.0g Sddi umxtziegsipar ofi felirZGD&hd FPRALADSS oot M Ide] |

monol ayer 4 or 2, NONES &t FomenPerideac Hoboynd antdikody, was thpen
removed by washing the cellsthree times wwth TS buffer at room

t enper at uldterHER L onYAF R latEBody, B FPa REPPALTSRbs RSt 43¢ &nj ugat e,

wag odi | ut etrk: K0k Wi t&ebdtklglmt&mmaﬁwb%te@bw tdeidei el | S-folr3 2 hOlﬁrs
at room tenper atur Unbound s ndary i.bo S n renoy y washi ng
the cells thr eg#i %@‘?Rﬁsﬁ’r% u%egrm(%%g)%g? 'T?%bss- HGC,EDE%.'QPQ]T 'ﬁ'ﬁi’base, 9. 0g
IIIECISOpe_r 14t erlods H20)natnyoonmb enpet e uirre.pha'lﬁte ogelilns wmﬂezb,t hen airncufaat ed

- mntﬁg rQom tu h.fres repared su rate sol ution
( 100 mM %r. s%&m‘éﬂ. é_‘eg&%rfgo R s%%n%%g Na%ls s T vea 2, 0.3
mg/ M Ni t AGBIN@geTet r azdlorumtafd DUIBORY/ n® L 5- Bl 2t ehi vg 0-8 | rdoy!|

Phasgpr | at et ) APHIEST BXPr 88ShAReENBNAOLEBELE ndNt | gRRrshal nRIagle A fixer
solution (20 m\/ITrls-HC%ﬁEH .9 and_1mM EE;B;!@) was 5 used to stop the col or
devel opmeftit et i Bt S FER’ FEEPRES TopeSey YRdlesss C”B};-Q)
EXPRESSI Op dONAREQOMBI AN e rbP\VCa REYbad, FEN) USINenBeACK BUAQE ASSAYS. To

anal yze eﬁgrggs_si}panssoeftt X 0d cwhi%@n colséé'MI atory 10 nol ecul es expressed by
reconbi nant” “svii NeEPOX Vi ruses, Traccoonpox or feline herpesvirus on

monol ayers of dél|s ThbQeneRRE: VERDnent ESKEL4Fheegenesf dotre €DAX O

reg@nbi nartn PV @k SPVaRs EFAVA T UgesneXxpressi RegyCRAanaER88,, auerlaid
w t'h nutrient agargse nedia and I ncubated 15 for "3 - 5 s at 3 7C for

da ,
pl aque deWdSpright 1o AR . MahePEgdrsse terkrPay thasstReReFenBVF & from t he
di sh, the wteal | shwemeseideker fiofedawifeh iH00er methapolmadnmiall0 mgustes at xaom
t enper at ur.e_and the ceI‘thE%iar dried orolretft unf i xedocgr left. unfi xed and

treated i n;r?etcﬁgaliaé"_ﬁ/o%? 1% PBESFi RAt r6ASSF "tRe celtlhsesreesqﬁntess in
cyt opl asnmies amy gea ashieiiedasidiy feacestaray genl deeetot oandhewyadespeci fic

surfzace anid rése>%pr§§l§ﬁqpf(:fé},g)ec}peelt ed using non-fixed cells. A
huCTLA- 4/ Fc egﬁi mera (R&D Systens, M n%} M\, cat. #325-CT) was then diluted

to the
The present invention provides methods and compositions

for improving resistance to disease of feline species
for medical and/or commercial purposes. In this
30 embodiment, feline CD80, CD86, CD28 or CTLA-4, expressed
alone or in any combination, in part or in whole, and in
combination with or without genes encoding feline
immunogens, is administered to felids using any
appropriate mode of administration. For growth promotion
35 or disease resistance, feline CD80, CD86, CD28 or CTLA-
4, expressed alone or in any combination is administered

in a formulation at a concentration ranging from about
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25 appropriate dilution with 1X bl otto (50 non-fat dry milk in Tris-sodium
chloride (TS: 6.61g Tris-HCO, 0.97g Tris-base, 9.0g NaC per 13 )eB8EP2R)02and
i ncubated on the cell nonolayer for 2 hours at roomtenperature. Unbound
chimera was then renoved by washing the cells 30 three times with TS buffer
at roomtenperature. The detection antibody) a nonoclonal anti-hulgd fc
al kal i ne- phosphat ase conjugate (Zyned, cat. 05-3322) was diluted to the
appropri at@-eénceatrafPeh VI h BEX biveacs nend Peticubat edimi tdmauretsel |s for 2

hours at rﬁ@@f%ab@%%&ﬁﬂ?@rﬁ@b@@%dgte%t'c%%d%‘?it'z%%%n 4 renoved
by washlngthecllsthreetl th TS buffer 6.61g Trls HCT, 97¢g

Tri s- base, £8°8g ARYE p&r 2Pi (% ayete # “‘§EP25200‘S/§9 A8¥m tZPier at ur e.
The cel | s gevethherdmeuhat edr 153 avenutesiatanoom hermfcaxtbhrr@r\i\tt h

freshl r o) Tr 9.5 0C mM Nad ,

5 m\? N)éongp’gégd"égi@n?} iae %Meé ﬁ?#%’%oﬁﬁg\é e % Or%g/‘?ﬁﬁ‘

5- Br onp- 4-4hl opdo®e |9rioyin Phéswhapmbe)latppaqu@s a@mmsﬂ;hmgedcmo @r CD86

stain bl ackyrrh{dXE5n SO UL | Qbhdeal M i S-HE % % was used
éh FOR FELINE FE

to stop the col or devel opnment reaction. 10 S
GAMVA BI OReT| YP §YOERBRESSED VBROWMAREEOVBINANT: ISEAFOYRME 0P FeHe 135 NG vsv

PLAQUE REDUCT LON: o foEKS: Dén aRcappr opr l@dsxecéxeirm&el I rlalng@.ngn &%W' l

were trea wth.s erntansfro ceII fecte t.h
regjto i nan?b%l}-'uéegse pg@iﬁﬁé’ %é’l 2 é’uItFN&r| aﬁ(cubté‘t é‘ﬁ'l\fqlo P%-12 hours
at 37C. VyhderssoptiOeHNO0tpar tiechevatk! | pneasitt heh fddedet awpde,

appropri athgvgl | S ﬁggl e(?lgl q_a#LeAd Jdor %4 gguraeggrﬂ{%%é ctgﬂt (rfpout)[@ﬁlells wth

cells only, " Were co sed. The wel | S were X PBS 3
ti mes and %ﬁ@rw@%a\ﬁep@ fWS% 4-wnenn100n nebdandft andwdlr drs edey A 0. 050

sol ution ofs&ayst shiMpoletnaesiadded t@pdeehhs Foeql@npiiput esh@t room
te erature, then air dried. 6{g{ells were scored for the presence of purple

hing. AORRAFERY, 3 FEWR SFRAHHETRY 2 bf UB&FFsOW ISIUbﬂ&FéSup*-? he
cr ystal viedeh gyentSupetnatmatsimith | FN gamma activity will protect CRFKs
from VSV induced cell lysis, and stain purple. 30 PROCEDURE FOR
PURI FI CATI ON OF VI RAL GLYCOPROTEI NS FOR USE AS DI AGNCOSTI CS. Viral
gi ycopr ot ehesord engurd filed pusisegtanniveotdyorf fiatiive cot urarsmbioignnduce

monocl onal féﬂih@oébﬁé énke, 1@13%9&0'&14%14'3/ G J etk 1Mes & yacci nat ed
|ntraper|toneal seven tinmes at_two 35 to four week interval's with 107 PFU

$Accoonp¥s PR FREbhAGTEREEL IPhFREY TRk SSUFR &S 4 HOY &2k nat i on,
m ce are iphespRdtrientmapRitddneal i ye Wolrh dk o 0fd t et 4¥. The

formulation may also contain excipients, including
lubricant (s), plasticizef(s), absorption enhancer(s),
bactericide(s), and the like that are well-known in the
25 art. The feline CD80, CD86, CD28 or CTLA-4 polypeptide
of the invention is administered by any effective means,
including without limitation intravenous, subcutaneous,
intramuscular, transmuscular, topical, or oral routes.
For subcutaneous administration, for example, the dosage
30 form consists of feline CD80, CD86, CD28 or CTLA-4 1in
sterile physiological saline. For oral or respiratory
administration, feline CD80, CD86, CD28 or CTLA-4 , with
or without excipients, 1is micro- or macro- encapsulated
in, e.g., liposomes and microspheres. Dermal patches (or

35 other slow-release dosage forms) are also be used.



3 0 s~P ~~~~ corresponding viral glycoprotein. Spleens are renoved fromthe
mce three days after the last antigen dose. 5 Spl enocytes ﬁr@rs%sezz W th
nouse NS1/ Ag4 pl asmacytona cells by the procedure nodified

Her zenberg.. Spl enocytes and pl asnmacytoma cells are pelleted together by
centrlfugatlon at 300 x g for 10 mnutes. One m of a 50% sol ution of
p~~yet hyl m@&xg}g ”J (‘m s1300 1600) is added to the cell pellet with
stirring Over oie m nute. wl uecco s nodified Eagles's medium (5ml) is
added to the cells over three mnutes. Cells are pelleted by centrifugation

at 300 X SREYARDrPORU &F anheeéﬁwedvtﬁugedlm&thsk%ﬂp?é al bovine
15 serum and contai ning, 100 nM hy oxant hi ne, mM ani nopterin and 16 nM

t hyni di ne RA9EPORRRY | sVE188 (RFY) aréSQ&ééé tS‘TtOr(Fe W& 1833 &of V@FQH{S%@) ten
96-wel | tirgsue subpHEQLpbat es cﬁﬂ)rﬁéa%cftb d00 wrhirok @@bﬂf&l wsered eeder

| ayer cell sd[and i ncubated at. _37C. Cel 3§1§A gﬂ éh esh ]g medi um
every thr&&%o Faareaays® Wﬁﬁsd(ﬁ?éloérfﬁ% PhatEn rles‘? %%d by the
ELI SA ASSAYaiilafG-enel |ign 3770t-iIt-&5Apl at es o=t edewitelr 100rngpifeas al

gl ycopr ot pe an regotive 2 S fu r anal yzed
by bl ack- ﬁoglctftf?iasggl?/éangﬁégh\/g]esterc)n Bl ot SR%A({?ecte h;‘/’gﬁflﬁ orrgésg\gre cl oned
twice by Islamptheﬁg weret i orPr?lB%?é%ql cbyl dinf 9% i dBRA By litst r RFH t oneal

| Nh@cti on @h 1% X A0@pbxbidedann g€l bs multtqpqmcslt@neoﬁ reakedBAB/g m ce. 30
Cell lysates from rac;i_%r OX Virus reco ts are obtained as described
E

i n PREPARRTICON BEUYRE CEULRSRSOrEs, M‘PH& g RSt ern- cRE W ng cel |
| ysat es (J;%tml&)mgre pESselut anbugh B0 @-urli tagatoperdfdilnidry, r esoon to 35

whi ch 20 ycopr ot ej iy m)nocl | _an as been i bili
accor di ng%&%ﬁﬁ& actUr e~ Yns”?ru ﬁoﬁ% %S\E%géggl dm" N % %
SCI entifi droidi §@gmaN or) eqilizad@nt 3 sQpEReZaa?2 acdl ey € twas heck WI th 100
1@f 0. 19 Po40,Ln [ﬂlﬂ,ﬁ?pha r e (PB
nonspeC| flz/(;:g%lr}l oun n%%er : Boéﬁ%geiggogﬁ%?%m)nl s el %Ie- &t 100 vl
car bonat e lblffefcé?lorpH alpe 6cpdd) . “Prﬁléy%rﬁj Y5t el yeeherr é’é’tqeoﬁ'éltd? e

noni t or ed pvei PedaYiBY meAGunVidy tembhe RPMJEnast orakaantidedies in an
ELI SA system ELI Sﬁ, AS %Aﬁ) A stand%éd enzymne-|inked_i n‘irtu ~o0sorpbent 10
&6 u 8

assay (ELIPSA"r ot WETHCR 6P ne e PHAEABLst AREHUR he ani mal
foI | owi ng (Waccimht Eon and arhgblarme. 1A ghycopraxt ei B22ht | gen BSladskt)i on (100
T3 nol ylod 1PES) Lo glLaued 9,aB38" Doheo! ReVeles 107 SRk der di shes

for 18 hour e coated we .
for two hours, being redistributed every half hour.

After this period, the original inoculum was brought

- up to the recommended volume with the addition of

complete DMEM medium (DMEM negative medium plus 5%

25 fetal bovine serum). The plates were incubated at

37°C in 5% CO, until cytopathic effect was complete.

The medium and cells were harvested and frozen in

a 50 ml conical screw cap tube at -70°C. Upon thawing

at 37°C, the virus stock was aliquoted into 1.0 ml

30 vials and refrozen at -70°C. The titers were usually
about 10® PFU/ml. - '

PREPARATION OF SWINEPOX VIRUS STOCK SAMPLES.

Swinepox virus (SPV) samples were prepared by
35 infecting embryonic swine kidney (EMSK) cells, ESK-4

cells, PK-15 cells or Vero cells at a multiplicity

of infection of 0.01 PFU/cell in a 1:1 mixture of
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15 are rinsed one time with PBS. Wells are bl ocked by adding 250 ml of PBS
containing to BSA (Sigma) and incubating 1 hour at 37C Ther§3I00§ ? ol l's
are rinsed one time with PBS containing 0.02a Tween 20. 50 est serum
(previously diluted 1:2 in PBS containing 20 1% BSA) are added to the wells
and incubated 1 hour at 37C. The antiserumis renoved and the wells are

washed 3 t h PB n ng. 0. 02 ween | ution

cont ai ni ngk%(?l%wb%w ne § %?upbeg:cfao horselrlgdi(éﬂmﬂgr%’}?dgég?(agflat ed 1:500
in PBS 25 weatdinni ngom*OaBsﬁng Ki rkegabr d glnd-Reirey, LabBooat onhess/hibc.) is
added to %éﬂﬁéiiﬁﬁ hep y&! s COPLAI NéPgeSRLhPody @Qﬁéegétcéﬂ ofiRee fic

antigen. e solution is incubated 1 hour at” 37C, n reno and the
wel s are WaSRedPRER MRS AT PBISEGNt 8Fni AgUBvabenTweeRP2ber 108780 M of

substrat e pekubirer ABS, Hikegaar doands Pemey beitater | @sqibRg.) are
added to e ch weII and colo s al Lowed io devell op for 15 m nutes. The
reaction i X t8F mfat eldlffﬁftaf'd%ﬂ'tl oh"'Gf €61 e§§| YR ¥3PBrdi s read
at absor bannee4ifnh ocPMSKN aetjandiiec prhacﬂsumeaeber ramoSERAMIE SCORf THE

CONSTRUCT %\1%9: §g{|\g‘|l—§T%&£‘gx VI% &EQQVDJ(J;&S 1 0% relgorrbl nant swanepox

vectors syRthetic 4 pox pr Onpt er e of Tar - severa vant ages
i ncl udi ng ihecabim ty(Q & d@htf@r th@ str eAgth ;and o i NEpofTIdY eEygn gene

expi@ssi ong) T8k oL OAULI2 102%=8E 85 abBdrb Egﬂuté‘n@hépé’ei)?srﬁgngﬂ gpnoters
t hat have been defined in the 5 vaccinia virus were desi ach cassette

was desi gne8%t FWDNEARRSt h eE)Nﬂ SR YT ne¥eTy v frj‘%“ﬂanked by
restricti onfsét eshidigdricol)l dhee crdedntd tasbihent heasasisebighti pany order

or conbi na£| orLt | ni t| Je\ael th| on| RES Ver € %lhso desi an | nto each - 10
fat @? &1 ‘? Er TR oR Cor

cassette sUch Fare fusi ons coul d Be fade at e BanH
sites. A se@mpIeWan@ﬂ%it|rm@unst(wséﬁod@gstmeah¢dmmezelmeaﬁ% ngetaanes and

an garly 1g, L@%S&éf |ona| brgfam ”?tlh%ss' gazk g’ﬁﬁﬁbﬁlt%a engi-nggigd

downstream o e in rarre fusion s enco each cassette was
synt hesi ze#ina2eorei ngtid svhAvardl ¢ fhfiGuessase elefed Theomegeum

appropri at enhos®l DgYywaes i Srest2l kel at'r@ae@f a0 A nighahl feagoest - of CDBO

MRNA was extracted fro er.i pher, nononucl e ells
sti nul at ed*FbFY1 65AP Wrgﬁﬁ h’i gsﬁﬁo %QHR?OI% %hAgext?}é%thﬁ&?eagent
(Bi ot exc, slboskonwaEX)aliqudtiesd IJ;ntcc[]\lm Wels \dlallsvexhd roefi tdzen RNA:E by a

rev§¢se 25 gBmc;.iF]}p af&é@' é;@q%}%w%ﬂ%% ?ﬁ as the 3' priner.

Briefly, the |god wer e mntorem)ve
secondary structure. The RT, dNTP, buffer and di stl I | ed water were then
added and the m xture incubated for 1 hr at 42C. Fol | ow ng

PREPARATION OF RPV OR SPV DNA. For raccoonpox virus or
swinepoxvirus DNA isolation, a confluent monolayer of
25 VERO cells (for RPV) or EMSK cells (for SPV) in a
T225 cm? flask was infected at a multiplicity of 0.1
with raccoonpox virus (ATCC VR-838) and incubated
3-5 days until the cells were showing 100% cytopathic
effect. The infected <cells were then harvested by
30 scraping the cells into the medium and centrifuging at
3000 rpm for 5 minutes in a clinical centrifuge. The
medium was decanted, and the cell pellet was gently
resuspended in 1.0 ml Phosphate Buffer Saline (PBS:
1.5g NaHPO,, 0.2g KH,PO,, 0.8 NaCL and 0.2g Kcl per

35 liter H,0) (per T175) and subjected to two
successive freeze-thaws (-70° C to 37 C). Upon the
last thaw, the cells (on ice) were sonicated two
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30 this incubation the sanple was heated to 95C for 5 mn to inactivate the
RT. Degenerate prinmers derived fromconsensus regions wthin the human and
nurine CDBO published sequences (GeneBank, Gaithersburg, M) wed @ SBBNn2002
enployed for the initial anplification of a 344 35 nucl eotide (ntd.)
fragment encoding a central region wthin the constant domain of the gene:

ACC GO C (LED NG BT 5 1 e B CAG CAT] 1T CAG CAY CLBM) 116G A

(CT) TG ( SECE TR RID- 5753eA HoRTst LTS yHBFase éﬁ&Pn r e§ERPERY( PCR)DYpr ot ocol

enpl oyi ng deft pekuaRnas e MsyASedrt 05 BMBLbEY sble dprditGli.fu reéetl on
m xt ure, fgklngthe ag enzyng, Wasmltlally heated to 95C for mn, in

a hot start?$Y ep, "R prevent THYTSS ik PoAS6f  BPFRBr ma"fs “ThBF anyma was
added priovitbohbe i niprieseiman of tdtee t experatunatcycl e.wdhe PCRheeacti on

was t hen 95C for t e randed The
reaction cggiﬁ%é%gcogﬁ) e%%fsée‘?uo# OcSllgéﬁ'lsecga'?o ]T%g::{}q aée t%g a%gl i ng of
the degeneridbetpri ness. 4\ | 6w Hhnead i ngS$¥hper aoLee v(@@lemilldyedndo

facilitate tBg-peRdi-a0 of 1 id®re-ihaipmes esnot 18090 hopRLEggHS,aEhe
reaction was then heated to 72C for 45psec t he opti mal terrperature for

the Taq poFyfBra3¥eEEeaHMR tthe bF i BICERRE coPyREHRMbpHBAY ngl BNACst r and.
Theis enpermuur @rgycl q;}w\asvrepeahad 3@drigrEsudea | Omé‘tgcrﬁahe 3flscyoles, a

final ext on _step.of 7 for was_used to facilit e extensmn of
any uncorrpe[?i{-'ﬁacﬁflggﬂlgtu .‘E% Cer %&Qﬁ)l z8P"on *6% aeiq%"é 0% 2 the
product waSWilgabedrovefBeginamt 16C 4ht@ t heTHA *cinmmgpab]:ébrwas
(I'nVitrog 0, )of QYENEGH NGy f i i reacti,on
ms Used o TR Srbbl o PR T i e ¢ Pah e bR P e e
streaked oPRolEB plogt 60 (STEIRMAT an"ﬁh’e*?lf?%‘ft%%t‘é@lsmhﬁen@dn@n‘ép a 50

g/ 14 sol uji Oﬁo@f Xo gajm Thesdoldie g saysodi te SPAQeRS Wer gngel ect ed
and inocul ated j %(; CLO LB ma¢|a c%ntaln ?ng [éﬁ of anpicillin and
grown overnf ‘h’fl 9T C Wit 255 Pb Mln?1 psTREPE PEr f or med
on overni ght culturezhd oR@¥t er mmeonl chmafd t hatapedsesskeduthe phaem d wth
the 35 corggelhLBselbw a0 G Yasi & 1aed e fyomihe &4 LULESyPin
20% sucrose and pelleted by centrifugation at 18,000
20 rpm for 60 minutes in a SW41l rotor at 4° C. The
resultant pellet was then washed once with 10 mM
Tris pPH 7.5 to remove traces of sucrose and finally
resuspended in 10 mM Tris pH 7.5. RPV DNA was then

extracted from the purified virions by 1lysis ( 4
25 hours at 60° C) induced by the addition of EDTA,
SDS, and proteinase K to final concentrations of 20 <o

mM, 0.5% and 0.5 mg/ml, respectively. After digestion,

three phenol:chloroform (1:1) extractions were conducted

and the sample ©precipitated by the addition of two
30 volumes of absolute ethanol and incubation at -20° C

for 30 minutes. The sample was then centrifuged in

an Eppendorf minifuge for 5 minutes at full speed. The

supernatant was decanted, and the pellet air dried

and rehydrated in 0.01 M Tris pH 7.5, 1 mM EDTA at 4° C.
35

PREPARATION OF FHV VIRUS STOCK SAMPLES:

S-FHV-000 was obtained from the ATCC (ATCC No. 636)
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~~ a SEP 2u~z using a standard al kaline lysis procedure, wth the DNA bei ng
further purified by phenol: chloroformextraction (Maniatis €3 QaBEP 20082) .
The DNA was precipitated in 2 volunmes of ethanol and then digested 5 with
EcoRI. The digests were visualized or. a to agarose gel to determ ne
colonies with plasm d that contained the proper insert. Plasm d was then

fied f ' I d th S based
(USB, G evBranos- ey 898 7alinel abGPed R89d: LoRy- (i ndlrt slueke ng or

by fl uor es€enflldypget evirnat Srrayc| LHedquendisng ( PeFkivnvEroer) shleewal k CT) .

Fromthe s of P@%F Ci ggg we constructed
for use |ng%%%E§% %%% if ?%%80Pv D@%f iﬁv&§58$%gct|§§% and for 15
derrvatronKéﬁnﬁWeQ?Rﬁﬁﬁnﬂﬁkﬁﬁ|¢F(ﬁﬂW¥#@¥pthMFYh dégenefaceipni mérs from

the 8 untragsl @?@?cé@gl onn(Mercé@@ a«rddqrfl@fd tgaglé MESQhﬁI” éAI/IEﬁIIBO The
Mar at hon cDNA a I ficatjon protocol (C onetech was used to

derive theS§ntad 68ﬁc% Y shutRRend QﬂHQﬁqﬁéglprBBBééﬂlIrﬁwrPBQ@
strnulateduhﬁtszalhrsmmébtsmycénamdheeacmepbhbmté hwewet hobPSindhe MRNA

h
750 “ODNA A8 "pr SALLED e AR GRENor of PO .7 IBF ol CWPEhCleqeRFal & 25

nucleotrdebamﬁqﬂﬂ§EY and t@aﬁﬁnﬁadaIeObr@mrﬂpmﬁldwﬁammmnmeduomﬁhe 5'
nost pend o e I a t hen c r
to b1tk 920 Yetnlabbyi KONAMRS L hen A f@0s %sgﬂaﬁ i@ EEE%HF. ? ase.

descri bed. "Specific_Iinkers were | igated to the
Touchdown PR w&€™pdeftsr me8hén Tﬁ@lﬁ@»uﬁﬁﬁ)\M%II%ﬂ1WeﬁﬁerhaFV95t9drner
speci fic faniliwdeRDi oananplirbizeth pravi ousbyc.B7-1284: (ilAJAC T&&-GGA CAG

GGA AG (SEg I I:lzoI;Ic(i)m% )ely 1I 90 AGG C'lI'Tng%?G %A&C TCC AG 52

15 PREPARATION OF HERPESVIRUS DNA:
A confluent monolayer of CRFK cells in a 25 cm? flask
or 60 mm petri dish was infected with 2100 ml of
virus sample. After overnight incubation, or when the
cells were showing 100% cytopathic effect, the cells

20 were scraped into the medium. The cells and
medium were centrifuged at 3000 rpm for 5 minutes in
a clinical centrifuge. The medium was decanted, and
the cell pellet was gently resuspended in 0.5 ml
solution containing 0.5% NONIDET P-40® (octyl phenol

25 ethylene oxide condensate containing an average of
9 mwmoles of ethylene oxide per molecule) (NP-40¢,
purchased from Sigma Chemical Co., St. Louis, MO.).

The sample was incubated at room temperature for 10
minutes. Ten ml of a stock solution of RNase A
30 (Sigma  Chemical Co., St. Louis, MO.) were  added
(stock was 10 mg/ml, boiled for 10 'minutes to
inactivate DNAse). The sample was centrifuged to pellet
nuclei. The DNA pellet was removed with a pasteur

pipette or wooden stick and discarded. The supernatant

35 fluid was decanted 1into a 1.5 ml Eppendort tube
containing 25 ml of 20% sodium dodecyl sulfate
(Sigma) and 25 ml proteinase-K (10 mg/ml;
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3 ~ sE P Zooz (SEQ ID Iv' O 59) and an anchor prinmer conplener_tary to the
| igated |inker sequence. The paraneters for the touchdown PCR reaction

using the KlenTaq pol ynerase mix 5 (O or~tech, Palo Alto,
5 mn 1 cycle; 95C for 30 sec, 72C for 30 sec and 68C for

49 QUSEE afidios”

95C for 30 sec, 65C for 30 sec and -68C for 45 sec 5 cycles; 95C for '~~
sec, 60C far : r : cles :
%O,E%Q”l% xagga%LQ %@.g%?ﬁ%né?:aﬁ%., I?& %aﬁ%l

was diluted in 50 wat er an thi's di

this reaction

15, ﬁkﬁ. .
utron were'the used in a

nest ed PCRTPEactaeml§ 9%¢sf Bixgdni And cyidlaubausd fayy 30D°Cefcr68C-KOr 30 sec
and 68C fopifbcsac 30 gyckasaWi thikkhenTase polyper asg: Xy Wi bRehig | i nker

ocated 5' of the

specific 15 ancho~~ prkyer and a gene specific, 3 _prijner
initial prPASr a%ﬂegi. Fd 7290 SHRE TTAITG GHEAEG FERSEHE: ( SEBRED NO 60)
B7- 1835: CAAample CAds CAENCEALAGEICANGaR0 EBPEENEBrNO @ini2Qgael fek each

reaction visual j.ze 0 a S el and the pro
out of thgﬁggﬂF%%héhédﬂﬁEaégjéi ?ac?g%gag %ﬁri??%%o¥?onP

;

er fra%nent cut

ﬁ%eagg Sse by

centrif ugi ngmolvedgel t sl a crew hFrprfder Hetupebutiidert®s andlumesoporfe 0. 22nm

filter (Amheap) Beverdynaly . J88epyAakbiedBNA was theps

e

pnced.directly

usi ng dye term nator Céc+e,sequen0|ng (Perkin Elnmer,_ Norwalk,

| sol ati on oR% W& 3E9Fe

POWlBPCGBBGoﬂﬂ¥?¥lH%&ﬁQﬁ1QHC¥%%Fgéﬁédm;§%éerived by

chopsi ng 5s3fpyeneaspesftrt fidaterin fawmidendddt ntain fegaentoand the 5
region pre%&gggég.SegHgncgﬁ%eéggtaﬁ%(%a%Ege%ggged, and the pellet

was air dried and rehydrated in ~16 ml H,0.

For the

preparation of larger amounts of DNA, the procedure was

scaled up to start with roller bottles or 175 cm?
in 0.01 M

15 flasks of CRFK cells. The DNA was stored
Tris pH 7.5, 1 mM EDTA at 4°C.

DNA TRANSFECTION FOR GENERATING RECOMBINANT VIRUS:

The method is based upon the calcium phosphate

with the
following modifications. Virus and/or Plasmid DNA were
diluted to 298 ml in 0.01 M Tris pH 7.5, 1mM EDTA.
Forty ml 2M CaCl, was added followed by an equal volume
of 2X HEPES buffered saline (10g N-2-hydroxyethyl

25 piperazine N’ -2-ethanesulfonic acid (HEPES), 1l6g
NaCl, 0.74g Kcl, 0.25g Na,HPO, 2H,0, 2g dextrose per

20 procedure of Graham and Van der eb [25]

liter H,0 and buffered with NaOH to pH 7.4).

mixture was then incubated on ice for 10

The

minutes,

and then added dropwise to an 80% confluent

30 monolayer of CRFK cells growing in a 60 mm petri
dish under 5 ml of wmedium (DME plus 5% fetal

bovine

serum). The cells were incubated 4 hours at 37°C 1in

a humidified incubator containing 5% CO,. Media on the

plates were aspirated, and cells were treated with 20%
35 glycerol in 1XPBS (1.15g Na,HPO,, 0.2g KH PQ , 0.8g
NaCl, 0.2g Kcl per 1liter H,0) for one minute. The

cells were washed three times with 5 ml of 1XPBS and
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B7-s220 GIC ATG TCT GGC AAA GTA CAA G (SEQ I D NO 62) B7-50 CAC TGA CGI CAC
CGA TAA CCA C (SEQ ID NO 63) 5 B7-140 CTG ACT TCG GIG ATG TTA GZ%SEQ | D
NO 64) B7-550: GCC ATC AAC ACA ACA GIT TCC (SEQ I D NO 65) B70 : GAC
AAA CAA CCA TAG CTT C 10 (SEQ I D NO 66) Degenerate 3' prinmers were then
chosen from consensus regions of the human and nurine CD80 3' UTR B7-1281

AIG A A A T).TG - GT1).CcC | D NO_67 5.B7-1260 CA(C/ T
(G(A/ ©) ?AT C%é’&AE?RGW% %& IG(gé I\E)e%éblmcéﬁ&gmﬁguﬁr gau)(?@ 3y orﬁcﬁf\ﬁ’eex'g r ac% ed
Wit h ULTRABPEQN( Bi otlher, ce-blst eare Tirclbane®BMIX st BiulCat egs widdoweon A and
LPS as prepdously deacnihed: JRoHenanchered. aligp dhaas daed gs. the

initial 3" primer for RNA transcfiption g pol ynerase based PCR
reactions wWer &0P&rf or MEFUA RS hiR LB S| i e spdad iabae fidmers - and
degener at ec 8o ProrEsrd O for 5 Wil crebeks95C fori30s386xk 44 for 25 30
sec and 72C£or 45 sec 30 cycles; 72C for .7 m.n). Tw rounds of nested
reactions ¥eF8 FEFui F€d Btore & sinGFERFESGHERT of TPRE rifgt W& was
produced. Stibsequetiict vasreatiedr ofpva lr&dbmdgaraase gelnugpurb i athas

pr evi ously, ib and lﬁﬁt@ﬁed Wi %\I) m nat equenci ng
4 ~0 5%%%@52 Eglraki n IP%%&.@@% rwal k,é P%)é%l:—[%g]rr’lsﬁ he %Pq%éé%clg\l%ata of
the 5 andERZYMREHIONsMARBKERer SENEFe constructed that would anplify a
regi®r _ encoding the entire open reading frane of the feline CD80 5 gene:

PREPARATION OF INFECTED CELL LYSATES. For cell lysate
preparation, serum free medium was used. A confluent
monolayer of cells (VERO, CRFK, or MDCK) in a 25 cm?
flask or a 60 mm petri dish was infected with 100 ul of
15 virus sample. After «cytopathic effect was complete,
the medium and cells were harvested and the cells were
pelleted at 3000 xrpm for 5 minutes in a c¢linical
centrifuge. The cell pellet was resuspended in 250 pl
of disruption buffer (2% sodium dodecyl sulfate, 2% f3-
20 mercapto-ethanol) . The samples were sonicated for 30

seconds on ice and stored at -20%C.

WESTERN BLOTTING PROCEDURE. Samples of 1lysates and
protein standards were run on a polyacrylamide gel
25 according to the procedure of Laemnli. After gel
electrophoresis the ©proteins were transferred and
processed according to Sambrook et al. (1989). The
primary antibody was diluted 1:100 with 5% non-fat dry
milk in Tris-sodium chloride, and sodium Azide (TSA:
30 6.61lg Tris-HCl, 0.97g Tris-base, 9.0g NaCl and 2.0g
Sodium Azide per liter H,0). The secondary antibody was

alkaline phosphatase conjugated and diluted 1:1000 with

TSA.
35 MOLECULAR BIOLOGICAL TECHNIQUES. Techniques for the
manipulation of bacteria and DNA, including such

procedures as digestion with restriction endonucleases,
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B7 START: ATG GGT CAC GCA GCA AAG TGG (SEQ I D NO 69) B7-960: CCT AGI AGA
GAA GAG CTA AAG AGG C (SEQ I D NO 70) 10 PBMC cDNA produced prgv'go%ﬁy d
known to contain DNA encodi ng the gene was enpl oyed. This PCRrea io%qﬁ%]QSC
for 5 rain 1 cycle; 95C for 30 sec, 42C for 30 sec and 72C for 45 sec 30
cycles; 72C for 7 mn) enployed Kl enTag DNA pol ynerase, an enzyne 15

cocktai |l that reiaifsosREBeS]seX0BUELEREELACT i t i té}%nhop?eélgf reduci ng
random errors often associated with Taq pol ynerase. The reaction anplified

a 960 basdiFERTigbp)PheeRhehY lakieh Wakhcl sA8@SEnt Fuese MRl oM By vect or
(I nVitrogghospuidego, Chroanth seqpencedhazd «asi I evi ouslyydasesd bed. The

final f_the. i ncl uded cDNA from.t t i ml's. Each
base pai 1 G AHEGERE Vs | Rdepertent Ty ver | P64 | Ridr 18adt FHi%e separat o

sequences marcdaf r drioiledichduahe PERIS earte alsscrnidbadducesdterqassi bility

25 of err ri fyr i C i o | I : i.nitial

f ragnent g%tségB %%%K)W%s@d:@rf%%g rd(?m S‘len ip eé}ta"?% géjldg?%éfr‘ghocyt es
stinmul at ed ¥642)16 hr BHagPtCods AnAERAg (THESRNARNB RERI 3016kt ruldtdon r eagent
(Bi otexc, Jyudobn TX). Initially cDNA was derived fromthis RNA by a
reverse transcriptase (RT) reaction enploying oligo dT as the 3 prinmer.
Briefly, the RNA, and oligo dT were heated 55 3 0 SEP 2002 to 75C for 3
m e o remize SERQUENCING:ructDNR. FhquBlicidNTPwakuf foerr fathedi stiy | ed wat er
wer e then added and the m Le .k t for 1 hr at 42C_Foll.owing this

i ncubati om, ut%reesscaeﬁlpﬁ ef?/\%esf%%%t 858%5)925%%98%% lggrn'r%atco NSt iRH4tE the RT.
Degener at &BJr inkgiS} deei Tedminaher ofigers Bequgyiamg fRaady wiRddat idre hunman,

murine angirabb dy G pubhi BREApBYGHE S saCT ¢sSaUenses fikRneB
Bet hesda, MD) were then enployed for the initial anplification of a 673 ntd
fragnment SHEOHERHEURE Re TR OTYISL TS h hangpenl SEaRRPF938R. OBDFB 113 CAA
CChsTAG CHe i GindAQRSEHRd B NEsvdems automated DNA sequencer

Model 373A according to manufacturer’'s instructions.
Reactions using both the dGTP mixes and the dITP mixes
were performed to clarify areas of compression.
Alternatively, compressed areas were vresolved on
20 formamide gels. Templates_ were double-stranded plasmid
subclones or single stranded M13 subclones, and primers
were either made to the vector just outside the insert to
be sequenced, or to previously obtained seguence.
Sequence obtained was assembled and compared using
25 DNAStar software.

CLONING WITH THE POLYMERASE CHAIN REACTION. The
polymerase chain reaction (PCR) was used to 1introduce
restriction sites convenient for the manipulation of
30 various DNAs. The procedures used are described by

Innis, et al. (1990). In general, amplified fragments

were less than 500 Dbase pairs in size and critical
regions of amplified fragments were confirmed by DNA
sequencing. The primers used 1in each case are
35 detailed in the descriptions of the construction of

homology vectors below.
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CD28-768: GGC TTC TGG ATA GGG ATA GG (SEQ I D NO 72) 15 A hot st art PCR

prot ocol enploying Tag pol ynerase was used to anplify the progtﬁtsf Q%Zfor
5 mn 1 cycle; 95C for 30 sec, 48C for 30 sec and 72C for 45 SB

cycles; 72C for 7 min, 1 cycle). The fragnent was then visualized on a 1%
agarose gel and 20 Iigat ed into the TA cloning vector (InVitrogen, San

ego, CA)._and sequenc reviously_d ibed. Fromthe sequence of the
cONA. speci eSO AR . PRRREDYRE . FOBG RVRIGE I & RACE
react i ons. REGOMHNANICEPVAGSPTAGrABRRVTGC ACT GICThizb n(e&Ec@d NQos3) CD28
239: ATT TIG CAG G AA ATA T ( SE NO?4 Iso |on of t regi on
of CD28 A Wodifie éﬁ@cé‘ogﬁ&% proj%)co‘f1 J(%f%lo §8 @althr}re%eourg VD)
was enpl oylecit:ICCt:@OobPal n viais enklizni mdSthSe@QeﬁmedoﬂlOm@éom’l iviess iR 8

mol egul e. ﬁ&%\\ﬂeﬁlextreeee@s% i3 0 Sl%hP 2QQ%sue0mckﬁéHreCOQ:eﬂls§'wl at ed
PBMC. A 3' gene specif prinmer was enployed for_first strand cDNA

synt hesi s. CGFP]‘eaFNAnanBOFHe pEPREPORBPE Wééfléd P27 508G Franshertiidor to the
addi tion cﬁléeh@d)tﬂmdl:&éy a&gﬁﬂixs Hod [lmMaigpddies retenatidfaticn,cd he

m Xture was_cool ed reacti.on ffer, ne chl or. dNTP, DTT
and Superscrllﬁ RTE aoaﬁlyeréalcfﬁge?es usfg, E%?g §lytj"gdld )RT m xture
vvas i ncubaame J'atfelit(ed cwlt:?t) 8 1REhdD @thelPTHEAt SIR183 800 @ fS}rSPMrO"ﬁln to

ure the ngH%n o'%"ﬂasgtcgcktahit 1&9t%h%rf added.and, t e reaption

|nc ated at for mnto rerm resi dual RNA and pr event I ncorrect
t er m nal tP%ﬁéﬁf%lhsetPTdT)lté%iéﬁ@ on. TERd 1€BRANEas RBYen Busi-fi d8%%ver a

A assMax (&3REReBRY) Galcbhemgbwdn 1 VD) TePi B168MUAN hbaid188RY & dHtidicor por at ed
dNTP and pr. her. Purlfl ed 5.eluted fromthe coquglltwas then tail ed

with TdT. 3T W& StsédetQOt%%s%Lﬁﬁ]elﬁt AR I*% &the cDNA.
The enzyrremm%ed— t’JIRMJSmE)CtI‘UIOE BROQEDURE ed cDhe magnesimiatcidrori de,

reags i on byt et and, AETR Lol | qugg denatur Bignal 4 e oA, 95C for 3

he reac O was 1 ncuba mn and e enzyne was
t hen heat be@bevivated at 70C for an additional 10 min. The tailed cDNA was
anplified in a Taq pol ynerase based hot start PCR reaction (95C for 5 mn;
95C for 30 sec, 55C for 30 sec 72C for 45 sec, 35 cycles; 72C for 7 mn).
25 The prlmgc?BF’Nt i STRANSFEGHION,c PRQEEPYRE- pr ﬁercq‘ oBAREBS5'OHf the

cDNA synt hesi Bs pK CHE’K,, Mt Kan ANCIRRO)pr i arecbuepeorsf benffcmehhe déed nker and

sed | argel dG, wi dl r S reactlon was
di In% ed i nl%geﬁ%/eg \?vglh rstgﬁli:gl §%\r§1 ot 5 %'&yd@? ut? on g&'bgat Rén Gused in a
nest ed PCRiwukatploni¢95@f oinfegtnoh oyl §;. 095 F@fc8DL sem, S53TBMr 30 sec

and 72C f%eé§t§98 r’ﬁQdeMﬁal sﬁd%muggeearagcp%mr@sae Hﬂras)dlwéa the d@dl S
anchor prinmer and an additional upstream gene specif 3" priner. Thirty m

of the nestedCP¥aAEPRBRMECY hed Nours. The tra sfectlon procedure
used is essentially that recommended for Lipofectin™

25 Reagent (BRL). Briefly, for each 6 cm plate, 15 ug of
plasmid DNA was diluted up to 100 ul with H,O.
Separately, 50 mwmicrograms of Lipofectin Reagent was
diluted to 100 pl with H,0. The 100 ul of diluted
Lipofectin Reagent was then added dropwise to the diluted

30 plasmid DNA contained in a polystyrene 5 ml snap cap
tube and mixed gently. The mixture was then incubated
for 15-20 minutes at room temperature. During this time,
the virus inoculum was removed from the 6 cm plates and
the cell wmonolayers washed once with DMEM negative

35 medium. Three ml of DMEM negative medium was then added
to the plasmid DNA/lipofectin mixture and the contents

pipetted onto the cell monolayer. The cells were
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35 visualized on a 1.50 agarose gel, and the proper fragment extracted from
the gel (Fig. 19). The cDNA was purlfled as previously described with the
Am con gel nebulizer and 57 3 0 SEP Zooz micropure filter (3\rﬂ

Beverly, MA). The purified cDNA sanple was sequenced t hrough dye ter gpq?at or
cycl e sequencing (Perkin El nmer, Norwalk, . Fromthe fragnents conpl et ed,
a concensus_se was der ro ence, a_prinmer pair was
synt hesi ze('flnf:F‘Ilgtf_’1 ﬁgoﬁﬁﬁggég ¥he(%]ﬂ?’l‘ r?opeﬁ g i ng &7 ané of the el i ne
CD28 gene: hiw0P281i64: 5EADLGANTECOAGCENGET AGE Mk Ay AHe CGT@1AGGE( SEQ | D
NO 75) 10 LaE28n3a: 6L GRAVICE AT (G TAC.GRC-IEE.ATG 110, Co( 850 1D 1O

76) US|ng ese priners DNA nol ecul e includin Re“entirée eo i'ng region
was anpl i f PMEMf @erﬁptetae/xne@wmt AR THE Sa§YEDI NPBREL 8ér v ed7€DNAR Thi s

PBMC; cDNA was dqu,oduszeds 16 prday@uehwlﬁneyhagal@eea dﬁr@l&t r@f&q k@econtain
RNA encodi ng_t hé gen T(l; reactlcg (95C f.or l e; 95C for 30
sec, 42C f3rrsd ‘588 §?1d1 é T WS Efeélsas7§€sf:6|lb?dmaﬁ)3vﬁm ng

Kl 'enTaq DNéopoltmrgasepanattmnho;ﬁesvmsr eshioding. rancttOmEerﬁtodSSkofuhen 20
assoct at ed WLb. I8 BOLYTET Asc, PLAOYGRT.ROLRA,RY Tl BOmRIL WAL GY vas

cl oned |nto ¢l onrng Vearar an tenced as"previotst
with the Qemeécfwe, rea@mbmenéowmassbt/ethastBﬁGAeréGRﬂﬁNaFOReast

three indeﬁ@&@ﬁetxtqwriw@c@mcesfmus 25r HOMBREGY JEGEHIR 993r49. 46.

The plasm d_902-4 was construct ed for the purpose of inserting foreign
DNA i nto RP¥CO MFINWr BECSCONPRX FIRUSI-i i ~gal act osi dase(l acZ) marker gene
fl anked by RPV DNA. Upstream of the foreign gene is an approximately 906

oppr oni ot Erp eSS HOR rcilmralior PRV 8% M ‘Wi S PREB BAR-1 S Doed
E(écor diI &%\ galaheold@ki_tats@GClJS;BREQ@tBl NAANION gilfz;]IIEDUREStmme)GrEgI_ERATI Nﬁ;es .
SSC%Vg 0 ggbﬁg\b%‘éﬁivdaréés G A ANA coding fpr, the fereLgn; ggn

galactosidase (lacZ) marker gene was incorporated into a

recombinant virus the plaques containing the
recombinants were  visualized by one of two simple
methods. In the first method, the chemical Bluogal™ (Life
20 Sciences Technology, Bethesda, MD) was incorporated (200
pug/ml) into the agarose overlay during the plaque assay,

and plaques expressing active {3-galactosidase turned

blue. The blue plagques were then picked onto fresh
cells (MDCK, CRFK or VERO) and purified by further
25 blue plaque isolation. In the second method, CPRG

(Boehringer Mannheim) was incorporated (400 ug/ml) into
the agarose overlay during the plaque assay, and
plagues expressing active f3-galactosidase turned red.
The red plaques were then picked onto fresh cells (MDCK,
30 CRFK or VERO) and purified by further red plague
isolation. In both cases viruses were typically purified

with three to four rounds of plagque purification.

When the E. coli - glucuronidase (uidA) marker gene was
35 incorporated into a recombinant virus the plagues
containing the recombinants were visualized by using the
chromogenic substrate, X-beta-D-gluUA CHX (X-GLUC; 5-
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result. Note that the f~-gal actosidase(lacZ) marker gene is under the
control of a late pronoter (LP1) and a second foreign DNA is inskdt8EPi 2002
an EcoRl or BanH site, and the second foreign DNA is under the control of
5 the late/early promoter (LP2EP2). It was constructed utilizing standard
recombi nant DNA techni ques (Sanbr ook, et al.), by joining restriction
fragments fromthe follow ng sources with the synt heti c DNA sequences. The
pl asmi d veBrOMAuds T LoFpad fl 0l ZppEBPAELSIGP BYDC 10 baske i r Hindl | |
restricti Oﬂyf:ﬂ.agﬂ’mytlaﬁifnoplSBGA s{aFlrt:On‘BQﬁa)syxEﬂilagKEnt slullt&eacrlaa:ppr oxhsately 906
base pair bal., res [ tlon su r ment of Hi ndl ||
restricti OE érg? %j Lz H{g “{Cl almt)O ﬁgren?sez Ove Jﬁa\ép%lﬂ%%(??rat ely
3010 base paﬁr maetcamm aBdr estaqusts oﬁxpragﬁﬁng cctplasm dspIF751

(Fergari, tluahrbm'ara%mun{éa SpAlk appmél patel @%%%e@a Ralfppal to
H ndl I sufragrrent of the RPV Hi ndl | %rrent S|tes in

fragments Ri§K893 weré conbEREBd G8d Ui qd@ Nt | C@F{I%SOHSIVIE@%'[@ndI nkers.

20 HOMOLOG¥uYEETER 904£62tBér Bhaehpmabagyi¥etheiof04-63. B7 was used to
insert foreign DNA into SPV. It incorporates an E. coli

+3- gal actosi dase_(l acZ) marker gene and the feline i nmunodeficiency virus
(FI'V) gag/ fCBEEBNSF@MJIFRBEZANCIGHNE (EXRRESSI O elNbRESOVADNANTWERPVt hi S

E%%éEvgﬁﬁ&wm%OSLcea vir u%ﬁtéag&m ng %l coding for

the forei gficgeaes reshigsns Nt reRAeq h&yf ~rgarakivantasea¢te@@oxmr ker

gene is ungekukbe 3Gt Rlrofon éam@ewﬁckat ErRPRX ¥ aiEH®r dFd) and the
FI vV gag/prot ase <ﬁ\nd en vel og{gggenes are under _the control of separate, but

i dent i cal E%? e¥ith| BeePBBF RS HoRE hronot &Y Y LPZER) . Ovgielayed
FI Vgag/ pr OWEaBenat\flleEﬂmtv anelepaddianahdr L gensa oad sibt e5- Ardapws iented in

opp?§| ng dbgeé;tl Qns érgg éh%tev5egio m?é % sEp 20f &Jht ranscr, t| on of the

gagl prot eaSe an “énv € genes T Towar d 6 ot her
possi bi | i t9V©flhbm$@gbhgnré@m¢¢hafr@n tblmv@eﬁm delmm%lll@r ofrvt@ds The

honol ogy V@EEBV 1W C.ﬁ’é‘@ﬂér%i e@oif't 1bi i R 8bandand Lo naRt  (NA S
t echni ques _( Sanbrook, et al joinin restrlctlonfragrrents fromthe

fol | owi ng 8BtrEhe Grihst f@%rﬁ%ﬁl@ﬁl afdxafhphe?t i eEbient@s Ll tThe pl asni d

vector wasigderi \é@@dm@amﬁr&. aRRE Dématel ywé’Bl72aba5eanpp¢ée H ngidigde BanH
res BIC“OggH?C rrent SP64 nr ane gia) r ment_ 1 is an 10 approxi mately

1484" base QPPI @@I ST r S ST SRS Hondl 11
f ragnent M:éﬁS)be Fragreote@ |gsangapp1|o@><|fmed| ye2380 bd¥e garxmaEcy)Rl to

Byl I fragyg L;iA hewgé pEoYeloRe. sn%osxe@l%h%w&gnt%/aaeev
transcri pt| on ynerase chain reactian CR) 15 15 423 usi ng
cDNA from VR&DF| ¥/ PF*RI%‘E‘F%l f5%ThBoBp§RFediipr Mgk in Tris-sodidm

(5 - GCCCGGAE@G}AB@GCA%@@GTEM 3hz18¢ 93T22L) (SEQi1P NA gMcsynt hesi zes

fromthe 5 end FI'V enyv ene nt uces aBrrHI S|te at the
5' ghd fPh§ e“sr %ecrvm%de%ﬁf 5\%3 sgdczj’d‘ rde

CCGT GGA'CI)'CCG@EA@?' COATOAT T&GT szrghbé;ted 16h QBbQSﬁeQSEerDMﬁQeZB)faynZ hesi zes
fromthe 3{1%899 8& %BS Fté/mSQi‘S%{?fS genﬁnb&%ﬁ Odé&ff@f'b&ﬁon 5 d at the

3" end of was~ us OF reverse transcri o ymer ase
chal nr eactrﬁmﬂvedheyP@ﬁlpllwwdle wad 1gi gbzeed wimgs Bawﬂ*lt'bs doufierd a

fragment 2380 basgpatEspkPatepgth C%éespgeebaga}? th%nEll\éo@ velgpe gene.
Fragmant 3 is an approximtely 1839 base pair EcoRI .to Bgl %rir_ent of

the Bl vV ga@/lﬂira&tlé’&é’%’e?r%‘asc?ﬁtenesF?@duﬁ§t?evé”|a§e t HAhEER pt.%ml? ) and
pol yner asewghai nxr eptbt s ARERLn€EUSaded WMStMgche cells for 2 hours

at room temperature. Unbound secondary antibody was then
removed by washing the cells three times with TS buffer
(6.61g Tris-HCl, 0.97g Tris-base, 9.0g NaCl per liter
35 H,0) at room temperature. The cells were then incubated
15-30 minutes at room temperature with freshly prepared
substrate solution ( 100 wmM Tris HCl pH. 8.5, 100 mM
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30 cDNA fromthe FIV PPR strain. The upstream pri ner 3 0 SEP 2002

(5" GCCGTGAATTCGGEGGAATGGACAGGGECGAGAT- 3" ; 11/94.9) (SEQ I D NO 79)

synt hesi zes fromthe 5 end of the FIV gag/protease gene and introduces an
EcoRl site at the 5 end of the gene. The downstream prinmer was (5 35
GAGCCAGATCTCGCTCTTTTTACTTTCCC -3'; 11/94.10) (SEQ I D NO 80) synthesizes prom
the 3' end.of, the /proe aa N roduces, _an Bgl site.at the 3
end of thcekgéelrfe 66@}/1\% 2SE gdb%ﬂ%nd N %géllefofre%@g?ééurpraﬂgcrlptlon
and pol yned ak® chag ik eact i Bneomdhe- PCRPe odtubn 1opb di Pestpith wasd) ECORl  and
Bgl 11 to yppid,asf Lagrentsiapprax %ﬂacc18§§t9§rs B%'a&ﬁ b N9t Ny

corresponding 'to the FIV / pr ot ease gene agnent IS an

appr oxi nat%’r%/e%oﬁ@llﬁ’éé@npg?g BYili ise HoduPH Pet raift?c |3€§TH"I fFREvenvasf plasnid
pJF751 (Faised i, tet atop FragoeDbr5dksedbpadpt OxkaBEEbY . 2149 base pair Accl
to Hndlll restriction sub-fragnent of the SPV HindlIl restriction fragnent
M The Accl site in the SPV 10 honol ogy vector was converted to a uni que
Notl site EHSRBEN sry:m IRELINE | CTk&0 s(BTHOMOLQX(&Y QIEI OB PLY) X HeESTheNpi asmi d

917-60. B9 u S i i I into
SPV. It i nigg{ por at es an % P’bk}egg v’?ﬁgctt?so:'Esi?f’cc;zlases :%c%élgé r%%f%lgene and
the felind&a FRNE &R @@mr@ﬁ§lo@t @ CREMoeyr: APY§| esosttimilaterpos))

flanked bynSPM-PNAs Q@?ﬂe%%@d)fbph%efdyn&%ngen@ﬁmép@e@ appfoxs ot el y 1484
base pair fragnent of Downst ream of the foreign genes |s an

appr oxi mat’éSFERRh & L5 lt“ef PEYRERYIHES PV werelayers with tFelbPasnid is
used accordimgxt o tdreKHOMBEXEDUSoRECEMB -MATI Qe PROCERYRE tEQR GENERATI NG

RECOVBI NANT S Vi n ning COdI g for the forel genes will
result. ]ieccf“ha]tnat%t }#b%gglq‘ %?J 'gy 5agg?A t°F r?xé)rr Yene'g s We L
control ofCHE a awdmiepick Willth prunotent, agaiadwe niasilmear@z&cgdmted under
the gontroloof sassyphnetic baiel gar n%wgesepa%etl%@ (ehEZ%%Z)océ may be
constructed utilizing standard reconbin FI]I’]I ques rook et

al .), by jBinidfRpicest @y By Magaits Feusiiache ¥t | e ﬁb‘—%ur ceBe The 30

pl asm d veed DI s Was r@erd Matkf r oRy RBdapRi®H rrai@d;%/ RO¥Rahase mdy thndlll to
BanHl restrlctlonfra nment of SP64 Pﬁégf% rrent 1és_a

appr oxi matEP A8 LD r[ﬂ)altre 13545 tF or‘is”s]ﬁ Tregneht of the
SPV Hi ndl |lefreesinfi ictad xf rla@ttennifiwédFara@ntezrﬁa@ad amﬁmﬂﬂly ovBanmHl 35
resiqictiony f pgagment, synt negsi 6%0' R r@é’ﬂéeréégﬂég“ iRt 'a%@hdamwmase

chain reaction (PCR) using RNA from ConA 6
antigen as well as surface antigen detection whereas

specific surface antigen expression can be detected using
non-fixed cells. A huCTLA-4/Fc chimera (R&D S&stems,
Minn. MN, cat. #325-CT) was then diluted to the
25 appropriate dilution with 1X blotto (5% non-fat dry milk
in Tris-sodium chloride (Ts: 6.61g Tris-HC1, 0.97g
Tris-base, 9.0g NaCl per liter H,0) and incubated on
the cell monolayer for 2 hours at room temperature.
Unbound chimera was then removed by washing the cells
30 three times with TS buffer at room temperature. The
detection antibody, a monoclonal anti-hulgGl fc
alkaline-phosphatase conjugate (Zymed, cat. 05-3322) was
diluted to the appropriate concentration with 1X blotto
and incubated with the «cells for 2 hours at room
35 temperature. Unbound detection antibody was then removed
by washing the cells three times with TS buffer (
€.61g Tris-HCl, 0.97g Tris-base, 9.0g NaCl per liter H,0)
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stinmulated feline spleen cells as a tenplate.. To synthesize f%l'g #m
the primer 5 TCGAGAATTCGATGAATTACACAAGITTTATTTTCG -3'; 1/97.4) S I

81) synthesized fromthe 5° end of the fe~.ine IFNNy~ 5 gene, introduced an
EcoRl site at the 5 end of the gene. The prinmer (5 -
TCGAGGATCCTTATTTCGATGCTCTACGCCTC - 3" ; 1/ 97. 3) (SEQ I D NO 82) was used for
reverse trafscriGR GETRSE PERSand NSy FERES XEF S Rt Hacrbadmd 6513 fel i ne
| FN-y gene, nituwskiced a rBarH remperatutbe Bickndiedshihe 10 genercbthe PCR
product was digested with EcoRl and BapH. . t.o yield a fragpent approxi mately
504 base paisrus&itnr?%%g?%f%%%?%s ogglon c?rtlﬁe)ﬂ(g‘l iR | Fﬁl—‘ g‘?gérq«g. Bhgnent 3
is an approXaftel y 8910gdse padr mBamHl Nit:RvuBlue eSerirekibdd ufr agnent  of
pl asmd p, TR/SL (ReyAari, elpdblo-45cKIB8ENL 4 iR A0 aRRQHmBlely 2149
base pair Accl toﬁ/::ldl I su,b-fr% ms%t (?)? t he SPV I—\ﬁalndl Il régargrarae%) ‘M The
Accl sites iFtIFFHRPrefEOTESEAEN © esnV&%edSERLONIIFEENot  iltxey usi ng
Not I |i nker 50 HAMBOGY2 VEGHORT926-#6108u The heaphegy Bveel) Oka@26rs6 D7 20
was constructed for the r pose of., del eting a portion of the gE coding
region fromtheT& iHE hcgor Cg]%vcfer\ﬁesloé)ﬁ'herfthsrgerat(fﬁgoré' foreign DNA. It
incorporates a feline CD80 gene flanked by FHV DNA. The feline CD80 gene

was er t r of t g ﬁ% I t con from
t he :irr?gl cat E%W sgt)ches Efjh?'ifl‘{%/l ngnﬁ‘an a1§6 recg I nant% ecﬁﬁllazques
(Sanbr ook, @XEREJSEDhERGMahEEONERNANT | SPYer iRREH Profiih BPENGxiVidt el y
2958 base paachsd Refud®rddep718l restriction endonucl ease fragment of a
pSPI B/ 19. Fragment 1 is an appr oxi matelg 1415 base 30 pair Asp718l. to Snal
subf r agnent 5 eCEHINSAPPIS I A fent T e FrRYnERL 12 Lil€an BppPfbxitdtlel y 879
base pair EgaRtds=0 wBasHtrenagaenitofsugerialdnte €30 gena ssynifkesiszed by
CLONILNG W TH .THE POLYNMNERASE CHAT N_REACTI ON.. The -t | a or the PCR
reactlll\éon was’ rfercg%lgggaagnxlsrﬁsﬁﬁl gf‘géeﬁéﬂlflﬁe srﬁﬁéeﬁa (L:Igﬂllqlrg&mmf‘hgr\?pstream
primer (5'-TCRAGNTTCE3ST CACCZATDANAGRCGE33C; 1/ YRV43)Lr(SEQ (IDONQW2 3 0
CEP 2002 52 aggﬁtffesé Zes, fy : feth eli en

introduces an EcoRl site 1¥hg'5gd%mh§g%e§(rgn§e%r}:%rer€h; L;'pB‘%oE'PQQt% W13

(5' GCTAGGAT COSATOTATET REACACQET GXGAIFCBYS  pro7. Bt BEQ 9N 53) waldishesi zes

; romt hef 3 ﬁhfml Qfelu&egﬁaqv,n@eg?f%&@n@,teﬁyi niiseduces TaR E’a@rﬂdlsdsdetrl% at the
' end of the gene, a S or reverse transcription.ar ol ynmer ase
chai %%r eact iw&“?%el‘—'jr éf’dﬁglntl&ggfgg gntﬂbepsl’ oXt °§1CSL7L37§6§ B%@@ d‘ixtEdSéfﬁlt 0
Asp718l subfireagrrenetbéndhe aRdV dEcoRirfefir agnenf. 01O SHOMRLIOBY: MECTOR

930- 23. Al. @33 |_asm - Al r{u f r f
inserting for i%ﬁ%?ggg %P%/ ?(?@%%gtg?;%}rlaﬁ}eegqgn?%ﬁ rc@l Pllin%%% A

f ~- gal act ositpege(temPyragiker GeAe aa¥ didefel i ne EBBOSgERES! ISAvEd by SPV
DNA.  Upstrearpof thhe phekengd @angsuiSlansepphoxgmat el ya14841thybase, pair
fragnent of SPV DNA. wnstream o lthe, (orel nu%e% i S an appr.oxi mately
2149 Yrase pdiaHr Y&F SpPv - t s ¢ iCSYEEEd ¥Cording to

t he HOMOLOGQAy& RECOVBI NABuUEN riAREERDISREy FOR GENERARMEG KRECOWBE NAWE 1SPV, a

Vi rus cont ai_ni DNA i ng.for 20 foreign nes wl | ult. .Note that
t he f3gal actpo]:solr%el%té( |C§C ¥ ?rfalfcﬁ%rbggnelrf%ufuendde(r:e?ge cont ol 5%? aStsaV'r?t hetic

| at e pox pramteke (LP1l), and the feline CD80 gene is under the control of a
synthetic |late/early pox pronmoter (LP2EP2). It may be constructed utilizing

30 PROCEDURE FOR PURIFICATION OF VIRAL GLYCOPROTEINS FOR USE
AS DIAGNOSTICS. Viral glycoproteins are purified
using antibody affinity columns. To produce

monoclonal antibodies, 8 to 10 week o0ld BALB/c female
mice are vaccinated intraperitoneally seven times at two
35 to four week intervals with 107 PFU of raccoonpox virus
recombinants. Three weeks after the last vaccination,

mice are injected intraperitoneally with 40 mg of the
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25 standard reconbi nant DNA techni ques (Sanbrook, et al.), by joining

restriction fragnments fromthe follow ng sources. The pl asrrlhd rﬁéor was
derived froman approxi mately 2972 base pair Hndlll to Ba rddct i on
fragment of pSP64 (Promega). Fragment 1 is an 30 approxi mately 1484 base

pair Bglll to_Acc| trlctl fra nt _of t SPV H ndl Il restyiction
fragment M cﬁfggwgﬁtn% % an ﬁ:oéﬁ %ménﬁﬁ rest%ﬁﬁ?% ffsg H‘tovedr

synt hesi zedflpmr &ner 86 cer HSES [ﬁa}tﬂn aefrf(ﬁrpcﬂfwrélraﬁe agitdigenr eiﬂﬂa on (PCR)
using RNA from ConA stinulated feline 35 spleen cells as a tenplate. To
synt hesi ze feline CD80, the primer 5 - TCGAGAATTCGGGTICACGCAGCAAAGTGG - 3';
1/97.43) (SEQ I D NO 52) synthesized fromthe 5 end of 63 3 0 SEP 20D2
tEe feline SpRengenieed riyroditcass amE@oRbuseteNeu/Abe/ 5pl@@dlé:\@ freihe gene. )
The primer (5! AGGATCCAATCTATGTAGACAGGT GA 97.6 SEQ NO 53
was used fogrw ((‘-E;CTr s(fg?/r avscr i Btﬁogr?%:ﬁ(? PCR™& dféegy gfﬁg?i zéd fror#’gh

end of the HekzrabED80 .gen&gplencodueed aadBapthssatetanat heelds enadeof the
gene. The ct egte l; @n a 0 f ragnent
appr oxi mat egg gégggast % |1£r}gslg|%§, e%rfla\é\ftttx]ﬁif g;%?slogan%@ i(;TET'&()) 15’{hé‘j}/f %?ngocm
gene. Fr agn@hfmgeﬁs afng onhppl 0%51%11 13360 @ésée‘éﬁ?FhBéﬁﬂle ge YP@W |

restipcti on(ﬁragrrentlﬁoﬂaﬁdm dl@JF55&eﬁFQ:rd althe etedl) péirla.gﬂeoztlt‘ﬂa is an
appr oxi mat el ¥P12149 base pair Accl to Hi

Bdi subfra e e[ SPV Hindl Il
Fagnent M SSHETARE HEeed o T HHen DL ARGSS GePadtonetr PEHLES. i que
Not | sites dddusinngShidi | lusnkéded HEMOLBEY cWECSORvEBOt BBeAlmiThe epl.as i d
930- 26. A1 n uc t Pgs] ertrLn e DNA | nt o
SPV. It |n\(lz\,§§pg$a % aélgglé &3 ac% g&ésgg(l %EZ? 9 ngg S gene and
the feline @m&t@@n@ﬂd aﬁﬂ@bﬁﬂfwm DNAredjpen rearh ol O héetatebgnigenes i s

an approxi makely 1484 b%%%d%erfu{g agient @ SEM DR ¢ PoNOSt r gam OFth he
foreign genes is an approximatel y 2149 base &ér fragnment of SPv

4~| hen the prasRPEerdnusad ddc M Hyriinge "Fbvu_c@iJeSREeeﬂ/BmﬂdATl ON

PROCEDURE  F&IRe GRMNRAT | N5 REQO)/BtL[LtéNTEfSI%\Lgm Wd leercosmabélng PhNAsgedi ng for
the foreign gges vviil rgsult i tﬂg tEeiSh‘. 1 % act0|dsse(lacZ)
mar ker genec UhdePithe CSHFF%F 6Pg yn‘in ef)Fc Para p R 8?8 fLPl)

and the fel lage€D2813G¢: gem@ iscuhdeedt ke S01i€rol Geflls sy hbedcwiahe/ early
pox pg oot ehé&?ﬁﬁ@ mkla 18R ehR.SoReilucked adld lgzliag standard reconbi nant

DNA t echni ques (Sanbrook, et al.),” by joining restriction fragnments from
the foll ow ng sources. The pl asmd vector was derived froman 35

appr oxi nat ehybzaa%nﬁasﬁlmIre HiusH HatohBanddte resstégt i 9 thagpensaof pSP64
(Promega). Fr agrrent gg aEgr oxi, mat eIX 1484 base pair gl [l to ,%ccl
restrlctlonAgﬁ Y %no9%Eﬁ? 0B rotiter plates coated w1th ng

viral glycoprotein. Supernatants from reactive
25 hybridomas are further analyzed by black-plaque assay and
by Western Blot. Selected hybridomas are cloned twice by
limiting dilution. Ascetic fluid is produced by
intraperitoneal injection of 5 x 10® hybridoma cells into

pristane-treated BALB/c mice.

30
Cell lysates from raccoonpox virus recombinants are
obtained as described in PREPARATION OF INFECTED CELL
LYSATES. The glycoprotein-containing cell lysates (100
mls) are passed through a 2-ml agarose affinity resin to
35 which 20 mg of glycoprotein monoclonal antibody has been

immobilized according to manufacturer’s instructions (AFC

Medium, New Brunswick Scientific, Edison, N.J.). The
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sub-fragnment of the SPV HindlIll restriction fragnent M Fragnent 2 is an
EcoRl to BanmH restriction fragnment synt~iesized by reverse trgizﬁgkgt ?ﬁ@
and pol ynerase chair reaction (PCR) using RNA from ConA sti mul | # 5
spleen cells as a tenplate.. To synthesize feline CD28, the priner 5 -
GATGAATTCCATGATOCTCAGCCTGRCCTTET - 3] ¢ 7/97. 1 SEQ I D _NO.54) synthesi zed
fromthe 5 8ﬁgu8¥1 t'he 181 he v@DrZ% %g%(r)]er,n?i n %oéu d gﬂnﬁé‘ﬁﬁl §it8 af the 5
end of the gehesrhagephiuderssl 105CATCAGATETRAGGAACGGTATGCCCCAAmMOSE;
7/97.2) (SE ; S I r I tran i,pfio d

synt hesi zed%%g%ygré%'dégﬁ o?g?ﬁlgafeﬁéﬁgﬁc&% gZér?]cFed,rR% nt ?%ggg gggeggr nHI
site at the 3% efduted mellyenkf0 THE PerRrBeodtet Pwasedi gelt &8 - & tACEcoR and
BamH o yield ardS &hagpeste RpREDXifEitalons666-basei pai-8 £8r! 0oL R
correspondi nﬁﬁto the f eltl ne CD2§ geﬁ% Fr%\% nt i s an, appr oxi mat e?ly 3010
base pair Batt#l 6 5% &< ri EPFoRTHr 8 5 “pl a?’rﬁbb%glﬁi%ll’(*FéPr ari,
et al). FragBe@BAdsystam.approxi mately 2149 base pair Accl to HindlIl sub
20 fragnent of the SPV Hindlll fragnment M The Accl sites in fragnments 1
and 4 were converted to unique Notl sites using Notl |inkers. HOMOLOGY
VECTOR 931- 2ELASA ThE8SABrD| 0§y SerBerrd3|eanzyngt 125kess uswdnesorhsert

forei gp DNA LBLte,SEMLISA) | PESF RV AL & anskd €6l | ghreBhygHr PREdRgRLLNI dA)
mar ker gene and ¥

he feline CD380 gene._flapk by SPV DNA.. Wien this honol ogy
vector was uSE&THScordfng &R t hé‘%ﬁﬁeﬁoé]ﬂesf?@%ﬁiﬂ NATFCONAPROSEDUREIFOR
GENERATI NG REGEWVBENANT SPV4 @l wd dphiso 363 1¢ ot tod ape i gs INAe Tondli ngo b o1t he
foreign genes results. e that_the f3-glucuronidase (ui dA rker _.gene is
under the colBfB o%naﬁsg%ht heti & eat eydo,pg% pt osl”%]fber%(DEP%e a?‘f’&ﬁﬁe P&l ne
CD80 gene isminderitée cohshesd bir 4 Sdparst @taddCuni Goe syathdtwells
late/ garly pgxepr L.B2EP; The 135gwnol vec tfycted
a g%ﬁarﬂéﬂ ol e 5 Q»%’_Lnlbse Lgé ‘3@%{% Zis, %g

utilizing st ‘ econbi nant. DNA techni ques (Sanbr ook, ,
j oi ni ng rest AREENgn #7QgiEht 8f r BBF t ORI GWNgiSoBTFes (Wilghatheasgd 3 ~

gE P 230f2 ap@h@ﬁbb@ti@ig_sinhl’cbfbtﬂ %tggﬁvgsequﬁﬁ_@eﬁlo&'h@dpdv@}éﬂgdaféc%Qﬁsé@S f
erived from an approxi nat.ely. ase, pair Jrestriction fragment o
PNEB193 ( New’Efigl*aitf Bi“glaqbs)?g%r agent e néal bpr ‘S’(??fét%(?y 8%§l ngse pai r
Dral to 5 EcoRl tesst séztmon(smivicwgientilotetthel SPVikd RRS | tofhitagneny K

Fr ag t 2is.a pr axi_mat 79.b i C frag of the
Fel 800080 Sine aynt R 26t (LI TG WTHE T E PO SRERAGE Al REREACT! O
The tenp~aredtor? TRe PARe et HPCTRB RRATPPONEE0 GHTA Btd migbiedatrel i ne

spl een cel | syaEhequpst ¥ eas p1 ¢ WesBd TontGINGHAAT § CHEIETEACECASEAAAST G 3'
| /97.43) {SEQ_I D NO 52%1::‘2”“ hesi zes fromthe 5 end of the feline 1(;ZODBO gene

and introducg$ ah R o CPRE GRSt r 88 pPPHERe 19G coupled

(5" GCTAGGATCEAAEEABTEAGAGAE T GAde 3' ;(d1lBTeB) (SEQ $&0 NOih5 53) PBS

synt hesi zes from_the 3' .en the .felli €, NIL n_BanH
site g?’ the $°USRAT6FR% ne g%%{‘e: a%&r\%aegg‘%gg?%&?e‘?ee{r s%ag(gg%g%?%ﬁon and
pol yner ase charn)réacadded ¥ agremlizd $hanwapproxdnasehyndsast bhsdypair
EcoRl to Smalggnestyictign fragnert-of plaspd, pRAIZEQ 20,6 (L opgt egh) .
Fragment 4 is”an approximtely 994 base pair” EcoRl to Dral restriction
sub- f r agment 18FUPRECSPY RPwHIFT 3 EStri ERFBNTEPAGRRENEIR tTige WEASRI 28Pte in
the SPV honokagnewedt arineas vl epededior & i glue. iNo% | Twéde 281 ng1synt hetic

H nke%%' 25 ml of substrate solution (ATBS, Kirkegaard and Perry
Laboratories, Inc.) are added ¢to each well and color is
allowed to develop for 15 minutes. The reaction is
terminated by addition of 0.1M oxalic acid. The color
is read at absorbance 410nm on an automatic plate reader.
35

STRATEGY FOR THE CONSTRUCTION OF SYNTHETIC POX VIRAL

PROMOTERS. For recombinant swinepox vectors synthetic
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HOMOLOGY VECTOR 932-22. A1l The plasm d 931-22.A1 was , constructed for the
purpose of inserting foreign DNA into "RPV. It incorporates a feline CD80
gene flanked by RPV DNA. Upstream of the foreign gene is an ap@rg)gglpmtzajz
906 30 base pair fragnent of RPV DNA. Downstream of the foreign genes I'S an
appr oxi nat glo& 88%49@&&9%&%&@9%%:@1 REY DA g¥ben; 1 he, plasmicdhd s used
accordi ng RECOVBI NATI ON PROCEd%RE FOR GENERATING

RECOVBI NAN? Rli\ytya 9 r G@n&?ﬁtlaltrﬂehgsﬂ@?%%]al ARG SrimiRg 38t f PErgegenes

Wi Il resul genoteaghais idie. f elhhee GPBOmgeae tasgadeésthelcoamolan@f a

| ate/early ter (LP2EP [t wa ructed utiliz stan

r econbi nanP%LQ)NE <" 8% Er%“%%%rzstggﬁﬁ alﬁse (%Sﬁ?)rg aJr )%%ﬁy j oi ni ng
restbi cti omatraghenvsrisowetdeddpidrow ng Bsolr cesswrtk whe sestieteidc  DNA
sequences. cIhe plasi & veglor mdggh\a%qcferorra@&ﬁ@@r% mgLely ,2999 base

pair Hi ndII restrlctlon fragment 5 of Promega). Fragnent 1 is an
appr oxi mat ELpIFEE ke BEFEYLFRAPHI Stléeibél’lhll‘: 99w dif suBSERagient o~ t he

RPV Hi ndl | bomtrfé cthen frageested (iKNi ghy, o@*dea .dx EbagABAtidni.S an
appr oxi mat i.r EcoRl to BanHl ment of the felli n%

base i.r
Gone synt heBLS Rt 1 GREIARE THEFAE POCTVERRSRSERR) NIREACTFER The
t enpbat e f oastketBCRudact itbatwas1Rkd r ofu€dnAssicomlldatisd hadieé natspl een

cell's. Theg e I DBrg TTCGGEG] g@C@?CA@@ 197. 43)
(SEQ ID NO gg?%yﬁ }ggiggs %rom e%%A' end ofcét he feli ngg%glale%e and 15
i ntroducess&RPECORI site The downstream pri nmer

(5" GCTAGGATCCAATCTATGTAGACAGGTGAGAT-3"; 1/97.6) (SEQ I D NO 53) synthesi zes
fromthe 3' end of the feline CD30 gene,_ .introduces an BanH site at the.3
end of theC§ERES ah@ viis! useBlFBF re\¥€ra§3ént9r aggéF‘FEtiWaﬁdl pBRYAEr ase
chaip 20 reaahsam1pIEr1@m&ntt&mmmoa~pmncgﬂarmt@éye 8&556aaﬁgpaieér¥aal to

Hi ndl || sufraggent off h}ﬁ RPVfrH dI fra nt %’ ﬁ sites,in
fragment s BS/Br 3 convetted %o ur”T’é’ue SP{\] eﬁg 9 RoER<Fi nkerss.
Synt heti c PiAsebteweenwésagnesist e siwk @ coratcaqqxsiltnlge tBZE@Qapdemﬁt er 25
and an Eco a e [ tiy i g

VECTOR 9318%§§1Aé%u%%g ngsg}?%og%% 3%&,6?5 mr%?coﬁgfg gtle %f OEO\EE% 8 r pose of
inserting VE6FEPER-DNA into 30 RPV. It incorporates a feline CD80 gene and
an E. coil i~-galactosidase(lacZ) marker gene flanked by RPV DNA. Upstream
of the foreiLgn.geuas JleS -3N AR FRLGEn206 hagopai r fragment of RPV DNA.
Downstream of the foreign genes I's an approxi nately 895 base pair fragnent
of RPV 35 DNA. When the plasmd is used according to the HOMOLOGOUS
RECOVBI NATinBNAPRGEEDLURE: #ORGENERATI N6 rRECEAVRBIINANTL &Y/, manvhnadeaont ai ni ng

DNA QOd'ngcggﬂstW%ﬁﬁ%) stimulated for 16 hr with Con A using the
RNAzolB RNA extraction reagent (Biotexc, Houston, TX).

Initially, cDNA was derived from this RNA by a reverse

25 transcriptase (RT) reaction employing oligo dT as the
3' primer. Briefly, the RNA and oligo dT were heated to
75°C for 3 min to remove secondary structure. The RT,

dNTP, buffer and distilled water were then added and
the mixture incubated for 1 hr at 42°C. Following
30 this incubation the sample was heated to 95°C for 5 min
to inactivate the RT. Degenerate primers derived from
consensus regions within the human and murine CDB80
published sequences (GeneBank, Gaithersburg, MA) were
then employed for the initial amplification of a 344
35 nucleotide (ntd.) fragment encoding a central region

within the constant domain of the gene:
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3 0 SEP 2002 foreign genes will result. It was constructed utilizing
standard reconbi nant DNA t echni ques (Sanbrook, et al.), by joinin
restriction fragments fromthe follow ng sources with the syratﬁ ¢ BRA
sequences. The plasm d 5 vector was derived from an approxi mately 2999 base

pair HndllL,restrict nfr 0 S r g ragnent 1 is an

appr cxi mate# BEémﬁaslg’c}pal r ?ILtCFI BG& §8§IT§ rResE?x‘l c)clcoﬁ gug:ef ragment of the
RPV Hi ndl | | Sé@t rIDchoﬁ6f>ragnent U (Knl ght- et al . ) . Fragnent 2 is an 10
approximately 879 base pair EcoRl to BanH fragnent of the feline CD80 gene

synt hesi zed by CLONI T E Th | ate for
the PCR readt | Bﬁl%SWf %%Edgﬁwg?%ﬁﬁ%% € CZF#SQBThe

upst ream pri(BER (B NO55TCGAGAATTCGGGTCACGCAGCAAAGTGG 3'; 1/97.43) (SEQ ID
NO 52) synthesizes fromthe 5° end of the feline CD80 gene and introduces
an EcpRl site The downstrea ég? /] (5 GCTA%ATCCAATCT@%@AGACAGGT GAT- 3" ;
1/97.8) (SEO I B°NO 835 5y rith ezéassefrgﬁlnatlﬁe 3RaghHOBf fRFPn8“Bs80o gene,
20 introducesparyBagH Satepatlymkgase endasf uskd gene, aapdifgs uskd for

reverse trap%aheﬁl O”Tﬁé‘erQJ:&/{@ﬁaﬁ?xE aLn reacting. tﬁéagg&gn&n% ha an

approxi matef y 3010 base pai 1 - BamH Pvul | Trestriction gment of plasmid
pJF751 (Fervagi inétially. @‘%ﬁﬁrérﬂ 9z§°ics &R apProxi ndl ety BO5 25thuse pair

Xbal to Hi ngtlab subfd agientersf e FRMA g 1df fyaon@ntaihedbe Xbal sites
in fragnme 1 and 4 were con ted, to uni Nat I, sites usi

kPSR OBF T e bt B0 S Ody T aetar o318 5EPB12 was
used to inseempépaeuga BpxlAlento SFhe PCRI neae pboat e«saant‘Eencoheated

i 3-gl ucuronipdas (o e, e n i ons,

al ., (1996)£gAr %ysl €, d“ﬁ% ‘J(&?CgQQ% alr]?(-leankedg &)‘%ﬁ\% D%E]ya%ecﬁ ]t(nlgﬂ‘s horml ogy
vector was Ubed m@@trmlmg Ma@ t hlee HOVMOICAEAUSE 85 %’(COVBDNA‘H(I]\IsléROCEDURE_ FOR
GENERATI NG RECOMBL NANT PV, 2 8n &k I 1sg COBE ai il n@e%%e ﬁéréhe Aoreign
genes results. Note that the f3-gl.ucuronidase {uid gene 68 30
SEP 2B02 i siGHder 15 lddst r JSTHETR LR HEAS ¢ ERigy ‘br%’h%% FtaEP2) and
the feline thit Yogelraﬁrigs d:fn(iﬁl’lnfeh% Caidtolwedfe ehSEPRI® enciiel dgbaye

synthetic | /ear pox (LP2EP2) . The_ honol o vector was

const ruct ed%h{e 35 | n%é H rlé%%ﬁ%%nféﬂt Q%Nﬁhﬁx E‘éc‘fh%%éqlfeesc ( Sa\'r!;ﬁ?ook, et
a~.), by jooptmgalesempcrat-)lnréragcmenttlsefrqutheolymémmiseng souexesndi th t he
appropr' at etmé,ntBf&hgr%éewegwh@p@?ﬁﬂ%d DARECT QR de; 'r\fEﬁg from

ar | proxi mately 2700 base pair Dral restr on fragnment of Q@3 (New
10 Eﬁ | and BPEP@B%Fur‘Fr‘é@%ﬁtwisl%e%%a%%r%%?ﬁalﬂﬁy gglobkeeingi Eheral to

EcoRl restrhet b%l%_l.!;b far PR e il PP \sdd i |72‘¢c&9ﬂ’&ﬂt7 Knifr@ggent 2 is
an EcoRl to BagH ﬁs cti.on fragnment synthesized Q% re%erse transcription
and pol ymer 48&%chgi 1@ Jcttz"i‘%%e(’ﬁs 108 Ry RNA FPOMRCHHA A PEPENGF it ed

feline spl eahteel ¥$saslazhenphate. a Tbs sypdhess zge I el tine pFdEycrthespri ner

5" TCCAGAATTC OmtT%%%%?TTTNTTT&%@b eild I D dSER D MY

S
synt hesi zed of the feline gene, int oduceg an EcoRl
site2at the (BnVdjggasten., he’%qj‘e,{élego, CaA) for sequencing. Two ml

of the ligation reaction was used to transform competent
InvaF' cells. The transformed bacteria were streaked
onto LB plates (50 mg/ml ampicillin) coated with 40 ml
of a 50 mg/ml solution of x- gal. The following day,

30 white colonies were selected and inoculated into 5 ml of
LB media containing 100 mg/ml of ampicillin and grown
overnight at 37°C with shaking at 225 rpm.

Mini-preps were performed on overnight cultures to
determine clones that possessed the plasmid with the

35 correct insert. Plasmid was extracted from the cultures
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20 The prinmer (5'- TCGAGGATCCTTATTTCGATGCTCTACGECCTC -3'; 1/97.3) (SEQ ID
NO 82)- was used for reverse transcription and PCR and syhQh§gpz pfromthe
3" end of the feline IFN-g gene, introduced a BanH site at the end of
t he gene. The PCR product was digested with EcoRI and BamH 25 to yield a

fragment apprQXimal ely.p84-BagexRBihs | Aykeagt B eeErGsRONI Bg (40 (the feline
| FN-Y gene. Fragnment 34 1s an appr oxi matel 1823 base pair EcoRI_to Snal

restricti onDMPagre®tndf pl a%%ﬁtdleﬁRAﬁ%Blﬁﬁ%nepéchFhepPégﬁ@ﬁPr@ oM n

appr oxi Wﬁte'ethQ%tb.aﬁﬁ paiMarraRis t @t30a Dy al resemctlomhéuhamamnt of
the SPV Hindl || ztrtl tiion_fragnment K.__Th hEco site in_t eSP¥ Iéormlogy
vector was é’dﬁ’\(féptl ate8 d%udi gaaURse é)ft (€AY sPREn&EFE ALAREFS:

HOMOLEGY VEGEOR 8d6eBS8. B17. Thepldsyest 846e88. ylduads zednstr ikt edsf or the
burpose of . 8ketn0 dde @at| e saenaad ngcaf&h%framhglésénaaetagépesv' rus

and insertin SEP orei I ncorporates an
8gal oct osi daeat@Eiges ﬁﬁﬁklélfofg@ﬁelﬁlﬁgéhedpﬂ-ﬁfsﬁilfihdaﬁl—w §E geréfdgdsite

L I ?nged byf H;fﬁQNApthﬁlpleaS&‘lgngé6 884B17 f@cﬁﬁ@hé@dalﬂﬁ% bas&}@%& o
eletion o e | ragnen 0
the Sall sitEIF EVE@ORFU%]T ri}%@’r‘ﬁ§L n%h Si t§agﬁotlﬁg’elg—’ﬁ% Sall B

frageprent adddeheySal ItesiEnatot heefdenEdoBl & f @grremlucdas;a:mt héyendpoi nt's

ofthedelel .t n m gn 1kS i
appr oxi mat ol g s He peer BEcLIE T Bkl ERRPANEEREI AR a1
cont ai ni ng Frementhee Sc%mqﬂrg:%eaﬁeﬁ‘-é@ 0¢D1t34¥1e gpegeﬁecm,?@ a®ngo abi'ds),

Downst r eam gfrﬁn@%sfor@élg@ ggaﬁstiru@@eapprﬁa&l mat el k22035, base pagpigall to
Asp 718 sub ment of the FHV EcoORI frag%\ ment whi ch contai ns_ uni que shaort

15 and ter maﬁ@%llféﬁé‘étloé‘eqﬁénc‘éDNWé%PQ%e( fd TELUsER e A§%to the
HOMOEL ©GOUS BE@@VBH‘J%H O fPREUEDURE  FER ENCRATIING BRECQWBENANL REVELSPV OR

FHV, aviru contal DNA codin for heforel gn.ene Not e
that the E Y ? ge nele}rﬂss under }%ehe3t c Rt fat'ig fﬁ%lgong?#%fl ve FHV
gE pronoter. It was constructed utilizing standard reconbi nant DNA

techni ques (Sanhbraeh oFt tdle .5/) ddMIOE FHEHOR 921-65. B5. The honol ogy
vector 921 25 656.B5 was constructed to delete the SPV 15L gene

(approxi mately 237bp é and to insert_ foreign DNA into SPV. It incorporates
an E. Coli @h@m MereshaaseCcPl¥ac A e ideratiogen®@rarachhe felPRetraRini a

virus (FelLVpagaghptetecase and ea_v,@liopeogea@subleaahgdsby Sk u@hlée M\ben this

30 ol ogy vector was S accor di t
PRCD%E)URE FERSGERBRATI VBTG5 %W%HWEW&EF‘BGS cSﬁFm ni ng
DNA coting fiar thhe wotlei gongdnesdr wnﬂdtsrekntlwsl cdmt r ueitgld uLPBi zi ng

st andar d. r eggubi na %\ DNA _tech éjgyggcééz ehedly LTi%AQES%}ﬂQte jat the 8

gal act osi dase (| ac mar ker gene 1S un contro e constl tutive
| at e pox pr6FSTECHIB/L) FFRISE Féﬁwgangré{Oé%@nan"’dX)the FEINA eW@ €l ope

genes are 7@roduced with an anchor oligo dT primer with degenerate

25 nucleotides at the 5’ end to facilitate binding of
the primer to the 5’ most end of the poly A tail.
cDNA was then transcribed as previously described.
Specific linkers were ligated to the <cDNA with T4
DNA ligase. Touchdown PCR was performed on the  cDNA
30 with an internal 3’ primer specific for the region

amplified previously:

B7-284: TTA TAC TAG GGA CAG GGA AG
(SEQ ID NO 58)

B7-190: AGG CTT TGG AAA ACC TCC AG
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3 0 SEP zooz under the control of distinct synthetic early pox pronoters,
EP2 and EP1, respectively. The SPV sequence fl anking ~he foreign gene

insertions were derived froma 3.2 kb Hnglll N genomc fragr‘ga@t ghzq

upstream sequence 5 of the foreign genes is a 903 by fragnent 'oﬁf i ugg
part of the %eﬁ[?% and the downstream sequence is a 966 by fragnent
cont ai ni ng bv 16L gene. The e.coli |acZ gene, FelLV envel ope
and FelLV gag/prot ease open reading franes all run in the same orientation

with 10 respegt a0 hhenSPV ghilmeand SFdhpgdmgenes, tQVQl@Y \AEﬂél'éiRd
942- 03. C6. Theﬁpl asm d 942-03. was constructe for d he pur\g (g
del eting a POt or TS gE codithg REGSH $romtHe fek}? ne-# C}}b ¥ rus and

i nserti ng tlmlee ﬂ@aetgongememg nttthd he GEed&ket ed soliegmettdset | mcox por at es

a fel D an I g/ gene (1800 and an
FIV eénvel ope gene %}26%% ?)lﬁoén%é‘g %{ 9@ ﬁm@he .%21 ﬁ%ﬁ gene was
under the cfb'h‘t(l?ofoeﬁﬁ)hesﬁplv gE2r3|Comf10é‘r 30hEeFl va@éﬂg/ pﬁ'80°t<leasfé>lge4fﬁe is

tunder the gopteol Qfithe 23 pseudor abh esc@X proavegr and the. Flifenvel ope
gene is under the contral of the c tgnegal ?w rgs i mredi at e early ene.

Upst reamof®t He f6P&i gif Yeifess Ts GHCaPProxrnat &Py 1418%5asé hdi T Bsp718 to
Smal subfr apmestcobntihe sFEV £&al 14 B deagneEnt cy@bamst r eam afl tdfe troirei gn

gene 15 25 2p0L oKl T lely 2308 base, i1, Sal Lot 9. ApT 188Ul A0t of the

FHV "EcoRl ragnent el cont al NS uni que s and t 6 nal” rep Yeat
sequence. VWenctldelpﬂtam d wgrasedthenor disrdt o itthe HOVL’D@S@@@ PCR

RECOMBI NATI LN, RREGEDURSS ot OR (GENERA B'Gcmmﬁ\éo 2 -0 { a virus

30 containing DNA coding for the toreign gene will result. ool ogy
pl asnid, 942203366 Sfes oMt rBBfEd utioh Ang $2@ndAPd C¥EMS nanitt IpNA

t echni ques Kﬁ@maa@ok pBlyRkrhseExampkes V&E»;vExarmieesmAk&om;ng:mle h
efeljne CDBQ (BI: %J/éé’y 25289 (BLLY) SRR 15 primer A A%

of the initial primer (Fig. 6).

B7-20: TTG TTA TCG GTG ACG TCA GTG
(SEQ ID NO 60)

B7-135: CAA TAA CAT CAC CGA AGT CAG G
20 (SEQ ID NOC 61)

20 ml of each reaction was visualized on a 1.5%
agarose gel and the proper fragment cut out cf the gel.
The cDNA was extracted and purified from the agarose
by centrifuging the gel slice through a gel nebulizer

25 and micropure 0.22mm filter ({(Amicon, Beverly, MA).
The purified DNA was then sequenced directly using dye

terminator cycle sequencing (Perkin Elmer, Norwalk, CN).
Isolation of the 3’ region of CD8O

The 3’ region of the gene was derived by choosing 5
30 gene specific primers from the 344 ntd. fragment

and the 5‘ region previously sequenced:
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C86 (B7-2), CD28, and CTLA-4 cDNA: The feline CD80 (B7-1), CD86 (B7-2),
CD28, and CTLA-4 cDNA were cloned by first RT-PCR (Reverse 3 (0 SEP 200%
transcri ptase/ Pol ynmerase chain reaction) anplifying a 5 regi on between two
sequences that were conserved enough to nmake degenerate priners that

interacted whthytheq ?? A mgyAGGEthﬁogfgecgg the nRNA was peri pher al
S

bl ood nononucl ear ce or splenocytes stinulated for at |east 16
hours with C%%QA.IDTNPSGP’ product was 10 sequenced. The sequence was used
to make primers for RACE (rapid anplification of cDNA ends) PCR The 5 end

was anplifiged by EA&S’&‘GHHEEQQC%?\'@GW thpacdguwastream primer conplinentary
ved region.

to the new &sequenced conser An ol'igonucleotide was ligated to
the 3' end bFEQSIPHEOCHRA (conpliment with the 5 end of mRNA). This
sequence served as the binding site for the upstream primnmer which was PCR

compat i bl e t{145h§Tg0)g@§t @@@anE@RA@@l B thatgcorresponded with anot her

region in the newy sequenced region. Degenerate primers were enployed in
2C mul ti pl el$BRNER B@ #5ted reactions to obtain the 3' end. This upstream
pri mer for PCR was designed to react with a sequence in the newy sequenced

regi on. o?.ucég%&gc A@ttgﬁﬁi@ﬂ E&eﬁ;’r’f"{“ gtly or cloned into a TA

cl oni ng vector and Sequence omt asm The whol e open 25 reading
frame was c[%E@dIByN@n@Enyl ng inits entirety by PCRwith priners
constructed fromthe known sequences. The ORFs were cloned and sequenced

threetirre The B7; 3 u o} o-a pSI plasmd with an SV40
and_'?% ’IE%/Tcﬁf’zgsm @ 188 Lt

pr onot er, was used to establish the functional
i nt ek&ct i on( SEQ BYD 1NG 6151 the fel i ne CD28. DNA -priners used for RT/PCR of
thefellne CD80 (B7-1) cDNA were: 35 5" Priner:

CCA (s . 30 s~
2 Joor 3' ?%%Peré‘@ogcme?é&&&%cm&&é&eec & B €c5c1 NG q‘ﬁ (Sece) >

above fer comptetsubsi segodbnprpfretbefbumérl and @EBDnemMO 5 DNDRgrl mers
used for RT/PCR of the feline CD28 cDNA were: 5" Priner:

> - COCCATEIO S AT CRERCTE MRS cch SR EatE) 213

(SEQ ID NO 67)

15 B7-1260 CA(C/T) (A/G)AT CCA ACA TAG GG
(SEQ ID NO 68)

cDNA was produced from RNA  extracted with
ULTRASPEC (Biotexc, Houston, TX) from PBMC
stimulated with Con A and LPS as previously described.

20 The anchored oligo dT was used as the initial 3’
primer for RNA transcription to cDNA. Tag polymerase
based PCR reactions were performed with this c¢DNA using
the specific 5’ primers -and degenerate 3’ primers
(95°C for 5 min 1 cycle; 95°C for 30 sec, 42°C for

25 30 sec and 72°C for 45 sec 30 cycles; 72°C for 7 min).
Two rounds of nested vreactions were required
before a single fragment of the right size was
produced. This product was cut from a 1.5%
agarose gel, purified as previously described, and

30 sequenced with dye terminator <cycle sequencing

54



3" Prinmer: 5' -CGCGCGATCCTCTGGATAGGGGTCCATGICAG 3'; (SEQ |
above for conplete list of prinmers for feline CD28 cDNA)

D NO 14) 10 (See

. p used
for RT/PCR of the feline CTLA-4 cDNA vvere: 1. Degenerate pr'D_%g ééﬂ‘?@g

first PCR product (672 bp): 15 Deg 5 P:

5' - ATGGCTT( @] ~ (SEQ I D NO. 15)
5' - TCAATTE %%A%%m% " (SEQ I D NO. 16)
CTLA-4 (455 bp): Degenerate, gene- speC|f|c 20 (GSP) and
gene-speci f FeofiNEGHR) guquestss Hiassd rofindtRER S’ DBegl 5'3

1) ot AT BRI

product of eheodingttheuertimepEn pead 1n9 frame of the

Deg 3' P:
2. 5 end of
nest ed

T’ fég'dﬁETGGGTTTC

PCR Wi th t he PCR
fe71ne CD80

- TGTTGGGTIIGLT) G A) CTCTG A) CTT( C)CCTG3'; (SEQ ID NO. 19) 30 3' NGSP;

5'-ACATGA CCACCTTGCAG 3'; (SEQ I D NO 20) 3. 3" end of
primer 1 (AP1, C onetech Lab, Inc., Palo Alto, CA); Nest

CTLA- 4: Adapt or
ed adaptor priner

(AP2, C oneB@échATRBBY, AGEnECIp&SLf CEAPFFARPAABGEPF, and nested 73 3 0 SEP

2p(~ gene-spgehfire RHi BB (NGSP): 3' RACE PCR
B7-960: CCT AGT AGA GAA GAG CTA AAG AGG C
(SEQ ID NO 70)

10 PBMC c¢DNA produced previously and known to contain
DNA encoding the gene was employed. This PCR
reaction (95°C for 5 min 1 cycle; 95°C for 30 sec,

42°C for 30 sec and 72°C for 45 sec 30 cycle
7 min) employed KlenTag DNA polymerase,

s; 72°C for

an enzyme

15 cocktail that retains some 5’ exonuclease activity in

the hopes cf reducing random errors often

associated

with Taq polymerase. The reaction amplified a 960

base pair (bb) fragment which was cloned

into the Ta

cloning vector (InVitrogen, San Diego, CA) and sequenced

20 as previously described. The final sequence of the

gene included cDNA from two separate animals. Each

base pair of the gene was independently verified in

at least three separate sequences derived from
individual PCR reactions, to reduce the possibility
25 of errors derived from PCR induced mistakes.

Isolation of an initial £fragment of CD28 mRNA was

lymphocytes

Initially

extracted from HKS5 peripheral blood

stimulated for 16 hr with Con A using the RNAzclB RNA
30 extraction reagent (Blotexc, Houston, TX).

cDNA was derived from this RNA Dby

transcriptase {(RT) reaction employing oligo

a reverse
dT as the

3' primer. Briefly, the RNA, and oligo dT were heated
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APl : 5' - CCATCCTAATACGACTCACTATAGCCEC-3'; (SEQ ID NO. 21) 5 5

5' - GTGAATATGGGTCTTCAGGCAATG 3'; (SEQ ID NO. 22) 3' Nested RAGE Fgﬁ:vg@ t he
product of a' RACE PCR AP2: 5'-ACTCACTATACEEfTCEAGCGGC 3'; (SEQ 1D 23)
5 NGSP: 5' - GAAATCCGAGTGACTGIGCTGAG 3'; (SEQ I D NO. 10 24) 4. Prlners for

whol e CTLA e GCTCCCAT X
(SEQ I D NO. ?Q CF]?%) gL‘ﬁ“Z g" E‘%“grrg‘% %‘:OW&@AATT G3' 15
(SEQ I D NO. R?e) BN Byr i bref e s eanfodiRFARERIoWatRE fid it ICDB6a(BRAR) CDNA

were: , 1. Qﬁgeﬂﬁ@tﬁﬁdﬁ@r&ﬁ@ﬁbé%fﬁéﬁtlF}gRQEOQ@SI” (4§51@B)ngeg 5 P
5 - TAGTATTTTGGECAGGA é . 20 27%
5' - CTGTGACATFAT CTHEA %ﬁ#%?e' h?SEﬁ?TP??K)WQ%) ?atfﬁgen%r%Fecp?Pﬁeﬁs f or

t he second RCR pbodliefrac(ti%tféy the?b feg Sed¥nerate prlmers derived

5' - GA( G) CA( T).GCACT ATGGGACTGAGB | 3 P
5 -CTGTGACA')'f cﬁ‘&&%ﬁ |D§%8 <€0) w3t %% ngth cBEBATAPL, AP2
(Cd ontech Lmbylnﬁkgwﬁer@bhlt3©D38 gehbls@@@|fn@01€iﬁnaahd 8t¢gnested

gene speci f i g NESR) prmé@ié § Q? Aﬁjre loyed f
e Aok i iRhseg ESEQ 31)°Tpy OV for the
initial ampllflcatlon 673 ntd fragment encoding

10 the majority of the open reading frame.

CDh28-113: CAA CCT TAG CTG CAA GTA CAC
(SEQ ID NO 71)

Ch28-768: GGC TTC TGG ATA GGG ATA GG
(SEQ ID NO 72)

15 A hot start PCR protocol employing Taq polymerase was
used to amplify the product ( 95°C for 5 min 1
cycle; 95°C for 30 sec, 48°C for 30 sec and 72°C
for 45 sec, 30 cycles; 72°C for 7 min, 1 cycle). The
fragment was then visualized on a 1% agarose gel and

20 ligated into the TA cloning vector (InVitrogen, San
Diego, CA) and sequenced as previously described. From

the sequence of the <¢DNA, specific 3' primers were

derived and synthesized for use in 5’ RACE reactions.

CD28190: CGG AGG TAG AAT TGC ACT GTC C
25 (SEQ ID NO 73)

CD28 239: ATT TTG CAG AAG TAA ATA TCC
(SEQ ID NO 74)

Isolation of the 5’ region of CD28

A mwmodified GIBCO 5’ RACE protocol (Gibco  BRIL,
30 Gaithersburg, MD) was employed to obtain the remaining 5
sequence of the feline CD28 molecule. RNA was extracted

56



3 0 SFP 2002 3' GSP: 5' - TGGGTAACCTTGTATAGATGAGCAGGTC- 3' ;

Nest ed 5'

AP2, 5

5' - CCATCCT
5' - GGACAA

37) 15 &'

gene:
20 FeF
Exanp

t ot al

Fel
B72
e 1B

(SEQ ID NO. 32)

RACE PCR with the PCR product of 5 RACE: AP2: 3 0 SEP 2002
5' - AC =' CACTATAGGCCTCGAGCGEC-3"'; (SEQ ID NO. 33) 5 3" NGSP:
5' - CAGGTTGACTGAAGITAGCAAGCAC-3'; (SEQ ID NO. 34) 4. 3" end of B7-2:

GSa, and 5 NGSP: 3" RACE PCR AP1: o
ARTATGAET CACTETAGAGE Hmulaseg |BBMG, 18 33) $erespspecific

APB,

e POR pr oduet o & RCE. Ao S TR A AT At 3 (301D N
t he progduct of 3 : . B - .
:a%é- ﬂ&ﬁ%&k@g% %%TEC%ANE)“N@%%S ol e cD86
B7Re ( BAdS't iPmi nef : c bt - CEBEAATRGT CACTEAGE TATAGIZ qwiBEQh® NO. 39)
- i L bl I I N - NO. 40
B S 0T G T P P ss o I IO g 10
Fel i ne spl eBRIERT | Sa@ERreS X r @let @¥ 4¢ o B s Y ¥d t Sirsk $¢ ¥ HoCoR€anaval i n
A for 5 hourg;ib&s! el Wet£i piebt ehedy, washege v tAudBS. anek usedyiL-i;sel ate

RNA( Q 1 30. RNe Tot al tenm). Total R t ted with
DRAce | (BOERE: NG 46 reovtd DA GO At AETS o  Fe. RuA
preparat i ons. fbesasngem RNA desatturen tehe rRICt edhrdf rRNBddesecipr@paras sons,
usi ng, Q ageg, 3, LG xnkeAls LSRN ol Adupdtila A S LKeSO! MRy

15

20

25

30

35

to removal residual RNA and prevent incorrect terminal
transferase (TdT) extension. The cDNA was then purified
over a GlassMax (Gibco BRL, Gaithersburg, MD) spin column
to remove unincorporated dNTP and primer. Purified cDNA
eluted from the column was then tailed with TdT. TAT was
employed to add a 20-30 nucleotide dC tail to the cDNA.
The enzyme was added to a mixture of purified cDNA,
magnesium chloride, reaction buffer, and d4dCTP following
denaturation of the cDNA at 95°C for 3 min. The reaction
was incubated at 37°C for 10 min and the enzyme was then
heat inactivated at 70°C for an additional 10 min. The
tailed c¢DNA was amplified in a Tag polymerase based hot
start PCR reaction (95°C for 5 min; 95°C for 30 sec, 55°C
for 30 seé 72°C for 45 sec, 35 cyclesg; 72°C for 7 min).
The primers for this reaction included a 3’ primer
located 5’ of the cDNA synthesis primer, and an anchor
primer specific for the dC linker and composed largely of
dG with a few dI residues. One ml of this reaction was
diluted in 50 ml of water and 5 ml of this dilution were
then used in a nested PCR reaction (95°C for 5 min 1
cycle; 95°C for 30 sec, 55°C for 30 sec and 72°C for 45
sec 30 cycles with KlenTaqg polymerase mix) with the dG/dI
5‘ anchor primer and an additional upstream gene specific
3’ primer. Thirty ml of the nested reaction was then
visualized on a 1.5% agarose gel, and the proper fragment
extracted from the gel (Fig. 19). The cDNA was purified

as previously described with the Amicon gel nebulizer and
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35 generated fromnmRNA, in the presence of random hexaners, 75 ~ 0 SEP
Zooz dNTPs, RNAsin, reverse transcriptase (Pronmega) and reve359eSEP 2002
transcri ptase buf f er (Promega) and incubated at 42C for 30 m nutes. PCR was
then 5 used to generate a double stranded, full-length cDNA cl one of the

f | B7- 9
ol e S BB Rl b Lo O8R) UBLOB-ADS SEPS PRUPLSIALS0 |
(5 CTATGT AGRYRGGTGAGNT CW3's) se%@nged O incpugl?) dygNFREMiBALDYI OC3DINA ( 1st

strand), MpfeMeIfg PO| Bk Ase éﬁ%ﬂ angoMes 1k, pahyyTer aseq it f e BRL) .
PCR conditions were as tollo cycle of 94, 15 seconds; 35 cycl es of 94

for 30 secdiRIME 1 Hr COTRLALEES, a? FYICBSYR nEEEEenge cY@fe W H 2% or 10

m nuttes. PGRdweaché 0BS @@ er,Uns Ofrdme o I;mmﬂavml tsyagaéesee@eltr&nﬂ DNA
fragnents corres ond| he. exp d B7-1 re isol ated,
gel purifi e&% agen S gé% %’ﬂ I c§ %gn I t%ﬁn%antrg% ét)rfat éNel nd ¢l oned
into pCR-BIUNB geasari d vector using kit reagents fromlnvit rogen s Zero
Blunt PCR Coning Kit (San 20 Diego, CA). DNA extracted from kananycin

resi st ant rial, r e C f a uni que
Nnel i te (RO med 1 SR Pher Codi ¢ s Mg el ol fefe Tn'The
range of 8O0GEWAOWGiI7% and contained a Nhel site were sequenced using
ABl's 25 fl uorescenat ed aut omat ed sequenci ng protocols and equi pnent

GendSspeci TECTR or's BBt (08 1ROt heth o U295 ol 8e8 Gene were
used to genEER dIDNFD s7eﬁ:1)uence pCR-Blunt priners are 1/97.36 (5 3 0
CAGGAA. ACACGCTATGAC - 3 ; SEQI DNO. 43) and 1/ 97 . 37 (5

AATACGACTCACTATA 44 B7-1 e speC| fic prinmers are:.
12/ 96. 22 (élSALR@A%&f?TEﬂ%&’FgCﬂTC'\@]} ch( %ﬁ% g re
(5' - ATACAAGHGEAET TegCAR T GRE- Sm}))llfiéiEq:fdim Nfdn 436)st13511]a2/e95 EXF and

5' - AGCTCT " (SEQ | 12/.96. 2

25' - ATTAGAW%E% oNE gEQtBlhgg]\loé’z‘%{g) ,%/D%?w‘f]’%i produced

(5' LFCATGT CEEOCANAGTACAAG: 391ad (1SE’QII BeNPnsgRters to3 EEEPLRORNALL/ 96. 32
(5 ATTCACT%Q%%@%@’ Q;ene(SE@q!LQ ber g?@)act:kw]:;n 35‘3c ok 6 Rin 1

- AAGGCTGTGECTCTGA- ) (_SEQ I 1) Wo cl anes wer e det erm ned
to contai n fleq e%@fﬁ @BO%eﬁﬁEncé%Sr |f8§p8|9d|sﬁ§ 8% He °6r ift &> coso
seauence wWiddr 30 cycles; 72°C for 7 min) using KlenTag DNA

polymerase in the hopes of reducing random errors often
20 associated with Tag polymerase, produced a 754 bp
fragment which was cloned into the TA cloning vector and
sequenced as previously described. As with the CDS8O
molecule, each nucleotide site was confirmed by at least

three independently derived sequences.

25 HOMOLOGY VECTOR 902-49.46. The plasmid 902-49.46 was
constructed for the purpose of inserting foreign DNA
into RPV. It incorporates an E. coli B-
galactosidase(lacz) marker gene flanked by RPV DNA.
Upstream of the foreign gene is an approximately 906 base
30 pair fragment of RPV DNA. Downstream of the foreign genes
is an approximately 895 base pair fragment of RPV DNA.
When the plasmid is used according to the HOMOLOGOUS
RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT RPV,

a virus containing DNA coding for the foreign genes will
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5 the exception of 2 DNA point mutations. One such point nutation did not
effect the am no acid sequence. The second nutation resulted in an _am no
acid change froma Leucine to an Isol eucine. The resultant feld 8eSidDat02
clone was designated 917-19.8/16. (CD80-Syntro/ SPAH). 10 Exampl e 2

S-SPV-229 15 S-SPV-229 is a sw nep{gx virus that expresses at |east two
forei gn gent&5Uthe JGOTE IR E LRI I3l 3atasidrRse $acryrised ¥RBegene for
fel i ne CD80iwernendarserhed ¢cmmrcbheo$P\é Atatesig@omdtddy n(Lhe) | %rrgfra|39| | I to

Hindl I'1 subfr nt \/ om C Hi ndl | | uni_qu
restricti ongs?ggghéfs?%ﬁee aclgﬁ a unlldlt?e cdlt T r Bt :Mg%%étl gafﬂl\g&l acZ
gene i s undeéitet handohbeofeoPnehéosghehePNa Latenﬁe-‘orm]tl@m@n@i@l afid t he

feling CDBO H@nelé§e¥'£'£|§1yt cﬁm{céxol (eb2kBe) synithewa% | abgbeallyegromot er
(LP2EP2) . 25 S: SPV- 229 was derived from S-SPV-00l (Kasza Strain). This was

acconpl i shthﬁHT‘Pi?nﬁt?ﬂ@aﬁenﬁ?ﬁag}b%‘%?&D@%O‘?%le@é%% I\@%@P?‘a@% and

Met hods) andtvi aUs) S SBY- Odihing h&dﬂ@‘ﬁm REG@MEhNéTI %RRCEEQEJRE EOR
CENERATI NG COVBI NANT. SPV. ransf ecti.on ck was screen y the
SCREEN FOR ge%&g%r‘-ﬁﬂNf%ﬁ\?eéx ﬁ\*fé f%yg’éﬁq"acﬁlo%s%\g‘ée?ﬁ% ANEPEPRG

ASSAYS) Theleemald rescter ovaped.pliatpse puemf Roatdpprosdsnatted yr ezoobi nant
Vi ru§ desi gﬂgggd %asplv Zizlgnd-fﬁlls Vféé&dl%ﬁsa¥§g%$€ﬁt350f mﬁ)%PG?e

f~-ga act osi daseexpression, purity, I nsert sta |ty
passages nOAPEGREEDy HAINGGE pi ol ThsRET FREHT Sk %ﬂ%q@@s%sﬁﬁyras
described iniNateri ats ahi’/7 res8xr@cSEBnzagdo Meth@dsnt Aldrer chhe krpyti al

t hree rounds, of rification |_ pl aques gbserved were bluelndlcatlng
that the vi af] d%g ber et LS Hit ?ﬁraﬁr@n xg]r éggf‘ﬂ it J;at:)t osi tREBSNEY, S,
pat ent 5, 382, 425 as jappoopanmated vhe¥ @ o byparsef @@meBamBIStﬁD\/PQQQIwas

eSSalE Lo SXPLERELAN olodi P AN MREIRPILL PRI SRS oD e BLACK

ant i body t oFr3ggehnictddésdade WBrehoNALE by r 886t Hasesppaifi (X@Ially oot h
S- SPV-229 pliaques rand itz gidrdt SEPMIO1RBOOAL hwe x%owa@me%taqy%rhé\ll

S- SPV- 229 observed pl agques reacted wth_the nonocl onal "anti body t

f 3gl act osi d&88Lj ﬁHF%%t?-ﬁgf¥ﬁ%‘Fe’f‘E% Vi e hadese abPYVeRER @ sE? nﬁn%%‘ée

f ~-gal act osidasestoeei gsigen&octTheiagksaygs 15 descri bed here were carried
out ? ESK-4 cells, indicating that ESK-4 cells would be a suitable
substrate for the production of SPV reconbi nant vaccines. S-SPV-229 is
assayed for HOXNPLEG¥| VECTOR f ¥4 1f3 .BI80 The homology vector 904-63.B7

was used to insert foreign DNA into SPV. It incorporates
an E. coli fB-galactosidase(lacZ) marker gene and the
feline immunodeficiency virus (FIV) gag/protease and
25 envelope genes flanked by SPV DNA. When this homology
vector was used according to the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT &SPV a virus
containing DNA coding for the foreign genes results. Note
that the & galactosidase (lacZ) marker gene is under the
30 control of a synthetic late pox promoter (LP1l) and the
FIV gag/protease and envelope genes are under the control

of separate, but identical

35 synthetic late/early pox promoters (LP2EP2) . The
FIVgag/protease and FIV envelope promoter/gene cassettes

are oriented in opposing directions such that
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20 specific antigens using the SCREEN FOR FELI NE CD80 (B7-1) and CD86
(B7-2) EXPRESSI ON | N RECOMVBI NANT SPV, RPV or FHV USI NG BLACK PLAQUE ASSAYS.
A human CTLA-4/Fc chineric antibody is shown to react speci Lb/c Y, ﬁ%th

S- SPV-229 pl aques (expressing feline CD380) and not vvith S—§ -O1

negative con 9 Qbser es are_shown _to react
with the hu Egg%ﬁg%@ﬁyg ﬁlrr]te}?el S;zﬂé 5% |ca St ITHES VIS is
stably expre§swagdt ﬁéChePFhérCDeoaf’@rtél ghegéﬁ§513®li't—)}’coﬁf hemoihgous
expressi on of-othgpfehinenCRRl ene MadUal oobdkodd A | “f}?&tfégméé‘lBQy

S-SPV-229 and sanples of infected cell |ysates were subjecte
SDSpol yacr y| ¥ffHer g&Rs efREF O L i F{eggeraafare) 6‘??@‘6baﬁﬂn5naN§zed

using $he V\ESEERINlﬁlu@'ETI NG RRESEDURE: 301 S SPMYZ%%ﬂrﬁdgsefélétﬁ&t’@éﬁl nes
agai nst di segse in 0 SE P 2002 roves.the

efficacy of vaceirhes® gﬁorﬂs%h‘?:lifi]l—oé‘i_l\?g ﬁpﬁrcgls Bfﬁlértlfl%l‘f‘ rPEEaEes when
used al one osyhhhetnbi DA cGeoudarived .V, THe Dl adFwiR] orctobherad elénevedcci nes.

S SPV- 229 1 ScaLR0 s elibr bRInEXPIGSSAD Alace ELLPCHEAOROINDCRLEGE. Coll

lysate of S—SPV—229| S|S|njece into mce or rab
raise pol ycl 6AAFT1FbHER pEEIITR QRS H5F6ds (FeorefRhe TrBonenp Exaaphe 3

S SP\&Q%E S @Byraﬁama&eaysvmm%ayé rpélth@glquprzt@?&scptrétaﬁ@ﬁcw@?f oreign
genes e gene : S ac e gene for
feline CD28 WeFe Fﬁ%‘g‘??t‘ea"# nttkbe %ﬁi\’agﬂ’f}%&gg %%F‘?‘@e ’ﬁ ﬂgg)n %‘B‘?ntI Il to
H ndl I '] subfzaglrmnanofa@l?r/ogemmneityf maﬁgsmenbahe ngblalilr I\M@RDmtqueB@DII
restriction 0 S|te) The | acZ
gene is unde?k%‘ﬁg con % o?ﬁt\ﬁe (fqlé;’n ﬁ‘éb ég%)lr o%%tery({?)\i‘frs%nd t he
feline CD28 géﬁéspgl@ﬁd@m t (&0 e ommd opoéymenesgymhhen credagttel/agar [ JCRY onot ér
(LP2EP2) . S- BPY- 230 Y8sn eé]bl\!‘ﬁdff&??”%ﬁe Sﬁ/VOQﬁR(g@ﬁgﬁq StFR naps@éea'm' S was

acconpl i shed utilizin onol Oﬁﬂé\ vector 93026. A1l (see Materials and
Met hods) andP¥iPeE S P\P%QHG%? G ﬁ@%&‘@éﬁ%ﬁﬁ CNATI O AROCGEDURE FOR
GENERATI NG RESEWBIIRANTO SPY) Elyathbams‘e@ctfix@m stiec ks wasnacegengtk byrvhe

SCREEN FOR RE | NANT SPV G f3 30 t ogi dase( L AND CPRG
ASSAYS). The® VﬁgPpFegﬁlnte 5 pl a ﬁ%"&@f % tf?’é reco% nant

virus designated ShEPV-280e. Thl%hevl rukvwmrmaye@r&mer was
];)asg%ﬁgt ?;hleﬁfgdgg@@é%@ggwﬁgwgqggggse% Zis }gﬁsi:ir?lbg #\}gt erials
and Met hods. 7Nt%}’n¥4‘%§}?ﬁ‘f |fa"{°”t th@e 3ro@ﬁ§s°8f therf Iy c%ﬁ‘f%lfpp%lg_erb? aques
observed wer enbkuauiced caf iBxghHhaliddhatVidies WaSeqrss Siabiéne anghd9
was used for reverse transcription and polymerase chain
reaction. The PCR pfoduct was digested with BamHI to
25 yield a fragment 2580 base pairs in length corresponding
to the FIV envelope gene. Fragment 3 is an approximately
1839 base pair EcoRI to BglII fragment of the FIV
gag/protease gene synthesized by reverse transcription
(RT) and polymerase chain reaction (PCR) (15,42) using
30 cDNA from the FIV PPR strain. The upstream primer (5'-
GCGTGAATTCGGGGAATGGACAGGGGCGAGAT-3' ; 11/94.9) (SEQ ID NO
79) synthesizes from the 5 end of the FIV gag/protease
gene and introduces an EcoRI site at the 5’ end of the
gene. The downstream primer was (5" -
35 GAGCCAGATCTGCTCTTTTTACTTTCCC -3‘; 11/94.10) (SEQ ID NO
80) synthesizes from the 3’ end of the FIV gag/protease

gene, introduces an BglII site at the 3’ end of the gene,
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3 0 SEP 2002 expressing the foreign gene. S SPV-23~ is assayed for
expression of feline CD28specific antigens using the BLACK PLAQEE&E(ER@&%
FOR 5 FOREI GN GENE EXPRESSI ON | N RECOMBI NANT SPV. The assays descri bed here
were carried out in ESK-4 cells, indicating that ESK-4 cells would be a

sui tabl e substrate for éhe production of SPV reconbi nant vaccines. 10 To
confirm t he®BRpridsi BR8r e TRYTHE CBDEBRGEREPHIBBUARY cRPL¥MEFRSEnf ect ed
with S-SPV-288iandesanplees. dfhe rf@ctsdb et vysaissemwes@ sibheEteHIt 0

usi g L he VEETERY BLoTTT NG BROCEDREETENS, 886 S ama e e Y BRRLLCC! e
agai nst di seas&si i elpagthscopyespondipcovies the &IV cary/pfovaseenes

agai ngt Fl Vgehel VrrERen®©rs otdem ehbrgiwaenlysec @l 988-0pat P sopBination
wth FIV, FeLV, ~'1P, or other feline 20 vaccines, S-SPV-230 is al so useful
for expressFBnPBRIf et $RE IS HAGIESFEFder BLRFTIYsR{B 3t SFepien3e
infected cekks 419 i nfestresent N0 iM ¢ oappabhihatébyr ange podacl paal,
nonospeci fi nt i bodi.e el 25_[Exe 4 S-SBV-225 S SPV-225 is
a SW nepox élcr%ﬁs ?ﬁatﬁg&%ﬁeésgggg %ggfl t%/\‘/géggp% r?eerlltgn ngenéé.e ™ gene for
E. coli 13-Hahdéfbstreacel{thtd) anaonert géneTheorA¢elipeténierteeodPY (feline-
| FN-Y) vier enbnsebhedvi ot O thes %%Mv/é%ledswea%mﬁunetﬁ@ttaggeé @9&5{; to

Hi ndl I'1 subfragnent of SPV genom c fragnment Hindl'll M (a unique Notl
restricti onS¥PgBeﬁé§ repK§€Ed a uni que 35 Accl restriction site). The lacZ
gene is under the control of the swi nepox OLL pronoter and the feline IFNY

gene i's undgh RSO ERkoR! sihesBYBE et ifnd abeleathy B0 o 1 SFRs2002

constructed for the purpose of inserting foreign DNA into

SPV. It incorporates an E. coli f$-galactosidase (lacZ)
15 marker gene and the feline IFN-y gene (Onions, et al.,
(1996); Argyle, et al., (1995)) flanked by SPV DNA.

Upstream of the foreign genes 1is an approximately 1484
base pair fragment of SPV DNA. Downstream of the foreign
genes is an approximately 2149 base pair fragment of SpPV
20 - DNA. When the plasmid is wused according to the
HOMOLOGOQUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT SPV, a virus containing DNA coding for the
foreign genes will result. Note that the &-
galactosidase (lacZ) marker gene is under the control of
25 a swinepox OlL promoter, and the feline CD28 gene is
under the control of a synthetic late/early pox promoter
(LP2EP2) . It may be constructed utilizing standard
recombinant DNA techniques (Sambroock, et al.), by joining
restriction fragments from the following sources. The
30 plasmid vector was derived £from an approximately 2972
base pair HindIII to BamHI restriction fragment of pSP64
(Promega). Fragment 1 is an approximately 1484 base pair
BglII to Accl restriction sub-fragment of the SPV HindIIT
restriction fragment M. Fragment 2 is an EcoRI to BamHI
35 restriction fragment synthesized by reverse transcription

and polymerase chain reaction (PCR) using RNA from ConA
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pronmoter (LP2EP2). S-SPV-225 was derived from S SPV-OGL (Kasza Strain).
This was acconplished utilizing the honol ogy vector 9175 60. B9,(

Material s and Met hods) and virus S-SPV-CCLl in the HOMOLOGOUS R%C%%%IPNRWZCN
PROCEDURE FOR GENERATI NG RECOVBI NANT SPV. The transfection stock was

screened by F M EXPRESSI NG 1

f 3ga- | act osiéfégré‘%%%LE%\B%%%&Ysé - T%fia{:altef‘& ‘esul t o?ored
pl aque puri fSwEieR s t héeléBsnbi ndd Wirus deBfgnat BEIBESPY- 225~ Thi s
virus was asgayesieicddgarestashfeseeression, purnity,. sand detsero-

stability by multiple ssages noni tored by the blue plaque _assay._as

descri bed i ﬁq%ﬂah ﬁVE‘ggﬁﬁl%/Eah&&é’f“ &f‘y’teerE'bt HF nPEi Epglggﬂ’rf’&e inds of
purifiscati omerad,| ipltagdesedbser ZedRWes et dlate thendi‘catidngft hate tdemevi rus was
pure, stabl angd_e esging } - - i sayed for
Cpr esai on GG obE EEEE Ny 207 Ca T e e P AL
SCREEN FOR RGRHI-GN GSHR ERPRESSEONWEN NANVEIPE. tTR@sesdafs adescri bed

here were caifd eflcRUbinidn HolHeLRlds, riadi eabi ng tdhad ESKehecaldis nwul d be
a suitable substrate for, theéi)r oduct i SPV rec%gr@?l lga}nt vacgci nes. 25 To
C

on _of
confirm t he EXpresstn JPHREYET r‘?‘eﬁlaﬁﬁ%y Stéive Hr S £TarS nf ect ed
W t h 18- SPV- 2EmendTisanpCRspobdiunt evheddigkktedsatieh Bepd Isubjde®@d 1t 0

SDSpol yacryl am I ( esi - r I d . and .anal yzed
usi ng the \AI’:E%TWIE%%G%L%OT% %ﬁ%@{]ﬁgﬁrg};gﬁ%g%ggal gogsgéy%gd E?o}g%xpl%lessi on
of bi oacti vedrdtimecoriespordingot he SOREERLEFOR EEN-MESENEERFERONCGAMVA

BI QACTI VI TY EXPRESSED EROM, RECQOMBINANT1 $PY 2PV, Q1 - P3G USLNGYSY PLAQUE
REDUCTI ON. S- SPV-225 is useful as’a vaccine against disease in 81 3 0 SEP
2002 fel i ds.reSteptizm fHnoeEs tor’fePelﬁﬁﬂ@écwgvE«Aadéieﬁ@ragaieﬁstalm-v, FelV,
FI P, 16r ot heirfpidme wher usedapbedRiitély ©oubi NRideopad £ hakLY, tkelV,

FI P, or other, reline vaccines. 5 .
HindIII sub-fragment of the SPV HindIII fragment M. The

Accl sites in fragments 1 and 4 were converted to unique

Notl sites using NotI linkers.

HOMOLOGY VECTOR 926-76.D7. The homology vector 926-76.D7
20 was constructed for the purpose of deleting a portion of
the gE coding region from the feline herpesvirus and
inserting a foreign DNA. It incorporates a feline CD80
gene flanked by FHV DNA. The feline CD80 gene was under
the control of the FHV gE promoter. It was constructed
25 from the indicated DNA sources utilizing standard
recombinant DNA techniques (Sambrook, et al.). The
plasmid vector is derived from an approximately 2958 base
pair Asp7181 to Asp718I restriction endonuclease fragment
of a pSP18/19. Fragment 1 is an approximately 1415 base
30 pair Asp718I to Smal subfragment of the FHV Sall B
fragment. Fragment 2 1s an approximately 879 base pair
EcoRI to BamHI fragment of the feline CDB0 gene
synthesized by CLONING WITH THE POLYMERASE CHAIN
REACTION. The template for the PCR reaction was RNA from
35 ConA stimulated feline spleen cells. The upstream primer
(5' -TCGAGAATTCGGGTCACGCAGCAAAGTGG-3"; 1/97.43) (SEQ ID NO
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10 Exanmple 5 S-SPV-200: 15 S-SPV-200 is a sw nepox virus that expresses
three foreign genes. The genes for feline inmunodeficiency virus @B 2002
gag/ prot ease, and FIV envelope (full length) and the gene for E. CO|I

f 3- gal act osi dase(l acZ) were inserted into a uni que Not | restriction site

(Not I 20 i r I QL on. s in the OLL
ORF of the s%éﬂr%ﬁ%i?ﬁ? k‘/%fqr ar%m%n he gagé pro efa%% héﬁ?/e?% %
genes are unded thereghces a@f Eseﬁalralete Hﬂhe|@@¢n$@a¢a@5psyrntzhet5c—

late/early p@@f@é@ixfx&eﬁEB%ATGﬂGAb@@éT%@ﬁT' §undefo-i kg copid ofp ofot he
synthetic late prormt er, LPl% S- SPV-2 I\é\ﬁs Eerlved from S- SPV- 001 (Kasza

Strain). Thi33 el Bt F ¢ 23 nge oot of§! ¥eet 6P8904eRD: 63. B7
and visus S-SkhVrOQlces tidne HAOMI QRS REGOBI NATE KN PREDURENEORnd

GENERATI NG RECOVBI NANE _SPV._ The tr fec stock was. screened by the
SCREEN, FOR RECOVBY RANTO 2y X PRESSINE 1.0 oy Sa Guf Bt BIOCrot b ep
ASSAYS and SCREENiIEOR REGONWBINNANT %%MM%WN@&EW&C

MARKER GENES), 1 The, fA513)1 & £S8ihit £ £F Vgrﬁ@ﬁjt Pl AGUR. PRy f £CA%E OB ¥a ggr;

reconbi nant vi rus desi'gnated S-SPV-157. This virus was assaye f~ 82
~ 0 Sf P ~0~2 gal actosi dase expression by the blue plague assay as “
descriped i nudadevéel sEendrMeBbods.. adnal ysesTaE wlHddia oard 2BNRE! {as

5 gal act ool HENE T Al BuS S EReeay Tl t he bt OTT o R VR VoRg and
envel ope i n 9BEt er Mthl ticaspayatSs SRY- 200 dsla fﬁeg@lma:trmidam nleqmax Vi rus
e A vace ne E Pe T A Aga ner” VY oty oro ot B dbe 2 o588 &I L) for
expr essi on o@pﬁheeﬁmv%agﬁtﬁ of @EeEandeBAT e L 6p @ Nprafreigrsimals: EXAMBE 6
S- SPV: 233 base pair fragment of SPV DNA. Downstream of the foreign
genes is an approximately 2149 base pair fragment of SPV
DNA. When the plasmid 1is wused according <to the
HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT SPV, a virus containing DNA coding for the
20 foreign genes will result. Note that the -
galactosidase (lacZ) marker gene is under the control of
a synthetic late pox promoter (LPl), and the feline CD80
gene is under the control of a synthetic late/early pox
promoter (LP2EP2). It may be constructed utilizing
25 standard recombinant DNA techniques (Sambrook, et al.),
by 3joining restriction fragments from the following
sources. The plasmid vector was derived from an
approximately 2972 base pair HindlII to BamHI restriction
fragment of pSP64 (Promega) . Fragment 1 1is an
30 approximately 1484 base pair BglIl to Accl restriction
sub-fragment of the SPV HindIII restriction fragment M.
Fragment 2 1is an EcoRI to BamHI restriction fragment
synthesized by reverse transcription and polymerase chain
reaction (PCR) using RNA from ConA stimulated feline
35 spleen cells as a template. To synthesize feline CD8O,
the primer 5'"- TCGAGAATTCGGGTCACGCAGCAAAGTGG -3';
1/97.43) (SEQ ID NO 52) synthesized from the 5’ end of
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S-SPV-233 is a swinepox virus that expresses five foreign 20 genes: FlVgag,
FI Venv, Feline CDBG E.coli lacZ and E.coli uidA The -full-|I eagé Mli@@f
CDB80 gene and the gene for E. coli i 3-glucuronidase (uidA) wer rt
into a unique Not | restriction site (Not | linkers inserted into a unique
EcoRl restrithid ofeBide apddidernn 2napphoddraielBecR? kixd egi athd SEQ | D NO
) of the 6.7 kb SPV H ndlll K fragnment). The g%ges for_feline 5

i munodef i ci €N y Vi PUs (Flt\l7)e gag/ ot ease) and Fv en\Pé:Ilgﬁg (fuli | engt h)
and t he genesdTACERATCIAATI TN TRSIAAGMRREAGAT acy): Wl ¥ idisefdRe IMtND a

uni que Not | r rictionesit | IF&S"% ed_i:nt i que Accl
res'?ri ction 5s3|3)'?e “?éng t P}%tel Lf%%Fe%‘%%%é Slgj\#éﬁ%;%lll I n%rgaﬁen%:ﬁ EI‘Jaﬁléc(ﬂCDBO
gene i3 undesyntheeebnedolfrem ttee synt G cof attéreake yingr ofBBEr qarP2EP2) and
theI ui dA getrlﬁqéﬁ%gg@eaTtﬁh@Faﬁgrﬂ ré/l'teOIa@- Wa% at en@ned rURILGU et hﬁ{é;jc 3i3h
early pronoter : e /gag/ pr ot ease and enve] ope genes ar nder e
control of s%cﬂaaﬁcé%u%twarsdéirﬁgqe%ﬁpe‘g% t&@%%t@%zﬂ%@ﬁprwlﬁ%%L@ZEPZ).
The | acZ genter&3uent ~ Qppiexipp2aly ungle? t beseontpalrof tthe shardwdiic | ate
pronoter (LP rpat Lppa LLi ho 9 IS i or at ed
rrégg?agﬁg_ bat anakARRL! eBb0RLND 98 22ARG 5 HICQLp

herein by referenc 3 was derived from 0 (contains

FIl Vgdd) Fl VanptiopbramelE 8619 basg geassPariili $ondyuddcomsitmivadiani|i zi ng
the honol ogyr VeGIO(: BFL2ks Al BRI g1US FRIRE200 dih dihe HEMALEAS 4
RECOMBI NATI ON EDURE "FOR GENERATI NG RECOVBI NANT _SPV. The_transfection
stock ~aaS 19° sRFeBRBYCKYMRRELBCREER PERCRREAVBIAANT tSP\VIDMRESSIWNG

i ~gl ucor oni daseyengLYE 8nd SEREENNBEORT RECRYRENANT . HERPESWRUS FXRRESSI NG
ENZYMATI C MARKER GENES). The i4nal resul t of tg L{g)/ reen %)% ff’ cation wll
be the recomdt IS WY iatsd - SBF3EC 19 St Gls SHdEyed for
expr éssi on ofsHY Hayl Hnkeny, and feline CD80-specific antigens using the
BLACK PLAQUE SCREEN FOR FOREI GN GENE EXPRESSI ON | N RECOVBI NANT SPV. The
assays -described here were carried out in ESK-4 20 cells, indicating that

ESK- 4 cel | s HRMPHOGE YESTORaH ¥ bt at e H6r RISHddaePr8h- B S
Spoct 116 ant e e the SOREEI COR FELINE el (o e
speci fic antjgens using.the -1).

(B7-2) EXPRESS ON ¥ N SR ﬁPVCS&IlF %éfaﬁé"é)ﬂﬂéﬁe%@ﬁ@%? ASSAYS.
A hurean CTLAvdkfHetr cldmeerdam] atd fedyiries cimdwyene fdacikespégi fSEoAIONA wi t h

S- SPV-233 pl xpressing fel.ine d_no i S -0 egative
control pl ?i&g%&si%rﬁ g%s ?Z%%ﬁg&r vﬁ% ag%egﬂ3épgf§t}§ﬁ8\?m§\{¥oq%e%ct wth
t he human Feel /iRl Hinasmeatanfi 6BHyDNAdi Ravmsrndsa athehy fgysigrst abl y
expressing tha,delideg A iQla0e 162184 oT BaeRNTHaiP tHhagmepiess apwf FIV

%?%igvlzlzg3egm}\1£.nd f evlfﬂel’]r? t?hecmpolgsenll’]j?d priosdUCLJFs’edC(:"lalcscoai:r inlgnf %%t eq‘.h\g th

25 HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT SPV, a virus containing DNA coding for the

foreign genes will ©result. Note that the &- L
galactosidase (lacZ) marker gene is under the control of
a synthetic late pox promoter (LPl), and the feline (D28

30 gene is under the control of a synthetic late/early pox
promoter (LP2EP2). It may be constructed utilizing
standard recombinant DNA techniques (Sambrook, et al.),

by Jjoining restriction fragments from the following

sources. The plasmid vector was derived from an
35 approximately 2972 base pair HindIII to BamHI restriction
fragment of pSPé64 (Promega) . Fragment 1 1s an

approximately 1484 base pair BglIl to Accl restriction
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sanples of infected cell |ysates were subjected tc SDSpol yacryl am de gel

el ectrophoresis. The gel are blotted 84 ~ 0 SE~ zoa~ and anal yzed usi ng

t he WESTERN BLOTTI NG PROCEDURE. S-SPV-233 is a reconbi nant sw feffbR 2002us
expressing the FlVgag/ protease and FIV envel ope proteins and is useful 5 as

a vaccine in_felids agajns V infection..  S-SPV-233 i s so useful for
expr essi on of 2T het ngﬁ{ég?%rg#gagg(’az}&néﬂ\}gl 565\%9&%&%%%%% Y% 10

S- SPV- 235 S-BRAWWM@REHLI L aiswiatepBxoRir e tBetHExpresseéstibue fraaegic genes:
FI Vgag, FIVeny,. Eeline; LEN L EgoLi - 5 F coli i The, .
full-length éf%ﬁ' n%llélzjel\?--\?J\Sreﬁrgig’%d%ﬁég%éﬁge?%rr} ) gg‘ﬂ“‘#g%leucgm}%?&n’i‘ dase
(ui dA) were T3ekted i R HAtgde RBt FrPestGeri shiskiateNotidlinakers
inserted i ntorBedAi gHE1E5CABl ar @shmpleiieqn Sid eyMdHadl 2h RPpHXidgtiel y 3. 2

kb region (SEQ ID NO ) of_fhe Lodl 11 K fragnent). The genes
for feline i no%l’é%‘f‘%?en%y' vi‘?%#%%?cpggéﬁ%f%%@ QTFF‘%F envel ‘ope
(full lengtH)/"hd )t hesSEfeA® Nor SE) ephthel8gaddctwosi ddse | &0 ofertehd nsert ed
into a unique. I trictian,,si t i rs .J t it uni que
25 Accl resttf?lﬁeoncészf\gtseé %Iﬁé't ﬁlgl %{&é?%poafd t%éeé%g\;ﬁé;%q{ Itei'(\jﬁ f‘:!rlagerrrv{js&nt). The
| FN-y gene i®funder tfite contr®heof the syntheeic | ape/iew¥y profbter
(LP2ER?) andzithendhieAr@enadcscandetcthgacont 1 o/ of A sepgy atre \nd ni que

synthetic early pronoter_(EP2 rot ease and envel ope 30 genes

%. The FI V%a /p
are under tH&Eont4S6d of fLeparsVErsBut § d’gﬁq%tlﬁ’nt i c FaRe/ &tdy
pronot er (LR2APZhesThed! dxbngetiee i S/ urdrl bhe teentfolimd thessyyuhetic late

pronmoter (LP1)._ S-SPV-235 was,.der.ived from S:SPV-200_(contains FlVgag, 35
FI Venvel ope Ia%rdr%‘.iESFfl Fac?f"%lelnessl)t.e Thi s&ﬁé?a ac%%%rp??sﬁg‘ﬁ FESzimb t he
honol ogy veckR@r ©3ddEH. Bl atiastrasds wWE-3PVROR T mich@ddNOtoGRIS1d a
RECOM&!NAﬂ(¥*£$%£EPUR%ﬂ§?%£¥%ately 666 base pairs 1in length

corresponding to the feline CD28 gene. Fragment 3 is an
approximately 3010 base pair BamHI to Pvull restriction
fragment of plasmid pJdF751 (Ferrari, et al). Fragment 4
is an approximately 2149 base pair Accl to HindIIIl sub-
20 fragment of the SPV HindIII fragment M. The Accl sites
in fragments 1 and 4 were converted to unique Notl sites

using NotI linkers.

'HOMOLOGY VECTOR 931-21.Al: The homology vector 931-21.Al
25 was used to insert foreign DNA into SPV. It incorporates
an E. coli fR-glucuronidase (uidA) marker gene and the
feline CD80 gene flanked by SPV DNA. When this homology
vector was used according to the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT SPV, a virus
30 containing DNA coding for the foreign genes results. Note
that the f3-glucuronidase (uidA) marker gene is under the
control of a synthetic early pox promoter (EP2) and the
feline CD80 gene is under the control of a separate and
unigque synthetic late/early pox promoter (LP2EP2). The
35 homology vector was constructed wutilizing standard
recombinant DNA technigues (Sambrook, et al.), by joining

restriction fragments from the following sources with the
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3 p SEP 2~2 GENERATI NG RECOMBI NANT SPV. The transfection stock was screened
by the SCREEN FOR RECOVBI NANT SPV EXPRESSI NG f 3gl ucor oni das ngggg_ 2and
SCREEN FOR RECOVBI NANT HERPESVI RUS EXPRESSI NG ENZYNMATI C MA N The
final 5 result of blue/green purification is the reconbinant virus

v, Cand el R pa e e e T o B AL S0 B AU S oREEN
env, an el i ne Y -specific antigens. usi
FOR FORE! GN BERE SSRPREAS) SRPT NARECHNES RANS v %ﬁggasb?éﬁ?s RRSerPBad here
were car ri edrest riretESK: 4f xagnhent | gﬂi CAEBNG 3t h(aievE%glamﬂl Bimubd) be a
suitable substrate dor; the nroductiop,qh. SPY ragomdloant yaegines. 15

n o tive f

S-SPV-225 is assayed for “express I'oa el ne” using the
SCREENSFOR FEEPRE | NFERRERON CQAVMALB! rsman Ty EXPRESSESS FROMVE RESDIVBI NANT

SPV, RPV or EENHShNC VSV ELAQVE REDYCTL Obp28xTRacend i sfnt Besexpressi on of
FIV gag, FIV_env, and feline IF%%Q/%gqene prgduct, cglis are infected with

S- SPV- 235 an8<8&pl €€ ofB3Mitect 3t | bt e5'Gier S SHBT ectRBO t o9ene

SDSpol yacr yl agné@egalzeel ect bgphatesitsic TheTgel Taee bbovMeHasnd a@nafyzed

usi ng the WE OTTING P RE, 2 - - I r ecoghi nant

SW nepox Vi rggggyﬁagssiﬂﬁa%ﬁ%‘pgl P\/%Jag?ﬁrg?%aggyagggﬁﬁﬁgnvgﬁo%@*p?ﬁ?@i ns and

is uséPul asCankastimelianeflefelsnagaphsenFt¥liaf e€heonpsSrSRY-R85mes al so

useful for eég(/_egggggﬂgé&@ﬁ\é@@m@@@e 3and; 367 eayel Ry PERL KHNS.

Exanple 8 S- > SPV-224 1s a sw nepox_virus_that expresses three
forei gn gened2) TRYTGERES 7e6r e rid'g SUketRA f rlee (Feline g88Fproeease, and
FeLV envel opan@f uldt gy anEdR1 Site SEhd 2OPstheagepeiher Escol i

(L2c2) vere Ligciod ata g e srad Sl Lok sute o ved Taim o SRy 1oco by
contrab of the)syphheéstzeariyopoxherdnoeted ¢EPRhe feline CD80 gene,

introduces an BamHI site at the 3’ end of the gene, and
was used for reverse transcription and polymerase chain
reaction. Fragment 3 is an approximately 1823 base pair
EcoRI to Smal restriction fragment of plasmid pRAJ260

20 (Clonetech) . Fragment 4 is an approximately 994 base pair
EcoRI to Dral restriction sub-fragment of the SPV HindIII
restriction fragment K. The EcoRI site 1in the SPV
homology vector was converted to a unique NotI site using
synthetic linkers. _

25
HOMOLOGY VECTOR 931-22.A1 The plasmid 931-22.A1 was ;
constructed for the purpose of inserting foreign DNA into
RPV. It incorporates a feline CD80 gene flanked by RPV
DNA. Upstream of the foreign gene is an approximately 906

30 base pair fragment of RPV DNA. Downstream of the foreign
genes is an approximately 895 base pair fragment of RPV
DNA. When the plasmid is used according to the
HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT RPV, a virus containing DNA coding for the

35 foreign genes will result. Note that the feline CD80 gene
is under the control of a late/early promoter (LP2EP2).

It was constructed utilizing standard recombinant DNA
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5 The FelLV envel ope gene is under the control o~ the synt hehgfsbcqﬁﬁrmzpox
pronoter (EPl). The lacz gene is under the control of the co iYuti | at e
SPV I 5L pronoter. 10 S-SPV-224 was derived from S-SPV-001 (Kasza Strain).
This was acconplished utilizing the honol ogy vector 92165.B5 and virus

S-SPV-001 in OGOUS RE | NATION P RE FOR GENERATI NG RECOVBI NANT
RPV, SPV, oif?'}%‘?‘ﬁ%st r(éﬁg%/?’tqkon Stodk '%s %r dRdTBHIt He BCREEN FOR 15
RECOMVBI NANT RRAGHESPVE FolY ekpr €ésdilpngifd- gaactasivdase ol Uil haAND: CPRG

ASSAYS) or ~sgal ' e ( ngf§ YS) fi ul f red plaque
purificati onD%sg% hggbg%%ﬁbi%%t Vi ?ﬁ%(%dggi-&%art e“gaagégéﬁ]z\éélé %ﬁiogl v‘—i”?usqwas
aci ds for ~3gtaciedicdased20 erpeepsivnibydihe 1 sie isltdque aoakent

descrided in, MaLepikal S paatheMRl N0dS:ogmeIRV- 22451 s nassayed iRl exPrassi on of
FeLV gag/ prqtease, 25 FelLV_env, And_~i-gal act osi dase proteins using
proteins usifRF WWBQIFéQt?CﬁEFé\Fé L ESERESSION 1agRESOVEl NENT RPV,
SPV, OR FHV Ri8F NBiBIAGK PLAGUEL ASSAXS. frEwneassays dasiestithedeherg were
carried out 1j,rna EmS€I3<-€ gelilss AAI’S’”LS ]t_;gxg g&fi 1iabl 3 S.Lli?asé rate.fo tI&eI ptroducti on
of SPV 30 rdcoiBlnant “vadci Hes PRaGUSICIZIY 1698 T8 Tonf T %:I‘?é’ expressi on
of FelLV gag/BadfeaseagndnFeltf dérhe genkips odbed sgevel kynahesiinkect doy Wi t h

S SP\’%'OZ24 a'&oﬁxﬁzl\&a"}ﬁ 1e PR8I o8| }&ﬂﬁ%@éﬁr%&deﬁﬁabi&gﬁﬁ’a &P
SDSpol yacryl am de ge %Fectmrqphorems. The gel are blotted and "anal yzed
usi ng the (~AESTERN BIEOFRANS PROCESUREA drom Lanispt pdatedsHe b j s g
recolnbi nant sy &8ROX v!creqase.:;pr esshag t hed=l\@ag/ propeamer and felV
envel ope prqﬁg@gﬁ&% é Cine n_}I | .ds ainst _Fel V.
i nfectious. & C%C%Tﬁgg% gg?‘ﬁgc#gg x‘prJe/sgs 0 )of(S%g% Ig?eL 54_2)
gag/ pr ot easessanthenvatoptrpnotkens.! EXAVBEEtheSESRVN246DBO gene and
15 introduces an EcoRI site The downstream primer (5'-
GCTAGGATCCAATCTATGTAGACAGGTGAGAT-3'; 1/97.6) (SEQ ID NO
53) synthesizes from the 3’ end of the feline CD80 gene,
introduces an BamHI site at the 3’ end of the gene, and
was used for reverse transcription and polymerase chain
20 reaction. Fragment 3 is an approximately 895 base pair
Xbal to HindIII subfragment of the RPV HindIII fragment
U. The Xbal sites in fragments 1 and 3 were converted to
unique NotI sites wusing NotI linkers. Synthetic DNA .
between fragments 2 and 3 contains the LP2EP2 promoter
25 and an EcoRI site and a BamHI site for insertion of

foreign DNA.

HOMOLOGY VECTOR 931-32.A5. The plasmid 931-32.A5 was
constructed for the purpose of inserting foreign DNA into
30 RPV. It incorporates a feline CD80 gene and an E. coli
B~-galactosidase(lacZ) marker gene flanked by RPV DNA.
Upstream of the foreign genes 1is an approximately 906
base pair fragment of RPV DNA. Downstream of the foreign
genes is an approximately 895 base pair fragment of RPV
35 DNA. When the plasmid 1is wused according to the
HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT RPV, a virus containing DNA coding for the
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S-SPV-246 is a swi nepox virus that expresses five foreign genes: FelLV
gag/ pr ot ease, FelLVenv, Feline CD80, E.coli lacZ and E.coli gdﬁ\ SEPne002
full-length feline CDB0 gene r' and the gene for E.coli f~-galactosidase

(uidA) were 15 inserted intoaunique Not | restriction site (Not | |inker
inserted into _a .uni que EcoRl i 0o |n an pr0|mately32
kb region offo e 6 ?(nesc‘,P\’/l % %Z fr?ggmnt) 5u€5§§ 5‘&&3 1?¢nder the

control of tSit@rsiandlerchomlatMEarDyAptgﬁbne@IU(sEPZEE@)DranH 2ett ké .ui,dA gene

i s under comy ol synthetiq gar H‘ Q%0 PE ONBE "
FelLVgag/ pr o?ztg{atse Fel_r@eenvel op et ful | aBgtarrll and ﬁle %Pecz:m tH90wing

i ~ gal act osiSPAE T aWZfhgditss %\ké?%h?‘hk%rp ISRV RS et'B}deI plaspdé derived
froma 1869 weaytdal wik ndetivBdgenreni anf aggﬁemmaieeyZ%E@Lﬂaag/ rQtease

gene is under, the control, of the syntheti r X prormter P2. The
2oV envel optgia RS LoRat EaT U FNG 4o REREERG) eaf SRR
pronoter, ERL.ifhean acaZapgexxerria&etLyde&?O& heasentpalr oHinkHEIConsd | KbkiIve | ate
pox pronot er 0 pkiga

i ncor por ated ehé:;r}éll {))y refer enc%‘R%NS %gvt%shggr%gg ;{\90%@ g%éggéﬁ)%
(contai ns Fél!a‘eg@g?tpr oPeas&nipévenvadt opel ahd EF&apmenscz yenesi narhe 35°

| SL del et ed a%ﬁﬁ%z&bné)@éil ab74&i pAkkl it agEent )to THAsu a8 36aeAP! bghed

utilizing the ho vector 931-21.Al and rus S-SPV-224"in the
HOMDLOGLS. RECONET N R85 506y S Fhomse PROBIDGHBTAIE GENERATIRG
RECOVBI NANT PREYMESRSE ORHERW. RhRCTIGRST erttd OIﬁe&bQerV\laﬁoﬁCrtﬂﬁ'IEQCRy t he
SCREEN FOR RE | NANT _RPV, OR F Iacto i dase

( BLUOGAL AND °CPRG“ASSAYS) Eﬁr %g%émact osulX dale T 3?%?3?6_‘, &e A@§ iﬁ@nfi nal ,
result of blag grleen pl aquéhmurifi capisohrwiaim be t he I econbi nant( 5vi Fus

desi ggat ed 2 f.a PLESSi( FakV
gag/ gr@ot easg\%B XGU%@HTC%G%@MZe\nég?%%%%’nS gs/?)r?gﬁg g%%EEIéRI E?RS'I%%REI GN

GENE EXPRESSIYOR Y oV RANTIRPY, €Y, o brRE e @élrm BPACKIPRAQMEIASSAYS.
The assays degGiddirtbdens weeerRtardiwd ohk | dolnti e &Rl Igtinaidi Qat'Lng t hat

Fecombi nant S aeECReC AR AR TR TG et Sﬁ‘*ﬁ?ﬁ%ﬁ” TP e ooe
speci fi ¢ antidgesyusheg itzes S@BEENhECR FEbthEfCDBG €BIing ANEDOC@Bﬁe(B? 2)
EXPRESSI ON '}Hr_; %E%ér\'ﬁ%l}[§ o1 REYe OR EHML, 203 USLING BEACK. % 29 §§§AYS A

human CTLA- 4 anti body is s own to react spec W th
S- SPV- 246 pMaguesqexiressevgriel Fﬁénmmth?@ od mPlymsraps. Qbilﬁegatl ve

control pl aguest Al . STSRYnaM obseryedaphagiesatsy SHOVW bos&epgirWith the
human CTLA_4/ F?—I Ch’lcgerPIV%II restriction fragment of plasmid pJF751
(Ferrari, et al.). Fragment 4 is an approximately 895
25 base pair Xbal to HindIII subfragment of the RPV HindIII
fragment U. The Xbal sites 1in fragments 1 and 4 were

converted to unique Notl sites using Notl linkers.

HOMOLOGY VECTOR 931-55.B12: The homology vector 931-
30 55.B12 was used to insert foreign DNA into SPV, It
incorporates an E. coli f-glucuronidase (uidA) marker
gene and the feline IFN-y gene (Onions, et al., (1996);
Argyle, et al., (1995)) flanked by SPV DNA. When this
homology vector was used according to the HOMOLOGOUS
35 RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT SPV,
a virus containing DNA coding for the foreign genes

results. Note that the R-glucuronidase (uidA) marker gene
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25 antibody indicating that the virus is stably expressing the feline CD80
foreign gene. To confirmthe expression of FeL V gag/proteas ,UF&EL 2002
envel ope, and feline CD80 gene product, cells are 30 infected with

S- SPV-246 and sarrpl es of infected cell Iysat es are subj ected to

SDS- pol yacryl a el ectrophoresis, bottl| ed and anal yzed
usi ng the WEST ‘F'Qﬂﬁ cﬁl %% 3§y§ %%&548 gyaDPé(c@rFﬁ“}?&ﬁ

SW nepox Vi rU%P%»(pae@sthg théikel IVNgaghpnet easendexd thel Yoemvellopes
proteins and, i a, n d i.ast F s. 89
30SEP 208‘52 ée}g%%g%éﬁg aﬁgﬁﬁsg‘?’ t‘?h%éﬁkeia?gis?%%yo?@f‘h D@E%L%\L?e(}n

gag/ prot easel lERRERAV el Bhe pPOPEPHY. VEXAMDLEafo BNEFICTERalM texamiings  of

recomy nant syMREPPE ¥eEgsbuseht! DRA @e\taﬁ@bngsag@bﬁ@&ohﬁl ige av.),
i ne |l.eukem or. fel.ine

i mrunodefi ciency. virus (FI V), .f (F

Drectsous por Vit ( FeseAeE oK 1EURRPRE nor AR S et Tt

expr esses f|smu:fcmsewgrtlrgeﬂnesapﬂShepFiM:enwrgerma:.lcs DmdesreqttMWnt rmia of the
synthetic e r er I I g/ t he
control of t eélgs@% hgtelg?a%ar a?’apg§£§£§egr g%ﬁerﬂEP%sg§§xgﬁgggF? gene is
under the cdrg®l Reflin hBraw n’é@%&rmfbh@@erfﬂaweqtheofelm@rmo @@Ne is
undery ¢ he C%Hgloind)fBlUl%b%)fm F%E!t;ﬁeh@t e/ eqrdy RPN AREAY, lB%aE%%set he

E.coli idA gene is under the con of the synthetic earl¥ pr onot er
EP2. The FTPHF eR¥efope F&rRl RSP igaf prdt e3eR SHEERD| P |§Ez &é’r\’es are
| ocated in a{mcﬁfemerﬂra@mérdj SKi NGtragpreras sentisal aSP¥dorger tb omagitre from

the feline CD8 rlcdt t he coIe ui d%gggfzé@sbert 'e%%l%\;e t2r5<_:m,g\ I’eC(%nbl nant

Tes ion fr hF R
SW nepox Vi rus expresses Ve gn genes. env “gene der the

control of tahredsyﬂﬂmereseachy1poxepc@m§ner<PERi UShBQFRVAgégbplr @toe@se gene
is under the;Comide®f Ebeisynt Bﬁiééneaééﬂgoxagr ogot %mE'i%tet he -5 col i

| acZ gene is under the control 30 of the swi nepox pronoter ISL; the feline
CD86 gene i SYHde?Si#e contPorn8f t het ¥ nt-het i cthat e/ eBFEPEBox pEdmot er
LP2EP2; t he toqreiirmicdAToaneTASAUANeTTTHEICOMT 03 0f it/ aynteely arearly

pox promot ery 562 ) The FLY.S0us! 98,9908 1V 979Lpr ohgase;3nd ool ! acZ

gene, introduced an EcoRI site at the 5’ end of the gene.
20 The primer (5’'- TCGAGGATCCTTATTTCGATGCTCTACGGCCTC -37;
1/97.3) (SEQ ID NO 82) was used for reverse transcription
and PCR and synthesized from the 3’ end of the feline
IFN-g gene, introduced a BamHI site at the 3’ end of the
gene. The PCR product was digested with EcoRI and BamHI
25 to yield a fragment approximately 504 base pairs in
length corresponding to the feline IFN-y gene. Fragment
34 1s an approximately 1823 base pair EcoRI to Smal
restriction £fragment of plasmid pRAJ260 (Clonetech).
Fragment 4 is an approximately 994 base pair EcoRI to
30 Dral ©restriction sub-fragment of the SPV HindIII
restriction fragment K. The EcoRI site in the SPV
homology vector was converted to a unique NotlI site using

synthetic linkers.
35 HOMOLOGY VECTOR 846-88.B17. The plasmid 846.88.b17 was

constructed for the purpose of deleting the entire gE

coding region from the feline herpesvirus and inserting
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35 located in a different and distinct non- essentl al SPV in e
fromthe feline CD86 and E.coli uidA insertion. 30 SE?Q %gﬁjd[]&
reconbi nant swi nepox Vvirus expresses two foreign genes. The felir_e CD86
gene is under the control of the synthetic late/early pox pronoter LP2EPZ2;

the E. coli %I d%h ger thgtcoqtnrcglrpgfratt@% Syt hetic @ﬁﬂy BOX 5

pr onot er rus as use alone of “i n conbination wi th ot her
r econbi nant gﬁﬁ@FéPﬁédéﬁevé%%‘FWe m%‘diﬁrt igsn&l legarpresintor ekenBHHaaE

SW nepox Vi ab_t&@%elas@flltl forareadust iron mia vacnh@eplag@wstmEeay ghsease 10
woul d be the sane _as sfg%% bed abovejé \FqAFﬁh the e ce t repl.aci ng the
c

FI'V gene wi Fﬁnf:ﬁéncq‘or‘?paflr PFT \WPR) ELy8ReSt A n%?n%xgﬁﬁl“es of
reconbi nant thei BepOxsvie usestish RiSkfoall If 8r fpagdenti bo ohepsalm nstkor use

as a vaccine fqr, eDOEL}Y\?'Q@é‘ﬂzIaEtEPQQMeHEOd“%' Onald A 1 calhon-gge: A gene

r econmbi nant “Swi Nnepox Vi rus expresseés oné foreign gene
| acki ng theSaﬂaInéﬂ"reﬁitﬁGEm@eI@ibn@rilCh fle ZGaﬂJhdérit?he l@brﬁh&)lFPb\f E®eREyAt heti c

late/early pQYymiRNi&Esidd2ER2. oAb @{ﬁ@él&@lXhetm%ﬂgﬂfdﬁeéﬂfgmgeag I acki ng
t he transnenbrane domai n has hi s |d| ne ta%?fu& on at the carbox

term nus to9&Mfow PIRSHIER | 39 ntt ya%omﬁﬁoxzxaaﬁdr~
recombi nant 1awsnep@e Haids p@mrleass:es sanf mm@mgmmt dheriel sae1 CB28 gene

| acki ng t he i d ontr tic

| ot of carl v FORCRFARES oo Tf ORI oRuNR Rk PacErRE Phe hn' 8887 B8 56

| acki ng theatﬂna@sneﬂbdahe M FE FRAM a A st:hal neoxetgt udene atlSt hencar boxyl
term nus t0a§b£8%ﬁ£&£éi&¢§§b9”b9§eain£k§él§fEbnAéy ?Péugnbffbéﬁéﬁgb'nant

SWi nepox Virus expresses on a foreign gene. feli ne CDB6 gene | acking
the transnefbr &he dohaibraRs %d@aﬂnl*?é‘tcdfﬁlr@? ‘E)Cfn‘%%?en%ylﬁ'tlh‘éw csb@’c’é/ early

pox pkonOt eanBP2ER&i nAllt eidplEty &leuenhe .f el i Ch8G gentmd is used
according to the HOMOLOGOUS RECOMBINATION PRCCEDURE FOR
GENERATING RECOMBINANT RPV, SPV OR FHV, a virus
containing DNA coding for the foreign ene will result.

Note that the E.coli lac Z gene is under the control of

20 the constitutive FHV gE promoter. It was constructed

utilizing standard recombinant DNA techniques (Sambrook,

et al.)
HOMOLOGY VECTOR 921-65.B5. The homology vector 921-
25 656 .B5 was constructed to delete the SPV 15L gene

(approximately 237bp) and to insert foreign DNA into SPV.

It incorporates an E. Coli 8-galactosidase (LacZ) marker

gene and the feline 1lukimia virus (FelLV) gag/protease
and envelope genes flanked by 8PV DNA. When this
30 homology vector was sued according to the HOMOLOGOUS

RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT RPV,
SPV or FHV a various containing DNA coting for the
foreign genes results. It was contructed utilizing
standard recombinant DNA techniques (Sambrook, et al.).
35 Note that the 8 galactosidase (lacZ) marker gene is under
the control of the constitutive late pox promoter (ISL)

and the FelLV gag/protease and the FelLV envelope genes are

70



3 0 SEP 2002 | acking the transnmenbrane domain has a histidine tag fusion at
the carboxyl terminus to allow purification on a nickel affinity (c8ERNB0025
Addi ti onal exanpl es of reconbi nant sw nepox viruses utilizing both CDB0 and
CD86 and useful for vacci ne devel opnment for FIV and FelLV disease in fields

are: A Teconfhant R NERAK, YT US OXREESSAR. T | KoaLRLELAD 10 ggnes., The

feline Cd86-"gene an enes are expre I'n"a bIci
cassette undepmpliersontra agid tEHr'él ,sWﬁEerﬁtCit'cl\{%ﬂtﬁel eafhy PoX peawenee LPI1,

driving therlipaRsasi Phé Oflopél&m&e@@du%@@tﬁags I ﬁgi*é'déiélgl‘@@d EMn! RES
el ement between the two_open teadi ng franes; E.coli 15 uidA gene is

under the c%n@r’élP Binghet sl‘f/rﬁed"éﬁlcc §FS§}‘QBFONDFQ‘? URPBT eFR S ERYLTICE
gag/ pg ot easef gene foredlergdriess Q@nbr@bBObpthEagmemep@aniDﬂDhgrpaﬁlL t he

E.coli LacZ ge co o] h 0x not er,
LP1. The CD8 8/@%6%‘9539@ éﬁgco?gé '9% 3%%12%;2 ‘ér%é A ne% 8%8
different ahd divstgmegtt norResTeimdg aPaSPVOP‘nsréTEt i %)Plvsiﬁé foeom -t heThe

FI Vgag/ pr ot @aés1gndlal%§0§énéac%e@ezneew@%§é oBsq %ewogywa%té% epox
Vi rus expresses five forei fenes feline CD86- gene and the CD- 80

genes are eXpeBsseading bf%"f“g??o‘ﬁ t FaRsbit ehangebet pEtebhtt sPlovithe
synthetic |@é§bé@t| YoP@XePEOWDL 6L hﬁa s@rvl yhnggthest.ranscription of CD80

and CD86 an t between .t en r eadi ng

frames; theg%b@gp& 39@@3}?3@/%'55 der {&h)e PoAETSF F%Qt he ggnt?{%f'l c late
pronot er, LEdnsThected/ é@nettlmq:)eplglepresesotmdlelethlegcanpootlolﬁ ofletlsynt hetic
early pox upder _pr ter, e ntrol of
t he synt hetgg‘ Iafgéﬁp X prgl§ ter IglJE CE%Lé gj%]gj]%gé} dég\ﬁff% Iggll ui dA
gene are cohngerednon tRLEE ffe?rr@ﬁ{gnalﬁfrtﬁ%tllm Heh- %%s@@&eﬁta@dswtensert. on

siteikromthe HYV9sgiprateasa and fnLobbsbackgensinsgplionna 92rv 3 0 SEP
2002 A reconbi nant SW nepox VI{(US expr esses %I x farei gn enes. The feline

Cd86- gene GRE/PROTEBSE G&TE ekprE Pl n 376 &lstrn & P% h8°8Snt rol of
t he synthetuczbabeprXfpa@h@aebnyﬁv HNAVInghéhﬁeliﬁ@scm8@tg®ne0®a€D80 and

CD865and|nIud| RES el emen et ween _the.t adi ng
frames; the E &0l i Qﬂ?df%%%léois ?nd%%r?l tthgo V}?ol%rofmo e s n?l%etl C early

pronoter, EB2g/ThetEe¥egagienot ease gemalers uper t:hetcohtrcﬁf ofthée early
poX ppOMDt el s B aHiRe FLY AVRIRRS USR8 ithdiNfeVetP€lope gene is

under the control of the cytomegalovirus immediate early
gene. Upstream of the foreign genes is an approximately
1415 base pair Asp718 to Smal subfragment of the FHV Sall
B fragment. Downstream of the foreign genes 1is
25 approximately 2205 base pair Sall to Asp718 subfragment
of the FHV EcoRI E fragment which contains unique short
and terminal repeat sequence. When the plasmid is used
according to the HOMOLOGOUS RECOMBINATION PRECEDURE FOR
GENERATING RECOMBINANT RPV, SPV or FHV, a virus
30 containing DNA coding for the foreign gene will result.
The homology plasmid, 942-03.C6 was constructed utilizing

standard recombinant DNA techniques (Sambrook, et al.).

Examples

35 Examples 1A

Cloning of th efeline CD80 (B7-1)-TAMU, CD80 (B7-1)-SPAH,
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10 control of the synthetic early pox pronoter, EPl; the E.coli LacZ gene
is under the control of the constitutive 15L pox prom)ter ;B @p@ﬂ@goe
and E.coli uidA genes are inserted into a distinct site fr(? th tion
of the FIV envel ope, FIV gag/protease and E.coli LacZ gene 15 insertions.

Addi ti onal @%ngggx2y| reses  fapqueerd -zek¥naccines for fields would be
constructed as described above, replacing the FIV genes for the conparable

FeLV gene cepst riiols,e 28pFXAVBRE 111 Addid | epal sexampes of 4 eeofRi pant

raccoonpox virus 25 useful as a vacci ne agai nst f el ne 'di seases such as

feline | muRBY&f i ci¥ky vi FUETERI V) DY el i ReTFEukefTa RF us (REVS¥Seor

feline lnfeekaﬁgarmptab@a@bu§mé5bek aeaaLA nesonthi fiant AHRAGFYARRX ¥i rus
expregses fore:b%n 30 g nes. The feli ne CD86 i s under th(g control of the
n

synt hdtic I5F8}l8§r tﬁ’&)?np St SIUBHER P hdfe #eTOI FORERTV§RnE P Inder t he
control of the syk¢ hetdgereata poprpmenst echad. B&eﬁohc&tiécbnadlte]xaﬁnées of

recombi nant E2600°DROX. VERLSS sRELUl of OLnOIRRNA! 10D BL PLALELAS ERLquse as a
vaccCl he or onal_ ant producti on and p cation (0]
SEP 200z A W@@@ﬂ%@ % Y Fab %%OH%%%YVFKU§pé%BP€§§@§ @ﬁémﬂéaéﬁ@nfgén@t The

feline CDB01ggBe | agki Rguibe whansmeshr ane dohisai AckS prdancthewggntrol of
thefnthetlclate/ rlykﬁ)ox %gom)ter LP2EP2. Al ter nat |veI])r/{%ethefeI|ne
éene 5SPEERPAGY he TranShEhbPERe “ESmat it hasCa i %S9t PHsi on at

the car boxyRACEr riraps dt an@ﬂhcﬁwcpmnbfnl ot icON2omralsni @IG—PI af'lfhenIE{’yeﬂdl um. A
recomh~nant r ccq,&gf)l ST Se(_ss%gkggﬁ 1;651@1% g0 48 gen o ?ﬁfa i ne Cd28

gene Iacklng f anshenbrane domai nois he“contro e synthetlc
| at e/ ear | y posmpronmtenlinR2ERX Y Abbertiat | neWyy tsegiUesidate @Dzsegea@ I acki ng

the tr 3”5”99‘8?:’{‘83 doggi elaganachb%tel%n%agagﬁé%lean e tth%e 3caéll%zxafk

termnus to a on on ni ckel finity col

[ow purifica
recoidi nant t &%%%O%CQWPﬂtémé%ﬁré@s@% biie for &ngn %n@?"rﬁ‘he fe'ﬂlh% CD86
gene Iacklngehh@nb@angﬁam&ﬂaa@ dQﬁaiBlhalﬂgdeiu&$er@9n&ﬂﬁ4 @hst hea®ynt hetic

: ZE:E{ ﬁgrlﬁezg?ﬁggn&mgh@a& Z%Odg%atater e{:v\éﬁ% t_t}}gleg ‘F%‘%?%%re%?m ﬁ@gcar boxy!|
term nus topaihew puxt f¢ccrattasp®rm}¢dammbkehoahérnregylc.ml iummthe newly
sequenced region. Degenerate primers were employed in
20 multiple rounds of nested reactions to obtain the 3' end.
This upstream primer for PCR was designed to react with
a sequence in the newly sequenced region. Products were
either sequenced directly or cloned into a TA cloning
vector and sequenced from the plasmid. The whole open
25 reading frame was cloned by amplifying in its entirety by
PCR with primers constructed from the known sequences.

The ORFs were

cloned and sequenced three times. The B7-1 ORF was
30 subcloned into a pSI plasmid with an SV40 promoter, and

the SFV plasmid. The pSI was used to establish the

functional interaction of B7-1 with the feline CD28.

DNA primers used for RT/PCR of the feline CD80 (B7-1)
cDNA were:

35 5’ Primer: 5’~-CGCGGATCCGCACCATGGGTCACGCAGCAAAGTGGAAAAC-
3'; (SEQ ID NO. 11)
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25 A reconbi nant raccoonpox virus expresses four foreign genes. ng fébd ne
CD86- gene and the CD-80 gene expressed in a bicistronic cassed tle S6Rd 2t he
control of the synthetic |ate/early pox pronoter LP2EP2, driving the
transcription of CD80 and CD86 and including an EMCV | RES 30 el enent

bet ween the {wo_open readi fr rivi t t l,ati of 2nd,
downst r eam ene?r%ﬁ;: ?’hé IT@%%@M%%%{Q%OMH%QO@# ﬁgOswi nepox
pronoter, O12)the E.coli uidA gene is under the control of the synthetic
early pox pr e AT in r ; [ S our
foreign geneg‘?g&rhébgéﬁ ‘:fg‘cﬁé@%qg@é}r?qutns& %%ﬁ%%%@gﬁéﬂf&f@%&% 2002
expressed i rF%) ci stronic cassette under the control of the synthetic

| ate/ early pox pronoter LP2EP2, driving the transcription or CD80 and CD86
and i nzl udi NgNAPENErg REed I for RT/BERwesnthehbed ee gfjeaf R ere
driving the $ tpangdat i on afcddrer gk ccormst s eanrgenes
FI Venvel ope gene i s der the control of the synthetic early pox pronoter,
El; the E.co RPdA géne is under the control of the synthetic early pox
pronot er E2.3* -PAmeco i {GIUCARAIITCTEORATREGUSTERPTE@BCA®, 3 fi UEP oIRi gn 10
genes. The f inﬁ4pD86- gene and the CD- 80 gene expressed in a bicistronic
cassette under the control of the synthetic |ate/early pox pronoter LP2EP2,
drivihgy the t$amsebppei profoopd@tand iGmse famy inrtudiag &l EMOVCRERES

el ement bet weg@ni he two open reading franmes driving 15 the translation. of
the 2nd, downstream gene, CD80; the FIVgag gene is under the control of the

SW nepox pr omek epy iflelis thee ifsﬂvar*?_;@mgef@ tBeuUnder nsheepnty abpgf the
synthetic early pox pronoter, ; the E coli ui gene 1S under e control
of the synt h&&%%-early pox 20 pronoter E2. Additional exanples of

reconmbi nant raccoonpox virus useful as_a vaccine against feline disease
such as felihe PIRRINIAIT QeMSFsvitels ERRI Y LSE ePFRPTUUKE T 8013 rRR) 25
(FeLMs or fel ipegy isnf ect i ous’ pamictamTt(cs dddTcErerT & o yemt3 « ;
raccoonpox Vvi ru%@ esses 1tvyo foreign genes. The feline CD86 gene is under
the control of ?;Pn sti’c ] at el early pox pronoter LP2EP2; the E.coli

| acZ 30 gene | Dagnder H:he cbnt TCAAGITGH(IAS AN At GEATAARATAACEITEOR ef LPL.
Addi ti onal exaq@ﬁ Iﬁ_.j NcECcami nant raccoonpox viruses utilizing both CD80
and CD86 and usefu or vacci ne 35 devel opnents for FIV and FelLV di sease in

fields are: A rgcoghinapt FRGCONPAK Midus sxPLresses. f o, danal gne 5

20 {(GSP) and nested gene-specific (NGSP) primers:

e qa¥c o

First round PCR: .
Deg 5’ P: 5/ ~-TGTTGGGTTTC(T)G(A) CTCTG (A)CTT(C) CCTG-

3’; (SEQ ID NO. 17)
3’ GSP: 5’ -GCATAGTAGGGTGGTCGGTACATG-3; (SEQ 1ID
25 NO. 18)

Nested PCR with the PCR product of the first round:

Deg 5" P: 5’ ~TGTTGGGTTTC (T) G (A) CTCTG(A) CTT (C) CCTG-
3’; (SEQ ID NO. 19)

30 3’ NGSP: 5’ -ACATGAGCTCCACCTTGCAG-3"; (SEQ ID NO.
20)

3. 3’ end of CTLA-4: Adaptor primer 1 (APl1, Clonetech
Lab, Inc., Palo Alto, CA); Nested adaptor primer (AP2,

Clonetech Lab), gene-specific primer (GSP), and nested
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3 0 SEP 2~~~ genes. The feline CD86 gene and the CD- 80 gene expr essed in a
bi ci stronic cassette under the control of the synthetic |ate pox B ShBt 2002
LP1, driving the transcription of CD80 and CD86 and i ncluding an EMCV 5

| RES el enent between the two open reading frames. The FIV gag/ protease gene
i's under the gggtrglecqffl@?ﬁx{grhemegﬂ)at e/ early pox pronoter, LP2EP2; the
E.coli uidA gene is under the control of the synthetic early pox prom)t er
EP2. The CD80/,CD8&G, g p@ag/ proteaSC and 10 ui dA genes are all inserted into
a single non- essentl al RPV site. A reconbinant raccoonpox virus 4 foreign

genes. The ,. AP ne EDBECATEREAYENECARICRREATRCECa2he €3G e5Re¥0in a 15

bi ci stronic C@SSette under the control of the synthetic |late/early pox

pronoter LP2, driving the tra 6 an ncl udi ng an
EMCV % RES el er?gnt _40;2.[ ween %hﬁ?%ﬁ%@%@@é&%&?%@@t he %%%H Racz gene
is under the ¢ontrad) of a synthectic 20 early pox pronoter, E1; the E. coli
ui dA gene is under the control of the synthetic early pox prom)t er E2. The
CDB0/ CD86, FI \2’emiesdtope RACE HTRA werte s ey epraddudmser tied RATE BCRsE ngl e

non- assent i aI ‘FV Sit sLAg%fﬂQ@@@@%A%@@@@oypox é’ﬁéulsoer&ﬁ’ref es Si X

—+foreign genes. he feline enes and enes” expresse |n a
bi ci stroni c c&ss&3SF under 5t h ﬁ@?%GWACEWCSC? eBi /1 &8%R pbX N onpt er
LP1,1@riving thae transcription of CD80 30 and CD86 and i ncluding and
EMCVIRI'S el ement between the two open reading frames; the E coli |acZ gene

is under thg. cpﬁyﬁggsoﬁfo@ ugbgepgmmt@r@ggé The FI Vgag/ prot ease gene i s on
under the contr of .the synt hetic ea;w?% rom)t er.EP2. the FIV envel ope

gene i s under ¥ ecgé‘ﬁ\t foP 35T b he” s T(?%A%%(FT%FW et, EP2; the

FI'V envel ope gamn i1 wwler2a)he control of the synthetic early pox pr onot er,

EPI; the E i l&lé[gz gene nde t % rol of the
E. coI i lacZ ggjeés e flngerFr%lml nt oga ‘%gsfl nccfli?’cﬁA Cci}rg]ser'tl on of
the FV envel dg&Q HID/@EY/ @€t ease and E.coli ui dA gene insertion. 5

Addi ti onal raccoonpox r ecomnbi nant Vi ruses for use a FeLV VaCCI ne for

fields woungla gt af for the
conpar abl e FelcygNg&ergpesre i

1. Degenerate primers for the first PCR product (423 bp):

Deg 5’ P: 5/ -TAGTATTTTGGCAGGACCAGG-3’; (SEQ ID NO.
20 27)

Deg 3’ P: 5’ -CTGTGACATTATCTTGAGATTTC-3’; (SEQ ID NO.

28)

2. Degenerate primers for the second PCR product (574

bp) :

25 Deg 5’ P: 5'-GA(G)CA(T)GCACT (A) ATGGGACTGAG-3'; (SEQ
ID NO. 29)
Deg 3' P: 5' -CTGTGACATTATCTTGAGATTTC-3'; (SEQ ID NO.
30)

3. 5’ end of CDB6: APl, AP2 (Clontech Lab), Degenerate,
30 3’ -gene-specific (GSP) and 3’'-nested gene-specific

(NGSP) primers:

5' RACE PCR:
AP1: 5/ -CCATCCTAATACGACTCACTATAGGGC-3'; (SEQ 1D NO.
31)
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10 EXAMPLE 12 S-FHV-020 S-FHV-020 is a reconbi nant feline herpesvirus that
has a 15 deletion of the entire FHV gE gene (1638 base pairs) %qlgppez@gon
of the E.coli lacZ gene is deleted gE site. The E.coli lacZ gehe 'S u r
the transcriptional control of the constitutive FHV gE pronoter.

20
S- FHV- 020 was deriygd fromS_FHV [l i NaS ac | i shed
utilizing the oﬁ% ggy vecforﬂ§§§%%§q§#fagﬁiaﬁ%#§?%§%%§%b 1’in9$%§
HOMOLOGOUS RECEVBYNAT} ©N PROCEDURE FOR GENERATI NG RECOVBI NANT RPV, SPV OR
FHV. the transfection stock was screened by the SCREEN FOR 25 RECQOVBI NANT
RPV OR SPV OR ¥eRte&XPRESIANG PERgulblet 6BE dBSR PBRPUOCALOAND CRRCEASSAYS) OR
f 3- gal act osi dagges ( X- GUCAABBAYraTABEGETRBRGEEEELE / Of (BEYerpl RgUesa)
purification was the recombi nant virus designated S-FJV-020. Analysis of
purity, and i nser¥edFfst abi 15 ty-AAFECAST JeSRASRBE -gert of Ted gpa
detection of iBogakartosidase in the SCREEN FOR FOREI GN GENE EXPRESSI ON | N
RECOMBI NANT RPV, SPV OR FHV USI NG BLACK PLAQUE ASSAYS. EXAMPLE 13 35
S- FHV- 031 S4FH¥-0%hd &fr ecorhi pant, g2, ne hagreswndus 't vaischas a 97 3 0
SE P 2002 deletion of the entire 1638 base pair FHV gE gene and an
inserticn of threeatprecgn genes in the gE deleted site. The CD80 gene is
under the tran i pti@nal . ' lve, F ommter and
orientea in théﬁgane % dFF%@?%é%hé§E§h§%géﬁgégéﬁéébggnéHY$%§ EPVHB'
gag/ pPot ease g&hke is under the control of the pseudorabies gX pronoter and
the FI'V envel opezggne oS dindeinddee i@ aiia@la s Tt -Gyt ompgal ovig Ugol medi at e
early pronoter. The gag/protease and the envel ope genes are oriented -~n
the 10 same di?#®ttion with respect to each other, but opposite in
orientation to the CD80 gene. S-FHV-031 is derived from S-FHV-020 (contains
the E. coli La¥egtgéne’ bghFEdPQE i oot e ) PCRhpsodyccebnpl i BAEH: 15
utilizing the gppol ogy veetronc942203cE0c6aeechRL €F i; al spandpMabhods) and
virus _S-FHV-020 in_the HOMOL

) ] S REg%%%kg@%JCN RPV, SPVY, OR FHV. The
transfection st ocKCPE: scr eenedF e TEORTREASBPNANT 8% R SPV OR
FHV EXPRESSI N&i¢ 3- ga) act osi dase i n ( BLUOGALAND CPRG 20 ASSAYS) or
~3- gl ucuroni dase ( X- G_LUCASSAY). Reconbi nant plaques are selected -and
purified by whwhelpl anae gehection. This virus is characterised by

restriction engopuchsase, Teppbug.apd Lhe SOUTLERN-BLATILNG RMps 0cedur e.

This anal ysis confrrns insertron of t
(SEQ ID NO. 39)

20 Fel B72 (1176) 3’ Primer: 5'-GATCTTTTTCAGGTTAGCAGGGG-
3'; (SEQ ID NO. 40)

Example 1B

25 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,
washed with PBS and used to isolate total RNA(Qiagen
30 RNeasy Total RNA System). Total RNA was treated with
DNAse I (Boehringer Mannheim) to remove DNA contamination
from the RNA preparations. Messenger RNA was then
extracted from these preparations, using Qiagen's Oligotex
beads (Santa Clara, CA) and quick columns. Copy DNA was

35 generated from mRNA, in the presence of random hexamers,
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25 feline CD80, FIV gag/protease and FIV envel ope genes and the del etion of
the 1638 base pair FIV gE gene. (PCT International Applicatidf S¥P9HN23575
is incorporated herein by reference) 30 S-FHV-031 in the present exanple is
assayed for expression of feline CD80, FIV gag/protease and FlIV envel ope

specific antigefs usiggothe VESTERMELOTTLNG PROCEDURG . Thg pssayss

descri bed here were carried out in CRE , icatin
woul d be a 35sersabreasaptiatastoPufRerprlByYaEeren enAFAUESHHst ment

vacci nes. Thedey gate 3for gimnidte of econbivizant- Heel | ne herpesvirus infected cells
exhi bited band at the expected 98 3 0 SEP 2002 size of the feline CD80

protein. FIV gag/protease and FIV envel ope. S-FHV-031lmthe present exanple
is assayed fused expressevatef o efonel €EDGrspelad,i cfahl i gengchsidmwa he

SCREEN FOR E bZ-1 n /- =XPR N\ RE NANT
SPV, RPV OR %s%gﬁﬂéﬁ* LE%Q%EC%%\% N PEY o o

anti body i s EHowAenser aacitnaspei 7 cal |  SWiATEGFRCACEAFFAAITG €1 ') ne

her pesvirus (&=@| agyesd eXrBssia® f ahitnaceb80) paidenot swhthsSFHYsQ01
negative contr.ol pl aques. All the_reconpi nant feline_herpesvirus observed
pl aques ar e SHOW A TREETCAPR T he Hu A-UP Fed@hi nBREESanBibddy

i ndi qati ng tdIENA t flestvi stsand) StiadpbQ,  eNemes polgmidiasiel (Bre. ) CRBQA meLgn
gene. 15 S-EFH\V-031 is r-econbj t feldne herpesvirus expr i,ng the FIV
gag/ pr ot eas&,” RV e 863‘3523@%& neg%nﬁo s and ©s s?;rlﬁ%sas a
vacci ne in flel caslagadths©4Fl V1inf eetonds; 205Exenples 14£A 9ecohbinamt fel i ne
her pesvi rus e i : g n._i i.0 |.east one
foreign geneg-!’%;jtsort?[?féej ng% (f(e%lﬁetfﬁic oﬁllt}g'}t%:s.' _?_7;%2 ?gge?gﬁlggﬁgsi's&t %&C?Ltgl ioﬁg CD86
25 gene and 1% diderl® HelRpedZcr i BERORARCEHPRF oVEBE FHEB PRVAgE*prAeibt er .

The neconbi nedte f&bdAesbegpesyhlUBNRXPragabAlsl ebirResEBBAi1hE usekul as a
vacci ne agai nst disease in felids., 30 r nmbi nant feline herpesvirus
i nproves thee’gﬁcftcea{y Sdfzevaé’gi nesuéegaiB}gﬁ Fgélg FOERE I§ﬁ9,laotre‘£t héEf el i ne
di seases whenuisdeedal(@iegen’'s Gedomirmidtiican iwnt KiEl, VsakekVClBkR, ar)ot her
feline Vaccuﬂﬁ§'cloned into pCR-BLUNT plasmid vector using kit
reagents from Invitroéenb Zero Blunt PCR Cloning Kit (San
20 Diego,CA). DNA extracted from kanamycin resistant
bacterial colonies were pre-screened for the presence of
a unigque Nhel site (contained in feline CD80 (B7-1) -
TAMU). Inserts that were in the range of 800-900 bp size
and contained a Nhel site were sequenced using ABI's
25 fluorescenated automated sequencing protocols and
equipment (Perkin-Elmer-Cetus; Applied Biosystems, Inc.).
Plasmid vector and B7-1, gene specific primers derived
from the previously cloned B7-1 gene were used to
generate DNA sequence pCR-Blunt primers are 1/97.36 (5'-

30 CAGGAAACAGCTATGAC-3"') ; (SEQ ID NO. 43) and 1/97.37 (5'-
AATACGACTCACTATAGG-3") ; (SEQ ID NO. 44).
B7-1 gene specific primers are : 12/96.22 (5'-
AACACCATTTCATCATCCTTT-3") ; (SEQ ID NO. 45),
1/97.33 (5'-ATACAAGTGTATTTGCCATTGTC-3') ; (SEQ ID NO. 46),
35 12/96.20 (5'-AGCTCTGACCAATAACATCA-3') ; (SEQ ID NO. 47)
12/96.21 (5'-ATTAGAAATCCAGTTCACTGCT-3') ; (SEQ ID NO. 48),
1/97.32 (5 -TCATGTCTGGCAAAGTACAAG-3) ; (SEQ ID NO. 49),
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35 Exanple 15 99  ~ 0 SEP 2002 Additional exanples of reconbi na:;;ditE fghézﬁe
her pesvirus useful as a vacci ne agai nst feline i nmunodefici endyl rPu

(FI'V), feline |l eukemia virus (FeLV) or feline infectious peritonitis (FIP)
are: 5 A reconbinant feline herpesvirus expresses three foreign genes. In

the FHV gE del gt t The FelV. i s, ,under th trol of th
pscudor abi o3 0% roft o5 A RARFOASG GRAGCR s Tunder (5@ cORLFBr B the

cyt onegal ovitny® al® i nne’dmt;e;ce*erlm;cmmmt -8r), t hesEel tpeNODBG1genawics under
the control cif the f“el i ne VIREIS tq)E RS lelr lﬁlr eclo r1§I:Etr%1antcgs%l i ne
F de

her pesvi rus expr e5s€s Thr ee or e| gn genes 1 n ted The
FeLV env gemsedusngederrsonperpiing t@net%emﬁ(ﬂmleél@)o GEop Gt wuh:ém FIV 15

gag gene is cypder ddia conts ol o opni hgo eyt onBgak 9¥hEUs 'o'i‘i'ée%'u%%ep%%
pronoter; the feline CD86 gene is under the control of the feline

her pesvi r us " 356t &4 ﬂoFe(?&rFl‘ﬁcr‘Fan'fm? ePPABOh &GS VFR UL Dr esTES t hr ee
forei gn genescdmi thec b gE debeted shten IhenEth1enwh@a@e ifE$ o0 aunder

t he control efélcyﬁ% seégo&ggiguc% pr txeés %L\i %aeg C%eérae i S under the

control of tLh torreg ovirus imiedi ate eart pr oot f I5°NE CD86
gene is underst i@@matcﬂd FL1 1P fllide ﬁ@?%ﬁmmwlﬁ@ﬁbmt er. 25 A—
reconhi nant feline herpesvirus expresses five foreign gene. The feline CD86
gene and the CD80 gene are expressed in a bicitronic cassette under the
control of the cytonegal ovirus imrediate early pronoter, driving the 30
transcripti eka@fp1E80 and CD86 and including an EMCV | RES el enent bet ween

the two ope e;jl frames; the E.coli uidA gene is under the control of
the infecti gﬁéﬁﬂ—&@;&gotracheltl s virus gl pronoter. The CD80, CD86 and

E.coliui dA gene are inserted into the unique |ong 35 region of the FHV

genony | n 2SIk deled e, 10 he, nonsseentd ale e FLV gagigt gase gene

i's under the contral he cy gmega oVi rus i et r1y pronoter
3 0 SEP 200Zoreign genes The gene for E. coli R- galact051dase(lacz)

and the gene for feline CD80 were inserted into the SPV
Accl site within the larger BglII to HindIII subfragment
of SPV genomic fragment HindIII M (a unique Notl
20 restriction site has replaced a unique Accl restriction
site). The 1lacZ gene 1is under the control of the
synthetic late promoter (LPl), and the feline CD80 gene
is under the control of the synthetic late/early promoter
(LP2EP2) .
25
S-SPV-229 was derived from S-SPV-001 (Kasza Strain).
This was accomplished utilizing the homology vector 930-
23.A1 (see Materials and Methods) and virus S-SPV-001 in
the HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
30 RECOMBINANT SPV. The transfection stock was screened by
the SCREEN FOR RECOMBINANT SPV EXPRESSING f5-
galactosidase (BLUOGAL AND CPRG ASSAYS). The final
result of red plaque purification was the recombinant
virus designated S-SPV-229. This virus was assayed for
35 3-galactosidaseexpression, purity, and insert stability
by multiple passages monitored by the blue plaque assay

and black plaque assay as described in Materials and
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5 10 15 20 25 30 35 and the E.coli LacZ gene under the control of the
pseudor abi es gX pronoter are inderted into the FHV gF, del t $ﬁ§’?@
reconbi nant feline herpesvirus expressed five foreign genes ?%ne
cd86 and the CDBO genes are expressed in the bicitronic cassette under the

control of mgt%agal oxr_w§ tH@E%ﬂlealeacrHﬁéeD&%ﬁﬁhgrofd%hﬂﬁgcgé‘i’on

transcription_of Transl ati on  of downst ream CD8O
open readln@lﬂrg%éqP§suﬁﬁéﬁrFﬁé wekher BLUSf 1BA1EREVNPREDBAE| ERBNVITTRe E. col i
ui dA gene i sawn@Rird heswcmte pl and &hpréssenyi sugal acyngotaaeheitiis . virus gl
pronoter. The 0, 6, E..cali UIdA are.inserted |nt t he

uni que | ong P&%D%n dfgg?hél% geﬁlcorplon aaegilether&et erb|¥| ﬁgé 56 3

non-eSsential. The FIV envel ope gene under the control of the

cyt omegal ovigl Wgyl mdaageaeaakxdpkegvg%regg15heo'§ gogglgéeﬁsgegseunder the

control of the pseudorabies ronoter are inserted Tnto t
del eted si téPeAlrfé(?onBP*ﬁaﬁ?nﬁelHlprlh‘“%erté’@svﬁf—'ﬁg%x%%&% SéiR)@EF‘IorEPgn genes.

The feline g@@\@IGﬁnGEﬁEdE{(bﬁEm g@nmc@ml IEMNTessed Id n ﬁobb@ﬂléhéﬂ?m c

cassette under e contro cyt gnegal ovi rus i i ate ear ronot er,

dri vi ng theaﬁtd'ﬁ?Q@ryi ptFon o ERRE %@ ant?¥ ncFBg‘r‘?’ﬂg arf EI@XFEES

el eneot bet W@enltfti@atl\mr opigrh reafing X Muél?nearEi codti widA §eBBVis under

t he control f t ti r hei ty r qrhe
IES% x%: 5%‘1‘1% Pl YN AL OJ[S.LI i Os“b%f 2T OfBL

CD80, (D86, and genes ;are" i nserte e uni que ?ong r eagent
the FHV genpdeduesa m‘@ﬁﬂ(&i@@enw&h sthe. mmeFEanehy @nggéogenetendér t he

control of %;h%c%sqqﬁs%v' rl%diéaadi%éi(t el | Yol oL Bls thes Fl Y- gag{prot ease
gene under fhe pseudorahi es_virus Oasr onoter and E.coli |acZ gene under

the contr ol eFPYERS 1A e pf t 395t PRA Tt L ihe Pri AeFeYEd site.

A regonbi nafk sleliibaal h&i@G@VIWHre exare&aes ouee fior eiREK-101 ceD1SEP zooz
genes. The f.el.ine CD36 d th S arg expresse in_a

bl ci stronic? 8&%58?%89uﬁg%€ F cdﬁﬁﬂ‘ q%h cyt%%%ég?oﬁl?ggsgﬁﬁ%ﬁia~e
early pronnfem,t@ﬁ:wﬂnghthexnraﬂ%éﬁﬂbtﬁawm®hnemgoVandlﬁEBG and including an
EMCV | RES 5 el enent between the two open reading frames; the E. coli uidA
gene is under the control of the_infectious |laryngotracheitis virus gl

pronoter. TReSEPBE2°CDBE aMUE/RD |f°BF dAXBEAEE AR e Ansértadei ntB8Phe
ur_i gye | ongpeedirp ghcifenEHYs DeN@R ISTREEN. FOR- EESENt i @bssi (g7-The 10

carly br Eﬁg%ﬁﬁsﬁﬁﬂgnﬁa’*”gﬁo#ﬁ?%%%@ Ty BeabPB AN EORET o by ST 1 °

pseudor abi e¥SEX@rBIBCRr PARQUENFSIALE .i n& o hime nFHWTIgE 4ddélcet edisetrec 15 A
recombl nant JLelsdid égggsoegxbwstexafes%%e gdécvlen%ﬁeﬂmm{'eé spPer fsline
in

CD86 gene an enes are_express stroni c cassette under

the contrcl Péﬁqtuﬁf@ c(ﬁmftﬁfélléiﬂ riigl inenedi&lle A 150hr'ohot eP s SBY T 0PAg t he
tranggripti gagatiGB8oAREcEDBBadians! ALl 08-9bvt beo 288served plaques

are shown to react with the human CTLA-4/Fc chimeric
antibody indicating that the virus is stably expressing

the feline CD80 foreign gene.

30 To confirm the expression of the feline CD80 gene
product, cells are infected with S-SPV-229 and samples of
infected cell lysates were subjected to SDS-
polyacrylamide gel electrophoresis. The gel are blotted
and analyzed using the WESTERN BLOTTING PROCEDURE.

35
S-SPV-229 1is wuseful as vaccines against disease 1in
felids.
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20 downstream CD80 open reading frame is under the control of an EIVCVd E&ES
el ement. The E.coli uidA gene is under the control of the infekfi5u€ 200

| aryngotracheitis virus gl pronoter. The CD80, CD86, and E.coli _ uidA genes
are inserted into the uni que region of the FHV genone in a 25 non-essenti al
site. The FelL nvel ope, gene under t .control. of the cytonegal ovirus

i medi at e eargi/S Yb%%?e?g%ﬁﬁVﬁﬁuﬁﬁg(%ﬁ%lqaggzoéeﬁacﬁhﬂ%? PRRIEDNLFBY  of the
pseudor abi esFgXVpr BID eor astehemserltiew iditseashe Whith gkseé@l @1 ede sbtein30 A

r econbi nant E%gﬁaggggeswit%s QRS esseS BI X 05 ei gn,. genes Thgeilerllé ne CD86
gene and the geneés are expressed in bicistronic casse?]fe under "t he
control of tHaceyn@fegaPoFPYusd2Pmiedi al 8cedrafudr ob®t eexpdeisdieg the 35
transcei pti ope9f nEDBGraANd BBt ixc] udidig an | RES ekegppl > bet veen
the two open franes. The E. coli uidA gene is under the control of the

i nfectious 16‘2*‘3‘:‘3‘3??(3%1]5#926%2”‘&?95@&FﬁEﬂe‘F‘f?% ¥ rXRPRA CPr oot eise The
CD80, CD86, palyEleakil ,umdAocgered finseantatodite thefuniguecbengs regi on of
the FHV genone in a non-essential site. The FelLVenvel ope gene under the
control of the 5 cytonegalovirus inmediate early pronoter; the

FeLVgag/ pr ot ease gene under the pseudorabies virus gX pronoter and E. coli
lacZ ggne undgppbhe gontrol of the FHV gE promoter are inserted into the
FHV gE del eted site. 10 Exanples 17 A reconbinant feline herpesvirus has a
deletion of the gE gene and an insertion of at |east one foreign gene at 15
the gE del et oppgibgp The foreign gene is the feline CD80 gene and is under

the transcri tggga# éontrol of the FHV %Eﬁ@r noter. The reconbi nant feline
her pesvi rus Ts>08r FYRdLT rdnT8IFRGR- TS V8L SEPEFFHTSS ThT s1 35 actdipl i shed
utilizing théchehophogynesctTie IR6e/ EAD7 H.seollbfera bhst anidast hbasy) and

RECOV NANT FEAPEDS! HOS- THE (1 el 6ot oh SUoek 1 Sl beied byt heb boReEn

FOR 25 RECOMVEBFNANFLHERPESYLRUShEXPRESSE NEY ERF YWATH I QARK ER ICENES e Thj s

virus is chapact epiyzedhynfiest Firghhentendenughease mappikgighd tise SOUTHERN
BLOTTI NG DNA gr ocedure. This anal ysi COI’]{I rms the ipnsertion of the feline
CD80 gene and°FhE1G&iLer i t6f rleég@ & pgHiydque Accl restriction

site). The lacZ gene is under the control of the

20 synthetic late promoter (LP1l), and the feline CD28 gene
is under the control of the synthetic late/early promoter
(LP2EP2) .

S-SPV-230 was derived from S-SPV-001 (Kasza Strain).
25 This was accomplished utilizing the homology vector 930-
26.A1 (see Materials and Methods) and virus S-SPV-001 in
the HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT SPV. The transfection stock was screened by
the SCREEN FOR RECOMBINANT SPV EXPRESSING 3-
30 galactosidase (BLUOGAL AND CPRG ASSAYS). The final
result of red plaque purification was the recombinant
virus designated S-SPV-230. This virus was assayed for
f-galactosidaseexpression, purity, and insert stability
by multiple passages monitored by the blue plaque assay
35 as described in Materials and Methods. After the initial
three rounds of purification, all plaques observed were

blue i1ndicating that the virus was pure, stable, and
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30 FHV gE gene. (PCT International Application WO 96/ 13575 is incorporated
herein by reference.) The reconbinant feline herpesvirus in ghg SEr RS
exanpl e i s assayed for expression of feline CD80-specific 35 antigens using
t he BLACK PLAQUE SCREEN FOR FOREI GN GENE EXPRESSI ON | N RECOVBI NANT FHV. The

assays descg%pgggggﬁg g\géefgigéi%gd%g%_i n CRFK cells, indicating the CRFK
o e

cells 103 0z wou sui tabl e substrate for the production
of RPV reconbi nant vacci nes. The reconbinant feline herpesvirus in the

PR Tk e gk L o L
anti gens usin e - an -

| N RECOVBI m@csﬁw RBVE X THHVYS3RRG %o?(%%ELA@§EY§C§EﬁHna‘E@%TLA- 4] Fc
chinesic anFORBUYN_GENEhE@NPRESSIOHr IN RESOMBICAINTY SHt.h ttee ldssegonmbi nant
feline herp&%gg%% B! a%‘é%%Al( ﬁ@%gsséa{%%eeci' ”SugeDFS’_)q apdnot Wil S FHV-001

negative control plaques. reconbi nant i ne herpesvirus observed
pl aques ar elsfbopting ridwdt BRKCK €hélAuran! T2/ Fl e Iferswosta body

i ndi cating thatchbep¥balUstisnStabsyvexpromsingndSvibeifigekine CDBO foreign
gene. To confirmthe expression of the feline CD80 gene product, cells are

infected with the reconmbi nant feline herpesvirus of the present exanple and
sanples of 29 iabeeied cald |ougate’ss iwer eosubiret eflel OnSDSPLL yactahanm de gel

el ectrophoresi s. The | are blatted.and .anal ing, the STE
BLOTTI NG PF@f%%WE. Gﬁ?@ﬁ yeat é“%?S%e?h‘él?%g%%ﬁ%nﬁ BT e Herpesvi rus
i nfected ceihfeexhilbi tedla bahgsates he wompect eslilsjectead t heo f el $he- 25 CD80

protein. Ex I i I rdoes a i of the
gE 30 gene gﬁgb’%crl n@{f?g%@ioﬁgcr{x:dﬁliﬁoﬁs?m‘e"lrlr{éjnsgé;anach;[ drtﬂhcgé% @del et jon
site. The faréj gnagened ysing Floei RESTERS BePET BNE PROCHREREt he )
trangsgri ptional control of the FHV gE pronoter. 35 The reconbi nant feline
her pesvi rus exBressi nq feline CD86 is useful as a vaccine agai nst. di sease

[

in fields. ThePYeedhbrfamtSH &l S hdr pd@ATHE i npPBVEETt e SERSScay | 04

felids. S-SPV-230 improves the efficacy of vaccines
against FIV, FelLV, FIP, or other feline when used alone
or in combination with FIV, FelV, ¥IP, or other feline
20 vaccines. S-8PV-230 is also useful for expression of
feline <CD28 polypeptide. Cell lysate of S-SPV-230
infected cells is injected into mice or rabbits to

raise polyclonal, monospecific antibodies to feline CD28.
25 Example 4
S-SPV-225

S-SPV-225 is a swinepox virus that expresses at least two
30 foreign genes. The gene for E. coli R-galactosidase(lacZ)
and the gene for feline interferon-y (feline IFN-y) were
inserted into the SPV AccI site within the larger BglIlI
to HindIII subfragment of SPV genomic fragment HindIII M
(a unique Notl restriction site has replaced a unique
35 Accl restriction site). The 1lacZ gene 1is under the
control of the swinepox OlL promoter and the feline IFN-vy

gene 1is under the control of the synthetic late/early
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3 0 SEP 2002 of vaccines against FIV, FeLV, FIP, or other feline diseases
when used al one or in conbination wit_~ FIV, FelLV, FIP, or othqa fgtpnﬂmz
vacci nes. 5 Exanples 19 Additional exanples of reconbinant fel Q

her pesvirus useful as a vacci ne against feline i nmunodeficiency virus
(FIV), feline |eukem VE (FeLV) or feline infectious 10 peritonitis
(FIP) are: AP?%%%n%?nZHP #g??ne her pesvi rus expresses three foreign genes.
The FTV env gene is under the control of the pseudorabies gX pronoter; the

FI'V gag genegi Vngggc}&% 13.6904600! s of . t he Gt rC)ga gg%%gs érrlnedl ate early

pr onot er; the gené i s under the cont e fe i ne
her pesvi rus E@Eﬁ)rmtaﬁCOWhe%}@ﬁﬁ)lmlzf@g e eI PBVE TS KR sBES t hr ee

foreign 20 gepess (dee Meﬁiﬁ’lé)%'@e%_ti}?d contDls odp o1 in
ene_ is under the control of the

pseudor abi es_gX pr onot e t he FSLV ﬁg? 8N ¢

cyt omegal ovi 't Oﬁ@%aﬁ% pRORBE &P (TR e EBB0 GHEAS Nihder the
control of tIh]RCCDP&INMT]@MESVITm gharps et iesn  25dk necordid reated alyt ne

her pesvi rus ﬁ%gresg ﬁreeFéﬁre'ﬂﬁc§§$?§A%Jhe|§%°/E”%&ﬁﬁﬁg% unqgr t he

control of the pseudorabies ene 1s under t he
control of t%l%SIEQﬁEQ@.F@\fBLU@GAM%t éfP@@rI@iSﬁA‘éﬁbt er; 30hehefrell ne CD86

gene {§ undefeLher CYUH I pbaoh1kRgeS egdﬁeflfeeera%wwé QE DT AUR AT
reconbi nant feline herpesvirus engr esses three foreign genes. The FeLV env

gene i s undeYi¥ne @6AiLHRLEA SheP 52|3§eud8"rhdﬁ i gR EsmEaYahdE el v gag
gene i s undeg-§hea€00kEahsebxphessybamegakavir usrdnmieeate @aH ) Rpnot er;
the feline CP86 g?@?p‘lse li')r.‘ll%eslég%s-u?no%g@gr%ld %f tt@xe\, fbell ! nepllaoqsue a3ssoa§;s EP zooz
as described in Materials and Methods. After the initial
15 three rounds of purification, all plaques observed were
blue indicating that the virus was pure, stable, and

expressing the foreign gene.

S-SPV-225 is assayed for expression of feline IFN-y -

20 specific antigens using the BLACK PLAQUE SCREEN FOR
FOREIGN GENE EXPRESSION IN RECOMBINANT SPV. The assays
described here were carried out in ESK-4 cells,
indicating that ESK-4 cells would be a suitable substrate
for the production of SPV recombinant vaccines.

25
To confirm the expression c¢f the feline IFN-y gene
product, cells are infected with $-SPV-225 and samples of
infected cell lysates were subjected to SDS-
polyacrylamide gel electrophoresis. The gel are blotted

30 and analyzed using the WESTERN BLOTTING PROCEDURE.
S-SPV-225 is assayed for expression of biocactive feline
IFN-y using the SCREEN FOR FELINE INTERFERON GAMMA
BIOACTIVITY EXPRESSED FROM RECOMBINANT SPV, RPV or FHV

35 USING VSV PLAQUE REDUCTION.

S-SPV-225 1s useful as a vaccine against disease 1in
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her pesvirus gE pronoter. A reconbinant feline herpesvirus exprg ﬁezgkive
foreign genes. The feline CD86 gene and the CD80 genes are Fle E e din a
bi ci stronic cassette under the control of the cytonegal ovirus imedi ate
early pronmoter, driving the transcription of CD80 and CD86 and i ncludi ng an
EMCV | RES el bet wee h WO, reagdi ng f, s driyving the
translationfgg??%é 2ng§_§5&ﬁggke§#&§§%5?sCgég;ef6§ .gglfJ%iE%Fﬁéﬂgsis under
t he control aghingé FiiVectFiedy | driFhgat acthike s i Sebinqswhgn preondt @tpnehe
FlVgag genegx. § fundsn {e Lot othok 1oyt eaegal aviy us roveei at g eapLly
pronoter; the E coli lacZ gene is under the control of the pseudorabies gX
pronoter. THECFi¥#ESforei gn genes are 15 contained in two distinct feline
herpesvirus insertion sites. A reconbinant feline herpesvirus expresses
five foreign genes. The feline CD86 gene and the CD80 genes are 20
expressed in a bicistronic cassette under the control of the

cytonegal ovirus imedi ate early pronoter, driving the transcription of CD80
and CD86 Transl ation of the 2nd, downstream CD80 open reading frane is
under the control of an EMCV I RES el enent ; the E.coli uidA gene is under
25 the control of the infeetious |aryngotracheitis virus gl pronoter; the
FI Venyel ope gene is under the control of the cytonegal ovirus i medi ate
early pronnger' he_E.coli lacZ gene is under the control of the

pseudor abi e x@??%?oﬁnter. A reconbi nant feline herpesvirus expresses six 30
foreign genes. The feline CD86 gene and the CD80 genes are expressed in a
bi ci stroni cgcaggebhg, under the control of the cytonegal ovirus inmmediate
early pronn?er, driving the transcription of CD80 and CD86 and i ncl uding,an
EMCV | RES el enent between the two open reading frames, driving 35 the
trangkati ongofpi/he pdnd; sdoynsdyfaapaene; B0 nhhe ExppbisNidA geRE S
under the control of the infectious |aryngotracheitjs virus gl pronoter;
the FlVgag §er8iPE 1981es3 FhSEpIones Lfr/fa%r feddneommeinede felency

cyt onre?al ov{f%ﬂﬁsi MPE) agifjﬁgﬁ@fd)tye@éérdmiﬁtﬂ;FI‘hEeHé/Bditwel omlﬁem@tsrlaunfler t he
control o~ t cyt onegal ovi.rus L medi.at e ear romgter; -t E.coli lacZz
ger _e is unags t%%ﬁc E%Ifgf t%é 6§gﬁdo?éﬁ?gécgﬁsggﬁFSﬁ%?gg? A'FeBonbi nant
feli ne her pesverusdexigrassad uniiymef o¥et gi gesrtsyiclthieorf efine Cd®EG gé&ne and
the P80 genesyare expLessRdihts a bicistronic cassette under the control

of 10 the cytonegal ovirus inmediate early pronoter, driving the
transcription of CDB0 and CD86 and i ncluding an EMCV | RES el enent bet ween
the two opea %ﬁﬁgﬁ@gz\écﬁﬁnfé:sdwi&in@nt@etérﬂmstﬁéi@mocbxluthefZtﬂlde slfpwnstream
gene, CD80; .t cQ-.~i_ ui dA.gene J.s r_the control_of the jnfectious
15 lar yngot?égﬁéﬁgi& ARG ) 5 orm#kéer ;f ]Efe%a e‘f_%%egasgeenaenf’if{ sTUhaerPthe :
control of gheesytcoregaidan riuse i gopdirale odardgpaadgot éryt thdemicali | acZ
geneaks undginihg: Fontiol, LlcilheRapudor abpeeogX Profibteles Thendiye forel gn
genes are cohtained in twe distinct feline herpesvirus 1nsertion sites.
A reconbi naRideel ithe werpeali Afs e ragydibtic el 36t dxpmefees (LEhe-fel i ne

CD86 gene and the CD80 genes are expressed in a bicistronic cassette under

the control _of . )
S-SPV-200 was derived from S8-8SPV-001 (Kasza Strain).

This was accomplished utilizing the homology vector 904-
30 63.B7 and virus S-SPV-001 in the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT SPV, The
transfection stock was screened by the SCREEN FOR
RECOMBINANT SPV EXPRESSING fi-galactosidase (BLUOGAL AND
CPRG ASSAYS and SCREEN FOR RECOMBINANT HERPESVIRUS
35 EXPRESSING ENZYMATIC MARKER GENES). The final result of
red plagque purification was the recombinant virus

designated §-SPV-157. This virus was assayed for f{3-
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25 the cytonegal ovirus imedi ate early pronoter, driving the transcription
of CD80 and CD86 Transl ation of the 2nd, downstream CD80 opealgiﬁggqg frame
is under the control of an EMCV IRES element ; the E . coli Wi 1
under the control of the infectious |aryngotracheitis virus gl 30 pronoter;
t he FelLV envehop %&%t%‘ i s under the c ntrgl of .t he c%%orregal oVi rus
i mredi ate e®fr§ %ro & ?ﬁ%r‘ﬁsﬁb?? XcZ-B8néHS RTRTUE hESE6Nt rdf of the
pseudor abi edegXrpredntier . M35Eﬁpaé60ﬂh@nMﬂth¢@$ln@nmbypesvwfuguex@yesses Si X
foreign gen | L g n 0 e din a
bi ci stroni c&ggssg%{fun@%%@cgﬁﬁﬁ g }%5@%@ Qgg E%@f%%%)%eéﬁg
cyt onegal ovieb&CT piedi @k e BEIIAE &F@nﬁt‘éﬁlaGFPW%@S? hen tp el rpadon of CD8O
and CP86 angdskag! udiang aphEMALE RES &k enent Fhegueenrshehweiepen {gadi ng
frames, driving the iransl ation of the 2nd, downstream gene, 0; the
E coli 5 ui¥YaSHBRE P&°tn88F3¥he control of the infectious |aryngotracheitis
virus gl pronoter; the FeLVgag gene is under the control of the
cyt omegal ovir i dj at t F n e |s under
Che contr ol Jof YRl Byt rd S Sot EASTE, Shintd ML SRR ORORAS o
10 | acZ genEIVgagﬁééﬂtﬁhéec@@ﬁr @IVofertV@el%etR}mL@l}W@s agd plr?on%@?ul Exanpl e
20 1g Char agh 41 ¢atiofe Olnt b1 16kl 26a G080 £B7-Lhcedh. CBEkPT@), D28,
CTLA-4 and CDB0_(B7-1) -Syntro/ SPA cDNAs and pol ypeptides: The i sol at ed
and purifiedSfal PR THEO: (X B*XRUSIEIGR 96 SPprok ?/r&ﬁ‘%'f@r%a%c?%tl des
codes for asnopebdpeepdbhgiheane of the feline CD80 pol ypeptide of
approxi mately 292 amno acids, the native nenbrane bound or mature form of
whi ch has a nol ecul ar nass_ of about 33,485 kDa, an isoelectric point of
about 9.1, a net charge at pH 7.0 of 25 10.24. The transnenbrane donai n of
protein is appuexgMately amno acids 241 to 271. Feline CD80- TAMJ and
feline CDBO-Syntro/ SPAH are cDNAs and pol ypeptides isolated independently
fromtwo 30 different sources, and the DNA and am no acid sequence differ
slightly. Thesgpoupge of the CD80- TAMU nRNA was feline peripheral blood
nmononucl ear cells stinulated with ConA, and the source of the
CD80- Syntro/ SPAH , RNA was feline spleen cells stinulated with ConA. The
di fference 85SPvi-zENA s efjuswiceedret weensCDBat Télhl asgk COB0rSybrailSPAH is T
to Gat ”“CQSHE' de 2pd, ?Qﬁd %f@e@,at g%ﬂghso%ﬁé‘o 57 LA sthe,an ng,geid
sequence, an e at nlcleotide 3

E.coli UldA The full-length feline CD80 gene and the

gene for E. coli f-glucuronidase (uidAa) were inserted
into a unique Not I restriction site (Not I 1linkers

inserted into a unique EcoRI restriction site within an

25 approximately 3.2 kb region (SEQ ID NO ) of the 6.7 kb
SPV HindIII K fragment). The genes for feline
immunodeficiency wvirus (FIV) gag/protease, and FIV

envelope (full length) and the gene for E. coli 8-
galactosidase (lacZ) were inserted into a unigue Not I
30 restriction site (Not I linkers inserted into a unique
Accl restriction site in the OlL ORF of the SPV HindIII
M fragment) . The CD80 gene is under the control of the
synthetic late/early promoter (LP2EP2) and the uidA gene
is under the control of a separate and unique synthetic
35 early promoter (EP2). The FIVgag/protease and envelope
genes are under the control of separate, but identical

synthetic late/early promoter (LP2EP2). The lacZ gene
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108 ~ C- SEPZ00 is silent, and the change at nucleotide 670 results in
a conservative change of neutral anino acids, |eucine to i8q) g@z at

amino acid residue 224. 5 The isolated and purified feline CD86 (B7*2; cDNA
of approximately 1176 nucl eoti des codes for an open reading frame of feline

066 pol ypenid deg, (ol apRLOXIdRLELY 320 AN na,Agids, ! he.pat ive ety ane
bound or mat'ure form of "whic as- nol ecul ar “nass of" approxinatel'y

36, 394-n7a, @Pxn- i SEICEct EntepophioabdutArpliigcatiioret Woha?gé2aB6pH ik 0 of
11.27. The isplatssh-ands pukidied§ eld e 28 cDONA of approxi mately 689

nucl eoti des codes for an open reading 15 frane of feline CD28 pol ypepti des
of approximately 221 am no acids, the native nenbrane bound or mature form
of whixh has-smpl 2zl @asnees iekedabirdm 25; 3R9- k0a, (abnkseakeEMmigagpoi nt  of
about 9.17, t. charge at.p 0 9 20 isol ated and purjfied
feline CT LA—%@%@%C?% eaSBr%ogi’lF_r'g & %/g%iggegrﬁéc )e'otTl-l;l gss w(?osdgas? Cfocr)“rpqa{‘ﬁgbepden

readi ng framg iofifehg neheThana lpalyy prgstticde o3 app¥ o1 maesly vA28s S no

aci ds, the @aﬁv-%mﬂgraﬂ@ barsMbIBGH®E UkBCHAE TRt 18R wﬁg@ﬁoﬂﬁﬁ &dppl ecul ar

mass of about 24,381 kDa, an_i1soelectric point of about 6.34, a net charge

at pH 7.0 ofCENERATINGeREGEMBFNANT oF FYF- , ErpemieehseR mSL&Esr yratbl ecul es
30 C8 orhgexéeéhth ,edgw ?hfe;JIMREmM iPtgmn REICOMB TNANTY &P ra?qp@swl\i@gﬁni c
organi sm ha e abjli ac ate_qr ce i vati
T- Igyrrphocyt ,Slurﬁﬁ’éo%b%ﬁ%/i cgﬁ{T%]E e-ingyngﬁggg'ﬁes?ggnd tg%&ogvmq%e
rowt h of OtHERPESAIIR ZSPRETHENG OBXPYMEE] O MAGKEBDSENBS)t.h T3 final
Consti ml at grag, g %%uuiéﬁg}pé-eé B i?g@?@i@imiyilt BSURY 955 ALIal or _ of
_-lynphocytes, nore speci 'ca]I'l ‘#e- ynphocyt es. #he coexpression of
CD86, with Vi de%tgj'lasf}e@%f%’)’“233-

15

S-SPV-233 is assayed for expression of FIV gag, FIV env,
and feline CD80-specific antigens using the BLACK PLAQUE
SCREEN FOR FOREIGN GENE EXPRESSION IN RECOMBINANT SPV.
The assays described here were carried out in ESK-4
20 cells, indicating that ESK-4 cells would be a suitable

substrate for the production of SPV recombinant vaccines.

S-SPV-233 1is assayed for expression of feline CD80O-
specific antigens using the SCREEN FOR FELINE CD80 (B7-1)

25 and CD86 (B7-2) EXPRESSION IN RECOMBINANT SPV, RPV or FHV
USING BLACK PLAQUE ASSAYS. A human CTLA-4/Fc chimeric
antibody is shown to react specifically with S-SPV-233
plaques (expressing feline CD80) and not with S-SPV-001
negative control plaques. All S-SPV-233 observed plaques

30 are shown to react with the human CTLA-4/Fc chimeric
antibody indicating that the virus is stably expressing
the feline CD80 foreign gene.

To confirm the expression of FIV gag, FIV env, and feline
35 CD80 gene product, cells are infected with S-SPV-233 and
samples of infected cell lysates were subjected tc SDS-

polyacrylamide gel electrophoresis. The gel are blotted
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5 10 15 20 25 30 35 costinulatory nol ecul es CD28 or CTLA-4, and a tunor
antigen or an antigen from a pathogenic organism has the abiliQy0tSEP 2002
activate or enhance activation, of Tlynphocytes, nore specifically The-1

| ynphocytes,and to pronote the gromh of other cell types. The coexpression

of CD86, with costimul atory nolecule CTLA-4, has the ability to suppress
activation SFldTﬂW‘ﬁ?ajt ,ngmfﬁk? E%Ncglﬁ%ﬁ?ﬁé;- f&%%@éyt es. DN
AHumanHumanMouseMouseRabbi t Chi ckena n

dHorol oHonol-0 D I Anj & u u equeAcid(,.D N A( A
A( D N A( ASAF?%??O ES%A?%%?é@ggﬂglage%gﬁgééﬁeﬁggﬁgeﬁ%gﬁsgmg tn

Ant agece) ceFE&pes) SaqiaeSenisirs By ctnewkere)re)yretns and is useful

al dents’ | dentydl det-kdgat Er{@kQQEHEYE§EYh¥EdP@*J| kdepbikby-t yEyEeli B4596246aC
D80Fel i N726867/ 64aCD86FfI i n8582777484/ 8459/ 50aCD28Fel i n88887978aCTLA-4
Exanpl e 21 GSe3dfOf BFERR CERD TEESSS1MDE6 (B?- 5}V BREEPranaaeTLArE in
Vacci nes Thernfellops mgoteiers.nents are performed to evaluate the 110 30
SEP 2002 i mrune-enhancing activities of feline CD80, CD86, CD28, and CTLA-4
in feline vaccines. Feline CD80, CD386, CD28, and CTLA-4 are inserted into 5
reconmbi nant BEXAMBILEygctors (derived fromfeline herpesvirus, sw nepox Vvirus,
or ragcoonpox virus) useful for expression of reconbinant proteins in
felids (see PCT International Applications WO 96/22363 or WC 96/ 13575). _
The reconbi RFAREWi%38 vectors expressing all

S-SPV-235 is a swinepox virus that expresses five foreign
genes: FIVgag, FIVenv, Feline IFN-y, E.coli lacZ and
15 E.coli uidA. The full-length feline IFN- vy gene and the
gene for E. coli f3-glucuronidase (uidA) were inserted
into a unique Not I restriction site (Not I linkers
inserted into a unigque EcoRI restriction site within an
approximately 3.2 kb region (SEQ ID NO } of the 6.7 kb
20 SPV  HindIII K fragment). The genes for feline
immunodeficiency virus (FIV) gag/protease, and FIV
envelope (full 1length) and the gene for E. coli R-
galactosidase (lacZ) were inserted into a unique Not I
restriction site (Not I linkers inserted into a unique
25 Accl restriction site in the O1lL ORF of the SPV HindIII
M fragment). The IFN-v gene is under the control of the
synthetic late/early promoter (LP2EP2) and the uidA gene
is undexr the control of a separate and unique synthetic
early promoter (EP2). The FIVgag/protease and envelope
30 genes are under the control of separate, but identical
synthetic late/early promoter (LP2EP2). The lacZ gene is
under the control of the synthetic late promoter (LP1).

S-8PV-235 was derived from S-SPV-200 (contains FIVgag,
35 FIVenvelope and E.coli lacZ genes). This was accomplished
utilizing the homology vector 931-55.B12 and virus S-SPV-
200 1in the HOMOLOGOUS RECOMBINATION PROCEDURE FOR
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10 four inmmune-enhanci ng nol ecul es or alternatively, expressi nﬂ(@ rz@ge
conbi nations of CD80 and CD28, or CD80 and CTLA-4, or CD86 ardd 8 or CD86
and CTLA-4 are administered orally or intranuscularly to cats at 8 weeks of
age at a dosage range fromO0.1 to 10.0 ng per kg 15 body weight, or at a

dosage of a@ﬂ? } I E%%?,,t Z);}qqg qu oL.m Lts ( r ef erabl e
at a dosage o Q%%g?ggi #ate g;% 6 pf%@A gﬁ u%ﬂaﬂ\%gc%%:taénf (F)Q;thfl]{/ %$£ FeLV or
a viral vectoresnrtine Fhw FIRERY U \RECQMBEANE)STYE RRRRESSING eB-at a
?3086 nrungz5 og%%&zaéy@nﬂgﬁgghi(@ﬁscmbt alael@uslssc_mﬂmTth hemrmnr@cf @ﬁ@ﬁ@&zﬁk f'? feline
: : an - 4- yect aor vacci nhe. ree to four weeks | ater
the cats alERRLar S RORFGI0E SNETHET S RERIER Bis) s e "Ere  enged
with @ viruwestl £l \b5t baue /gPBRnor plPei Al gad)onr kel YhR ckasshmisitiann 25
(adm ni ster_with hyl Nk s ng,Lto i nmune-suppress the cats) at the
USDA st andart %%aggéh%régggga%eg%gvg?Dand are observed regularly for 12
weeks for devel opnent of virem a. A group of vaccinated cats are observed

for up to 12 gmpths fof dde deyvel oprBmrofsidnmss fﬁfﬂ\ﬂ%%ﬁg??ﬂy &@LV. The

i ncidence of disease in _cats is conggr ed with controls recei ve no
vacci ne, ora®f v IiGLiRa vIFicyi neSREERBLUE i IRHEEEHh ATy FBPedtteSK The
resuld s of pirewhaldreIRe FEOR ROREEICN a3ENE et PREGSIONe CEN \RECDNBLVACTI ne and
then challe d wi,th FelLV or, FLV..qgre han 60% devel o Sj st ent
virem a; cats Va\gf&}?%aatsesc?yvﬁ tdﬁsfﬁ%bgﬁbﬁé?% é‘?{fg of e]ﬁ}g voa%tcilnrg,ao%"dj‘then
chal | enged,c¥bhs ar éngiceédngd thadmESK efri ecltat wonddebei g shicadlille 3 o
SE~ 2002 subyni . 5l Q1 FelVoyaeetbRecands asse M fahd b af e

i mmune- enhanci nttgr%:ée if'(r%{er CD80,p CD86, cCJ:D28, and CTLA- 4vecr1£:)a(c)re%'e(i/l(;{%:e(:&l3 ne and,

t hen chal | enged, 100% are protected fromvirem a. Additional beneficial

aspeps s of & i ngs the £ebayeaCEBl, oGP¥G GRS o AN SSBeAvir VRST B
vaccine is o0 protection agaj Vi a r ormation: |ong
duration ofIEMni‘fV’?%ret}teer%tcﬁ%ﬁFNl %@Er)FEg%gy %F ON AN or

si ngl e doSEBPPAQRIVIVACEKPRESSBDI MROMAREBIONBENANTI 0SEY, NnBRVr equiFwsd by ai l
- 10 manuf r i ith the viral vectored FIV or FelLV
vacci nes a@%ﬁ%iﬂ%’?ﬁ%ﬁ%@ﬁ%@ at a level significantly higher than
cats vaccinated with a subunit FIV or FelLV vaccine. Cats receiving the
viragp vect oreddil M .9f &@—%x&%@b@@na@ﬂ Arg natiwneff, thHes IR1ine

i mmune- enhanci ng feline CD3O0, CD?% CD28, fn CTLA]é%/ect ored vaccipe and .
then chal | el Ito BROEUSFot E6fed PFBMUTTERG. WIER & Wit i th t he
viral vectw®tbF:Y 6f EFaf¥cvadcirelangsatesmhicrat isubjefctdie domsmeenhanci ng
feline CD8Q, D86, .CD28, ~an LA-4-vect ored 20 ccine alsq receive the
addi ti onal HeRerief laaimléisepe%etqs HSS TS 31(? rg Sove. I%%a %l terha leoecp Btedure, -
cats at 8 weeksamilpged aveing| e SHESHERMNBECUTENG yPRPEEDURD. g of plasni d
25 containing cDNA for feline CD80, CD86, CD28, and CTLA-4 nolecules in a
m xture with a plasm d containing cDNA for FIV env and gag or FelLV env and
gag, or al t%‘rﬁ*?é?‘i%ﬁeﬁ VS (5 QAP IR afISARRE W idiksh PG SF o DItdsi d
cont ai ni ng EBNfa g XPFE664HE pAGT MIveeaoBlbpat ipedseddsotbn@D8® antk GRS, or =~

CD80 and CTLA-4, or .CD86. a 8 or . 6 CTLA-4 paire i 8 or

CTLA-4, in % M Xt W o4 ;depllq%ﬁa@ac%%atai%ﬂgl de(%}‘ Fléj/'%gr}zf@a%%zgag or

FelLV env anibs gelgso Queingdl foat exguensionecti Viee GUBD, ga@iitotCRR8; aamtl CTLA- 4.

Cat s are cr%,{\; gd&%@eﬂéu' ent 35 FeLV or FIV and observed for signs of
e cn%e a

di sease as S ove. The results of the challenge experinent are
that cats receiving the cDNA vector containing

Example B8
S-SPV-224

35 S-8PV-224 1is a swinepox virus that expresses three
foreign genes. The genes for feline leukemia virus

(FelV) gag/protease, and FelLV envelope (full lenght) and
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112 3 0 ~~P ZaaZ feline CD80, CD86, CD28, and CTLA-4 and cDNA vector
contai ning FIV genes or FelLV genes show 100% protection from isggpe
conpared to cats receiving only cDNA vector containing FIV ge &s or éneq_zv
genes who show 750 5 protection fromdisease. In an alternate procedure,

cats at 8 S re Lnjec Lnt scul w.th 0.1 00 of
bar i1 ed protes et el £ 0 Slagh LRGSR TRt ol st 18 o
al ternati velSEV pdily vk Blee cépbl riad i basmof EBB0 186 9CDB6 ppaitried Witd ITHR8 or
CTLA-4 prot & @%,nom@mf&%@m&itnantTrFeDMémﬁ@ta@r@x%%ca@eb%%r@b%?un@%@

injected intramuscularly wWith 0.1 to 100 of a subunit vacci ne contai ning
FIV env and gy G ERY ehvtBRdSYREReEL At ;Tgf_"rig BRfs PFOTRGE T dEEA)e CDBO,
CD86, sCD28, mTard EELA- denwalspar eyental Lengeddst t kra viebdkbestl RV sfheai n or
FelLV strai nsar}ldchoet}?eetrilcedearle ularly fgr e\r/el ggggnt 9&_‘ dilsease. The results
of the chal ISeAge BXperT neht arkCF haf CRRE ST r e Ui ng ‘tRe 1pGFi £28§ ot ei n
for feline ODBEr CD3&, QO0nCBRB, odndt BT LAChsand usulyeni t lwaeci SRV cdmtlai ni ng
FI'V or FeLV &doni ficantly reduced incidence of disease conpared to
cats receiving only subunit vaccine _ containing FIV or FeLV proteins. 25
Exanpl e 22 Use of feline CD80, CD86, CD28, and CTLA-4 as a prophylactic
vacciine for glisyease pr alect 4R BOd Fedridwe E€DBOY-CD86, (KiXfs ardaChhA-4 in a

reconbi nant _.sSW nepox, reco?bi ant raccoon r _reconbi nant feline herpes
Vital vect oS AhERSAAFCRITEL &P - bt bsatibad'S AOBCATe T7C St “ithout
adm ni steri g .BGbamdt o rusr af-38Vveet orred HMALGEOVS r RRCUMBTORANTION
organi sms, %ﬁ‘odﬁfzﬁ% . %BRSEENE@%%NH':%MME 78 gRe: .1%@?'1’%5%}1‘(&“.' ch
elicits a protective i nmune response en chall enged w a 113
The transfection stock was scrend by the SCREEN FOR
15 RECOMBINANT RPV OR SPV FHV expressing B-galactosidase
(BRLUOGAL AND CPRG ASSAYS) or B-galactosidase (X-
GLUCASSAYS) . The final results of red plaque
purification was the recombinant virus designated S-SPV-
224, This virus was acids for B-galactosidase
20 expression by the blue plague acids a described in

Materials and Methods.

S-SPV-224 is aséayed for expression of FelV gag/protease,
25 FelLV env, And (-galactosidase proteins using proteins
using the SCREEN FOR FOREIGN GENE EXPRESSION IN
RECOMBINANT RPV, SPV, OR FHV USING BLACK PLAQUE ASSAYS.
The assays described here were carried out in ESK-4 cells
would be a suitable substrate for the production of SPV

30 recombinant vaccines.August 14, 1998

To confirm the expression of FelV gag/protease and FelV
env gene products, cells are infected with S-SPV-224 and

35 samples of infected cells lysates were subjected to SDS-
polyacrylamide gel electrophoresis. The gel are blotted
and analyzed using the WESTERN BLOTTING PROCEDURE.
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3 0 sFP zooz viral, parasitic or bacterial pathogen. In an alt gaSFP 2002
procedure, feline CD80 or CD86, in conbination with feline CTLA-4 In vira
vect ors when adm ni stered as described in Exanple 3, are useful to suppress
an i mmune 5 response, and protect against aut oi nmune di sease in cats.
Exampl e 23 10.bse I Lne CDARA a L nhi it and
destroy tun%rskgl ér%gth §$unnr1n rgggggxcg rggeA¥95%§ 14 eghﬁith a
reconbinantF9MW%ﬂﬁﬁPIQQ%%%%inéﬁﬁ rE@bBommW@lQﬁeré@@ﬁﬁﬂﬁéﬁtaﬁdlime 15

her pes viral,seeetiora £xpr egskngel ahi e LGB0 L4 1GRR6 t@mﬁOHHEQéE!LBHsWth CD28
or CTLA-4. The transfected. tunor eIIs are re-adm.nistered to the cat, and

the presencs 6F rHecrgd, 2XFR6USErns, 4Rd EIPASZSIR™ hefsuitaceFsEVt he
tunorscel | gaggesoaehlroadd mmvedlopgi ealoteasponse to 20 transfected and
non-transfected tunor cells resulting in killing of |ocalized and
metastatic tunor cells. In an alternate procedure, vectors expressing
feline CD80 or CD86 in conmbination with CD28 or CTLA-4 are injected
directly i nggamptn@r in a cat resulting in a broad 25 i rmunol ogi cal
response to the tunor cells resulting in killing of |ocalized and

net ast-ati c EaRB-€&fl s. Exanple 24 30 Use of feline CD8O, CD86, CD28, and
CTLAi4 as a therapeutic to treat disease in cats. Feline CD380, CD86, CD28,
and CTLA-4 ?V gggnbinant fW4Q§ QX 1 gaginant raccogngox or .

r econbi nant § 5 fe? pes VA 1'gélto e BHRFAT St bt 69 BRTGE%Rri bed in
Exanpl e 17, gbueswi t lelV adagrfibsoteang, sBelivienv or Feling @@&@or@dcahtigens

from pat hOQ@QFE Qﬁgaﬁ'éé'fz x?{ Usef lﬁlhel%ﬂ(]il $ef) §'1:-Pf%9$ etED %%111 te

immunity to clear reduce t Ieve |seas pat ogy ing r
Experi ment aiangattahe Sggng46for .coli  fi-galactosidase uldA) were :
15 inserted into a unique Not I restriction site (Not I

linker inserted into a unique EccRI restriction site
within an approximately 3.2 kb region of the 6.7 kb SPV
HindIII k fragment). The CD80 gene is under the
control of the synthetic 1aEe/ear1y promoter (LP2EP2) and
20 the uidA gene is under control of the synthetic early
pox promoter, EP2. The FelLVgag/protease, FeLV envelope
(full length) and the E.coli f-galactosidase (lacZ) genes
were inserted into a deleted I5S5L site derived from a
1869 partial HindIII N genomic fragment. The
25 FelVgag/protease gene 1is under the control of the
synthetic early pox promoter, EP2. The FeLV envelope
gene 1is under the control of the synthetic early pox
promoter, EP1. The lacZ gene is under the control of
the constitutive late pox promoter, I5L. (PCT
30 International Application WO 96/22263 is incorporated

herein by reference.)

S-SPV  was derived from S-SPV-224 (contains FeL
Vgag/protease, FeLVenvelope and E.coli lacZ gene in the
35 ISL deleted 1869 kb partial HindIII N fragment). This
was accomplished utilizing the homology vector 931-21.A1
and virus S-SPV-224 in the HOMOLOGOUS RECOMBINATION
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5 Safety and Efficacy of a reconbinant viral vectored SPV vacci ne
contai ni ng FeLV gag and envel ope and feline CD80. The construc'gij n gj %dng
reconbi ~.unt SPV virus, SPV 246, was descri bed above (in the b @% the
original filing). 10 SPV 246 contains five foreign genes including genes
encodi ng for FeLV gag and envel ope and feline CD80 as well as two marker
genes, f~-gPREGEBH a§é3pan@E¥%%%£%Pé@o%?@(a@%.m@?ﬁréggi0|$P8f/ R \FHédg and
\e/\g\slzgﬂeBinﬂh@D&(}aid},fCe%d%ﬁ nEestrdwaist is SRE 245 W?pﬁ@gfél_cf\l}m bsfo%5

r esen g. c_Fe ag.an
envel ope p%@g&ﬁ%%a@% gg?e@f{eg%vi @ﬁ gﬁgo*a%pg%%gﬁ% Tg%\]rﬁ‘?tb%%’;/j%lﬁ%i nst
FeLV P27(Bi ¢HeSOGAL NMED af®R& ESAYSOnadR antf-edys cigeinsis eFe (X GLUC

9o70(B: odesigr,VE) . respect i vehy) Felk.gag and emel gnecr ol g, appear od

to 20 be postranslationally processed sinla ( ive viral proteins.
Purity, expp‘éiésfb‘hafah@lnswagﬂ-l Peythaargepsbimanear ires ralwEBIACK PLAQUE
Assay utilizppg-khe anti bodi es descri bed above. SPV 246 was stably passaged
at least 5 tinmes. 100% of plaques generated fromcells 25 infected wit: SPV
246, were positive for FelLVgag, envel ope, f~-gal actosi dase and

i 3- gl ucur ong daBse- 2dhei exps espedfcaf ekelrene16HBOL WasL ¢ oy g /et ¢ ais ANESTERN
BLOT, anal ysi s ,usj ' o] i-h 0 ti V. ] tiple
band%gr angi %%diﬁég‘?z%??g%%‘?éoggétggﬁ%&%gggp’éq(;:)?f%%Q’?%? fe |nFeO 80 wer e

det ect ed. THENE FHRRESSRséNt RECOMPANPE TarftP\vul 71 eCBl s WatFGn

patterns of p{pBQ expiegsedsindgodi rhed ddud e g08texbe@f nSPY apdy ESK- 4
cells. 35 SPV 246 and control_ virus,. SPV as well as_ other 115 30

. 003,
SEP 2002 r e€BABIHFENCUEHM TarkP Py Ft AP 'va’c“c‘%)ﬁ’i%!a‘b]d?ﬁji%res‘":%‘r‘}e tested for
their abili{yulla Peoteuicadls] agaivrsdr Fal \f pershstprddidyieat ion.spn short,
~- we§é ol d Ki tteP?s | Ocat s/scqr Qup, were vacci nated subcutaneously with 1ml
of 578PV 24B5SCEBREPEPEVIVATS 1056t her reconbi nant viruses (doses ranged from
7x105pfu/cat to 1 x 107 pfu/cat. Cats were vaccinated 3 tines, 3 weeks
apart. Fol |l gw-pg _ ci:nat | atg werg chall engede by s0nq-Ra oute w-h
the _Ri ckarg\ggEgLéagt al%a‘lrigggxgﬁl %%ée- é:‘s.}%r al né &%o }-?2 lf% qa%Dg%er#/cat) ,

after pre-tFPRAEHERE ANERIPRLBSIHT &9 sSCBRENaERR af BL 1M fdRadfBT Y1) Serum
from cats wagspansbyzeg7fof perEsH®@M IW REOCDRBOKNANT SPV, RPV OR FHV

20 USING BLACK PLAQUE ASSAYS A human CTLA-4/Fc chimeric
antibody is shown to react specifically with S-SPV-246

plaques (expressing feline CD80) and not with S-SPV-001
negative control plaques. All S5-SPV-246 observed plagques
are shown to react with the human CTLA-4/Fc chimeric
25 antibody indicating that the virus is stably expressing

the feline CD80 foreign gene.

To confirm the expression of Fel V gag/protease, FelV
envelope, and feline CCD80 gene product, cells are

30 infected with S-SPV-246 and samples of infected cell
lysates are subjected to SDS-polyacrylamide gell
electrophoresis. the gell are bottled and analyzed using
the WESTERN BLOTTING PROCEDURE.

35 S-SPV-246 is a recombinant swinepox virus expressing the

Fel. V gag/protease and FelLV envelope proteins and is

useful as a vaccine in fields against FelLV infections.
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r weekly basis for 15 weeks post challenge. Cats were 15 considered to be
persistently viremc after testing positive for the presence gfqFRHPV 2087
for 3 consecutive weeks. 20 Results: Cats vaccinated with SPV 246 were
partially protected fromFeLV virema in an FelLV chal |l enge study. The

redi cted prev a . fraction. (PF) vyalue for- cats treated wth SPV 246
has 5006 ( Ta S0y 256 Fapl L3S aHAT pE B SRIbf O at Shi (1LY
persi stent \damfprotatadd awklepostpe hatdteniges. Predi ct ed Prevent abl e
Fraction (PF) for each group was cal cul ated. 30
GROVI RUSES) #cat socat sSPFUPwW t hwi t h( %C- W/) #per si st per si st %Cent entvi rem avi rem
iall1l6 a EXPPIHFHa0 10 15 1FHV 018 (CW-7 1070% 160FelLVenv) FHV 019
( CW- FeLVgag) 2FHV 0l 8 (COW- 6/ 106G00oFeLVenv) FHV 019 ( COW- FelLVgag) FHV 030
( gE- CDBC) 3FHV- . 018 ( QW- 7/ 1070- 16%-elLVenv) FHV 019 ( OW-FelVgag ) RPV 022
( L2E2- CDB0) 4P\ o5 q 1 2 EHIPI650 1 60Fe BFEGIaA? %5 ( EYiREPPeny YEMYS030
( gE- CDBO) 5SRMefl (a2 a3k 203056 Odgh Myaty/ fd il emuhoHRE2 <CBB.c§ ATk 2S8

(L2 o L05GHa0) S0 LS el VIpTa) Kl 90-L oA ToPY 650
106000 11 7 pegiF@HERIHOFIF) are: -
10
A recombinant swinepox virus expresses five foreign
genes. The FIV env gene is under the control cf the
synthetic early pox promoter EPI; the FIV gag/protease
gene 1is under the control of the synthet:c early pox
15 promoter EP2; the E.coli lacZ gene is under the control
of the swinepox promoter I5L; the feline CD80 gene 1is
under the control of the synthetic late/early pox
promoter LP2EP2; the E.coli idA gene 1is under the
control of the synthetic early pox promoter EP2. The FIV
20 envelope gene, FIV gag/protease and E.coli lacZ genes are
located in a different and distinct non-essential SPV
insertion site from the feline CD80 and the E.coli uida

gene insertions.

25 A recombinant swinepox virus expresses five foreign
genes. The FIV env gene is under the control of the
synthetic early pox promoter EPl; the FIV gag/protease
gene 1is under the control of the synthetic early pox
promoter EP2; the E.coli lacZ gene is under the control

30 of the swinepox promoter I5L; the feline CD86 gene 1is
under the control of the synthetic late/early pox
promoter LP2EP2; the E.coli uidA gene 1is under the
control of the synthetic early pox promoter EP2. The FIV
envelope gene, FIV gag/protease and E.coli lacZ genes are

35 located in a different and distinct non-essential SPV
insertion site from the feline CD8B6 and E.coli uidA

insertion.
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EXAMPLES OF ADDI TI ONAL RECOMBI NANT VI RUSES CONTAI NI NG CD80 and CD86. SPV
280 5 SPV 280 is a reconbi nant sw nepox Virus expressing siXx f(qgl gppagmes-
A honol ogy vector designated 992-23.6 was constructed in the fo Iomnng way':
the feline CD86 gene and the CD80 gene were expressed i~r-a bicistronic DNA

10 cassette under@%he control of the s Synthetlc | at e pg gronnter, LP1,
driving the®t FEASEPFPRR oS G RBBh VATHSCEFBTERTCT nE VA dF e LA ENBVSF RES
el enent betmben fled ithwo Open regadéengid r amedsr t hheE. cohitrb3- gbicuthai dase

gETe 15, eyt sont kol e, SyRUhLLe eREbuopr Rl o CEPP.\ BRY 10 200

was derlved con aln enes’ for gag an
and f~-gala@?6§|d63eungpv 2383m9§nb¥@b|@ﬁsl@h%ngVﬂébﬁédCt@addntaPﬁXthe FelLV

gag/ psot eas?r@ﬁ@@ér apgl, t hen {4 unGrietaseb¥-eRY8honsy (OP7OImgenS: voder the
control of the sygéhetlc early/late 20 pox pronoters, LP2EP2; the E.coli

f ~- gal act osVd55e°§éRE FEGRGE aPﬁepEBEFﬂBF SF YRESEBRsti tutive |5L pox
pronoter and inserted |nto the deleted 1869 by partial HndlIl N fragment.

The CD8O/ CD§ . | o dipto th
ool oy verras isERge, ey g LI 8 (BRLoHBIRgNC S bl aNe | VLA i a
Hnd 11l K ﬂsaérqaéntforsm;rcz@@cfvmn d@f i Yagcingm SPRizsg. FETNS @asease

accompl i shegouthl i BENg thee henml-00%sVegt 8¢ P924 23 and Vi [4$KS- Sy 30 258
in the HOMOLOGOUS RECOVBI NATI ON PROCEDURE. FOR GENERATING RECOVBI NANT

RPV, SPV, OR BKVEPTREON Can FFUA TS0tk e I emed? byR¢ heOSeREERL FOR
RECOVBI NANTFSBV BXBBESSENGehesgal act osi dase (BLUOGAL and CPRG ASSAYS) or

' 3-gl ucuroni dase (X-G.UC ASSAY). The final result of 35 nultiple rounds of
bl ue/ green pl aque purification was the reconbi nant virus SPV 280. 118 30
s~P 2a02 SPXd28@ iwas las sayath o empreesbmb1@hnEengagmpaxANEmweégpe and

t he rker f e.an u i e L§§§

Analggls 18% 29‘ ? 3#2&%gﬁgg%?e%§fErgéggﬁg4%§glﬁ%glﬁ?%é? f purlfled
SPV 280 5 wépé aeﬂwh@ma 2Bt beody ppe’dy Al e L AA P whHE Featiemvalepe, usi ng
a goat polyclonal antibody for FeLVgag (Bi odesign, ME) and a nouse

nmonocl onal anti body, for FeLV envel ope, gp70(Bi odesi 10 The

expressi on 6frFEPWﬁénﬁfﬁosﬁhHeEfﬁ6V£5%Sc é?ﬁ%ﬁ ?ﬁ%ﬂéﬂ?&%@%ﬂgﬁnﬁnalysis
using goat [aky€ckdnat anso-penanl&EBInanth&D8farmbehiorkes &AL Dyssens,
M), ,pespec . nds ¢r apgi.ng fr da
SpECIPIC fo# Finew%beﬁ wgfgﬁdeggctgg ngﬂtﬁ%gﬁc ?%%ggggg% éﬁ%%ng from
40kda to 70kdemsyter fLE2ERR . f elAlrfe TOBE RdiYE d@ueecﬁeélln%&@%a%@e

represent ahbernale and @i‘éﬂs@de@r\kﬁlaﬂéoséf&ﬁéiﬁn HRat ter ms of SGHR0 ang CDB6
expressed in the context of SPV in ESK-4 cel
fusion at the carboxyl terminus to allow purification on

a nickel affinity column.
25
A recombinant swinepox virusg expresses on foreign gene.
The feline CD28 gene lacking the transmembrane domain is
under the control of the synthetic late/early pox
promoter LP2EP2. Alternatively, the feline CD28 gene
30 lacking the transmembrane domain has a histidine tag
fusion at the carboxyl terminus to allow purification on

a nickel affinity column.

A recombinant swinepox virus expresses on e foreign gene.
35 The feline CD86 gene lacking the transmembrane domain is
under the control of the synthetic late/early pox
promoter LP2EP2. Alternatively, the feline (D86 gene
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20 SPV 28l SPV 281 is a reconbi nant swi nepox virus expressing six foreign
genes. A honol ogy vector designated 992-23.6 was constructed 29 Q?gczgﬁfd
above for SPV 280. SPV 281 was 25 derived from SPV 228) which contrai he
genes for FlVgag/ protease and envel ope and E. coli f3gal actosidase. The FIV

gag/ pr ot eas ene is.under_the control .of a synthetic pox early pronoter,
EP2; the FI @%gbé?%pzh&en%r?%s‘ﬁ%‘ala?a’?ﬁed@B‘ﬁthoI%‘atﬁ 3 SYREAGEDE pok330 early
pronot er, EPlsidheatE. g i cdBboay Actesniase genzllewumderfidet tontonl of the

constitutiv X opoLer l\¥gag/ protease , envel ope and E. coli
f ~- gal act os?dgggkggrgg?nggr?eﬁolﬁnto the deleted 1869 by partial Hind IIl N

fragnment of SPV. The CD80/CD86 and E.coli 13 35 glucuroni dase genes were
}nsersed iQ%gdibgoghgtL@ﬁﬁggmdgcpgge55@abhain§ﬁg P@wiﬁ%<%h;ggi£#%e§
ragnment . 9...3. erived fr : i S was
acconpl i shed® bt tFi-2Fn ?'ﬁ% f?%)goq oﬁ?éve T 88 -ﬁ%to‘gndf\‘?irr usd&EBR/228 i n
t he HOMOL OGO REGONBE NAGT ONI PRECEDUREVFQRs SREMERAT| Kiise REEOWBENANT

RPV, SPV, OR FHV. The transfection 5 stocks were screened by the SCREEN FOR

RECOMBI NANT SPV EXPRESSI NG i 3- gal act osi dase (BLUOGAL and CPRG ASSAYS) or
f ~- gl ucur onf d&gEcqeIRARE ASSAVEDVETHOE UTheéxPirggisesestii Ye of hatreiphe Tounds

of bige/ greganpkaqueryurf&i cati easwas ddie rHe@Mbhaart -gior :j&;%m%%v g8d. 10 SPV
281 was assayed for_expressjon of F]Vgag, FIV envel ope and the marker
genes. 3 GRFBRATRT A BT HH TR Onf RS- 1y BIIRK PRACEER Al y&f s, 100%

of pl aques thérepnkEiktcd ccaldts jad et edoxi phopbague Lpar,i fdredriSRY 284 15 were
determ ned to_be expressi gag, e |l o i 3gal act gsi nd
i 3- @ ucur oni dA&E WH 1191 nogqgndlﬁu%e agnltt)ing(k? 8n§¥§aﬁ$c?1b%d]|‘ ?%rﬂli—#\?/ging%pﬂ) and
FI'V envel opel¢mgptObptweest tGmeMuwsc|apral sreadindBifoRewigyn dhet e nabvlonal , ME,
respegtivel a se MonQgk Pnak, ot 20 f3- a Sisgé& it

pol ycl onal %%1% bgg&étg f3gllqucuroniedase (B og(?a‘fsi 8%8 aﬁg%lr%%l 2%31{1 Pr obes,
OR, respectP¥@RgyeXrTh&Pexpr €5k§ oRI¥f IREVPHELEPBE HRHCCES6 Wikie T onte r ned in

25 VESTERN BbeHranabysitheltdwidepex p?wﬁb@@@! ent.i - uear CAG angd-£D86
anti bodi es (R&D Systens, . Ml ti B! bands ra%]ﬂ_a}l n size from 30kda to

60kda speci¥T2¢f or® f BPFRE GEPETRet & efihea §53f e 1B&RIL*angi ng
from 40kda poomdiets, SEci fiThd orCHed / ks CREEI weiee BO-alet ectidal. gdiese bands

repregsent r Lt i pl yl_ati on t f CD86
expr%@sed ?‘J:rll}%h(ggﬁcgﬁ?gg?ngh §P\9q"|f%leé%%%4 aglg %s%%%orgned%\% ope
expressi on 9BY ARserEdRn Sig® bir WESTERNFBVagRrIdREPY SRS CUENG & Pt he
anti bodi es tgsgrébgd aheweribhy.gag and

A recombinant swinepox virus éxpresses five foreign

25 genes. The feline CD86- gene and the CD-80 genes are
expressed in bicistronic cassette under the control of

the synthetic late/early pox promoter LP1l, driving the
transcription of CD80 and CD86 and including an EMCV IRES
element between the two open reading frames; the E.coli

30 lacZ gene 1is under the control of the synthetic late
promoter, LP1l. The FIV envelope gene is under the
control of the synthetic early pox under promoter, EP1.

The E.coli uidA gene is under the control of the

synthetic late pox promoter, LP1l. The CD80/CD86 and the

35 E.coli uidA gene are contained in a different and
distinct non-essential SPV insertion site from the

FIVgag/protease and E.coli lacZ gene insertions.

92



35 envel ope appeared to be processed into P24 and gp 100, respectively. 120
3 0 SEP 2002 FHV 043 FHV 043 is a reconbinant feline herpes virys
expressing five foreign genes. A honol ogy vector designated 987%B05355dﬂm&s
constructed in the follow ng way: the feline CD86 and CD80 genes were

cloned into,a_bjicl e : er t he_cyt onegal ovirus
i medi at e e%rf%ééﬁ%%)rgtr ?% er'(#‘ %VF%QE ﬁgggr%%%c%lbé{—%ng%l?e%mo and
CD86. TransTaei drldinet HEl8ind denelowndt FBaMCBBE0 J&pen exaadisspd ramea vas
under the cgntkok @fit he M hRESogE 80ENLs The ByelHedi3- ol dcurgpi dase

gene is under the control of the infectious,| ar,%ngo racheitis_virus

gl
pronot er. TRECRPRBY ¥iB6, danding ¢S 3 §FLLRFORT daseCithes®@r eP8 hiser t ed
into the FHYn&5 iwailgde nlgozg EMIIVOMRBE a lematite deeoddersitiee derd vededir om a

partial Sal |_H.fragpent of FHY. The_i serg.iﬁn between_t.he gl, and
adj acent trgﬁggrngti ona eg(:ti\g%/?oré]g%%els. H\\g’%%fS \t%/asls Lé%%lle:\r/edt}??om FHV
017, which contaphsof hehgesgsthetif| garhyeboproaer, EERd| i f 3Tlyal BEV osi dase.

The FI Venveglgggpg;si@%ais% wader sthe ot rdle ofodhe, CME I@aor@m&g[%%ﬁnd the

E.coli f3-g ase gene i s under the control of the pseu ies gX
pronot er -el BRERELER| vi 25 E2velBfe BRY BYSLORHE3- &P actissi Haderwete i nsert ed
intoibhe FHYoWBreE dal etgd sivhehelhl¥ Qb waspder byetoteem B ,0lghe This was

acconpl i shed by, utjlizing the honplo vector 987-57. Al and virus FHV 30
0L 7 T 1 ho BNPLEATRY RS o AT BRECERDREC B PG R HECHBI NANT
RPV, SPV, OR EBN. pdkeptomnséect i ofihet CR&8/ U8 €, senéehedoby tihdA SEREEN FOR
RECOVBI NANT_ SPV. I - gal act oS (B ]l_JQfAI__ n SAYS) or
i 3-gl ucuron?ggsjé i ; g%éﬁlilsés% %&ggéﬁe f#na r%%uﬁ%’gﬁo@?‘nu tiple
rounds of bFhe/ glderemyicddire pUtiV i FRAIRHPEAES S MNG e il indrtC%i Feike FHV 043.

121 35 insertions.

Additional swinepox viruses for use a FelV vaccines for

fields would be constructed as described above, replacing

the FIV genes for the comparable FelLV gene constructs.
20

EXAMPLE 11
Additional examples of recombinant raccoonpox virus
25 useful as a vaccine against feline diseases such as
feline immunodeficiency virus (FIV), feline leukemia
virus (FelLV), or feline infectious peritonitis (FIP) are:

A recombinant raccoonpox virus expresses two foreign
30 genes. The feline (D86 1is under the control of the
synthetic late/early pox promoter LP2EP2; the E.coli lacZ
gene 1is under the control of the synthetic late pox

promoter L1.
35 Additional examples of recombinant vraccoonpox virus

useful for production of proteins for use as a vaccine or

for polyclonal antibody production and purification.
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3 A SE P 20& FHV 043 was assayed for expression of the marger gggezo
i 3-gal actosi dase and f 3-gl ucuroni dase by BLACK PLAQUE Analy Q 0 ng
pl aques from CRFK cells infected with plaque purified FHY 043 were
determ ned to be expressing 5 f3-gal act osi dase and i 3-gl ucuroni dase,
utilizing mouse nonoclonal _antibody to i 3- %al act osi dase (EﬁiOdESi n, ME)

and a rabbit g o ntPEEEYPEF 3V 4T W urdhEFESE S MBI B Ui Are Fidbes,
OR). This vgems. wasltdet éehined CD8Obeyestaablechiter the |wastsdeniassages. 10

The express} el | a S fd i T
analyor s urf Rt e e e e e e s B Y R
Systens, Mpox NeHangiler Bad2randitherRAtsYeky f ridip Jodas B0k dempeci fi c

for 15 feling-cb89 wale dehashedbrand adddipl enbhands ﬁﬁ@gj&agnterocm%?fkda to
7okda specific for feline C%G &ere detect ed. The expression of FlI
A EEYin

envel ope (gpi3H™ s W COERTRERA B GF Lotal W TG /e

conval escend gadkskraffiwvwitancédlvmm nfected cat. 20 HOMOLOGY VECTOR

| 015-18. 8A (LP1-CD86/1 RES- CD80): The honol ogy vector 1015-18.8A was used to
create 25 reconbi nant RPV viruses expressing CD80 and CD86: A plasmd was
const r uct ed? c orcEM} Mpthe YBEKCRRROYr oW« , CEMEYSSRES @hendmyeignl a pox

Pol y; A tranggrd pti enal %@1%@%@%& eiwﬁigeghge&era%&n%m' i fied
with primers 1/97.6 (5" - GCTAGGAT CTATGTAGACAGGTGAGAT-3') and 30 3/98.4
(5' - TCGAGGATeRTHETEACRRAGEARRETERNEYPL Rt IF hGo MVAthiStd SBamie 4§35y sites.
CDB0 was clpcsbﬁcbmmm threspBl prooeteativdey f eling 38k gams WamdCR

{

anplified . prinmers 1/98.18 ‘=T T TGGAT TTTGIGACAG 3') with an
Vol Gl oo kA PhE TR £98naRelBr 3l S AR A T GO 59 SAdnt
ended. CD86twgisore |adn echeh elainbvdxi’h et EMDAERES & ldmentpurife czasiset t emas t hen
dig ed wi d.i the RPV HndllIl N 122 3 0 SEP 2002

esd dh Notd, aé‘ﬁ'&fn‘ég?f %@‘%@T

vector containing the act osi dase gene under the control of the
synthetic late pronoter,|1SL. The final honol ogy vector 1015-18. 8A was used

to create VArUsRsniHAIN BecEbYngbxFekiM genekpaad seB80nead f86 qccor di ng
5 to the HOMOLOGOUS RE INATIgN PRCCE F( ERATI NG RE NANT RPV.
- RPV- 045: dene. he feline CD86 gene lacking the transmembrane
domain is under the control of the synthetic late/early
20 pox promoter LP2EP2. Alternatively, the feline CD86 gene
lacking the transmembrane domain has a histidine tag
fusion at the carboxyl terminus to allow purification on

a nickel affinity column.

25 A recombinant raccoonpox virus expresses four foreign
genes. The feline C(CDB6- gene and the CD-80 gene
expressed in a bicistrconic cassette under the control of
the synthetic late/early pox promoter LP2EP2, driving the
transcription of CD80 and CD86 and including an EMCV IRES

30 element between the two open reading frames driving the
translation of the 2nd, downstream gene, CD80; the FIVgag
gene is under the control of the swinepox promoter, OIL;
the E.colili uidA gene 1s under the control of the
synthetic early pox promoter E2.

35
A recombinant raccoonpox virus expresses four foreign
genes. The feline CD86- gene and the CD-80 gene
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10 S-RPV-045 is a reconbi nant raccoonpox virus expressing three forei gn
genes. S-RPV-045 was derived fromthe raccoonpox virus RPV- 00003 QT

VR-838). This was acconplished utilizing the honol ogy vector 15-18. 8A and
15 the parental virus S-RPV-000 in the HOMOLOGOUS RECOVBI NATI ON PROCEDURE
FOR CGENERATI NG RECOVBI, NANT RPV. The transfection stocks were screened for
the reconbi FREESYerhéNSERREN- HEFORECERSISRANT RPYSEXPRESSFRBETOL of

f 3gal act osi daze sfyBkWOE GAL 1 ASS Y BN b SCRECNJEER RECOMB| NANTv285RPMe
EXPRESSI NG YVATTC, MARKER S Vi_ru as. plaqgue

passaged 5 F’lr s T iPRAO 095 %és\gagssay % c?rndsén Pgéfl% ?Haggb& ggggm on by
Bl ack PI aqu@lmmr}ﬁslkset‘&@@%‘die p¢‘&@|u@Belgeh@a@%@ﬁ frame25dVEROngeths

i nfectsed Wi thpiyifdedh RRY- 0¢heves gy det gbum sk 4 r@prmlong the
f ~-gal'act osi_dase, using a rabpit polyclonal anti bo . Western

anal ysi s usi ﬁgqueemawesmrwmbmmw co‘ﬁfl FH%dSY RehekpFessi on
of CD80 and <GR8§ p&kngrgmatepplmj arted BRridl4hufdn @Bﬁ@ apdukBBe anti bodi es

(R&D Systens, r tlvel Itlple bands ran n size from30 to
60 kda speci for{é'ﬁoc}r ﬁ edzlértlé"ctpod( p&ﬁ’a‘o It| I'e bands rangi ng

from40 to 20 :i@lmrﬁﬁnsmm fracccbonp‘bel vaeuED&&prEse cGetEoteed. fEEhes‘;gr»bands

bt S¥ead | S Cont GUF of RBCE noVERG 155" AR SR, s " pad 0
S-RPV- 046: BXRPESS86 iB a Pa%h%m@ \AASFStELPHBEST nENE| v@onér@lgﬁfgenes
RPV- 046 was gl isyednteem l’é\@e}’é’&ﬁpﬁ?d}@ idet cRPYO36p2 Thi g1 vaggagpanpl i shed

utilizing the honol.o vector 1015 . 8 d the tal virus_RPV-036 in
the 10 HOVOLGEAISTHESHE 194 ERFP {oe s NEF%A?HN@RE@GVBFWMT RPV.

The transf edREIN edtaeks wereesar eeredwboopthereedinyi fiaahebydthei SGREEN FOR

IR AT BETERIG g o G PR a1 e

FIVgag gene 1is under the control of the swinepox

promoter, OIL; the FIVenvelope gene is under the control
of the synthetic early pox promoter, El; the E.coli uidaA
gene 1is under the control of the synthetic early pox

20 promoter E2.

Additional examples of recombinant raccoonpox virus
useful as a vaccine against feline disease such as feline
immunodeficiency virus (FIV), feline leukemia virus

25 (FeLV), or feline infectious peritonitis (FIP) are:

A recombinant raccoonpox virus expresses two foreign
genes. The feline CD86 gene is under the control of the
synthetic late/early pox promoter LP2EP2; the E.coli lacZ
30 gene is under the control of the synthetac late pox

promoter LP1.
Additional examples of recombinant raccoonpox viruses
utilizing both CD80 and CD86 and useful for vaccine

35 developments for FIV and FeLV disease in fields are:

A recombinant raccoonpox virus expresses four foreign
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15 The virus was plaque purified and passaged 5 tinmes. The final result of
mul tiple rounds of blue/green plaque purification was the reconbi nant virus
FHV 046. RPV 046 contains the FIV gag gene under the cont r o JoSEPN2R02
synthetic early/late pox pronmoter, LP2EP2, and the 20 f3-gl ucuroni dase gene

under the control of the sgngjheti c early pox pronoter, EP2. These genes are
cont ai ned | ASPRE -di st FAEt ARd*A6N- E888nt FaFpaftfal ERBV FPRdCI | 98™8ite. The
CD80 and CD8fipgenssdand &heit3sgabattoskdasetar endent ahaedonarbheodni que

and distinc on-e i 25 ti RR\/_Hi ﬂ_qf} : I site. .RRPV-046, was
assayed forE]J'.lg-g< %?ﬁgh%g#dals%@éexp‘?%%sipgn%y at_é'{(}tldf _§F&§E‘§§ ggﬁlé:'r at ed
from Vero 30TpUFCEiLed IRRV-AIAERET e2dét e CRBRe@ghl iata oyl idus eamnd EMCV

f~-gl gcur onirgdage.c Mrdctiost wase and twoPlopaye Anal s ser R0 cehhs
infected with to be expressing i 3 Western anal ysis using the WESTERN
BLOTTI NG PREEEDURRICBRPERAEE t AENExpt RsSiRfifof [CI80 SaAd TeB86 Aisi i§egoat 35

pol ycl onal aghikhburan 1GHEY eand COB6x apkbhodees (RRBPSystwams, Mkoli
respectively. I'tiple bands.ranging in.size from 30 to 60 kda specific for
feline CDeoX\%\%rNg A€ P Cfg%?-’ 50ghaetcé’c teré),zl e?nfgl t%u“?t%\ﬁ?%h%%hasefag ging from
40 to 70 kdmogpewidnatdor EP8l i neTIBDBEDREY €DE6H ecR Biyaditese: drmnds andpr esent
altegpate a{]g%jﬂlé:#r@se Ay cosy! atdon pat{erns; of i L8O ﬂBH—QQ@Qn@’.‘LBﬁelssed In

t he cont ext oV 1n VERO 5 cel I's. FIVgag/ prot ease expression was al so
confirmed bYFWESTERN BLOT anal ysis utilizing nouse nonocl onal antibodies
for FlVgag (p27) (Custom Monoclonals, CA). 10 S-RPV-047: RPV-047 is a

raccoonpox yirus ex);PJressi ng five forei}g)n genes. . The, 1015-18. 8A hogol ogy
vector was CorstTUBYEEPRS dESEAPEF abdVe hhi*ch TomH n§ePRE-  The
LP1- CD86/ | RES1Ch80CHSs cagseet genndabhfiet ke C4lBOf §epal agppssdaseigene unde

th trol f. t i t i t H ndl f t.
RPV- 037 wes PUSH OB o e 8 4in R chE S0 PAEERL BE' s o B BFeF by “and
the E. coli 1k3g/eanioni dess (f ~-BrowaEeni daselFien t h@r RPAVOEI ndl | £he) 20

fragment. The FLMenyrgene Jrs anmieratdecsont hab ofidhe it heti cepayl y
pr onot er (EPlé‘.S The f 3- gl ucur oni d%%% gtene i s under the control of the
p

synt heti ¢ | R Iqﬂﬁﬂqﬂt(égﬁyegn wo open reading frames; the
E.coli lacZ géne is under the control of a synthectic

20 early pox promoter, El; the E. coli uidA gene 1is under
the control of the synthetic early pox promoter E2. The
CD80/CD86, FIV envelope and uidA genes are all inserted

into a single non-assential RPV sites.

25 A recombinant raccoonpox VvVirus expresses six foreign
genes. The feline CD86 genes and the CD80 genes
expressed in a bicistronic cassette under the control of
the syntheti
late pox promoter LP1l, driving the transcription of CD80

30 and CD86 and including and EMCVIRIS element between the
two open reading frames; the E.coli lacZ gene is under
the control of a late pox promoter. The FIVgag/protease
gene 1is on under the control of the synthetic early
promoter,EP2; the FIV envelope gene is under the control

35 of the synthetic early pox promoter, EP2; the FIV
envelope gene is under the control of the synthetic early

pox promoter, EPI; the E. Coli uidA gene is under the
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25 RPV-047 was derived fromthe raccoon poxvirus RPV-044. This was
acconplished utilizing the honol ogy vector 101518. 8A and the par gnj BER 2002
RPV-044 in the HOMOLOGOUS RECOVBI NATI ON PROCEDURE FOR GENERATI NG

RECOMBI NANT RPV. The transfection stocks were screened for the reconbi nant

30 by the SCREEN F | NANT RPV. RESSI NG f 3gal act osi dase  ( BLUO- GAL
ASSAYS and S@EENO%%E%BM W@Pﬁ@%méﬁ%z%ﬂ%egmﬁﬁé GENES) .
The virus wadeptague pusitfe efirandtpassagedtsoni s tHEhE TV nabvelespdt of
mul tiple roupds,of /Bluelgseennpl agusipupikhcathan;nas, 8oo4he recombi nant
virus FHV 047. %P%/-/gm \(/QT/as asgayed for f~-ga?act ogygage 8xpr ession by 125
~ p SE P 2002 Bl ack Plaque Anal ysis. 100% of plaques generated from Vero

]E:gl I sI B nf ecFﬁddNi&@yrﬂ&@@loﬂENxoﬁ%cM}%ﬁniﬁlﬁ& eﬂlibﬂil@et%d tfbébileqﬁé(m e5si,Ng

- gal act ~si dase, _usi a r.ahhit poly nal antibo , - stern
anal ysi s usi R EHEVE ‘ERﬁlﬁa Iﬁ@%ﬁ%%ﬁ?gﬁdaﬁhed%&ﬁon of
CDB0 and CD8&bwrsé ngregowbicipod Wl rnegn fiorhuhancGhigir stk GRAGY ardrdwdi es
(R&D _ Systens, MN), respectively. Miltiple bands ranging in 10 size from
30 to 60 kda specific for feline CD80 were detected, and nultiple bands
ranging from40 to 70 kda specific for feline CD86 were detected. These
bandsypepresent alternate and multiple glycosylation patterns i of CD30 and
CD86 expressed in_the context of RPV in VERO 15 cells. FIVenv expression
was al so conFfRMBHELY2WESTERN BLOT anal ysis utilizing nouse nonocl onal

anti bodi es ferrFREVene (gpl00) (BioDesign International, ME) 20 S-RPV-048:
RPV-048 is a raccoonpox virus expressing five foreign genes. The 1015-18. 8A

honol ogy vector was constructed as descri bed above which contains the
LP1- CD86/ | RES-EDB0025 tasser¢ecmpinanme foliwt ihdPegitantositaseaeme under

the cogtrol Qf;Lhe gyREN@HC oiligePFefpD mb) (1 ¢ heydd ndllills )N {f agrment .
RPV- 048 was der%ved from RPV-038, whi chtg?(;n ains the genesr}golr ).
FeLVgag/ pr ot €BSETHAENt IR EEh@oFi P31 gltacdr ifinfasks | AL AESRPYEH SNG4 U
fragment. Thend0 Eek¥dag/ peeveagengenesi suvager tie comddsdrgic tdignl
synthetic | ate/ear Hy Erﬁgot ers (L ZEPPZ%. ﬁge ES |UCU£OI’]I dase gene is under
the control SPPFRBLsPAt hEEi EOPEEE ProNBt EFY (B 1??0?,% RPV- 048 was deri ved
fromthe reconbi nant raccoon poxvirus RPV-038. This was acconplished _
;Jth'e' 1 3hng thg_ BQYDH 9GY:, Y& AN s U T 8ArR0d0s e RAEENU Al M) US FR\s 038 i n
was accomplished utilizing the homology vector 486-88.B17
and virus S-FHV-001 in the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT RPV, SPV OR FHV.
the transfection stock was screened by the SCREEN FOR
25 RECOMBINANT RPV OR SPV OR FHV EXPRESSING f-galactosidase
(BLUOGAL AND CPRG ASSAYS) OR R-galactosidase (X-GLUC
ASSAY). The final result of blue plagque purification was
the recombinant virus designated S-FJV-020. Analysis of
purity, and inserted stability after 5 passages was
30 performed via detection of f-galactosidase in the SCREEN
FOR FOREIGN GENE EXPRESSION IN RECOMBINANT RPV, SPV OR

FHV USING BLACK PLAQUE ASSAYS.

EXAMPLE 13
35 S-FHV-031

S-FHV-031 is recombinant feline herpesvirus that has a

S7



126 3 0 SEP 200 HOMOLOGOUS RECOVBI NATI ON PROCEDURE FOR GENERATI NG
RECOVBI NANT RPV. The transfection stocks were screened for ng ?Ug@gknant
by the SCREEN FOR RECOMBI NANT RPV EXPRESSI NG f ~- gal act osi da @g

ASSAYS and SCREEN 5 FOR RECOVBI NANT RPV EXPRESSI| NG ENZYN%TIC MARKER GENES) .

The virus fi d a flnal 24 sul t of
mul tiple rgﬁﬁégk g b?ueﬁhregn p?gqggigugsFlcg%lon mas 8 rec8ibi Aant virus
FHV 048. 10iRP¥r048nwas abgayeﬁoféﬁgﬁSQQaﬁécﬂastbasGEeﬂpiessdoﬁibﬁ Bl ack

Pllague Anal bfﬁbScnéQO%/eﬂé péaﬁ&@érgﬁ{ber@tat%@cfﬁg@lgﬁa@ eshb%oun&%cft%@ Wi th
purified RPV-04 determned to be expressing f~-gal actosi dase, using a

rabbit pol yePss&l tasiivsodsHY | gX, peﬁﬂopﬁg'WE§@ePﬁl§ﬁ5P9sﬂé1u%@%gsﬁﬁ@ WESTERN
BLOTTENG PRECEDURECg0AEI EH@ddém@t@&DQES eqn . of @E@OFavd g@@@r@ﬁbagegoat

pol ycl onal anti - human odi_es

respectlvel?enﬁUFﬁleQeBaBﬁ% ?%ﬁ%ﬁgkyég1 ey H?éﬁ ?gB§6°W858§peC|flc
for feline 6@&)mMHeFE@teovedppan@anﬁt1$lenbandgheammnqydﬂouf4®hho 70 kda
specific foeggsb‘l %‘3.1%% a{}? ? g hapds.¢epresent al tgrnate and

mul tiple gly atterns xpressed in the context
of RPV in VERQ/P5OEBRFS. aF@L%@égﬁﬁV@@@E@egéﬁﬁPe§§?oﬁrma§t9ﬁsoiéoﬁhﬁrned by

VESTERN BLOE agRaldistes titdd vzl 010 o &t p@&)Yéé@Hath@{:l bedt espbekikelVgag
(p27) (BIODESI%n Internatlona RPV-052: RPV-052 iIs a

Faccoonpox wPr B 1ERERESS N §OsiRes élgﬁeﬁﬁnes The 1015-18. 8A honol ogy

vector was constructed as 35 described above which contains the
B et
Lac Z gene behind gE promoter). This 1is accompllshed g
15 utilizing the homology vector 942-03.C6 (see Materials
and Methods) and virus S-FHV-020 in the HOMOLOGQUS
RECOMBINATION RPV, SPV, OR FHV. The transfection stock
is screened by the SCREEN FOR RECOMBINANT RPV OR SPV OR
FHV EXPRESSING R-galactosidase in {BLUOGALAND CPRG
20 ASSAYS) or PR-glucuronidase (X-GLUCASSAY). Recombinant
plaques are selected -and purified by white plaque
selection. This virus is characterised by restriction
endonuclease mapping and the SOUTHERN BLOTTING DNA
procedure. This analysis confirms the insertion of the
25 feline CD80, FIV gag/protease and FIV envelope genes and
the deletion of the 1638 base pair FIV gE gene. (PCT
International Application WO 96/13575 is incorporated

herein by reference)

30 S-FHV-031 in the present example is assayed for
expression of feline C€D80, FIV gag/protease and FIV
envelope specific antigens using the WESTERN BLOTTING
PROCEDURE. The assays described here were carried out in
CRFK cells, indicating that CRFK cells would be a

35 suitable subtrate for the production of FHV recombinant
vaccines. The lysate from the recombinant feline

herpesvirus infected cells exhibited band at the expected
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H ndl Il N fragnent. RPV-052 was derived from RPV-030, which contains the
genes for FelLVgag/ protease, FelLVenv, and the E. coli f3-gl ucurosiéi@(}
(f3-glucuronidase) n the RPV Hindlll U fragnment. Tre FelLVgag/ pto eZQ%e
is 5 under the control of the synthetic early pronoter (EP2). The FelLVenv
gene is under the control of the synthetic early pronoter (EP1). The

f 3- gl ucur on? Y48 e Ogerd*S sé‘?}rfd’éer Cfl?ﬂaalc%ﬁ??%]rnof Fﬁg %/Péﬂt%aisg &5t onot er
(LP1). 10 RPWOSRvamspderived fromthe raccoon poxvirus RPV-030. This was
acconplished utilizing the honol ogy vector 101518. 8A and the parental virus
RPV-030 i n the HOMOLOGOUS RECOMBI NATI ON PROCEDURE FOR GENERATI NG

RECOVBI NANTS REWV - Theinr afidecirG@esitoc ksxairle scr edfed absavere riszonbi nant

15 vigus byeihee SOREENJFOR REGOVRINNANE M EXPRESSI NG, & 3gak agt osidase
(BLUO- GAL ASSAYS and SCREEN FOR RE%\/BI NANT. ‘RPV EXPRESSI NG ERZYNATI C MARKER
a

GENES) . TheSURERR Eefs laliie PRI 1 {20 dn@phadifed B 4 més PR ¥9Mhal
result of nuirtRypdaEEINANTS SV, bDREE/ R eEHV pISING BINGK irgaiduen Ay, t he

reconbi nant_virus F 2., RPV-05 for. f3-gal act osi dase,
f 3- gl ucur on%dglél@?nFe%}‘o‘%—aﬂ Egcndi}%“elﬁvvgévgﬁ‘ggégg%pgesss%)‘?nw%y%fa hereﬁczcck Pl aque
Anal ysi s. Vésteifiaadlysivitiisi e t hecAESTERNCBLOTF] NEG: 2 S1eRPRECEOURE

confirnmed t essi ; CR84 gusi clgnal_ ti-human
CDBOi%nd C[%gager%?lé bﬁg?‘gge%fﬁéggg%?gqnf M\l)CH régg%glg?%vg?;% Expres@on of

FelLVgag/ pr ofe@3kiuad ety enRteEsas dildo et FRREERBPARESTERNTBLOT
anal ysi s uthéigédig mabbdsdtes iminaiueil ar idedict d eeadel Vgan )

(Bi oDesign | nternational) M) .and.nouse. ocl onal, ant.i - Fe env_.(gpl00)

( Bi oDesi gn, "VE2 %Irkg\—/%d)gg Cé%mﬁﬁ%/-cogg%ilgggyr a&8§6ﬁ559€n‘5i rtﬁ\s{‘a&xﬁﬁfssi ng six
forei gn gemesrudhies 1018148 . Bedv earanlngy \t hee dtedri nga £08ON Stomectoed gasiel28 3 C7
SEP 2002 descri bed above which contains the LP1-CD86/| RES-CD80 cassette and
the E coli f3-gal actosidase gene under_the control of the synthetic late
pronmoter (15tFHY 103} Hes 14 AGcPMPAngrbghehine RMEIPES Wigs! sd @Xiprss fimem

RPV-034, 5 phichigontapsréheagenes foryFeMoaabprotgaseseLhNenvwpgnd the E
coli f3-glucuronjdase Tn the Eﬁg Hndlll U fragnent. The FI,Vgag/F%%ﬁt ease
) .

gene i s undeFOtHERT AT &-° HFe 2§ NRFSEEary Leldsist &93dEss e FI Venv
gene i s undenfébeieantrol of the synthetic early pronmoter (EP1l). 10 The
i 3- g%élcuroni dase gene is under the control of the synthetic |ate pronoter

(LP1). RPV-053 was derived fromthe raccoon poxvirus RPV-034.
Example 14

A recombinant feline herpesvirus has a deletion of the gE
gene and an insertion of at least one foreign gene at
the gE deletion site. The foreign gene is the feline CD86
25 gene and is under the transcriptional control of the FHV

gE promoter.

The recombinant feline herpesvirus expressing feline
CD86 is useful as a vaccine against disease in felids.
30 The recombinant feline herpesvirus improves the efficacy
of vaccines against FIV, FelLV, FIP, or other feline
diseases when used alone or in combination with FIV,

FelV, FIP, or other feline vaccines.

35 Example 15
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This was acconplished utilizing the honol ogy vector 101515 18.8A and the
parental virus RPV-034 in the HOMOLOGOUS RECOMVBI NATI ON PRCCE BER 2002
GENERATI NG RECOVBI NANT RPV. The transfection stocks were screened for the
reconmbi nant by the SCREEN FOR RECOVBI NANT RPV EXPRESSI NG f 3gal act osi dase
(BLUO- GAL ASSAYS.and_SCREEN FOR CCNBIH@NT 20 EP EXPRESSI NG ENZYMATI C
MARKER GENERFI1Fhangir §aRd S5 aJuer BGPMPLBAREN geQeEPEFHREUSThe
final resultsefulsiplecdmdsgefinkituéedieeniphagodepiciéheat vopuwas the
[ ecombi nant ¥ius FIM 095 o fout STV A18: (SemhY" 875¢1 84 8. I 6 euBl nant

SwWi nepox virus that expresses flve torei gnh gehes. onol ogy v cror

desi gnat ed 992800R8t6swAETBbnareucted as follows: the feline CD86 and the
CD80 genes were expressed in a bicistronic DNA cassette under the control
of the synthetic late pox_ pronoter, LP1, driving the transcription of both
CDB6 and COBOYSEEP Ml udee! Hhe BMEIPFREST &F cRERt cPetfebhr ehel @4W®18Pen 35
rﬁadi ng Ll’a@@ﬁes Then E‘ilei‘H\i' QgEg|cﬂI£lld§©é1id:alsesgen'EhéSF@ID‘deén{rS@eﬁ@niém of

t he synthetic.pox_ .ear moter_, EP2. T cent virus used was_S- SPV 046,
whi ch” cont a‘ijrﬁdsg)f htehelzcéy ntp]{?qo OE ©B208 eﬁa&ggéfﬁr o?%a%léo'&%?l%rbr oY‘rﬁ?ed by

t he synt het FEVIza®/gend yipoxiggonprerconPpEP2oiinthe heyt Gugad hevdsiidase gene
I's upgler thfmrﬁé’ci’%é@é Qfr e oapelht Ut kue PeX1PhONMBHES gk i d ht&ﬁgéy

gag/ prot ease, and f~-gal actosi dase .5 genes were inserted into e SPV
partial Hi neh¢| FORtEPagRint tPeniEre 1se REEBI OB AndET BXgMQEEToni dAse genes

were insertedebiibonkhe $BY ipRr thetpdbwthrhs | elpheag@rntchrSeSPi2dDgMas
derived from S SPV 0%&3.%%}3 \A%% 1% gcco |l ished_utilizing the honol ogy
vect or 992-33%° aifty BBV 045 O LEhE OGOUS NATFEN FREEEDURE FOR
GENERATI NG REGOMB NANM SR oFheher asefidorabnest gk kpmasoser getiesl byvt he |

S FOR NQ!\II P I ur@ni dase_ (X- G ASSAY). The
final resul f "l %?p ggie(gsnﬁils% g‘&%ﬁ%#?i 8gt ittc)i'lrale f%ét%nﬁ%%q%/%Yh’ély%)l aques
was t he reconbedapteviepydySpvoppser; the feline CD86 gene is under

the control of the feline herpesvirus gE promoter. A

recombinant feline herpesvirus expresses three foreign
genes. In the FHV gE deleted site. The FelLV env gene is
20 under the control of the pseudorabies gX promoter; the
FeLVv gag gene 1is under the <control of the
cytomegalovirus immediate early promoter; the feline
CD86 gene is under the control of the feline herpesvirus
gE promoter. _
25
A recombinant feline herpesvirus expresses five foreign
gene. The feline CD86 gene and the CD80 gene are
expressed in a bicitronic cassette under the control of
the cytomegalovirus immediate early promoter, driving the
30 transcription of CD80 and CD86 and including an EMCV IRES
element between the two open reading frames; the E.coli
uidA gene 1is under the control of the infectious
laryngotracheitis virus gl promoter. The CD80, CD86 and
E.coliuidA gene are inserted into the unigue long
35 region of the FHV genome in a site determined to be non-
essential. The FIV gag/protease gene 1is under the

control of the cytomegalovirus immediate early promoter
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S-SPV 27S was assayed for expression of FIV gag, and the marker gene,

i 3-gl ucuroni dase by BLACK PLAQUE Assay. 100% 20 of the plaques g%r[?'Sﬂ’equn
ESK-4 cells infected with purified S-SPV 275 were determned to be
expressing FIV gag using a nouse nonocl onal antibody for FIV gag (Custom
Monocl onal s, CA), and is_stable after 5 passages. 25 The expression of FIV
gag, CD86, 2&fd 0 RaSetbnfiddred JemeVESTERK BHET firntEils @fi nghehe nouse
nonocl onal pbendbk¥bgag, @ndpgenbreel welconaddanids huges EBR6 mngd €BSO

ant i bodi es gg&g@ stens; MN) for Feline CD86 and CD80. Two distinct band
wer e det ecfie af“t Ré*50kDa and 27kDa 30 specific for FIV gag. Multiple
bands ranging from 40kDa to 70kDa specific for Feline CD86 were detected,

and so wer - j,n r - ific ine CDBO were
ot ecred. s T R e R O e P e L B T el e
her pes vi r 881é8pr essithg fisdddorefdfn geaeds. theh&®BI0ogygeresor designat ed

95787. Al waspeessts uch ethd Noidie: flilcowaRaeway: udderf ehingo£PBO1 and CDB6
genes were ressed in a bjci séronl (o 5 cassette under the control of

ex DNA
t he cytorreinFg{?Fﬁﬁ Vg at B eAt VS pFETorerPYEMETE) , WiWingy Ehe
transcri pt toanskrCp@aoand COBBE0 anddi rDBEd Y aaus 1BV Hl RES ehenment, bet ween
t he;pwo OPSBW,%%%%%%\ Td&@g:&e}gaéaﬁﬁguf%é ?{é%ﬁl& tRe %ﬁ!&r e control

of the infectious aryn eitis virus gl pronoter. ( ~CD86, and
the f3-gl uefir omi A& gla&%% vegeentsertedl Fnfeli HeldMvaene gue kodgrregion in

a uni que EeaRl cshtfodesfVerRel i aREAr PALLT BhryRbot rhAbhe 20BN Pl FHY, between
the gL and adj acent transcréﬁ)tl onal activator genes. The parent Virus used

15 was S FRYOFPESkhi chTe6ntdi&y t hRBeMvarE pf it edUFERY SRl yed®e and E.
gol i ~3- gahagéefédaﬁﬁ%@eme \r/:&ﬂjcdmé idm@dQég%bﬁ @i(seuld@r ameigeg&a\@r QADt er ;
oth.genes _are _located in the FHV unique_short. (U eted,site. 20
S- FE!?/ 040 #a8'HErFoRT Y s%r@lo?@r} %ﬁ?%“%%lac?dﬂ%ﬁgﬁeﬂnﬂ?%??% ng the
honol ogy veeher ua8id+5Th&l cordtdie of ruse SeFHMNEGIR1onithe HOMILOBSOES
RECOVBI NAT R%EE%J ENERATI NG, RECOVBI NANT _EEV. , Thie. t r apgfecti on
st ock was %%Iégne &%E%I :I:EBI'%O?‘ 25 RECOVBI N';\%'er E\I-/I\}Hfg%RESS N

b- gl ucur onFeasEoIX- o UCHESPFFUATHaP{RRaIZY eBEPTOBEY mAS pleseblifids of
purificati garbothar eeny bEugenlea@yesivwas the reconbinant virus S-FHV 040. 30
S-FHY 040 was assayed for expression of FelLV gag, and the marker genes
f3-6 ucuroni dase and i 3-gal act osi dase by BLACK PLAQUE Assay. 1000 of the
pl agues genermsd@shbhimRFKEekihs Werpedetiens reghresdes exqu efsraggn

f 3- gl ucuroni dase ang.. 1~gal act osi e. The r i 0 t Fel ag was
al so 35 confirmed bshﬁL%%\Q:Séﬁis eyrbeusgﬁg t eé gggng f/hc song ganti body
to FelLV gp2¥pfBseBdsigns;bME)stihiis viassetippendert othe seabrelabfer five
passages. 18l cytomegalovirus immediate early promoter, driving the

s

25 transcription of CD80 and CD86 and including an EMCV IRES
element between the two open reading frames. The E.coli
uidA gene 1is under the control of the infectious
laryngotracheitis virus gI promoter. The CD80, CD86, and
E.coli uidhA genes are inserted into the unique long

30 reagent the FHV genome in a non-essential site. The
FIV envelope gene under the control of the cytogelavirus
immediate early promoter; the FIV gag/protease gene under
the pseudorabies virus gX promoter and E.coli lacZ gene
under the control of the FHV gE promoter are inserted

35 into the FHV deleted site.

A recombinant feline herpesvirus expresses five foreign
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3 0 SEP 2002 The expression of Feline CD30, CD86, and FelLV gag was
confirnmed in WESTERN BLOT anal ysis. The goat pol yclonal anti-human CD~O and
CD86 anti bodi es (R&D Systenms; M\) were used for feline CD80 an§ @%

Mul tiple bands 5 ranging from 30kDa to 60kDa specific for felime _Oz\qgre

detected, and bands rangi E%}from 40kDa to 70kDa specific for feline CD86

were al so d8EBEFed. THE ekpteRei S8t ERLY Was! congi R8P bYeRRF ngrs goat

pol ycl onal arpirbedgdt onFelLd1 gpRTréii oRessne MRRerl@hs- Fid¥n@421 &3 S- FHV
042 is a regﬁrrbi ngn%n fe#&r}? hergﬂqs (ylirués ee%q{essi n tfive f orei n\yv?lenes. A
honol ogy ve&tr CHESTGRAL 8410787 N VRS (Gt BEPERTEA 1t A 1F3PEoi Ry way:
The feline CbBOsandpChD88 gEnERs hweard Xfiessr ingladhng str @MCY DRAScassette
under cthe c o] =C | Qui.ru | i .ea r .er (CW
B ar i vi ng Rty BRSAE TRt Lo B CoEE AR iaa. TaRde ol Gibd ay CEROY | RES
el enent bet H&EAR t €0 Iche i S r SRS Y Ofhe ff3gltiicur dAIEEEEE0Y6ENe i s

under the coatfagotiraidre iivifectinus daryngabtaeherhé scybbyscobsPaaADt er .
CD80, CD86, _and .t.he 25_f 3-gl ucuroni dase ggggs , (rfe kgserted i nt ﬁot he FHV
ri f

uni que | ong®r &gitdn PASR (FTte BESRI EFE f dpEftS arR9sal 1 H
fragment of rEgVpnbetineene t FEVgReandeadjracemct resmsant ji 1 onate act That or

geneg, The gg;%%ggrgﬁgev%is BEMOLA,NALEN Gopt al 03,Lhe) OVGd B prammot ed

FeLV envel o . ' -gal act osi dase gene under the ps or abi es
gX pronot er €YbomRggénEsrufeimpediagei garhy PHYMGhEguandhothe( BSFodE del et ed

site. S-FHV1Q42 wasndephved fuam SoftVo01&s Thi g Heas,35,86£90DL 4 shed
utilizing the honol ogy vector 987-57. A1 and the virus S-FHV 018 in the

HOMOLOGOUS  RESERBFERATITEN "PREGESIRE FOR [GENERATIHNG FEEEH NANF -FHV. The 132
3 0 SEP 2002 transfection stock was screened by the SCREEN FOR RECOVBI NANT

roundoof pufit RS e e SaH bl UE o AnTe SARL PRGCT obbe: ARRELOT L
genes. The feline CD86 gene and the CD80 genes are
expressed in a bicistronic cassette under the contrecl of
the cytomegalovirus immediate early promoter, driving the
transcription of CD80 and CD86 Translation of the 2nd,

20 downstream CD80 open reading frame is under the control
of an EMCV IRES element. The E.coli uidA gene is under
the control of the infectious laryngotracheitis virus gl
promoter. The CD80, (D86, and E.coli uidA genes are
inserted into-the uniqﬁe region of the FHV genome in a

25 non-essential site. The FeLV envelope gene under the
control of the cytomegalovirus immediate early promoter
and the E.coli lacZ gene under the control of the
pseudorabies gX promoter are inserted into the FHV gE
deleted site.

30
A recombinant feline herpesvirus expresses sgix foreign
genes. The feline (D86 gene and the CD80 genes are
expressed in bicistronic cassette under the control of
the cytomegalovirus immediate early promoter, driving the
35 transcription of CD80 and CDB6 and including an EMCV IRES

element between the two open frames. The E.coli uidA

gene is under the control of the infectious
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S virus S-FHV 042. S-FHV 042 was assayed for expression of FelLV env, and
the marker genes f3-glucuroni dase and i ~gal act osi dase by BLACK PLA

Assay. 1000 of the plaques generated in CRFK cells were deternidh&dS B B2
expressing f3-glucuron-idase and f 3-gal act osi dase. The expressic: = of 10

FeLV env onfirmne BLACK PL E_ _Assay usi t nouse nonoc| onal

ant i body }t,%%lf 065?6%(9% SHgne: Sve - © S‘Eieé‘ﬁ'vi Fn&% \ﬁg@ostgﬁ)leé'aﬁfl@r five
passages. 'Ehe:cebapnes@ﬁsogleMSf?ehSﬁetéJ@B@nt@Deﬁe andineL\]{oeg\ss was ibn
confirmed igy VEQIERN B[;,Q'\I,'?i@.lﬁs al i -rugan CD80 and
CD86 anti bod| es %R&D Syste %\//l\i% were use for J'|2e EZDB% and 6.

Ml tiple bfﬁdé’erréf@ﬁi?ffroﬂ?%@kDauPéeGOKDdﬂ”?pemW%Uf@lf fepfne €HBO were

det ect ed, aR@ cwRgaEIS, bands ranmmalram_ 40kha-1t 79&@%0%%5%%%0 for
feline CD8 100 Da FelLV env band gt ected us t he nouse nonocl onal

anti body t ed’b Bt Yns i4psff§ld§r €5447 14 F&conbi nant
feline herpe@mutraxs ezx@réssoihg ﬂlavcé fgmm gmdgeneshe Acdmmmbggsfvemaor

desi gnat ed F%VS%EA%;%&‘}“S tructed i tshe fol | %n%(S{\pr ET I i,ne CD80

and CD86 genes expresse ina bicistronic e unger t he
control of sif€-cyt onmegal ovi rus—i-mredi ate early pronoter (CM/ E), driving

t he itgr anscri pti on of CD80 and CD86, and included an EMCV | RES el enent

bet ween the two _open reading frames. The f~gl ucuroni dase gene is under the
control of EfR&PLF%ect’i ous 35 | aryngotracheitis virus gl pronoter. CD8O,
CD86, and the i 3-gl ucuroni dase genes were inserted into the FHV uni que | ong

region in uni_gue .Eco erived froma par tial 133 EP 2002 Sal
| H fragme%‘[ r(()afjg ] tvveen dheléﬁ’_e%\ﬁlcr adjhe‘il(?ent ?Sﬁégﬂ d BHﬁl 9Ecti vat or
genes. Theggarermndi ausiosedtwas $L{FE kG athiwie cortaigns déme CWEI E

pronmet ed F't}4e93& PEAEERSEN( Wikl a “'!EHS 2EL09,AC n@e'leé' 1 BefBRT1vVe 5

prime end of the protease gene), and E. coli ~f3gal actosi ase gene which is
under the $S83dERAEBI é§QgXSp‘F%%¥eche Hetdnisgeies igpall eeatsali att hBeFHv

uni que shomta( U9 eomtalated site. 10 S-FHV 044 was derived from S-FHV 016.
This was acconplished utilizing the honol ogy vector 987-57. Al and the virus
S-FHV 016 in the HOMOLOGOUS RECOVBI NATI ON PROCEDURE FOR GENERATI NG

RECOVBI NANT HeH\te ddreb i riamsf éelina &Earplesvcoasruscrl@enmhbged her SCREEN FOR 15

RECOMBI NA N ucur gn%#: he.final
result of N-EH:: que roun %L%UI’QI fica LAgr“g‘%}(r ee bﬁéﬁ\m%lieglﬁﬁs t he
r econbi nantthei MOSOBH\/V@ZIHOI‘ S9W@4217 \Aﬁ&@eaé’l@éyéelaﬂér aésipm%bpdﬁ of FIV

gag, and ta%ﬁaw%rusge@e%ﬂmoghucHﬁontﬁélse RO %G%%sgah@@bﬂﬁmﬁﬁ@ by BLACK
PLAQUE Assa 1000 of the enerated i n CRFK cells were_ determ ned

Do Do exor BRQGHPURA 1F oo CENEE B e, M N P SO - aRPPRod! o
( Bi oDesi gn,tﬂ&lﬁ)sfe'El’telcﬂxpise&&konl@f ddréegag wag alls® confdarmEN usborg BLACK

PLAQUE ASSQY UidAe "8SscvIRUS EXPRESSING ENZYMATIC MARKER
GENES. This virus 1is characterized by restriction
endonuclease mapping and the SOUTHERN BLOTTING DNA
procedure. This analysis confirms the insertion of the
feline CD80 gene and the deletion of the 1638 base pair

30 FHV gE gene. (PCT International Application WO 96/13575

is incorporated herein by reference.)

The recombinant feline herpesvirus in the present
example is assayed for expression of feline CD80-specific
35 antigens using the BLACK PLAQUE SCREEN FOR FOREIGN GENE
EXPRESSION IN RECOMBINANT FHV. The assays described here

were carried out in CRFK cells, indicating the CRFK cells
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25 nonocl onal anti body for FIV gag (Custom Monoclonals, CA). This virus was
stable after five passages. The expression of feline CD30, CDBB and FelLV
gag was confirnmed in WESTERN BLOT anal ysis. The goat pol ycl ona BSOEP 2002
anti - human CD80 and CD86 anti bodies (R& Systens; MN) were used for feline
CD80 and CD86. Multiple bands ranging from 30kDa to 60kDa specific for
feline CDBOV i@ la%t@cﬂéa,ta%&ev@dgsﬁaﬁﬂ@ fangthg Prodrstkpa o ARDa

speci fic faredeipieaGD8Gcdwae#lj stinct bands were 35 detected 50kDa and
27kDa specific for FIV gag using the nonoclonal FTV gag anti body 134 ~ 0
SFP 20a2 10 Tabl e 2: SPV Reconbi nant Viruses containing the genes encodi ng
CD80 and/ ofTHeD85reco@dRB8any/i r Destnept henpefExpressiion Ahal ysiredsrrsForei gn

Gene\jest er | or; Bl I rid - } .
sy, CODGRNY 7 S B0 NREATE LRIKERS BN, i, P88 0BRHSIS 1 aczerom
ol ogy vect g t2gres msATEPSREnfCREEN FOR FELI CD80 (B7-1) and CD86

vi r us=SPVOQESPVEP2e kb VB89t 61 1i+ k2w Het aCeyv OR FHV USING
/] ++L2E2- CDB0Q/ E2- Ul DAHOFUDLA%%% ect or 223 -21. AlPar.ent virus=
+

SPV228SPVLZER S vgayrBLL- acz/ | +++L TTEs/ | RES Erd ERRIMSARSol ogy
vect or =992r23Hodand 092- ABowdar eot veeus-=specifically with the

SPVQ46SPVL - . / - o~ /11-1 I .
N e R
SPVEP2-FIV@ggﬂﬁplandangglmrﬁﬁﬂﬁ1EHY#QQJa@€9¢E1V€IB@ﬂFRE$-Gﬂ@@ﬁEELUIDAHOHDI

ogy vector ;1992 3. 6Eab@PBin¥hf USeTine herpesvirus observed plaques
SPV228SPVE2- FeLVgag/ E1- +++246FelVenv/ | 5L ++ acZ/ | LIE2- D8O/ B2\l daHorol ogy

vect or - 93RrE Alp¥renio vFegst=with the human CTLA-4/Fc chimeric

SPV224 SPVL 2fzd-ifted Mg e ddlc a2 | eigld / tre L1 S8 64 ERESaED§0 kP rd AR I 0gy
vectQr -992- 23E£6Pa.r ent v%u%? = SPV- 089SPVEl- FeLVenv/ L1- ++279l acZ// +++L 1 -
C D R B 1 dd B B BYY vect or - 992-23. 6Parent virus =
SPVI 95 136

To confirm the expression of the feline CD80 gene
product, cells are infected with the recombinant feline
herpesvirus of the present example and samples of
20 infected cell lysates were subjected to SDS-
polyacrylamide gel electrophoresis. The gel are blotted
and analyzed using the WESTERN BLOTTING PROCEDURE. The
lysate from the recombinant feline herpesvirus infected
cellé exhibited a band at the expected size of the feline
25 CD80 protein.

Example 18

a recombinant feline herpesvirus has a deletion of the gE
30 gene and an insertion of at least one foreign gene at
the gE deletion site. The foreign gene is the feline
CD86 gene and is under the transcriptional control of the

FHV gE promoter.
35 The recombinant feline herpesvirus expressing feline
CD86 is useful as a vaccine against disease in fields.

The recombinant feline herpesvirus improves the efficacy
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3 0 SE P 2002 10 SPVL2E2- FelLVGag/ L2E2- +++280FeLV~TMenv/ L1-+++l acZ//L 1 - i:
D86/ | RE S -CD80/E2-U DAHonol ogy vector -992-23.6Parent virdug SEP 200
SPV258SPVE2- FelLVgag/ E1-++++++285F a L Vanv / | 5L -1acZzZ/ / L1

- CD80/ | RES/ CD86/ gl - Ul DAHonol ogy vector -992-23.6Parent virus =
SPV224SPVLE- CD80~TM HI S/ E2- ++270ui d. AHonol ogy vector =961-27. 4Parent virus
= SPV~0 01SRVLFacp8sesM #p&iEst +FIF2ui BALY9- HHonoPbgyothest ofeline

- 969- 20. 9P @42 3 & UsHeBPVUSEPYLEnEDZ3~TM, HEo%/bE%at%%U'M’@"?&ng vect or
-930-91. 2Parent virus = SPV001 7 3 0 SP 2~0~ 5 SPVLE-CD86 (FL)

JEP2- ++27 40 o FdifogyP v st AR VASHIEWRS vi rus =

SPV001. SPVLP1- CD86/ | RES- +++++282CD80/ E2- Ul DAHonol ogy vector -992-23. 6Par ent

Virus = SEE%%&IE% §¢3: RPV Reconbi nant Viruses containing the genes 10
encodi ng or 'CD86 and CD-28. 15 Vir us No. Description of Foreign
Gene InsertionsExpression Analysis by Western Blot or Black Plaque

Assay . CDCDGREEN35{3- 8ARaMEN A UPVL-2E2rE) Maag/ Ef%lth’@“ﬁé@glegéééhg' - CDB6/ IR
ES- CD80/ | 5L- LacZHonol ogy vector =1015-18. 8AParent virus = RPV036

useful as a Vaccine against feline lmmunodeficiency virus

(FIV), feline leukemia virus (FeLV) or feline infectious -

10 peritonitis (FIP) are:

A recombinant feline herpesvirus expresses three foreign
genes. The FIV env gene is under the control of the
pseudorabies gX promoter; the FIV gag gene is under the
15 control of the cytomegalovirus immediate early promoter;
the feline CD80 gene is under the control of the feline

herpesvirus gE promoter.

A recombinant feline herpesvirus expresses three foreign
20 genes. The FelV env gene 1is under the control of the
pseudorabies gX promoter; the FelLV gag gene is under the
control of the cytomegalovirus immediate early promoter;
the feline CD80 gene is under the control of the feline
herpesvirus gE promoter.
25
A recombinant feline herpesvirus expresses three foreign
genes. The FIV env gene 1is under the control of the
pseudorabies gX promoter; the FIV gag gene 1is under the
control of the cytomegalovirus immediate early promoter;
30 the feline CD86 gene is under the control of the feline

herpesvirus gE promoter.

A recombinant feline herpesvirus expresses three foreign
genes. The FelLV env gene is under the control of the
35 pseudorabies gX promoter; the FelV gag gene is under the
control of the cytomegalovirus immediate early promoter;

the feline CD86 gene is under the control of the feline
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r 138 3 U SEP 20A2 RPV 047E1l-Fl Venv/ E2- U DA// LP1-CD86/ | RES-
CD80/ I 5L- LacZ Honol ogy vector = 1015-18.8A Parent virus = RPV

037/ 044+++++RPVL2E2- FeLV Gag/ E2- +++ 3 0 SEP 2002

_ |1 ++048Ul DALP1- B7-/ 1 RES- CD80/ 25L- | acZHonol ogy vector =1015-18. 8APar ent
virus = RPVO38RPVH3 "U'Xbaf site/LP1-uidA EP1-++++++052FelLVenvlS - RP V -
0 3 OEP2- FEISKRRSHRIW JEIPYTAR2F €1 FeCD86/ | RES/ FeCDB0_- Honol ogy vect or
-1015-18. 8AParent v~,rus=RPV-030 139 3 0 SEP ZQuZ 5

A recombinant feline herpesvirus expresses five foreign
genes. The feline CD86 gene and the CD80 genes are
5 expressed in a bicistronic cassette under the control of
the cytomegalovirus immediate early promoter, driving
the transcription of CD80 and CD86 and including an EMCV
IRES element between the two open reading frames driving
the translation of the 2nd, downstream gene, CD8O;

10 E.coli uidA gene is under the control of the infection
laryngotracheitis virus gl promoter; the FIVgag gene 1s
under the control of cytomegalovirus immediate early
promoter; the E.coli lacZ gene is under the control of
the pseudorabies gX promoter. The five foreign genes are

15 contained in two distinct feline herpesvirus insertion

sites.

A recombinant feline herpesvirus expresses five foreign
genes. The feline CD86 gene and the CD80 genes are
20 expressed in a bicistronic cassette under the control of
the cytomegalovirus immediate early promoter, driving the
transcription of CD80 and CD86 Translation of the 2nd,
downstream CD80 open reading frame is under the control
of an EMCV IRES element ; the E.coli uidA gene is under
25 the control of the infectious laryngotracheitis virus gl
promoter; the FIVenvelope gene is under the control of
the cytomegalovirus immediate early promoter; the E.coli
lacZ gene is under the control of the pseudorabies gX
promoter. A recombinant feline herpesvirus expresses six
30 foreign genes. The feline CD86 gene and the CD80 genes
are expressed in a bicistronic cassette under the control
of the cytomegalovirus immediate early promoter, driving
the transcription of CD80 and CD86 and including an EMCV
IRES element between the two open reading frames, driving
35 the translation of the 2nd, downstream gene, CD80; the
E.coli uidA gene is under the control of the infectious

laryngotracheitis virus gl promoter; the FIVgag gene 1is
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10 15 RPVH3 "U' Xba 3 0 SEP 2002
| ++++++053si t e/ EP2- FI Vgag/ EP1- FI Venv/ S- RPV- 034LP1- ui dA/ / H3

"N'I 5L- ZaCZ/ L1- FeCD86/ | RES/ FeCD80l ~onpl ogy vector =1015-18. 8AParent virus
RPVO34RPVL2E2- CD80/ L1- | acZ++022Honol ogy vector =931-32. A5Parent virus

=RPV- 000RPVLP1- CD86/ | RES- +++045CD80/ | 5L- LacZHonol ogy vect or
-1 ol s-1s. aAPEFeshtt g e REVEN0 theh| & Pnanal e | inared M trausesse Ioont ai ni ng

t he genes

o gy CDBAcandhem veI8Ganth D28s Yhabese hiPliuar i Exps essi on

Anal ysi s byusFor eiq%?? neWest ern Bl ot or Bl ackNo. I nsertionsPl aque

As s ay CDCDGACGENEYE:
FHVI E- Fl Vgal{c 7 +4¢n8443a. and ¢ g Xe hac Zohith-cID8SGT | RS- 68804gkabi BAHas0! ogy

Gﬁﬂétgmmﬁﬁlatq_ Rypmoter; the E.coli

vect =987- rent virus=
FENOTBFHV] @%%Q?ggga%%

- ++++0479a. a. )/ gX-l acz/ /| E- CD86- TkpA/ gl - Ul DAHonol ogy

vect or =994-68. 4Parent virus = FHVO16FHVI E- FI Venv

gX- LacZ+++40484 =gfbi hhkr CPBB1AkP Aetbe ShvDAHRMLRGE sLaGT a1 veI 5,08 APat ent

virus =

FHVO17FHVI ESRSenv/ THE LAEZ+Re+FR8K ~GETF/ 130EDEEE | RIBSCOBBNEF- BTHA( Sal HI §

Honol ogy vetimfe @8V -57 AlRarentrotidicasdd &irddkk «H2 FRRN2 & 10 15

FHVI E- FelLV [ gX-LacZ 040(1 ~gE . -
g I gCISé’ /%S\EE%I%X( aSlﬁ?]l'ﬁ%%?%egyeeﬁ%?’o?r%@’f?%?.Efljé’r’é}ﬁ virus -

/11 E-cD86/

FHV019- FHVI thaFelMeradmiptliaeZ-of+QREd) sgk) 1T 9% GRS - Aldjinguiachd MR es
Y- tor. =994 i - . .
LRSS Mol i I Tl Cditoien xeading franes drivdng

| G Honol og
FHVO18FHVI
| G Honol og

v Rectsanedsnies. fbartdift 3¢ usIOWEERDEIEHYGEECDEDBO; the

gE- | acZ++030(c4E) Hongh0g¥n¥eet0una826+ he. RRareNnt ofi e 3 VA APDI TI ONAL

EXANPLES |
15

20

25

30

35

NYCLVING CO- VECTORI NG FELI_NE CD80 :
aryngotracheltis virus gl promoter; the FelVgag gene is

under the control of the cytomegalovirus immediate early
promoteyxy; the E.coli lacZ gene is under the control of
the pseudorabies gX promoter. The five foreign genes are
contained in two distinct feline herpesvirus insertion
sites.

A recombinant feline herpesvirus expressed five foreign
genes. The feline CD86 gene and the CD80 genes are
expressed in a bicistronic cassette under the control of
the cytomegalovirus immediate early promoter, driving the
transcription of CD80 and CD86 Translation of the 2nd,
downstream CD80 open reading frame is under the control
of an EMCV IRES element; the E.coli uidA gene is under
the control of the infectious laryngotracheitis virus gI
promoter; the FelV envelope gene is under the control of
the cytomegalovirus immediate early promotexr; the E.coli
lacZ gene is under the control of the pseudorabies gX

promoter.
A recombinant feline herpesvirus expresses six foreign

genes. The feline CD86 gene and the CD80 genes are

expressed in a bicistronic cassette under the control of
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and CD86, etc. WTH THE PARTI AL or FULL-LENGTH GENOVES OF FIV or FELV. 142
3 ~ s~P zooz Note: Reconbinant viral vectors containing CD30, %%F@ﬁf
or CD28 in a reconbinant virus with the partial or full genonme’c

of FIV and/or FIV and with or without feline IL-12 p35 and p40. These
reconbi nant 5 viruses have potential as vaccines against FIV and FeLV

di sease i nthel FasomegaipiEds| bimedigts i9ee lgDBTONChes, SpAgingndheTLAd,

al one or i RraR¥ceopbisat bONCDEM @nd mﬁ)lmhn&%@%%x anl@merr lﬁzg@sont ai ni ng
the full or artla el i.ne CD80)

enone ﬁf E V. 2 Exg §SSIO
CD28, and é% RFnty 8e8P FHCany °c SRE N AEAEA T rﬁmﬁécoﬁﬁﬁﬁéﬁﬁ FQ@ine
herpeSV|rUSranaﬂatmDngofhehéummdordqwnEUEﬁang@n@EB GDBEIVthbSEScoE&pression

of feline CoRO, S, GLPS.and CThd. alanesor jin any copbination, in a
Facc onp

reconblnant OX Vvirus contarning t or partra genoﬁe of FIV.
20 4. Expré@gvogobfaﬁbﬁihéSCEB@USCBQGPrem@seranﬁheTﬁﬁbvgagoHen@r1En any

combi nati ogngkp enéeeeﬁbke@ngfswee@%o\ﬁb W3 o69RLal AhRdafidkb ehh tial
genome of FelV. ression of feline 0, CD86, CD28 nd CTLA4, al one

or in any ESﬁﬂPﬁﬁfroﬁgelﬁeHVrEBUGQPﬁSnQePEIFﬁeuﬁgeHePB§S§PPG§Oéoﬁ€alnlng
the full orhpatitahegebomerak EthdlateEnpmeysp@nmotekelthe €080, 1CD86,

CD2 and 4, alone or._in.a o] NLIr| o nt _ragcoonpox
30 glrus Cgﬁtél tﬁe Pnﬁgrb?%barggthé%nggetﬂ} Fé%%P 9ra pregglon of
feline CDBOIOGDger CD28, and CTLA4, alone or in any conbination, in a
reconbi nant swi nepox virus containing full or partial genone of FIV and the

35 genes for feline IL12, GWCSF, p35 and p40.
Example 20

15 Characterization of the feline CD80 (B7-1) -TAMU, CDS8é6
({R7-2), €CD28, CTLA-4 and CD80 (B7-1) -Syntro/SPAH cDNAs
and polypeptides:

The isolated and purified feline CD80 (B7-1) cDNA of
20 approximately 941 nucleotides codes for an open reading
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
isocelectric boint of about 9.1, a net charge at pH 7.0 of
25 10.24. The transmembrane domain of protein is

approximately amino acids 241 to 271.

Feline CD80-TAMU and feline CD80-Syntro/SPAH are cDNAs
and polypeptides 1solated independently from two
30 different sources, and the DNA and amino acid sequence
differ slightly. The source of the CD80-TAMU mRNA was
feline peripheral blood mononuclear cells stimulated with
ConA, and the source of the CD80-Syntro/SPAH ,RNA was
feline spleen cells stimulated with ConA. The difference
35 in cDNA sequence between CD80-TAMU and CD80-Syntro/SPAH
is T to C at nucleotide 351 and C to A at nucleotide 670.

At the amino acid sequence, the change at nucleotide 351
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8. Expression of feline CD80, CD86, CD28, and CTLA4, 143 3 0 SEP 2002

al one or in any conbination, in a reconbinant feline herpesvirud &&tPaidfihg
the full or partial genone of FIV and the genes for feline IL12, GwW CSF,
p35 and p40. 5 9. Expression of feline CD80, CD86, CD28, and CTLA4, al one
or in any conblnatlon i a reconblnant raccoonpox Vvirus contalnlng t he

full or parfi@§&o Re PR He YerrddCePt 144 i HE0 | Yauleh €8F, p3s5
and p40. 1la &6nsEXpE€$seOﬁh@ﬁgéebfnaeﬁfﬁ@l &hBhe &P28s, anduEihddroal one or

in any co |nt|on n reconbi_nant epo I rus contalnlngfull or
parti al gggorrgL 0 lI?eLVagn i the Sgﬁgs f% 4 % érzl\éi ‘1L12, GV CSF, p35 and p40.

15 11. Expression of feline CD80, CD86, CD28, and CTLA4 al one or in any

conmbinat i oy n ispant i h ir on hn 'l or
ar LBl gonte S ERLy ap L e pEhie et Rt (1T T CROE 8 i pao.

20 12. Expﬁ@%%hma%emHaéé'cmeele@be%escm@%aﬁarmmew éﬁederxg. n any
conbi nat i ofirame af eﬁ@m@anbssam@g@@@mmegus:fccuﬁ@dmngaié@fytb or
partial genone of FelL ﬁld th enes for feline.lL12 CSlE IP‘SS and p40.
25 30 35 131511110 a61 g ge méembrane bound or matur or
which has*a molecular mass of approximately 36,394 - nDa,
10 an isolectric point about 9.19, a net charge at pH 7.0 of

11.27.

The isolated and purified feline (CD28 cDNA of
approximately 689 nucleotides codes for an open reading

15 frame of feline CD28 polypeptides of approximately 221
amino acids, the native membrane bound or mature form of
which has a mwmolecular mass of about 25,319 kDa, an
isoelectric point of about 9.17, a net charge at pH 7.0
of 9.58.

20
The isolated and purified feline CTLA-4 <cDNA of
approximately 749 nucleotides codes for an open reading
frame of feline CTLA-4 polypeptide of approximately 223
amino acids, the native membrane bound or mature form of

25 which has a molecular mass of about 24,381 kDa, an
isoelectric point of about 6.34, a net charge at pH 7.0
of -0.99.

The coexpression of CD80, with constimulatory mclecules
30 CD28 or CTLA-4, and a tumor antigen or an antigen from a
pathogenic organism, has the ability to activate or
enhance activation of T-lymphocyte, more specifically
The-1 lymphocytes, and to promote the growth of other
cell types. The coexpression  of CD8o0, with
35 constimulatory molecule CTLA-4, has the ability ¢to
suppress activation of T-lymphocytes, more specifically

The-1 lymphocytes. The coexpression of CD86, with
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15 20 Tabl e 5: Reconbi nant Viruses containing the FIV genone (~LTRs) and
CD86 VirDescription of Expressi on Anal ysi s

genes encodi ng Feline CD80 and/ or

byusForei gn GeneWestern Bl ot or
Bl ackNo. I nserti onsPl aqueCDCDGAGENVI 3-i 3- 808GGALGLUFHVCM\/ Fl Vgenone/ gX— ++++

, 0541 acz/ | gE-
030FHVCW/- F

041RPVCW- F|
Vect or —10@5b

CD80Honol o}%

y Vector
T+ MRdEEBH R

Jglglq,lme/ LP1- ++t+++(%55U| DAV /LPI-
Par ent

=1016- 75 BlPar ent
[FYE8coBE/ SERH

ance

p SEP 2

mbr?mdog9 VettdF
=1016- 75. BlRayieydn oxFtdM antigen from a pathogenic organism,
- CD86/ | RES. CPao/

ion

has the
I5L

=)

ac1Z_HormI ogy

045SPVCW- Hl wiphieer288genore/ ESECIléGZE/lIlPl TEB86/ | RESHCRS0! EP2ard DAb-IorTDI Ogy

Vect of

=10

VECTO? 100

1007- 70. A2 %as CH$éd twlFHsé%qstfw&ag&mDNAmphfﬂsutlﬁe

of SPV. It

gc?o?r%t.%z

A BYCION 3P

R - swtRPY£0
(@fgf’/@t wel Mf A

ILCIER

S
gﬁ%?receLlr%/ bgﬁ laoi:fg ;ﬁ Ihom) ogy vect or

Naenserdion site

r atees s@@pEes@ol bct3vgaliagt ost dasel yRskeFyigehansnd the
W|thout t he flanking | ong term nal

r epeat

full-length FIV enoirﬁ (,gla
(LTR) el emetiSEt 9 %s 8°FYGfked by SPV DNA honol ogous to a
nonessential site within the SP¥4-| 1l N fragnment. Wen this honol ogy

vect was u.Qa&ﬁnnnr dina tao tha LICNY a'aa N« jD“IEvf'g\v !’\\!:A-H%ul E Fm
GENERATI NQ:IE \}Kl}i §E eSS Ming Rcaoft’jkl:ﬁé fohrlcti%é1 foreign
genes 15 r Hayene o |Hamdep |t he
control of 1-?m§98 td ! pronpLer, and tlhg FIV ( D LTRs) is
under the {control %‘# t he ztomegal ovirus i mL%SdI atercyé%larl (WE The
honol ogy Vgt ist ct®d il PzZVndy | §t afidafiq (rléébgrtéi n(a?\thbW 20
t echni ques [ATRs) wgs, synt hﬁ& zed by
CLONI NG W | ate flor the RCR
reactd on W TR_EYISEFCRFth FIV PPR
virus . T esupstre;amap)rlﬂf M@AAGGIA@EAGAGACTCT-S';
11/ 23/ 98B )t b Rl genone, upstrdam of ;
the Gag co site. 'I"haqlownst
raam 3 A@I@@A‘Fﬁml?at;l
11/11/ 98B JJQY 30 synt hesi e+Fl V ggngne doynstream
of the 2nd=ReyErET o o ST te——The—rraar—honol ogy
vector, 10 viruseg containing the
FI V genone or contjaining 35 the
FI Vgenone {(@hgws |LTR) and| feline felinel|lL-12 ggnes, p35
and p40 aclErgiagrte—Heye PROCIERORE-FORGENERATI NG
146 .
e
25 CD86
Felin |85 82 77 74 84/ 84 [59/ 50
e
CD28
Felin | 88 88 79 78 — —
30 e
CTLA-
4
Example 21
35
Use of feline CD80 (B7-1), CD86 (B7-2), CD28, and CTLA-4

in Vaccines

The following experiments are performed to evaluate the
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~ 0 sFP ~ao~ RECOMBI NANT SPV, RPV and FHV. HOMOLOGY VECTOR 1005-95.1 (RPV
U CW- F1V genone(~LTR)/15L-LacZ). 5 The plasm d 1005-95.1 was constrﬁc5®c}
fcr the purpose of inserting foreign DNA into RPV. It incorpora’ﬂ&SE e V
genone-oLTR and the E.coli f~-glucuronidase gene flanked by RPV DNA.
Upstream of the foreign gene is an approximat~l.y 906 base pair fragnent of
RPV - L~A. IWUBGufithamd 1Hel forkfgncHeheding SR8AppFBRicnat@2# 895 base
pair fragnemid ofTIRRV OYA.faMiere thesdqilmasai d is used according to the
HOMOLOGOUS RECOVBI NATI ON PROCEDURE FOR GENERATI NG RECOVBI NANT RPV, a virus
containing DNA coding for the foreign genes will result. Note that the FIV
15 genone- @elRnes Ohgier C€hE6corfild, o&nd h€TOW-dnegad ovhsest edneditat e early

promat er a’}%ctcmﬁai%&ﬁ:” | Arghucurnidase gengd s dnders e synthetic early
pox promoter, EP2. The honol ogy vector was constructed utilizing standard
r econbi nant NP TEEFRS queSW L BARBROOK 1 TEE (al OF, BRGCSIONONEF 20 ireistri cti on

flragmegt S furs@rfluuh@oféol b&w(ﬁ@fgsaaw oes r‘éicbhybtiﬂ%tnlf‘ty'ﬂ)trg%gi%s% %%qtiﬁf},cglsi | The
pl asm d vector rived froman oxi mately ase pair Hn
restriction Sferea\é\ﬁérﬁt %Weﬁ%&o(’ﬁaorég{%l.cﬁh%nw%l q 2612n36_30a135r(‘5@ mat el y
906 base paier/1RHi5NEN) 1.l TheXbatomestan T tviora 12 Srexutlvrisr @agpeietssdahat halRPV
HndlJl restrjcti fIrag : i . o) o Fr 1S ,an

appﬂé)xi mat Eltoilrg. SJE@m‘gg?I %!Eg%a#éégno%%ee&l@f geﬁgne%\%%?:%%&t%lbfﬁel LTR

el enment s afkRRES SN hes i FEdSHy ACMONMRG IWTEH THE CPECYNER ASE2 BHAN

REACTI ON. g ot gl atreater bhecBER Leactingr WaS dpeViahal c39DNARom a
plasm d containing the full-length FIV PPR vi rus . The upstream priner (

5'  ACGOGT CRAREAESTONPAGRT AGEAGABACT AR T amusqulalan\\f3) Cifft hdki Bes from

the 5 end u@fektshe;belg‘legaaogedawé e@ingé fideen Gag eedilng or egi @@ ramd (
i nt ces i que | site.. 35 Thadownstr.aamprij.Jar 5
A GToche G ERET TRt Gdomas Y ebrbamaiety oMt it from
the 3' endpdfaquee fdvhigenome towisfueaor 1d7efeB8ablSER: 26803ostigehef2nd Rev

exon and ingr Fgae Sal | ,Si i nately
2.Ckb fr ag%érﬁ%%gﬁlt%g?%?n%gt %ef%E coll EPQPHFEﬁ%Q%%%S%%ﬁf Q% %Ir]fe%ﬁt 4 is
an approxi vat &l yig893 messopavRrcxBar £erHEANl Pr $ebVf lagrerboyedf itshe RPV

Hiondl I'l fragestiddedte fiaRal hHomadiagumect @rotrtR@5+v2S. 1 was used to create
recqonbi nant_viruses containipg the FILV genone. (D LTRs) d feljne CD30 and
cDs6 Yyenes SO TSEHE Y e¥Ohbi &PP‘%ESS“EE §ilﬁlgngf$ﬂle“?:l %’gﬁome (O
LTA- and f elnaee COBQ8and aGB86TaAd 4f-gkicnere@ hactidngendhirep3soadcupd0
accor ding L Jfle HOMCHORS BECOVELNATL EM. RROCEDLEE OB GENFATING
vaccine. The cats are challenged with a virulent FIV
strain (PPR or Petaluma) or FeLV Rickard strain
25 (administer with methylprednisolone to immune-suppress
the cats) at the USDA standard challenge dosage level
and are observed regularly for 12 weeks for development
of viremia. A group of vaccinated cats are observed
for up to 12 months for the development of tumors caused
30 by FeLV. The incidence of disease in cats is compared
with controls that receive no wvaccine, or FIV or FelV
vaccine without immune enhancing molecules. The results
of the challenge experiment are that cats receiving no
vaccine and then challenged with FelLV or FIV, greater
35 than 60% develop persistent viremia; cats vaccinated with
the subunit FIV or FelV vaccine, and then challenged,

75% are protected from viremia; cats receiving the
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HOMOLOGY VECTOR 1016- 74. A6 ( FHV~gE/ CW- FI Vgenone- ~LTR/ gX15 | acZ) . The

honol ogy vector 1016-74. A6 was constructed for the purpose of &%f#%a
portion of the gE coding region fromthe feline herpesvirus &n gng a
foreign DNA. It incorporates the FIV genone (mnus LTRs) and the E. col

f 3- gal act osi dase DNA._ The F enonme- OLTR i s under
t he cytone&&tévpfhgsfi BFonﬁtng%WECl 3. %aIS8T%ng5s8ngggLﬁh§ under

t he controhmmunﬂﬁeqhanmkn@bfeélmerm@&p(pCD&ﬁteﬂDz& wasd c aTsAr-dct ed from
the indica ourc‘eastT dizi stqggggd nt e i ques

( Sanbr ook, pJ%tta cf he plasmd Jggtor 'S C%%ﬁ?Ve ?ronggﬁ apgggklnately
295B base papfce%ptﬂléromov%wml rAdd ¥ ianadn hengdngérdaserecagnedt of a

PSPl B/ 19. ExadmeNtthk | Se BIaPEHOX| NBbeLY éﬂi@ baﬁe pai - ASREL8b e Smal
sub-fragnment of the FHV Sall B fregnent ment i s an proxi mat el y

8. 5kb SaIIVFngH&ﬂl%ﬁlq%e BYRFgehore %@aﬁPF ouﬂrFﬁeaL? éPgnﬁHP§rand was
syntheS|zedommdﬂiaﬁhﬁﬂmhﬁ4d&fh@ﬁhYNEEA&&MﬁﬂﬁwyREQG@b@Nr'Hhﬁmenplate for
the PCR re n [ OVj f a.pl 1 d. aj;ni full-1ength
Lhe PCR Tegethq hve@%rp réé%g.%r.w PR asm i £91E 2hBLRY thG A5 g
ACGCGTCGAC@A@@IM@M@GTW@@M@@ 214p98F9BBW BFA85ErSHnbhesildes from

the,p’ endmefnutfeetﬁlr\éx%enor@ae@sweeﬂh@teahm@ﬁgtﬁedwgate%%o%@

i nt oduces a unlque Sal | site. T h 0 M/n?ae% ggéghg mar (5
148 3 0 §IV eeafo%é%@%%%@%ﬁ@ﬁﬁ ERRT ngelfFlf/ 98BW 1)
synt hesi zeg efiedm ¢ 11¢n Bf 1 €alc DY hhghEkVt@eJmomtcb)vmctcfmﬁ wheh2ad Rev
exon and i ntroduce uni Sal .site. Fragnent 3.is_an pr.aox ter

3. 5kb |~-g§F&BP&§|§§§eO§e%§ g V?gﬁﬁgﬁt Fr &§ent SF<18H 5§§r8§F tely 2205
base pair SelltoredAspii8brs el agaearin®f ahe aFHwniEcioRit ilorf rafmehe. The
fin honol, ve ed o r ' t ,viruses
con?aln|ng { %%g%ﬁg#%&?Dzé+é§§ CBQSCDS%b% gﬁﬁggbggﬁes or to
create recﬁ#@tpradtV§GCVﬁﬁu§@§ ééﬁFaFﬁPﬁéeﬂﬁédFlW@@ﬁoﬁee(BIEYRFtéﬁd feline

CDBO and C@%nar\ﬂlf@fhi@e | bat?d %&e&na&%@ Mrp%@ccpfgt ngebeotrae
HOMOLOGOUS _RECOVBI NAT] PROCEDU GENERATI QENBE SPV, RPV and
FHV. 15 SPWé’sSD’SPvF?ég |V§C§lrn§com dht © h‘é?)‘bko’\‘n? SprBEENRG the 20
entire conphmﬁaﬁhngf fhaiORFSCRON: aCDRx, | ICId8e B gehane -ardtéraddi t i ona
f or ei,gn- genes ived f . 2 o $ the
feI?he ﬁ&ﬁ% %%mg§§§i§gengH%xéggggggngg gegggtéggéng%b cassette
under the d@ﬁ@ﬂmbaﬁ ahdwe synthetic | ate pox pronoter, 25 LP1, driving the
transcription of CD80 and CD86 and including an EMCV | RES el enent bet ween
the two open reading franmes; and_the E.coli fS-glucu onlgase gene under the
control of Fh@ksyat Fe¥PRtBaPFGCHrBRDt eF2tERP3E Pn PREXEPOIHAPRI R*§enomi c
fragment. The e ogy mectanudO21B01Y3. 6 washusedohg cofist pletsm3BYV 282 by

uti Lizi ng the HOVOL F NERAT ARECOVBI NANT
RPVZo 5Py BRI TG Y0 SR EEBb anabE CorPoF 3. GPACtr O dSee gencs ar e
inserted i modeaudest inck avidtuer- evdsint Rablspviigar tcpaltaHnndgl | EDKAf r agnent .
The for FIV env and gag or FelV env and gag, or

alternatively, injected intramuscularly with 100ug of
plasmid containing cDNA expressing pairwise combinations
30 of CD80 and CD28, or CD80 and CTLA-4, or CD86 and (D28 or
CD86 and CTLA-4 paired with CD28 or CTLA-4, in a mixture
with a plasmid 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
35 FeLV or FIV and observed for signs of disease as
described above. The results of the challenge experiment

are that cats receiving the cDNA vector containing
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35 CW-FIV genone and f 3-gal act osi dase genes are inserted into the distinct
and non-essential SPV partial Hnd Il N fragnment. 149 3 0S EP 2002 SPV
288 was derived from SPV 282. This was acconplished utilizing the hﬂﬂpl

vect or 1007-70. A2 (See above) and virus SPV 282 in the HOVD.OG&Sﬂ 9 2%@21
RECOMBI NATI_ON PROCEDURE FOR GENERATI NG COVBI NANT RPV, SPV,OR FHV. T h a 5
transfecti oF Sk REL - scredhed IR7 & he? &Ré@ﬁ‘pt:d? REEOVENMANT eSPer

EXPRESSI NGcbntgahangoslmagené BLAOGA LA rytrﬁ%RG s&SSAi’Sb %0r pr3t@lwgwnoni dase
(X-GLUC AS f|n h&s |t _of | e .r ounds reen pl aque
purificati ?r%g\}/\“/as %88%00 ggt t% 315688 %é’é(mgoogg\‘f §§§W§C§§s‘,’gyed f or
expr essi on com tRelnigay, E%NA/Q#W@$0p@rfrBﬁLVheGEhWSgewone ahdwt hasmar ker

genes, f~g |x%(i:te%?:' Qldicuroni dase by BLACK PLAQUE Anal ysis. 100%
of plaques gener atgjgxs rom Eéf 4°cells 15 infected with purified SPV 280

were determ ned to be expressing FeLvgag and FelLV envel ope, using a goat
polyclonalI@Mthqﬂytéﬁma£@LﬁE@@eﬁ&%@¢e8tgaS QE)Sandeék505§ea§EnQQE0nal

ant i body far V enve o e Bi o 0 The _ex re Si on of
feline CD8G™ élﬁ&lﬁ BEEFIKﬁ’Eéyl (\f;\%ngﬁ?thLb?%aﬁlgl 23 §’ gstagd
goat - pol ycmwalemntforhﬁahmnewl))s@ndtﬂfﬂB6 Ca2i8i, badieSTLRED GBypdtemiesWN) ,

[ooRRCH ek IR RANS SR | S 2t T S0KENLD BOKEBaRRER T1 S

for feline Wer e d mrul © ds ranging from40kda to
70kda specPRiigebrwiehi /®26D8B \A@TbAdét @étoé@lnﬁwes%r@anﬁgwmpﬂegem

al ternate amganul {,bptgrgl yc@éé(&ﬁ_{lb@cﬁ\ patdssans of CDBQand @H?@c%er essed in
the context of SPV in ESK-4 cells. The expression of the profeins encoded

in the FI VigekgmEsqElariy ki ¢ e nORESPERY BLEFP HﬁéFym YaGSiRG cat sera
fromcats bnhaehadngnpvabﬁv EhN 654 3% FHYvOB4vi snd gagonbisant-ofiel i ne

her pes vi rus, 2XPEESTLR0, LNR: 6t IHR COERTP DS, 18 OB CoNt ALRgd in the
are challenged with a virulent FIV strain or FeLV strain
and observed regularly for development of disease. The
results of the challenge experiment are that cats
receiving the purified protein for feline CD80, CDS86,
20 CD28, and CTLA-4 and subunit vaccine containing FIV or
FeLV show significantly reduced incidence of disease
compared to cats receiving only subunit vaccine

containing FIV or FelV proteins.

25
Example 22

Use of feline CD80, CD86, CCD28, and CTLA-4 as a
prophylactic vaccine for disease protection
30
Feline CD80, CD86, CD28, and CTLA-4 in a recombinant
swinepox, recombinant raccoonpox, or recombinant feline
herpes viral vectors when administered as described in
Example 17, but without administering subunit or viral
35 vectored antigens from pathogenic organisms, are useful
to stimulate immunity and a The-1 response which elicits

a protective immune response when challenged with a
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~ 0 ~ ~ ~ 20aZ genone and 2 additional foreign genes . A horrgrﬁg% eg@g
desi gnated 1016-75. B1 was constructed for the purpose of ins 5# Fl V

genonme( ALTR) and i ~gal actosi dase into the FHV Unique Long partial Sal H5
fragnent. The insertion is bet vveen t he gL gene and t he adjacent

transcri ptional actlvat Qr .gene. geno S u%er t he_control of the
CW | E pronbtefl aRGTeRe BB c o & etgeaﬁ i 3 UAYEFTRBCEhe
control of phecpdeudor abebsngX Graghober @D@&Entln FHgmbS4anderdewivad from

FHV 030, wh t h = ite.
Thi s was acg%ﬂlfx?gh@‘ by£ uﬁr{ ?El%%lﬂgﬂgﬁg$olﬁ%}gg SHYTg%ég?fjf%ltBeg.sL? aﬁd
vi rus FHV oéesmllwé HOVEX oL 55 RE(EVBlW@d W?Cﬁl(ﬂi‘@i@m NG

RECOMBI NANT BENo9EY, Gihdidhotle: tdanskechionimhesk sqayes s SCEgengdsby the
SCREEN FOR RECOMVBI NANT F EXPRESSI NG f 3- gal act osi dase (BLUOGAL and CPRG

ASSAYS) ar f3-glucuronidase (X-G@UC ASSAY) METHODS. 20 The final result of
mul tiple rounds of blue/green plaque purification was the reconbi nant virus
FHV 054. FHY, é %/ag assayed for expression of the i3gal actosi dase by BLACK
PLAQUE Anal ysT's: o of plaques 25 from CRFK cells infected with plaque
purified FHV 054 were determined to be expressing f3-gal actosi dase,

utiliging aygpuse {‘@Eﬂ‘r‘é Qo a@ds@d)@@@' ogggl Q@LAMF_)to Tl‘hﬁl?ﬂﬁ Ugndas

det erm ned to be stable after | east 5 passages. 30 The expression of
feline CD8OS eﬁF‘w”Pga'g'uﬁﬁH FFQ/leEW@WBBe was confi rn'ed i n WESTERN BLOT
anal ysis utilizing polyclonal anti-human CD80 anti bodi es (R&D Systens, M),

I ti_bodi 35 .M I d
rouse monockanal aftls e A Bk eRabpusten b Abroslaal ) o0 of
the full coapinapnk ofreléb\nbgenam ercodethpox ,t ler gesmomo werre: 1641in8 0 SP
202 f@”f' r eC:"E@E‘%@N Ao AnalyskssPhy! 1 N%2 CO8lyabescqis Cal sera

from an FI
comblnatlon with CD28 or CTLA-4. The transfected tumor

cells are re-administered to the cat, and the presence of
the CD8(C, CD86, CD28, and CTLA-4 on the surface of the
tumor cell raises a ‘broad immunological response to
20 transfected and non-transfected tumor cells resulting in
killing of localized and metastatic tumor cells. In an
alternate procedure, vectors expressing feline CD80 or
CD86 in combination with CD28 or CTLA-4 are injected
directly into a tumor in a cat resulting in a broad
25 immunological response to the tumor cells resulting in

killing of localized and metastatic tumor cells.
Example 24

30 Use of feline CD80, (D86, CD28, and CTLA-4 as a

therapeutic to treat disease in cats.

Feline D80, (D86, CD28, and CTLA-4 in a recombinant
swinepox, recombinant raccoonpox, or recombinant feline
35 herpes viral vector when administered as described in
Example 17, but without administering subunit or viral

vectored antigens from pathogenic organisms, are useful
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5 FHV 055 FHV 055 is a reconbinant feline herpes virus expressing the
entire conplenent of the ORFs contained in the FIV genone and 3 gﬂiﬁ#}oaal
foreign genes . A honology 10 vector designated 1016-75. Bl was @ ud
for the purpose of inserting the FIV genone(~LTR) and f 3gal act osi dase into
the FHV Unique Long partial Sal H fragment. The insertion is between the
FHV gL genéoaﬁdllﬂfhgl%ﬁﬁ at@pEn{tyster a%mﬁ pe¥ ongHuget itket otegeheofThe FIV
genone is yadersthg eoptieh, of the CW I E pronoter; and the E. coli

i ~-gal act osi dase géene is under the control of the pseudorabies gX pronoter
el ement. 20 FHV 055 was derived from FHV 041, which contains the feline
CD86 gene &nupthting- fxperigendadeDgsas i SPVh@4BHV gE deleted site. Feline
CD86 is under the control of the FHV gE pronoter and the f3-glucuronidase
gene _i s under the control of the pseudorabl es Vi rus gXx prormt er. This was
25 aéconpl £8# 2 {GREY o : aAdSE

041 in thevmm&aﬁmlm @*ioPB@aE@HRaE@ QEBIEEé\Ihh@ BE@QVBI NANT
RPV, SPV, OR FHV. The transfection stocks were screened by the SCREEN FOR
RECOMBI NANT FHV EXPRESSI NG i 3- gal act osi dase (BLUOGAL and 30 CPRG ASSAYS) or
-13- gl ucur ofhdasenE-rE G ASIAY) t IE THCERSb Then f i$ﬂaW VEBubt epPvnaiti pl e
rounds of e ague,Pur4 g ieat € apt yyirus FHV 055.
FHV 055 magggségéggﬂ?gé expfgsgfaﬁ%%fb%agm?§3gﬂ 03|ga§%lg%éy'

f 3- §Pucur oﬁPHas%%y B 1 AddreAnBPYSign J%(Pf‘of 1mcéq@e§gf r 8eNERFK cel | s
i nfected VVlehBoB':Lﬁ uef&urpéwdgﬁava%ﬁ mewkgé epAlned i DecHyPr ggsi ng 152
~~~hPzo 15 f~-gal act osi dase and | ucuroni dase, utilizing a
nmouse m)nol'i’?gﬁal a&nt |‘:t5‘f§ijy“%J Hi’desi HiPevE) %n%lllf‘g%‘i’?l ??cl%ﬁ‘él Brbl ecul ar
Probes, ORjaleexpetidaeel.y. Ebpresdiars ofsFelel efad negdt enbelspabhadafter at

> PaSSa9€Stpgy in cells infected with SPV 246 was confirmed by

15 WESTERN BLOT analysis. Bands representing the specific
FelV gag and envelope proteins were detected with a goat
polyclonal antibody against FelV P27 (Biodesign, ME) and
a monoclonal antibody against FeLV gp70(Biodesign, ME),
respectively. FelV gag and envelope proteins appeared to

20 be postranslationally processed similarly to native viral
proteins. Purity, expression and stability analysis was
carried out by BLACK PLAQUE Assay utilizing the
antibodies described above. SPV 246 was stably passaged
at least 5 times. 100% of plaques generated from cells

25 infected with SPV 246, were positive for FelVgaqg,
envelope, fR-galactosidase and R-glucuronidase.

The expression of feline CD80 was confirmed in WESTERN
BLOT analysis using a polyclonal anti-human CD80
30 antibody. Multiple bands ranging in size from 30kda to
60kda specific for feline CD80 were detected. These
bands represent alternate and multiple glycosylation
patterns of CD8B0 expressed and modified in the context of
SPV and ESK-4 cells.
35
SPV 246 and control virus, SPV 003, as well as other
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The expression of feline CD86, FIV gag and FIV envel ope was confirnmed in
WESTERN BLOT anal ysis utilizing polyclonal anti-human CD86 anti Bo@liggEpP (gﬁﬁp
Systens, MN), nouse nonocl onal anti-FlIV gag anti bodi es (Custom Mnocl onal's
CA) and nouse nonocl onal anti -FI'V envel ope anti body (Bi odesign). The
expression of the full Ierrent of FI enes encoded in the genone were
confi rmed |ﬁeV\E‘E§*PERﬂ“BL neki §PYt |Fiellé’9n‘éa‘écbﬁ‘ﬁv£aél§3éé@tte§atwgé?a from
an FIV inf ecégﬂ‘e@atfoxRPdhé)ﬁﬁ a&llil'i’\iyoaﬁalﬁr@téeEO@at@angdla%m0ﬁ@Qv virus
expressing the en%z g npl ement ofv& § co t ai n]gd |?Ell the FIV genone
and 4 addi t¥BhEr® igjhng Aete RP 65§ was 'def T VBT f PdM RPVFB2ARS whi ch
cont ai ns t he0d¢ats her D86 gene ‘aaldcLhet@mﬂugeueaeagmekzse.dlth ambiststronic
DNA casset t gpyindgfe 25 &J}chfoqnt w&u%f we OSCM'@*hetr'e%oln GEaROX progpler. LPL

driving the transcription of CD80 i ncluding an

el enent bet&é@ﬁeﬁhéapwﬁdoééﬁﬂréﬁ@#hgfﬂ/éﬁﬁsthﬁdXtH@ EPEsFat. Cats

f 3- gl ucur onjydase @epeitREes the tGarld,ol 3ofwéénes St c e%iyoxpmgvter

EP2, in the RPV.H ILI N 30 noni ¢ partl fra nt The | ogy vect or

T005- 98 1 VEACHLBACEBNEonSTAIL: WRPS U ThPIHST | BY g g ANt OO

RECOVBI NATI x@bHR@Lﬁ)UREcEﬂ%dCE‘dE%T‘sN&&EﬂDVBhNANEn@EV stSRM,n ORLEHY. The
@nd I gal ac i dase g ed int.o a

d| stl nct g?é%gy%ﬁ’ﬁgzgean{?él RPVEgzcr dl:aal H?)f}%s ﬁgﬁlt?}e%%ent tehCIVk/ FI V

genome and mStlgylpuednidasengenacstate i(RseptMgdratd -t he di stinct and

non-essen~ial RPV partial Hnd Il 153 3 0 s~P zooz U fragnent. RPV 055

was deri ved fromRPV 045. this was_. acc lished utilizing the honol ogy

vector 1005°98YM EHRM \F348 Y FR%L ‘-52?%”?% RRVEL TS RECEIVER NI N P

PROCEDURE R%&NE%EMG RECONB! NédFk RPYoSEV, dIR Hdhgelhe tdaarsfweetd on st bck

reened b EN FCR RECQVI% NA SPVY_EXPRESS f 3gal act 05| dase
(BLLE%AL and® 325% orc f ¥4 ucuron:\‘%-’asé’l(rfméfucal/lg%ﬁwg S~ al

result of 116)Omi.|ttiirpl éoroth@s rafessings) qriedtelpl arfie four i ¥ |czm'u$<mutvmet he

r econbi nant,, yi }%gs RPV 055. RPV 055 was assayed for expression of FelVgag,

FeLV envel ope fromthe FIV genone and the marker genes, f3 15 gal act osi dase

and i ~-gl ucuroni dase by BLACK PLAQUE Anal ysis. 100% of pl agues gener ated

fromVERO i nfected cells with purified RPV 055 were determ ned to be

expr (§S| ng FeLV ag and FelLV envel ope, using a goat polyclonal antibot~y for

FeL\g g (Bi®TRerGR: ME) and a 20 nouse nonocl onal antibody for FeLV

envel ope, gcpaﬂ(;Blw@d:&s.ir@rt,edVEx)utHhé;Péb(pze@SWGneofpafmhjaﬂéyC[iﬁfbmmt@BG was

conf~.rned j al ysi s, \si o)t onal,fnti - n 25
antl od| esg%lgg% %ﬁ r&' E%%)Vg r%%ﬂe)%t %/elr% I tipl'e bands

rang| ng in Bl-‘@@lﬁ‘ﬁ@ﬁh 3pKEEenbaboRdatEBEELPNC KBF ) f e¥a hiee COBOr weFat €let ect ed,

and multiple-bapds wapdi Bevi bawy ¢gakdgoto (7akda specific for feline CD86
Were25det ected. These bands represent alternate and

Table 1: Number and percentage of cats with persistent
viremia at 15 weeks post challenge. Predicted

Preventable Fraction (PF) for each group was calculated.

30
GRO VIRUS (ES) #cats %cats PF
UP with with %C-%V
# persist | persist %C
ent ent
viremia | viremia
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30 nultiple glycosylation patterns of CDB0 and CD86 expressed

context of RPV in VERO cells. The expression of the proteins

e}‘n@o%@g ‘?rorqzt he

FI'V genonme were confirnmed in WESTERN BLOT anal ysis using cat sera fromcats

infected with FIV. 35 |54 3 0 SEP 2002 REFERENCES 1. Argyle, et al., DNA
Sect. 5, 169-17] (1995)., 2. Azunm —et al.., J. Imunology 149, 1115-1123
(1992) . § 31 AMEHY OMI8 &My ., Natlir8/366, [76799 (1993065 4. ambers, et
al ., Currqnt Cpiméyvéﬂwannunoloay 9] 396-404{ (1997) |5. Chen, ket al., J.
| munol oQVY 148, |2617-2621 (1992). 6. Chen, et} al., Celjl 71, 109B-1102
(1992). 1Q 7. DpAf%elddy? JFM%t al., Jnnu Rev | munol 1997; 15: /617648 8.
Freeman, gt al.| r&LVgaginol octv |43 P714-2722 (1989). |9. Freeman, et al.,
J. Exp. MEQ. 2174 FRZD1681 (GBBI). 10[ 6@om , |[egoal ., Rroog. Natll Acad. Sci.
USA 88, 6537515 5%@ kgél). 11. Hathfock, et jal., J. of Exp. Med. 180,
631-640 (1994) 12. ssett and Wiittpn, Trends M crobijol 1996; 4: 307312 .
) 20 13. UinsleyFHat odlo, @¥We. Natl| Acad. Sci. USA §7, 5031-5035 (1990).
14. Jenkins, et ggiwggg)lnnunology 147, 2461-12466 (1991) 155
FHV 030 (gE-CD8C) .
3 FHV 018 (CMV- 7/10 70 -16%
FelLVenv)
FHV 019 (CMV-
FeLVgag)
RPV 022 (L2E2-
CD80)
4 SPV 089 (L2E2- 5/10 S0 16%
FeLVgag)
SPV 195 (E1-
FelLVenv)
FHV 030 (gE-CD80)
5 5 SPV 246 (E2- 3/10 30 50%
FeLVgag/El-
FelLVenv//L2E2-
CD80)
6 SPV 258 (L2E2- 5/10 50 16%
(SC | FeLvgag/L2E2-
) FeLVgp70)
FHV 030 (gE-CD80)
7 SPV 258 (L2E2- 6/10 60 0
10 (IM | FeLVgag/L2E2-
) FeLVgp70)
FHV 030 (gE-CD80)
8 SPV 003, FHV 005 6/10 60% 0
15
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structure, SBFoR88y, and function of the T-cell antigen receptor. Annu.
Rev. Emmunol . 5, 503-S40. 23. Allison, J.P. (1994). CD28-B7 interaction in
T-cel | actlvatlon Current mg) on Im*runol 6, 414-419. , 20, 24. Anderson,

P., Morinot 83 VC28%BrtF t AeyEFOMPLBANESEHDEH0EN VIEUS U85S 1k gEl At or y
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A e e T

presenting aefl thierCed gener welan. eﬂeseS%d 2253- 256l s2niri BHA T.,
Rehmgp, A, c!i'b%%@(:’e WinaELY@heM c6d998) - o¥56:he 389n§ﬁgtggozlate pox

promoter, LP1l, driving the transcription of CD80 and CDS86
and including an EMCV IRES element between the two open
reading frames; the E.coli f3-glucuronidase gene is under
the control of the synthetic early promoter, EP2. SPV

15 280 was derxived from SPV 258, which contains the genes
for FelVgag and envelope and f-galactosidase. SPV 258
was previously engineered to contain the FelLV
gag/protease genes, and the truncated FelLV envelope
(gp70) gene under the conErol of the synthetic early/late

20 pox promoters, LP2EP2; the E.coli f3-galactosidase gene
is under the control of the constitutive ISL pox
promoter and inserted into the deleted 1869 bp partial
HindIII N fragment. The (D80/CD86 and E.coli &-
glucuronidase genes were cloned into the homology vector,

25 992-23.6 in a distinct and non-essential SPV partial
Hind III X fragment.

SPV 280 was derived from SPV 258. This was accomplished
utilizing the homology wvector 992-23.6 and virus S-SPV-
30 258 in the HOMOLOGOUS RECOMBINATION PROCEDURE FOR
GENERATING RECOMBINANT RPV,SPV,OR FHV. The transfection
stock was screened by the SCREEN FOR RECOMBINANT SPV
EXPRESSING f3-galactosidase (BLUOGAL and CPRG ASSAYS) or
3-glucuronidase (X-GLUC ASSAY). The final result of
35 multiple rounds of blue/green plaque purification was

the recombinant virus SPV 280.
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cell Iine. glanelrm’nmolfrOMSSKiilgqslalmife@@d Azlmifapumlfl\ésiséva .80
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M, Cayaby&RVawoprehi vpEipg, a39qat L%qﬂsé%lomak aphoady . fREqdieldwast s for
CD28- dependmtodEsqginl - veygi ahed aC)thtfs@-)(Irr@nb)élohaU ERERebayl 50y 2@9312101. 32.

Baj orath, J uffo (1993) 25 Know edge based protein
nodel i ng: c,ed"ncipﬁ%e’ai%5 ‘ﬁﬁﬂp‘f‘% gﬂ*otME Sci. 2,1798- 1810. 33. Bajorath, J.,
Peach, R, Linsley, P.S. (1994). I munogl obul in fold characteristics of -

B7- L o(CDBO)rr%Dde% résd @?%f go?_’mesébso SandlBpélads, %%E%grmi ano, ¢.,

Buonavi st a uvier, E. stein, 157 CTLA-4
and CD28: HEATERN pPLOSI A& LNELGhNGHiNe wtéspomsloga Cant ishypran 7

28-32. 35. d@%mﬁbmdSCDswebhﬁﬂQ@ﬁies“AR&ﬂﬁgysﬂéms UiRal, Nredpe cKiY@aR,.

Ceuppens, d]e%B%ers M §11995) FcR cr SS|InkI]Q on m)nocyt es

results in'vl iR g SePAEPEt oty SHFSci EFO™ nt Ok EEmiifol 6 dea179189
specific for feline CD80 were detected, and multiple

15 bands ranging from 40kda to 70kda specific for feline

CD86 were detected. These bands represent alternate and
multiple glycosylation patterns of CD80 and CD86
expressed in the context of SPV in ESK-4 cells.

20 SPV 281

SPV 281 1is a recombinant swinepox virus expressing six
foreign genes. A homology vector designated 992-23.6 was
censtructed as described above for SPV 280. SPV 281 was
25 derived from 8PV 228, which contains the genes for
FIVgag/protease and envelope and E. coli RB-
galactosidase. The FIV gag/protease gene is under the
control of a synthetic pox early promoter, EP2; the
FIVenvelope gene is under the control of a synthetic pox
30 early promoter, EP1l; the E.coli R-galactosidase gene is
under the control of the constitutive ISL pox promoter.
FIVgag/protease , envelope and E.coli f{i-galactosidase
were inserted into the deleted 1869 bp partial Hind III
N fragment of SPV. The <CD80/CD86 and E.coli -
35 glucuronidase genes were inserted into the distinct and

non-essential SPV partial Hind III K fragment.
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, nas une ccavi i ,
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Raahor L BE e Fote Bttt o). rueB98Ey Bibue Sy icTcaribk £ARY

nol ecul e CIQBeoﬁe¢@@bP§aﬁﬁ H&ﬁ&ﬁ PRNuR8defi ci ency virus type 1 infection:

funci{ponal and clinical coorelations. J. 5 Inf D s 169, 730- 738 42.

Brown, WC., Bisse L., Logan, K S, Pedersen, N. El ders,

Col | i sson, BV £390153% FRTSRVT CRRERSARAPR | Plis FATB0s B i+

and CDB+ T émtphepyt emd Jthef mMérkalr HEneS835%-ga3Gérobdddde Buek, BC. A.

(1992). | muno Iobul uper 1Ly cti nd.re atlonshlp to
é% B éﬁﬂ&k(ﬂ%ﬁéé# %Hggygig gﬁo of p ague

ot her recep?olrl LTJ‘T:%(PGCU em n. /
from ESK-4 cells infected with plaque purified SPV 281 )

15 were determined to be expressing FIVgag, FIV envelope, -
galactosidase and {$-Glucuronidase utilizing mouse

monoclonal antibodies for FIVgag (p27) and FIV envelope

( gpl00) (Custom Monoclonals, CA; BioDesign
Intexrmational, ME, respectively), a mouse monoclonal to
20 R-galactosidase and a rabbit polyclonal antibody to -

glucuronidase (Biodesign, ME and Molecular Probes, OR,

respectively) .

The expreséion of feline CD80 and CD86 was confirmed in

25 WESTERN BLOT analysis utilizing polyclonal anti-human
CD80 and CD86 antibodies (R&D Systems, MN). Multiple (
bands ranging in size from 30kda to 60kda specific for ‘
feline CD80 were detected, and multiple bands ranging
from 40kda to 70kda specific for feline CDB86 were

30 detected. These bands represent alternate and multiple
glycosylation patterns of CD80 and CD86 expressed in the
context of SPV in ESK-4 cells. FIV gag and envelope
expression was also confirmed by WESTERN BLOT analysis
utilizing the antibodies described above. FIV gag and

35 envelope appeared to be processed into P24 and gp 100,

respectively.
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20 FHV 043 was derived from FHV 017, which contains the
genes for FIV envelope and E.coli f-galactosidase. The
FIVenvelope gene is under the control of the CMV IE
promoter; and the E.coli f{3-galactosidase gene is under

" the control of the pseudorabies gX promoter element. FIV

25 envelope and E.coli R-galactosidase were inserted into

the FHV US gE deleted site.

FHV 043 was derived from FHV 017. This was accomplished
by utilizing the homology vector 987-57.A1 and virus FHV
30 017 in the HOMOLOGOUS RECOMBINATION PROCEDURE FOR
GENERATING RECOMBINANT RPV,SPV,OR FHV. The transfection
stocks were screened by the SCREEN FOR RECOMBINANT SPV
EXPRESSING f3-galactosidase (BLUOGAL and CPRG ASSAYS) or
R-glucuronidase (X-GLUC ASSAY) METHODS. The final result
35 of multiple rounds of blue/green plague purification

was the recombinant virus FHV 043.
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1 of rat TWE;&ﬁqﬂmtyBéomDZamlygea uﬁa.tlurzeI@SBpoJZﬁQldﬁél BAL i-human
CD80 and CD86 antibodies (R&D Systems, MN). Multiple

bands ranging in size from 30kda to 60kda specific for < ‘
15 feline CD80 were detected, and multiple bands ranging
from 40kda to 70kda specific for feline CD86 were
detected. The expression of FIV envelope (gpl30) was
confirmed in WESTERN BLOT analysis utilizing a

convalescent cat sera from an FIV infected cat.

20
HOMOLOGY VECTOR 1015-18.8A (LP1-CD86/IRES-CD80):
" The hoﬁology vector 1015-18.8A was used ¢to create
25 recombinant RPV viruses expressing CD80 and CD86: A

plasmid was constructed containing the pox LP1 promoter,
EMCV IRES element, and a pox Poly A transcriptional
terminator. The feline CD80 gene was PCR amplified with
primers 1/97.6 (5-GCTAGGATCCAATCTATGTAGACAGGTGAGAT-3') and
30 3/98.4 (5—TCGAGGATCCGGGTCACGCAGCAAAGTGG-3W, both
containing BamHI cloning sites. CD80 was cloned behind
the LP1 promoter. The feline CD86 gene was PCR amplified
with primers 1/98.18 (5 -TCGACAATTGGATGGGCATTTGTGACAG-3’')
with an Mfel cloning site and 8/97.31 (5'-
35 GTGGATCCAGGATCCGGAGCGG-3') blunt ended. CD86 was cloned
behind the EMCV IRES element. The cassette was then
digested with NotI and cloned into the RPV HindIII N

122



3 0 SEP 2002 6i. Elis, J.H , Burden, M, Vinogradov, D., Linge, C, Crowe,
J. (1996). Interactions of CD80 and CD86 with CD28 and CTLA-43 @.SEPMPR0DI .
155, 2700-2709. 62. Englehard, V.H (1994). Structure of peptides 5
associated with MHC cl ass | nnlecules Curr Op. Innunol 6, 13-21. 63.
English, R V., Nelson, P., Johnson , Nasisse, M, Tonpkins, WA,

Tonpki ns, ?Ft?EQQQ?taBéﬁégoﬁﬁﬁh@f6FﬂélﬁTQﬁ%a?ﬁQﬁﬁﬂﬁﬁqrﬁ?ﬁﬁsum®ﬁ

experi ment athy doreededbMmitie fehithetianuaodepiehetey, ¥ Usthd. fimé1 D s.

170, 543-5 64, F l e l 5). Th ffect
hydrocortlgﬁneo%ﬁgyh <$ﬁ% f%gi%?fﬁoggalaﬁJuse E%hé%?ﬁé%eﬁﬁﬁﬁkﬁg6

235243, 15c@%:afeing ,FIW ,01Vadkedl, ganesLangosDEN a6 ¢ s ook ndh,
Masurg H., a@%O%Léé@%)REMfI@QTiW%@R@WR% RAPING

epi dem ol ogi ¢ clinical, i1nmunological and therapeutic

consi der at | BREOMBENANT nRPVMRd. 100, 92-106. 66. F.A. Ferrari, et al .,
Journal of Bacteriology (1985) 161, 556-562. 67. Fong, T.A. and Mosnann,
T.R (1990). Alloreactive nurine CD8+ T cell clones secrete the Thl pattern
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L., Brouwers-Rev-6Senkanp, E., Schuitermaker, H (1996). Broader tropism
and i\l gher cytopathicity for CD4+ T-cells of asyncytium nducing conpared to

a non-syncytiuminducing HV-1 30 isolate as a nmechani smfor accel erated
CD4+ T cel |S4RBV-045 is a recombinant raccoonpox virus expressing

three foreign genes. S-RPV-045 was derived from the
raccoonpox virus RPV-000 (ATCC VR-838). This was
accomplished utilizing the homology vector 1015-18.8A and
15 the parental virus S-RPV-000 in the  HOMOLOGOUS
RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT RPV.
The transfection stocks were screened for the recombinant
by the SCREEN FOR RECOMBINANT RPV EXPRESSING 3-
galactosidase (BLUO-GAL ASSAYS and SCREEN FOR RECOMBINANT
20 RPV EXPRESSING ENZYMATIC MARKER GENES) . The virus was

plaque purified and passaged 5 times.

RPV-045 was assayed for fR-galactosidase expression by
Black Plaqué Analysis. 100% of plagues generated from

25 VERO cells infected with purified RPV-045 were determined
to be expressing R-galactosidase, using a rabbit
polyclonal antibody (ICN, OH).

Western analysis using the WESTERN BLOTTING PROCEDURE

30 confirmed the expression of CDB0 and CD86 using goat
polyclonal anti-human CD80 and CD86 antibodies (R&D
Systems, MN), respectively. Multiple bands ranging in

size from 30 to 60 kda specific for feline CD80 were
detected, and multiple bands ranging from 40 to 70 kda

35 specific for feline CD86 were detected. These bands
represent alternate and multiple glycosylation patterns

of CD80 and CD86 expressed in the context of RPV in VERO
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5552- 555. EXPRESSING f3-galactosidase (BLUO-GAL ASSAYS and SCREEN

FOR RECOMBINANT RPV EXPRESSING ENZYMATIC MARKER GENES) .

15 The virus was plague purified and passaged 5 times. The
final result of multiple rounds of Dblue/green plaque
purification was the recombinant virus FHV 046.

RPV 046 contains the FIV gag gene under the control of
the synthetic early/late pox promoter, LP2EP2, and the

20 R-glucuronidase gene under the control of the synthetic
early pox promoter, EP2. These genes are contained in
the distinct and non-essential partial RPV HindIII U
site. The CD80 and CD86 genes and the f3-galactosidase
are contained in the unidue and distinct non-essential

25 partial RPV HindIII N site.

RPV-046 was assayed for fB-galactosidase and -
glucuronidase expression by Black Plaque Analysis. 100%
of plagues generated from Vero cells infected with
30 purified RPV-046 were determined to be expressing {3-

galactosidase and f-glucuronidase.

Western analysis using the WESTERN BLOTTING PROCEDURE
confirmed the expression of CD80 and CD86 using goat
35 polyclonal anti-human CD80 and CD86 antibodies (R&D
Systems, MN}, respectively. Multiple bands ranging in
size from 30 to 60 kda specific for feline CD80 were
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deeccibokd 12490 ve19wiB30h contains the LP1- C'D86/IRES CD8Q
cassette and the E. coli R-galactosidase gene under the
control of the synthetic late promoter (ISL) in the
HindIII N fragment. RPV-047 was derived from RPV-044,
which contains the genes for FIVenv and the E. coli £3-
glucuronidase (8-glucuronidase) in the RPV HindIII U
fragment. The FIVenv gene is under the control of the
synthetic early promoter (EP1l). The ff-glucuronidase gene
is under the control of the synthetic late promoter
(LP1) .

RPV-047 was derived from the raccoon poxvirus RPV-044.
This was accomplished utilizing the homology vector 1015-
18.8A and the parental virus RPV-044 in the HOMOLOGOUS
RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT RPV.
The transfection stocks were screened for the recombinant
by the SCREEN FOR RECOMBINANT RPV EXPRESSING {3-
galactosidase (BLUO-GAL ASSAYS and SCREEN FOR RECOMBINANT
RPV EXPRESSING ENZYMATIC MARKER GENES). The virus was
plaque purified and passaged 5 times. The final result of
multiple rounds of blue/green plaque purification was
the recombinant virus FHV 047.

RPV-047 was assayed for fR-galactosidase expression by

125



10 86. Zanier, L.L., OFallon, S, Sonbza, C., Phillips, J.H , Linsley,
P.S., kunura, K, Ito, D., Azuma, M (1995). CD80 (B7) a(gds @gz( B70)
provide simlar costinmulatory signals for T cell prolifg t1on, cytokine
production and generation of CTL. J. 15 Imrunol. 154, 97- 105 87. Larsen,

Ritch Pear " sl e Lowr 1992).
Functl onal giBFg %%?1 %ﬁé‘,lé’gé‘ts rruﬁf?b ¥nﬁl€&3’1€§ B7% 1a*f‘ﬁ FPRe
dendritic cekkopopllat melsctdd vEXph EMBdelIbﬁGRPWEEZOW&Z@Odeagrmh.QéKy, D.,

Axel, R drigksop, 2) I tur solu rm of
human T cer‘FBCOtﬁ%i(er %:Aéstg%]'rgaCDéS ga)i%cgorsgtgo:é%tl o?ilsgt?efl % 9?%2591162.
89. Lechl erPOPYF.lanénﬁalrtdled&, ISAt.ck¥)or J.R, 25 Reinsnoen N., Bach,
F.H §£1990). The nol ecul ar basi s of aI | oreactivity. Annu Rev Immnol 10,
83- 88. 90 Lenschow Dl] Zucker mann bavi

Jellis, C LVESERZy B YSM’I IugllngJ th%owglsgggfqor%bOTJTwG (E@@@)‘jb{yﬁﬁpr ession
and funct i onahfinrgmcflthece:qireannaﬁﬂl vtomdisol i gadhdcber ClHidndt. gBaGC. Nat .
Acad. Sci . 10 1 3 . 2 nscho . J.
Vel unas, T, PO LYEE 88 ona S ASMETo0 gsocé@c} oF st B aPoT g | (ReD

costi aul atISMStAﬁlﬁu MBv,. respeorivedy2~-3Mudsgrls dmndsungngihd. iand

Linst gy, P.Si (1994 Ibet@Ze%oCQata' rgg@él%e D%P\A@mﬂ@er@fﬁe 'MQO' 1,
2i 7- 228 93 Lewi s, D. ob

Rodgers, FEQQ&FdlAr?é?bemlé%’éilﬁg%p?6§éﬁsr?ﬁgeﬂg+ EFofel4s §9 off Hk@al nf ect ed
persons. J spavifiale A6r15231idle2-dB0s UrelidetectddCovarhed | bhlghsstrom

., Hellstrom 1994) . St lation of tunor reactive Ch4
and CD8 T- I§ﬁ8§85§f’55%§'%ﬁa§ a'f‘&?b%ﬂ% ¢ C%ﬁ?%a‘&%ﬁ’lnbﬁa%%ﬁn?o treat
est abl i shedofioOB&0 1:5ndred:ﬁ&6naxpﬁessadumnl thé58pndatt 488. RPB. ihi viHROen, T.,

Lee, P.

A B B SR 1A R e et

Char act er | ZBEPBn agR LEELA Mt iircing enainee ROIPP Q)]n ot Ypodieantgrcel | s.
J. I'munol . p1$dnv348913499.(BioDesign International, ME)

20 S-RPV-048:

RPV-048 is a raccoonpox virus expressing five foreign
genes. The 1015-18.8A homology vector was constructed as
described above which céntains the LP1-CD86/IRES-CD80

25 cassette and the E. coli fi-galactosidase gene under the
control of the synthetic late promoter (IS5L) in the
HindIII N fragment. RPV-048 was derived from RPV-038,
which contains the genes for FelVgag/protease and the E.
coli f3-glucuronidase in the RPV HindIII U fragment. The

30 FelVgag/protease gene 1is under the control of the
synthetic late/early promoters (LP2EP2) . The £#-
glucuronidase gene is under the control of the synthetic
late promoter (LP1).

35 RPV-048 was derived from the recombinant raccoon poxvirus
RPV-038. This was accomplished utilizing the homology

vector 1015-18.8A and the parental virus RPV-038 in the
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Vero cells infected with purified RPV-046 were determined

to be expressing f-galactosidase, using a rabbit
polyclonal antibody (ICN, OH).

15
Western analysis using the WESTERN BLOCTTING PROCEDURE
confirmed the expression of CD80 and CD86 using goat
polyclonal anti-human CD80 and CD86 antibodies (R&D
Systems, MN), respectively. Multiple bands ranging in

20 size from 30 to 60 kda specific for feline CD80 were
detected, and multiple bands ranging from 40 to 70 kda
specific for feline (D86 were detected. These bands
represent alternate and multiple glycosylation patterns
of CD80 and CD86 expressed in the context of RPV in VERO

25 cells. FelVgag/protease expression was also confirmed by
WESTERN BLOT analysis utilizing rabbit polyclonal
antibodies for FeLVgag (p27) (BioDesign International,
ME) .

30
S-RPV-052:

RPV-052 is a raccoonpox virus expressing six foreign
genes. The 1015-18.8A homology vector was constructed as
35 described above which contains the LP1-CD86/IRES-CD80
cassette and the E. coli f3-galactosidase gene under the

control of the synthetic late promoter (ISL) 1in the
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i nduci ng peﬁfhd@ was accompllshed utilizing the homology vector 1015—
18.8A and the parental wvirus RPV-030 in the HOMOLOGOUS
RECOMBINATION PROCEDURE FOR GENERATING RECOMEINANT RPV.
The transfection stocks were screened for the recombinant
15 virus by the SCREEN FOR RECOMBINANT RPV EXPRESSING f[3-
galactosidase (BLUO-GAL ASSAYS and SCREEN FOR RECOMBINANT
RPV EXPRESSING ENZYMATIC MARKER GENES). The virus was

plaque purified and passaged 5 times. The final result of
multiple rounds of blue/green plaque purification was
20 the recombinant virus FHV 052.

RPV-052 was assayed for R-galactosidase, R-glucuronidase,
FelV gag and FelV envelope expression by the Black Plaque
Analysis. Western analysis using the WESTERN BLOTTING

25 PROCEDURE confirmed the expression of CD80 and CD86 using
goat polyclonal anti-human CD80 and CD86 antibodies (R&D
Systems, MN) , respectively. Expression of
FelLVgag/protease and FelV envelope was also confirmed by
WESTERN BLOT analysis wutilizing rabbit polyclonal

30 antibodies for FelVgag (p27) (BioDesign International,
ME) and mouse monoclonal anti-FelV env (gpl100)
(BioDesign, ME).

S-RPV-053:

35
RPV-053 1is a raccoonpox virus expressing six foreign

genes. The 1015-18.8A homology vector was constructed as

128



20 of the-V3 domain of feline i munodeficiency virus envel ope glycoprotein
does not induce protective imunity. J. Virol. 68, 8374-8379. iﬂ ,JPu, Y. ,
Granel li-Piperno, A, Bjorndahl, J.M, Phillips, CA , Trevil I; 531 w2002

(1992). CD28-induced 25 T cell acti vati on. Evidence for a protein-tyrosine
ki nase si gn%l transduct pat h | munol .. 149, 24-29. 111. Luria, S E
and Dar nel | 9efcgE1befy %’OveGé‘Yfé’r §@n\"f|a|16‘l‘°’ogt'yh‘B REW -¢B86-/ TR GRAA ey and
Sons, Inc. b@&seﬁié?&ﬁﬂ’E@@ZEllEolhwﬂibaléctbéQEZ%e §bee0@maaﬁ tofe Vi rus.

J. Gen. M cr.ahi.ql . 17 239- 2 nj at Fri and
Sanbr ook, ~.Co(rit§§§l) . 3hecul gr%taeétﬁicnwah r“}ﬁtoer IVE%%&I tl{iﬁ/v Yor k:
Col d Spri ng HHaxdidrI B¥ e§sagmént. I\/arﬁHW’rOEB Jas L@dbeve@r frdmAR,PVNtﬁJrMs,hl ta,
Y., June, C.Hi-nBeaht¥%ink dne %%?é@nﬂoﬂ #&Vd&&%ﬁ%hteés%4 %ﬁb%%@ltgﬂhuel

surface honodi ner_regul at es in | euki n product i onﬁy activat'e man T
10 | ynphocytd& FE- | Aol B %32%‘37 iy 5 thgat ZEYhurd LI Flenont
D.H.) Peterseﬁgn%n% Wd sm:rvgagﬁprcﬁﬂ@@& g&ﬁr@rgs ngngeirnehpl @enftaic:t he

recogni ti on ptl d t| gens, by MHC cl as Sci ence 257,
027-934, 15° SR eR T R R T o G P e P F L0 EERentd 1 or
acti vati on @hdey“[ ohexcontrbynpﬁocyersynihetmuaalrly4@xo'a?14>(ﬁ%-r24®3>1) . 117.

i Aot PRl B dlng APk UMY ) G 0T
Cazsellas psynithiesdi, 1ate lnpskerten) (LBhire, D., Ferrara, P. Caput D.,
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and i nmune res\}aonses Nat ure 32, 248-250. 25
053 was derived from the raccoon poxvirus RPV-034.

This was accomplished utilizing the homology vector 1015-
15 18.8A and the parental virus RPV-034 in the HOMOLOGOUS
RECOMBINATION PROCEDURE FOR GENERATING RECOMBINANT RPV.
The transfection stocks were screened for the recombinant
by the SCREEN FOR RECOMBINANT RPV EXPRESSING f3-
galactosidase (BLUO-GAL ASSAYS and SCREEN FOR RECOMBINANT
20 RPV EXPRESSING ENZYMATIC MARKER GENES). The virus was
plaque purified and passaged 5 times. The final result of
multiple rounds of blue/green plaque purification was

the recombinant virus FHV 053.

25
S-SPV 275:

S-8SPV-275 is a recombinant swinepox virus that expresses
five foreign genes. A homology vector designated 992-
30 23.6 was constructed as follows: the feline CD86 and the
CDB80 genes were expressed in a bicistronic DNA cassette
under the control of the synthetic late pox promoter,
LP1l, driving the transcription of both CD86 and CD80, and
included an EMCV 1IRES element between the two open
35 reading frames. The E.coli R-glucuronidase gene is under
the control of the synthetic pox early promoter, EP2.

The parent virus used was S-SPV 046, which contains the
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Path. 142, %@28- if4exrt&d3 inNovatreBPVCparEriglli $HindRI I IHKUSTRRyMaht,.

Davi dson, M, Nasisse, M, Jeng, C R (1990). Lynphocyte popul ati on changes

in cats naturally infected with - 20 feline i nmunodeficiency virus. AlIDS 4,
1213=1218. $£28PV0 Botfer tyas U. desigp@nafror. MS-98hg, 04, CBaksonwaPb. U. ,

Cezehper, Sgcc QH%%%d|ub1f%¥£ﬂ§”ﬂhe\ﬂéhol&) eveé@@nggﬁd@@ls 55d(1993)
Dendritic cells freshly isolat rom 25 mature

o Lyt o f-ERTLast i S Ao R Sare PoR T R L BRSO raURR FoR
nmonocyt e- com@m@mm@m&hc&mﬂm@m spved. 'ﬂﬂ@ t 10T dOT bon 12Bbockzanws, H. ,

Ai ba, S., awna, o. 9 e i pterleukin
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cel |l s by suppresgiong dalsei r @BG(D:UCB7A$Sb¥pr essﬂﬂm Euimall. resminol o£26

648- 632. 17gult1ple rounds of purification for green/blue plaques

was the recombinant virus SPV 275.

S-8PV 275 was assayed for expression of FIV gag, and the
marker gene&, f3-glucuronidase by BLACK PLAQUE Assay. 100%
20 of the plaques generated in ESK-4 cells infected with
purified S-SPV 275 were determined to be expressing FIV'
gag using a mouse monoclonal antibody for FIV gag (Custom

Monoclonals, CA), and is stable after 5 passages.

25 The expression of FIV gag, CD86, and CD80 was confirmed
in WESTERN BLOT analysis using the mouse monoclonal for ( -
FIV gag, and goat polyclonal anti-human CD86 and CD80
antibodies (R&D Systems; MN) for Feline CD86 and CD8O0.
Two distinct band were detected at the 50kDa and 27kDa
30 specific for FIV gag. Multiple bands ranging from 40kDa
to 70kDa specific for Feline (CD86 were detected, and so
were bands ranging from 30kDa to 60kDa specific for
Feline CD80 were detected.

35

S-FHV 040:
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Cai Y.C, RadBSM3TPucititth, BIO™EAfitl ey MY~ &fidel sont 2619, RiW, C E.
(1994). Tceldrarddgigt iC2®f WD&aenhd @86, tdred | inplchdeddhase EMCV IRES
phosphat i dyl | | tol 3-ki e a.cyto ) P t - Xaa- tif.
Proc Natl Acéaﬁ%%guéﬁ&“%%?’ 2%%- 5858, 1%%%%%%{%‘*& s&ﬂgg v
Vaziri, H., SherygenigaseDggng 1R Unpek| she @@tra) [qfertheRr igfgcrggs)s CD28
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response. nol . 158, 17881798. 132. Ranh . and Ki pps, T.J.

J._ | im E A
(1995) . Tumdi” hietriHeprt %%?o??a?ﬁhaeffscilp??%@g FRGQcChen F&Y eDEEYeBT7- 1)
171 3 ~ SHRmHGegion in a unique EcoRI site derived from a partial

Sal I H fragment of FHV, Dbetween the gL and adjacent
transcriptional activator genes. The parent virus used

15 was S-FHV 019 which contains the CMV IE promoted FelLV gag
gene, and E. coli f-galactosidase gene which is under the
pseudorabies gX promoter; both genes are located in the
FHV unique short (US) gE deleted site.

20 S~-FHV 040 was derived from S-FHV 019. This was
accomplished utilizing the homology vector 987-57.A1 and
the wvirus S-FHV 019 in the HOMOLOGOUS RECOMBINATION

PROCEDURE FOR. GENERATING RECOMBINANT FHV. The
transfection stock was screened by the SCREEN FOR
25 RECOMBINANT FHV EXPRESSING b-glucuronidase (X-GLUC
ASSAY). The final result of multiple rounds of

purification for green/blue plagques was the recombinant
virus S-FHV 040.

30 S-FHV 040 was assayed for expression of FelLV gag, and the
marker genes f3-glucuronidase and f3-galactosidase by BLACK
PLAQUE Assay. 100% of the plagques generated in CRFK cells
were determined to be expressing R-glucuronidase and f3-
galactosidase. The expression of the FelV gag was also
35 confirmed by BLACK PLAQUE Assay using the goat polyclonal
antibody to FelV gp27 (BioDesigns; ME). This virus

appears to be stable after five passages.
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15 S-FHV 042 is a recombinant feline herpes virus expressing
five foreign genes. A homology vector designated 957-
87.A1 was constructed in the following way: The feline
CD80 and CD86 genes were expressed in a bicistronic DNA
cassette under the control of the <c¢ytomegalovirus

20 immediate early promoter (CMV  I1E), driving the
transcription of CD80 and CD86, and included an EMCV IRES
element between the two open reading frames. The £R-
glucuronidase gene is under the control of the infectious
1aryngotraéheitis virus gI promoter. D80, CDS8e, and the

25 -glucuronidase genes were inserted into the FHV unique
long region in a unique EcoRI site derived from a partial
Sal I H fragment of FHV, between the gL and adjacent
transcriptional activator genes. The parent virus was S-
FHV 018 which contains the CMV IE promoted FelLV envelope,

30 and E. coli fR-galactosidase gene under the pseudorabies
gX promoter; both genes are located in the FHV unique
short (US) gE deleted site.

S-FHV 042 was derived from S-FHV 018. This was
35 accomplished utilizing the homology vector 987-57.A1 and
the wvirus S-FHV 018 in the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT FHV. The
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modulates uRn LuNadelhel a0aY SRR dnd IVERLT OmangoLePbbERLI BN Vitro.
anti-human CD80 and CD86 antibodies (R&D Systems; MN)
were used for feline CD80 and CD86. Multiple bands
ranging from 30kDa to 60kDa specific for feline CD80 were
detected, and so were bands ranging from 40kDa to 70kDa
20 specific for feline CD86. A 100kDa FeLV env band was
detected using the mouse monoclonal antibody to gp70

(BioDesigns; ME).

S-FHV 044:

25
S-FHV 044 1is a recombinant feline herpes virus expressing
five foreign genes. A homology vector designated 957-
87.A1 was constructed in the following way: The feline
CD80 and CD86 genes were expressed in a bicistronic DNA

30 cassette under the control of the cytomegalovirus
immediate early promoter (CMV  IE), driving the
transcription of CD80 and CD86, and included an EMCV IRES
element between the two open reading frames. The -
glucuronidase gene is under the control of the infectious

35 laryngotracheitis virus gl promoter. D80, CD86, and the
f-glucuronidase genes were inserted into the FHV unique

long region in a unique EcoRI site derived from a partial
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Pascual , - Sateadefebtion stock was screened by the SCREEN FOR
15 RECOMBINANT FHV EXPRESSING f3-glucuronidase (X-GLUC
ASSAY) . The final result of multiple round of
purification for green/blue plagques was the recombinant
virus S-FHV 044. S-FHV 044 was assayed for expression of
FIV gag, and the marker genes f-glucuronidase and f3-
20 galactosidase by BLACK PLAQUE Assay. 100% of the plaques
generated in CRFK cells were determined to be expressing
both marker genes utilizing mouse monoclonal antibodies
(BioDesign, ME). The expression of FIV gag was also
confirmed using BLACK PLAQUE ASSAY using the mouse
25 monoclonal antibody for FIV gag (Custom Monoclonals, CA).

This virus was stable after five passages.

The expression of feline CD80, CD86, and FelV gag was
confirmed in WESTERN BLOT analysis. The goat polyclonal

30 anti-human CD80 and CD86 antibodies (R&D Systems; MN)
were used for feline CD80 and CD86. Multiple bands
ranging from 30kDa to 60kDa specific for feline CD80 were
detected, as were bands ranging from 40kDa to 70kDa
specific for feline <(CD86. Two distinct bands were

35 detected 50kDa and 27kDa specific for FIV gag using the
monoclonal FIV gag antibody
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20 25 30 2. The reconbinant virus of claim21 which conprises at
each inserted within a nonessenti al
viral genone. 3. The reconbinant virus of claim2 which conprds@
three foreign nucleic acids,

forei gn nucl eic acids,

the viral

foreign nu
viral geno
raccoonpox

nucl ei ¢ ac
‘nonessent i
conpri sing
2002 such

region. S
foreign nu
The reconb
pat hogen,

immtis, a

10

r

eqgi o

east two

Se ME,

each inserted within a nonessential region of
g ¥ i pt—virys—ofclaim3 which conprises four
cll &F ady e " CahoRHEEFEEd [within |a ndn-essenti &l] regilon of the
289 | The Lesdrbemant v rys+off el di m 1,| wherlei n the vijrus is
irus fﬁéﬁypepox virus, qr a|felijne hgrpesvirus.| 35 §. The
$ angbof claim1-3 conprising nore tlhan one fdreign
i d, wherelmr €ach6fofd B nycl eilc aciid ig inserted jinto [the sane
all regilamscede/-ure reconi nant vijfrus df any claijns 1-|5
re fhan aone foreign nugleic aci d wherjein gl 178 ~ 0 SEP
foreigrkﬂﬂﬂﬂ%ﬁQQ’agﬁﬁ Cdre~rjot iinserfted ijnto tlhe same ndnessenti al
8] Thereexoidd mant virus off any of jclaim 1-7 |further cgnprising a
cleic euﬂg&e cngngsqp éé&T,nogen derived from a pathoggn. 10 9.
imant irus of claim 8, drein theg pathogen|is affeline
a rabi @258 rus, Chlanydi a) |{Toxopl asima_gdndii,| Dirdfiiarli a
IS8y, |d% 2 a haét\egiaad / pat hqgen| + + + + +
285 | FeLVenv/ISL-
lac2z/ /L1 -
CD80/IRES/CD86/gI-
UIDA
Homology vector =
992-23.6
Parent virus = SPV
224
SPV | LE-CD80ATM/HIS/E2- | + n
270 uida
Homology vector =
961-27.4
Parent virus = SPV
001
SPV | LE-CD86ATM/HIS/E2- + +
272 uida(19-2)
Homology vector =
969-20.9
Parent virus= SPV
001
SPV | LE-CD28ATM/HIS/E2- +
273 uidA
Homology vector =
930-91.2
Parent virus = SPV
001
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15 10. The reconbinant virus of claim9, wherein the feline p
feline | eukema virus (F
feline 20 panl eukopeni a virus,

feline i munodefi

i nfectious peritonitis virus (FIP),

ciency virus (FIV),

A0 SER e

feline

calicivirus, feline reovirus type 3, feline rotavirus, feline coronavirus,
feline syncytd } i R EOF VAt S—FeHhRe h i ~ feline
Bor na di sgase el ine p4g 25 1%. The recqnbinant Vi rus
of any of cl&7h 1-7, UhB&rein at |east ei gn |nucl gic adid cdnprises a
pronoter fo expeggﬁdgb e darsl gn nucl cid. (30 12. The recdnbi nant
virus of an wherein the ifon off a | gast dne fdreign
nucl ei ¢ aci ot %9n¥control of er erl[dogenous tlo thg virus. 35
13. The reconbi namarddus-igfusany v d 10 fdrther{ conprisirg a
foreign nucleic d% encodi ng a det eq rker.] 40 4. The redonbi nant
virus of cl& Hor o € ker—Hs £ ool the
gal act osi da 7&‘ 3 S 0 5. onﬁinanf Vvii rus Jof *cljai m 10,
wher ei n t he|i2®2unoge@D8p dBR aULBRI ne | i s FI{V gad protlease,| a FIV
envel ope protein H%dgﬁo égggease eLV gnvel dpe prjoteir. 5 16
The reconbi irus of any clainms 1 ei n tlhe vijrus i{s a fiel i ne
her pesvi rus|and {he P®Ae3dehtial regi e gl ycoprdtein |[E gerje of the
feline 10 herpesyigad®ent virus = SPV
001
5
{
Table 3: RPV Recombinant Viruses containing the genes
10 encoding CD80 and/or CD86 and CD-28.
Vir | Description of Expression Analysis by
us Foreign Gene Western Blot or Black
No. | Insertions Plagque Assay.
15 CD [CD | GAG |EN | B- -
80 { 86 \Y% GAL | GLU
RPV | L2E2-FIVgag/E2- + + + + +
046 | UIDA//

LP1-CD86/IRES-
CD80/I5L-LacZ
Homology vector
1015-18.8A

Parent wvirus RPV

036
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17. The reconbi nant feline herpesvirus of claim12 designated SFHV-031

(ATCC Accession No. VR-2604).

SW nepox Vi
S- SPV- 246 (
of clains 1
t he sol ubl e
clainms 1-7,
protein. 35
t he reconbi
The vacci ne
reconbi nant
pfu/m. 180
conprises a
amount of a
in a feltine
i nmuni zi ng

L LIS

pF

15 18. The reconbi nant virus of
1-7, wherein the virus is swinepox virus and the nonessenti al
larger Hind Il to Bgl Il subfragnent of the Hnd Il Mfragment

& @f'&éi ?i BN VR 26013)‘.“

c m
?ﬁﬁ ngi éﬁthe
of 20 the
ed
rus of any

onbi nant™ vi

LP1-B7-/IRES-
CD80/I5L-lacZ

Homology vector

L D4AWhEXIEAD /t he portion of th or teinis

porti of Pt ein. B0 2 [ of any of

wher¢Q?Hec?%?2f§ﬁ%nuclei¢ ac A-4

22. EC$§@dﬂﬁé1Nﬁqgh conpfi ses an effegtive i amount of

hant  Vigoes 1k vareebrcl-ai s 1+ 19 jand afsuit 40 23

of claim 22, wherein the|efflectilve i ni z of the

vi rus 1% 2ar8afdunt bet ween apout| | x10% pf u ut 1 x108
0 ¢ PakRnzo0Z ms24. RPWe|vacgi ng of cliaim rther

p_2dm g th e recopbl nant uirusjan dffective i muni zing

RSO T e gy e [T o et enancing, an-Hime | esponse
ichConprises a nistering tq the fieline an |effective

pRd@nt UGOA he reconbi nant |virus df any|of dlaing 1-19,

S-RPV-030

EP2-FelVgag H3

"N" IS5L-lacz/Ll-
FeCD86/IRES/FeCD80
Homology vector
1015-18.8A

Parent virus=RPV-
030

1015-18.8A

Parent virus = RPV

038
RPV | H3"U"Xbal site/l.LP1-uidA/EP1- | + + + + + +
052 | FelLVenv/
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10 26. A nethod for inmmunizing a feline which conprises adm ni st
the feline an effective imuni zi ng anmount of the reconbinant vir
of claims 1-19. 15 20 25 27. A nethod for

$4 S oo

suppressi ng an i nmune response in

a feline which conprises adninistering to the_ feline any effective
Suppress| ng t—\irus. nf P[a_l m-20-.o0r.21 : 28. The
nmet hod of angfgf Paﬂ%s -~ 27, whefein thé adhlnlsterlﬁg cofprifses
i ntravenousj 05@bLatianddRe, - intranusc%lar transnu%cular, tqpical oral, or
i ntraperitopeal a??Vgh?V%%ﬁ'@QVe%%v 'he et hod of |cl aijm 27, wher¢i n the
feline is the reglpi transpl anted orlgan or tigsue dr is suffering
from an i mune response. 30S38PVA mef hod| f or| suppiiessijng an i muhe response
ina feline mhichog@nprlses adnlnlstbring tg the fleline an fantisense
nucleic acid cap ?Ii t/{_Ildl i,ng o aﬁdcynhibiting tranglatiop of: (a) a
feline CD28 nmRNA n& a feling CO8BO transcriipt, |or (c] a feline
CD86 nmRNA 3b tranSSLrchwhélantlsensP nutl eijc aci d beijng priesent |[in an
anount effective| Lol @i?' t l.at 1 on and [t hus guppriess tlhe i mmune
! cbl s/w3R9sd $upp _ .
response infthe feglne./ 5? / % a sEp 20p2 31. A fgethdd for} redugi ng which
conpri ses rgconbj Harplepyuyestos encodes| a flel i ne{CD8Q conlyi nati on t her eof
in abrogate| the | ygpE._1@r gabrogatingja thnor} in affelilne adninis1ering to
the feline @ clajm1l , wherein the nwcle c dcid pt ot eiin, feIinF CD86
protein or | an aﬁﬁﬁﬁpteVFéHFlveRPngce or 32, The net/hod qf clajm31 ,
wherei n thej recopbzaant virus 10 fur{her| conprises, and is capabl e of
RPV | L2E2-CD80/L1-1acZ + +
022 | Homology vector = ‘
931-32.A5
Parent virus =
RPV-000
5 RPV [LP1-CD86/IRES-| + | + +
045 CD80/I5L-LacZ
Homology vector =
1015-18.8A
Parent virus= RPV
000
10
Table 4: FEV Recombinant Viruses containing the genes
encoding CD80 and/or CD86 and CD28.
Vir { Description of Expression Analysis by
15 us Foreign Gene Western Blot or Black
No. | Insertions Plaque Assay

-
GAL

CD
80

CD
86

GAG | ENV

GLU
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expr essi ng,

a feline tunor associated antigen and the admnistration is

effected system cally. 33. The recombinant virus of claim1l , further
conprising a 15 nucleic acid encoding the feline innunodefi0| n§ HE
genome or a portion thereof. 34. The reconbinant virus of cl aF le her
conpri sing ngc-ﬁﬁLQLincadLng_Lhe_i i | epkem g 20 virus renone or a
portion thdr SFTh@29Econbi nant| Vi rlug ¢f "¢l 4i m 33 of 34, *furlt her
conpri si ng a%nuel@écaatdeehaoﬂVﬁg fieline CSF, felilne Il-12 p35 or
feline I'L-12 p4Q. ;25-38¢ ,fx¥accine which conprisg¢s anjeffeg¢tive ijmmuni zi ng
anount of tlhe rdgc |nan{ virus of cf|aim33{or 34 and|a suiltabl ecarrier.
182 .A.A.A‘.A.A‘7C¢®©Z%S B3Py . AYAs. AFUY, . AY. L. A3, . A. A . A{'$. AN. AH. Au. A
(. A A A3a. Al u. AJN;Ao PSeP M8cfor A=ANS. A |[A9ud. A. Ak
. AH. A&u. AyU@ As,|. A. AA?. A (. ASR AHy. Ah. AS(. AL3. AYJA A AL. AL.A
r A% A L. AL A 9. [R8 AL AFAAYO. A% AY . |AaL.|Al . A9. A@ AY. A3, % AY% A
L. AL. A . Al §9. Ar .|/ABSredE vArud=(FEVA[ %6 AL. Al y. A 9/A% A3u9. AB; % A(F_. A3S . A
_. A S. A3a%|AS. A@® f§\9 A% AY@ A% A9. A yL.JAN% Au. AS. AL AlA A
ACALL AL AA $hf% AfD—AS—Ac—AHA—ATTA ARSI AG~AALS AR A“f“) .AF& A LA
u. AY. AY% AT AoTARDE APYI AF06 A% A 9] A, Ar "A&. RD. A% AY, L. Ap@ A
A5, AL. AN%|A04AH. $a S96 N/ a8- DacAV 9. A . A% A39. AuS|A. AS|A. A3al . A. A4l . A AS;
A Au. ACA AN Al @A AnAE 27 ﬁ? Ay? A ~Y{vqgje*Y] ¢a U] ¢"a] ca
U] c”a] ca] cYa] ca]|ca] ca] ca] ca] c*a] ca] c'a] da] ca] ca] ¢*a] cla] c<a] ca] c’ja] ca
U c”a] ca] cg U] cNa¥ cal] caU] caHJ
Homology vector =
994-68.4
Parent virus = FHV
| o1e
5 FHV | IE-FIVenv/gX-LacZz + + + +
048 | (AgE) //
IE-CD86-TkpA/gI-
UIDA
Homology vector =
994-68.4
Parent virus = FHV
017
FHV | IE-FelLVenv/gX-LacZ | + + + + +
042 | (AgE)//
IE-CD86/IRES-
CD80/gI-UIDA(SalH
IG)
Homology vector =
987-57.A1
Parent wvirus = FHV
018
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REACTION. The template for the PCR reaction was proviral

30 DNA from a plasmid containing the full-length FIV PPR
virus. The upstream primer {5’
ACGCGTCGACCAGCTAACAAGGTAGGAGAGACTCT-3'; 11/23/98BW. 3)

synthesizes from the 5' end of the FIV genome upstream of
the Gag coding region and intoduces a unique Sal I site.
35 T h e downstreanm primer (5"~
TCGAGTCGACTTGTGACAGTTCTTAGTCCATAAGC-3"; 11/11/98BW.1)

synthesizes from the 3' end of the FIV genome downstream
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the indicated A sources utilizing standard recombinant

DNA techniques (Sambrook, et al.). The plasmid vector is
25 derived from an approximately 2958 base pair Asp718I to
Asp718I restriction endonuclease fragment of a pSP18/19.
Fragment 1 is an approximately 1415 base pair Asp718I to
Smal sub-fragment of the FHV Sall B fragment. Fragment 2
is an approximately 8.5kb Sall fragment of the FIV genome
30 without the LTR elements and was synthesized by CLONING
WITH THE POLYMERASE CHAIN REACTION. The template for the
PCR reaction was proviral DNA from a plasmid containing
the full-length FIV PPR virus. The upstream primer (5
ACGCGTCGACCAGCTAACAAGGTAGGAGAGACTCT-3'; 11/23/98BW.3)
35 synthesizes from the 5 end of the FIV genome upstream of
the Gag coding region and intoduces a unique Sal I site.

T he downstreanm primer (5°' -

148



bl "vU4 Q"10%-q(~& ()- [s"109g(& ()- L$S10%@( @ () - F10%40%40%

<1000& ()- 96SHI0W& ()-"&#. $SZW&F | [:vU4 Q L*z#10%q(+& ()- [3 § SEP 2002
S L*z#10%(& () - L*z#10%(& ()- " *10%$& ()-( d-'*10%8& ()-

[6%1090$& ()-F I'J' K L' Y ( )4*vU4 Lg#109D8&& ()-  Lg#109D&& () -

Lgﬁjg ((%%f“&( § )rg@a%?i"gezxc'r[ u\(,r@fxc %‘&%@«%&%&"%@ 1 #1004 B &/PpBEW. 1)

Ad! #10% D8&” &y heBd 4SO FFDAT &'He) -3' HADIUERSL b - PTUOHE A6 net reamn/ 01vUA

H1098& () - 10D81 .
&<109D&&’ () - ?A%ﬁ( fﬁ‘é@ﬁﬁl‘%ﬁ# %%@/ iﬁ"/g‘@ﬁ%/}o[%%‘)‘e g‘i‘io% SYR8()- (10%
} gz/((i 2) gﬂ(() aowigagwegt 109882 ){Zﬁw 3626 704 5 4016 05 3029003045 ) -

0 % <2009
shf #1000&' () - S o M Y ib% e e \(/})yg& qLRd3ee () -
n" 1098& () - Pe+I=te-Ashk8E %}W@fl@gm%m@@?e/ €) FEY0%¢084 080 RX2GUSRL () -
<shf #1098&' (p)le&flﬁai#a@%@o@ G22e3OPBl p1yi4 . AE w090 sédi- to#brd & () -+

L' 10% & () -+ % & #10% & 959 CDr EUEV EWEXEE] obU4
$10968&' §)1’6%8(% 52 o%}&uﬁes #i“”%%‘k”ﬁ %yBg omg’ {ETRSP
L sigéﬂ /&()amEAFtM|mw dng caa%vsasm@eo@&' go wss#ae%ec(ambmant
S SH1QUBS! 1096 e 540K " LLLL @bUA
#109BY%&’ () - 310$10§0$ § ll(1%51 & é‘i %%%/&ég‘ %/% 2%“?#%%5%@5 ?bé@
#YSSH109B& B¢ d|fRE oo #20 %07&5()935 aRd 0DHR:! fsfcor&m% rog ()-
, &10% & () the&h%ﬁl&@GOUéOM@I@@RSWEM@OWW@QQ%TING

10%%& ()~ LALOYENE ) by HIQPENE ()il F

15

SPV 288

SPV 288 is a recombinant swinepox virus expressing the
20 entire complement of the ORFs contained in the FIV genome

and 4 additional foreign genes . SPV 288 was derived
from SPV 282. SPV 282 contains the feline CD86 gene and
the CD80 gene expressed in a bicistronic DNA cassette
under the control of'the synthetic late pox promoter,
25 LP1, driving the <transcription of CD80 and CD86 and
including an EMCV IRES element between the tTCwo open
reading frames; and the E.coli f-glucuronidase gene under
the control of the synthetic early promoter, EP2, in the
SPV H.III K genomic fragment. The homology vector 992-
30 23.6 was used to construct SPV 282 by utilizing the
HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT RPV, SPV, OR FHV. The CD80 and CD86 and
E.coli R-glucuronidase genes are inserted into a distinct
and non-essential SPV partial Hind III K fragment. The
35 CMV-FIV genome and fR-galactosidase genes are inserted
into the distinct and non-essential SPV partial Hind III

N fragment.
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WESTERN LOT ana y51§ using goat - polyclonal antl human

CD80 and CD86 antibodies (R&D Systems, MN), respectively.
Multiple bands ranging in size from 30kda to 60kda

specific for feline CD80 were detected, and multiple

25 bands ranging from 40kda to 70kda specific for feline
CD86 were detected. These bands represent alternate and
multiple glycosylation patterns of CD80 and CD86
expressed in the context of SPV in ESK-4 cells. The
expression of the proteins encoded in the FIV genome were

30 confirmed in WESTERN BLOT analysis using cat sera from
cats infected with FIV.

FHV 054
35

FHV 054 is a recombinant feline herpes virus expressing

the entire complement of the ORFs contained in the FIV
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CPRG ASSAYS) or fi-glucuronidase (X-GLUC ASSAY) METHODS
20 The final result of multiple rounds of blue/green plague
purification was the recombinant virus FHV 054.

FHV 054 was assayed for expression of the 3-
galactosidase by BLACK PLAQUE Analysis. 100% of plagues

25 from CRFK cells infected with plaque purified FHV 054
were determined to be expressing f-galactosidase,
utilizing a mouse monoclonal antibody (Biodesign, ME).
This virus was determined to be stable after at least 5
passages.

30
The expression of feline CD80, FIV gag and FIV envelope
was confirmed in WESTERN BLOT analysis wutilizing
polyclonal anti-human CD80 antibodies (R&D Systems, MN),
mouse wonoclonal anti-FIV gag antibodies (Custom

35 Monoclonals, CA) and mouse monoclonal anti-FIV envelope
antibody (Biodesign). The expression of the full

complement of FIV genes encoded in the genome were
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20 FHV 055 was derived from FHV 041, which contains the
feline CD86 gene and the fR-glucuronidase gene in the FHV
gE deleted site. Feline CD86 is under the control of the
FHV gE promoter and the R-glucuronidase gene is under the
control of_the pseudorabies virus gX promoter. This was

25 accomplished by utilizing the homology vector 1016-75.B1
and virus FHV 041 in the HOMOLOGOUS RECOMBINATION
PROCEDURE FOR GENERATING RECOMBINANT RPV,SPV,0OR FHV.

The transfection stocks were screened by the SCREEN FOR
RECOMBINANT FHV EXPRESSING f3-galactosidase (BLUOGAL and

30 CPRG ASSAYS) or fR-glucuronidase (X-GLUC ASSAY) METHODS.

The final result of multiple rounds of blue/green plague

purification was the recombinant virus FHV 055.

FHV 055 was assayed for expression of the f5-
35 galactosidase and f-glucuronidase by BLACK PLAQUE
Analysis. 100% of plaques from CRFK cells infected with
plaque purified FHV 055 were determined to be expressing
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convalescent cat sera from an FIV infected cat.

15

RPV 055

20 RPV 055 is a recombinant raccoonpox virus expressing the
entire complement of the ORFs contained in the FIV genome
and 4 additional foreign genes . RPV 055 was derived
from RPV 045, which contains the feline CD86 gene and the
CD80 gene expfessed in a bicistronic DNA cassette under

25 the control of the synthetic late pox promoter, LP1,
driving the transcription of CD80 and CD86 and including
an EMCV IRES element between the two open reading frames;
and the E.coli R-glucuronidase gene under the control of
the synthetic early promoter, EP2, in the RPV H.III N

30 genomic partial fragment. The homology wvector 1005-95.1
was used to construct RPV 055 by utilizing the
HOMOLOGOUS RECOMBINATION PROCEDURE FOR GENERATING
RECOMBINANT RPV, SPV, OR FHV. The CD80 and CD86 and
E.coli R-galactosidase genes are inserted into a distinct

35 and non-essential RPV partial Hind III N fragment. The
CMV-FIV genome and f3-glucuronidase genes are inserted

into the distinct and non-essential RPV partial Hind III
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expressed when the recombinant virus is introduced into

an appropiate host.

15
2. The recombinant virus of claim 1 which comprises at least
two foreign nucleic acids, each inserted within a non-
essential region of the viral genome.
20
3. The recombinant virus of claim 2 which comprises at least
three foreign nucleic acids, each inserted within a non-
essential region of the viral genome.
25
4. The recombinant virus of claim 3 which comprises four
foreign nucleic acids, each inserted within a non-essential
region of the viral genome.
30

5. The recombinant virus of claim 1, wherein the virus s
raccoonpox virus, a swinepox virus, or a feline herpesvirus.

35 6. The recombinant virus of any of claim 1-5 comprising
more than one foreign nucleic acid,
wherein each foreign nucleic acid is inserted into the
same nonessential region.

40

7. The recombinant virus of any claims 1-5 comprising more
than one foreign nucleic acid wherein all
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such foreign nucleic acids are not inserted into the same
nonessential region.

5 8. The recombinant virus of any of claim 1-7 further comprising a
foreigh nucleic acid encoding an immunogen derived from a
pathogen.

10 9. The recombinant virus of claim 8, wherein the pathogen is a
feline pathogen, a rabies virus,
Chlamydia, Toxoplasma gondii, Dirofilaria immitis, a flea, or
a bacterial pathogen.

15
10. The recombinant virus of claim 9, wherein the feline
pathogen is feline immunodeficiency virus (FlV), feline
leukemia virus (FelLV), feline infectious peritonitis virus
(FIP), feline
20 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.
25
11. The recombinant virus of any of claim 1-7, wherein at least
one foreign nucleic acid comprises a promoter for expressing
the foreign nucleic acid.
30
12. The recombinant virus of any claims 1-7, wherein the
expression of a least one foreign nucleic acid is under
the control of a promoter endogenous to the virus.
35
13. The recombinant virus of any of claims 1-10 further
comprising a foreign nucleic acid encoding a detectable
marker.
40

14. The recombinant virus of claim 13, wherein the detectable
marker is E. coli beta galactosidase.
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The recombinant virus of claim 10, wherein the immunogen
from a feline pathogen is FIV gag protease, a FIV envelope
protein, a FeLV gag protease, or a FelLV envelope protein.

The recombinant virus of any claims 1-7, wherein the virus
is a feline herpesvirus and the
nonessential region is the glycoprotein E gene of the feline

herpesvirus.

The recombinant feline herpesvirus of claim 12 designated S-
FHV-031 (ATCC Accession No. VR-2604).

The recombinant virus of any of claim 1-7, wherein the virus
is swinepox virus and the nonessential region is the larger
Hind 1Il to Bgl Il subfragment of the Hind Il M fragment of

the swinepox virus.

The recombinant swinepox of claim 14 designated S-SPV-246
(ATCC Accession No. VR-2603).

The recombinant virus of any of claims 1-7, wherein the
portion of the CD28, CD80, or CD86 protein is the soluble

portion of the protein.

The recombinant virus of any of claims 1-7, where the
foreign nucleic acid encodes the feline CTLA-4 protein.

A vaccine which comprises an effective immunizing amount of
the recombinant virus of any of claims 1-19 and a suitable
carrier.

The vaccine of claim 22, wherein the effective immunizing
amount of the recombinant virus is an amount between about
Ix10°% pfu/ml and about 1x108 pfu/ml.
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The vaccine of claim 22 which further comprises an admixture
with the recombinant virus an effective immunizing
amount of a second immunogen.

A method for enhancing an immune response in a feline which
comprises administering to the feline an effective
immunizing amount of the recombinant virus of any of claims
1-19.

A  method for immunizing a feline which comprises
administering to the feline an effective

immunizing amount of the recombinant virus of any of
claims 1-19.

A method for suppressing an immune response in a feline
which comprises administering to the feline any effective
suppressing amount of the recombinant virus of claim 20
or 21.

The method of any of claims 25 - 27, wherein the
administering comprises intravenous, subcutaneous,
intramuscular, transmuscular, topical, oral, or intraperitoneal
administration.

The method of claim 27, wherein the feline is the recipient of a
transplanted organ or tissue or is suffering from an immune
response.

A method for suppressing an immune response in a feline
which comprises administering to the feline an antisense
nucleic acid capable of hybridizing to and inhibiting
translation of: (a) a feline CD28 mRNA transcript, (b) a
feline CD80 transcript, or (c) a feline Cbh8é6 mRNA
transcript the antisense nucleic acid being present in an
amount effective to inhibit transiation and thus suppress the
immune response in the feline.
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A method for reducing or abrogating a tumor in a feline
which comprises administering to the feline a
recombinant virus of claim 1, wherein the nucleic acid
encodes a feline CD80 protein, a feline CD86 protein or a
combination thereof in an amount effective reduce or
abrogate the tumor.

The method of claim 31, wherein the recombinant virus
further comprises, and is capable of

expressing, a feline tumor associated antigen and the
administration is effected systemically.

The recombinant virus of claim 1, further comprising a
nucleic acid encoding the feline
immunodeficiency virus genome or a portion thereof.

The recombinant virus of claim 1, further comprising a
nucleic acid encoding the feline leukemia
virus genome or a portion thereof.

The recombinant virus of claim 33 or 34, further
comprising a nucleic acid encoding feline GM-CSF,
feline 1L-12 p35 or feline IL-12 p40.

A vaccine which comprises an effective immunizing

amount of the recombinant virus of claim 33 or 34 and
a suitable carrier.

182



