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BACKGROUND OF THE INVENTION

20 Currently there are no successful vaccines for the
prevention of feline immunodeficiency disease and feline
infectious peritonitis disease in cats. Current feline
leukemia virus vaccines are available, but their level of
efficacy remains gquestionable and in some cases may cause

25 the disease. Therefore, there is a need in the art for
agents and compositions that provide protection from these
and other diseases where there is not yet an existing
vaccine or that improve the efficacy of existing and
commonly wused vaccines. In addition, vaccination of

30 kittens is difficult due to inability to overcome maternal
antipbodies in kittens. Safe and effective agents to help
overcome these barriers are also needed.

The stimulation of T-cell activation and proliferaticn in
35 response to disease in the host is believed to be
dependent on two interactions: the recognition of the T-
cell zreceptor (TCR}) with immuncgenic peptides in the
context of the MHC class I molecules and the sgecondary
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such as CD80 and CD86, wth their coreceptors, CD 28 and/o LAz on the
T-cell. The successful interaction of these two pat hways Iegag[_} U&h
activation and proliferation of both CD4+ and CD8+ T 5 cel I1 d e

i ncreased pr of Thl and Th2 type immune regulatin s. In
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devel op, whereby T cells fail to proliferate and secrete cytokines. Over
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interaction and interplay among CD28&8, CTLA-4 and their
ligands CD80 and CD86 in co-stimulatory processes is key
20 to the overall induction and suppression of immune
regsponses to disease in the host. By manipulating the
expression of these 4 costimulatory moleculeg, it may be
possible to regulate T-cell responses, through
augmentation, suppression or redirection, toc raise a
25 desired immune response towards a particular pathegen or
disease conditicn. In particular, they may be useful for
vaccination against infectious diseases, treatment of
infectious diseases, and treatment of neoplastic,

degenerative, autoimmune, and immunodeficiency conditions.

30 T-lymphocytes of the mammalian immune system display both
control and effector functions. T cell progenitors arise
in the bone marrow from stem cells and migrate to the
thymus. In the thymus, maturation and selection take place
to produce a naive population of immune cells that is able

35 to recognize antigen in the context of major
histeocompatibility complex (MHC) presentation but is not
autoreactive. Following thymic maturation, each T cell



autoreactive. Following thym c maturation, each T cell 2 @?7 EEP 09 19
SEP 2002 WD 99/57271 PCTI US99/ 09502 possesses a clonally istS b dT
cell receptor (TCR) which determnes its antigen specifi ci.lt% IFW!] her,
CD4'" and CD8 T-cells, the two mmjor subsets found in nost ‘a aEt inmal s,
possess TCR of a and p subunits (Allison 5 and Lanjer. 1987).
Protein and g@g@%ziﬁgani zation of the TCR protein is siml a?cwﬁ%”@?‘?g?t _
observed with i mmunogl obulin (Ig) nolecules, and it shares nany properties
simlar to nenbrane bound Ig on B cells (A lison and Lanier, 1987). Like
t he 1 g nol ecul e pobE@eshes TER awstlppt dnetaibytadechgreZe acvagsicrmnumoR) of

potential antigemiseduRReesinddriddiati6@808pedCR G8RE  Qhganikzat tﬁ{v and
rearrangenent is |E[bé*ag_|&lcsong&§xh@/ with that oﬁ?served in B cells
(Davis and Bj or KMEn-"198855 %as “(f t WA e BD FECTITEE proBiate Bt ts
cells, generati owmr8lef Hagiseey iR dovwersid wii @ Indel |snbumiocbvéslhiddn pl e
copies of wari ableerbMegenes7)n the germline, random rearrangenents of a
and (3 subunits, and variability generated by junctional and insertional
events (Davis and Bjor %ng 88&. .Unljke B cells however, T-cells do not

19 el |
20 appear to gerféPafeR dt £y aoh Sorat Fre MRaPForein dRotdh tate
potential reperttoi cbabfokseevilRrighpenmendgiocbel iis (Ign emdlamlichat and itthe 1 g
mol ecul e (Lecgl egha@res?knﬁnylgsggerﬁiﬂg,els_IQBlai h%'%n{lﬁ?ﬁ@nﬁb%ﬁclﬁ ]fc_‘?ror?-@a i gen
recognition, does..no ve sign elive apahi lities i son _an
Lani er, 25 1987)°°1¢5nf'di ?ré?lo%n%f@clhaéﬁe& i&%&f ‘e.s)lt’,‘l‘]\’,e f-tg‘lel i ﬂafecb‘fjﬁdi ng to
anti gen pré8ent édsi nT¢he "wEhRt HATERE A orreckeniant isgenapy esenbeng ofel |
(APC) , result igotehgnal detiyer ysedueneegh aFe@neﬁygl eeﬁéan,amig?é&d
conpl ex of surf cul es_kn j and the.~ ai ns evers et
al., 30 1988). ?"@%Bﬁq%é?%&l’rgﬁﬁl %%%%ﬁoé%hé’%ﬁ'ﬁéﬁoﬁnof’oﬁﬂqee"
conpl ex, whi ch iYidhr EBRF yePsrigsd dnaBcaelinfiPaxipnted Riwskean) 19884 ati ng
IL-2 and | L-2R msoétichiaitiphéy ssolantdlekipiotinedl 94y . cdilliss GBE6D8IEI 1S
Cons'deredlén 'rHﬁ”iakotypic diversity in T-cells involves multiple copies
of variable (V) genes in the germ line,

random rearrangements of o and 3 subunits, and variability
generated by juncticnal and insertional events {Davis and
Bjorkman, 1988). Unlike B cells however, T-cells do not
20 appear to generate diversity through somatic mutation,
though the potential repertoire of the TCR appears to be as
great as that of the Ig molecule (Lechler et al., 1990).

The TCR, though responsible for antigen recognition, does
not have signal delivery capabilities (Allison and Lanier,

25 1987) . Conformational changes in the TCR, following
binding teo antigen presented in the context of MHC on the
antigen presenting cell (APC), result in signal delivery
throcugh a noncovalently associated complex of surface
molecules including CD3 and the { chains (Clevers et al.,

30 1988} . TCR binding results in the phosphorylation of the
CD3 complex, which indirectly leads to a Ca* influx inte
the cell, initiating IL-2 and IL-2R production (Weisg and
Littman, 1894). This cascade is considered an initial
event in T cell activation.

35 The TCR recognizes antigen only when it is presented in

3



event in T cell activation. 35 The TCR recogni zes anti gen @gjg§ﬁgf12gﬂ§|t i's
presented in 3 o 7 SEP 2009 19 SEP 2002 WO 99/57271 PCT/ 9709 .
association with the MHC. There are two subsets of MC protlﬁldﬁirﬁ@som at ed

with antigen presentation to the T cell. MACclass | is fou | nost
all nucl eate wi thin the body and functions to surf xpress 5
endogenousl y%ﬁg%’%’eld peptides (Matasunura et al., 1992). %%i@s?%ggﬁ

expressed in the context of MHC class | is recognized by T-cells
expressing CD8 in association with the TCR (Littrman, 1987) . CD8' T-cells
function in i Mmemsocurienl atie et forMHENVR]eref la‘tier akby slBé&ed esk agld iS and
10 mal i gnanci es. J%& it n- f ' C
(peptides or al tpere qugl fa%ggg%égg ?’Eg% %Hg£§$i§%%a tEgngﬁaC:gf% r%‘r?cy
result in the cyiOtoxi ¥5§- Fyaphdcyte LoPRFLIn REAPSEE et Hevialeetrdnco¥is he
cell (Berke, 199#thikHCtdleas$oby mahécukesctidie seeondurBROE express

h ot ocomat sbi| | dbkoskhonybpciodiceangeil dys fuadaonlye O B0l cssianal
antigen presentjing cells 1ncludin : h .
dendri ti c col | 5, "THddi FRARITEN R ddfe Cotiertcett BOpuFHAiDns i1
response to speci4dagmstgedubl TscpblssidiparesEGeg neds, 111 398pcTheidkiGrdlass | |
nol ecul e i isl rei\pﬂibsbbheﬁﬁ%tfnﬁh,Lh@sﬂlﬁ?%ﬁﬂaagﬁ%l@kfs E%’n@cg@igﬁyinaﬂﬁﬂm?r%'- t? the
CD4'" T cell. Antigen at i agoc cised, endoc se r urfac g
bound and absor bet _lﬂafltalﬁfﬁeﬁogre glﬁ%?%go elvll§aff% iﬂﬁ%@%ﬁ{%ugﬁﬂ;lspr ssed
and bound £8 MHO®|ig&snFEes (UndraegnigRT) offThwnrskégumelpoultdrerbruriface
expressed and 25cmvrar | &dalie (fpebtiesod ot taiu%[r)%m _%Dﬂf %I ﬁ&gsnig?g@pmir%lﬂel S
(Littman, 1987) . Lge i t.1,0 ' T-ce resulits in e
producti on of chfn(%%%%Eg %ﬁ%ﬁé@%‘#% %8 %Jr'% 1nn§8'gscs%tr°§-‘° (l)(rzstlhlé'mplﬁ?ﬂ%?l on
and promul gati on'Si nERfiatek dastgrchhoacts vée fibhe BFediond@9¢ Mosmann and

Cof fman, 30 1987). CD4 and CD8 differentiate the cap T cell subsets and
define the funaticoRakspropeictcesif, eashsHRPmahe HEeseMALi8N ity

is subset, are normally found only on professional antigen

presenting cells including B cells, macrophages/monocytes
and dendritic cells, though induction on some other cell
populations in response to specific stimuli is possible
(Germain, 1993). The MHC class II molecule is responsible
20 for the presentation of exogenous antigen to the CD4* T
cell . Antigen that is phagocyticised, endocytosed or
surface Ig bound and absorbed by antigen presenting cells
is endogenously processed and bound to MHC class II

(Unanue, 1987). The molecule is then surface expressed and
25 available for recognition by CD4 expressing of T-cells
{Littman, 1987). Antigen recognition by CD4" T-cells

results in the production of cytokines and growth factors

necessary for the initiation and promulgation of many

facets of an active immune response (Mosmann and Coffman,
30 1387).

CD4 and CD8 differentiate the af T cell subsets and define
the functional properties of each group. The presentation
of Chb4 or CD8 on a T cell is mutually exclusive {(Littman,
1987) . Thus, following thymic selection and maturation, of

35 T-cells present only CD4 or CDS. The molecules act to
stabilize the interaction between the TCR and antigen bound

4



of CD4 or CD8 on a T cell is mutually exclusive (Littman, &128€%P 2;@@15
followng thymc selection and maturation, a(3 35 T-cells y CD4

or CD8. The nolecules act to stabilize the interaction bet g%e{g TCR and
antigen bound 4 0 7 SEP 2009 1 9 S E P 2002 WD 99/57271 9502
IMHC and determine whether the T cell recognizes antigen presented in the

context of MXOYE¥L | or class I (Littman, 1987). The bFREFHYhain of

the CD4 or CD8 nol ecul e recogni zes respective non-pol ynorphic regions of 5
the class | or class Il nolecule (Cl ayberger et al., 1994). Binding of CM
or CD8 to these Mpecidfd Getegnons atithd:0 tist abiddiae ﬂel&agﬁ%ﬁnéxing@brboun;ﬂ
IVHC i nteraction r Jdni t e act_vati Littman, 1987
Thus, CD4' T-cgﬁe%entt g func%llﬁegng?'lq’c%ztnt gfalglk{cvmctlh $oRP ex%retslglsrslg o
antigen in the c@ﬁttéﬂanof 18fAks | IThénBlP‘ﬁJrlﬁ A9V OF el B g pdiise,
while CD8' T-celddeonly recagnizze aatpgenivepheaepdEgnddpHike regndextorof

class I, and upqpcbinding 'rnbié@.st %Iamsyé&ﬁgxk@l r@%@g@§canﬁg %%4)1993)

The two disti nct henot ypes o -ce

differentiated @956’ f&@é 8§pFB§sF%nt]6?SeelstH’?é’rl EPU TBFLORDE 0
majority of T-I yﬂmﬁmdytzes theaF¢RpreBacar bogeneil | integansiider etbt cHee

el per cells thayghitbess bs @ Eé@P0§§€llva@@$n QI.Et%HQﬁetlﬁa\{ﬂSUkams et al.
1989). CD4 hel per, T'J?Q:ei‘fl | s i mune res onse

ar e or ul at ors
through the product] oh 5 ]ﬁ’at yloor}algg ffaié‘taSFyma%iPﬁpS?‘@’é%?
cyt oki nes { Vb s meitt s G@ff*ﬁﬁn @983?‘1): Jfheclfegst dils anst oduida@thyat he§é cells
are inportant negdilgtersedgonkhe whi’llé lcaisrmdg11@05h1§t fwaynalzeoan@igérbody

1redi at ed responﬁjqre%%éﬁ%gf ainceéﬂ Nols del%[@d t e IXIP rsen5| tlchl 1,}({-:‘[(DTI—I)

.response (Mosmarin fman, SR i vat ed
and produce sol W& igEBweh CV&@F%’F%C ’éeSF@élﬁﬁl éﬁeéaééladel%‘?ﬁ )everﬁf@ rityst
occur. Antigen icsisdaneect ethenangpesadetytiosiedyT aquief essi ooal. ABE, wornal |y

a 30 nacroEbagecﬁH&%QEﬁtl&&ﬁﬁhﬂrE@% éﬁgfgﬁp%&ﬁ %§s£Q§(£gQﬂ%h@r Ch4 or

CD8s.

The majority of T-lymphocytes bearing CD4 are generally
considered to be helper cells though there is a proposed
CD4* CTL subset (Yasukawa, et al., 1989). CD4 helper T-
20 cells are major regulators of the immune response through
the production of a battery of stimulatory and suppressive
cytokines (Mosmann and Coffman, 1987). The factors
produced by these cells are important mediators in the
initiation of both a humoral or antibody mediated response
25 and a cellular or delayed type hypersensitivity (DTH)
response (Mosmann and Coffman, 1987). For CD4* T-cells to
become activated and produce socluble growth factors, a
complex cascade of events must occur. Antigen is detected
and endocytosed by a professicnal APC, normally a
30 macrophage (Unanue, 1984). The APC denatures the protein
and breaks it down into smaller fragments, peptide
fragments of between 15-18 amine acid residues are then
bound with the MHC in the endoplasmic reticulum and
subsequently transferred to the surface for expression
35 {Rotzschke et al., 1994). Surface expressed antigen is
thus visible to T-lymphocytes and can be recognized by the



15-18 am no acid residues are then bound with the MHC in t
reticulumand subsequently transferred to the surface for erg)sgpgqﬂpn 35
(Rot zschke et al., 1994). Surface expressed antigen is thus Vi si

T-1ynmphocytes_and can be recognized by the 5 0 7 SEP 2009 002 WO
99/ 57271 PCT/MIE¥788502 T cell subsets with the pr oper TC%%@?@E%B and

expressing CD4 (Germain, 1993). Wien the T cell recognizes the proper
antigen, and the proper accessory signals are delivered, differentiation
of the naive |ynpkegyt eulietur gigndhel pAGhed TERPAASOOFLE AP LABEEEs 1S Yet

undet er m ned st |é&l i g%ﬁ&lllr;[ 15513}t heyﬂ%ﬁf@l{eer%t izgh d&\é%égg%% thgf ﬁg%p%pe 1

(cel lular) response versus unoral ) respon

Cof f man, 1989). antdgen, hé‘lnﬁ FEer%ﬁiﬁerrecPGF&FSﬁﬁ%hS%ﬂnat% aZét Fiﬁllweﬁdvboth a
10 hurmr al and alicfddrehatatiaspaiseheAndivellyrgapententcdireekhd tmmnse

which is regui reéicﬂaﬂfsléﬁ'téa@loﬂiéoéébdm ABOge %ﬂa‘é%rmi’ﬂéd %Q:'l%mlﬁegé'éﬁ

cell help for proper el ] ratyration o take place

1686) | once 1 ho Shr AT ebTespiRtdan (G GROPHE S bl ¢ RHSS bourdeALth e

i nternal i zati on, rgEmEoess vaysanda M—l@a:l%s@lumbrsmfawor@eprtélssm@m odnd hese
‘antigens occurs d¢ds@i njod993). Direct cell to cell contact between the
CD4 T cell with the proper TCR idi otype and the B ceII prom)tes t he
activation and grollferatl on of the T cell (Chesnut al . 1986% 20 The
activated hel per® F&dél ety ShETIS éoﬁfm‘b‘?}br?&t tﬁ@ %Ft:t‘?ﬁé’ Pt PasPchse by

secreting fiact orisameedssat \2 cellBlaelrespognaepm hAafhdealilf fepermdarat BoreIMosmann
and Cof f man, 198%)s onzl@esv@qﬁc@acagrlse@ﬁ%adﬁor |a|ﬂtﬂboc!l)l'—t% 880ndde 115% which can

i nduce B ceII actlvatlon and r.at nd_are rtant in

i sotypic swi tche%ntfl(?FthereT‘ﬁ”%ﬁ 46 cﬁ hﬁfﬁ’ O Erirﬁara%t §n¥g W&@HOT he
initiation of a typeake relgsens@heghitehewonl d |Jn9€t€dr n dowe- taguksaréadrinor al
activity, (l\/bS”B&Ebr@smiladCOflfgﬂarbn 1989 . B cell has bound antigen,

15 internalization, processing and MHC class 11 surface

and breaks it down into smaller fragnents, peptide fragrrenﬁg(sa?ﬁﬁb;’g

expression of these antigens occurs (Germain, 1983),
Direct cell to cell contact between the CD4" T cell with the
proper TCR idiotype and the B cell, promotes the activation
and proliferation of the T cell (Chesnut et al., 1%86}.

20 The activated helper T cell may be capable of promoting a
type II response by secreting factors necessary for B cell
growth and differentiaticon {Mosmann and Coffman, 1989).
These factors include, IL-4, IL-5 and IL-13 which can
induce B cell activation and proliferation, and are

25 important in isotypic switches for the Ig molecule, while
IL-10 acts to prevent the initiation of a type I response
which would in turn down-regulate humoral activity (Mosmann
and Coffman, 1989} .

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

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

factors are produced by the T cell that favor cellular

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

promotes CTL responses, while IFNy acts to activate
35 macrophages, CTL and neutrophils (Wang et al., 1923).



Cel lul ar responses (type |I) do not mature in the sane 30 faftw @gq

hunoral responses (type Il) (Sher et al., 1992). Upon T cel i i on
and maturation to a type 1 response, factors are produced 5yg $¢F ﬂ-l[ cel |
that favor cellular immnity. IL-2 is a T cell gromh fact 2al So

ronmotes CTL_responses, while IFNy acts to activate 35 macy CTL and
Eeutrophlls 57251 al ., 1993). 6 0 7 SEP 2009 t 9 SEP "zcg‘g‘ésa%ss%/ 57271
PCTI US99/ 09502 T hel per cells are thus able to nediate two |largely

mut ual Iy excl usive responses. The cytokine secretion pattern that |leads to
the initiation af leelpsroredlIespoasehusotdienstd agt@i Std hato anarguppr essi ve

of a cellular 5 {lgﬁggp&;emﬁgﬂﬁé/i&ee %8&;2??44\_4)5”3% an%(t%?{fll;‘lganSeC%9§9%3{le

uncl ear what det erm nes réduce a
(1L-2, |FNy_andPRyHbEaRE n)sass SOt%%lzntbaH%fr P |aLhJ4m05a efesmnsand 13)
al though it is peropated theabrshelspeant ARPprhatiysr esdnts tdedladkigen or

sol ubl e 10  act %ép&{s%daﬁedvi% Rr@@sé @dmnﬁ nafrldiéefﬂn&;belbggfoﬁfzt . txhgk't Sge

pattern that deve n an
AP AU E L U e L SRR L L
secretion pattetvseatepafmear nbldi-ét.e Wdivneed lymehckcemd)t ppea2tyBaj ewski et

alt, 15 1989). Whaikerd hﬂ“n;er §ufeset1§ hax\f&tml muhletagﬂ 19eih@rb%tdp%g@é Intl n
vitro experimen 0 facts of qulture ey are inportan
nodel s for the ‘i;ﬁ Qh attyIIIDe ‘?)E FC '?h oM PR atalnﬁég?ﬁe %esif’étl PJFrent of
‘specific rJé)spon§é§tPﬁSaﬁrpﬁuw@'obﬁn\?hﬁoﬁﬁﬁntmayzanlfﬁuad@ﬁtFbﬁ topehefCD4' T
hel per | yrrphocytc@t@}uia&ebataensQ@aadd@ﬁqo’ﬁscmésuﬁ@ﬂuaﬁaicarffﬁ@ﬂsilsates)of CD8

bearing  cytotoxicolumbgeyt o, 18 P Cly 20053110 1813 Whohper

conponent of theé i nmine sur ve
destroy viral |l yt¥RE itht saeedtaul %PF“%‘S BactV@rlFBI I%ﬁqrﬁFéEPed’a@éﬁF‘?;S agréel | as
mal i gnanci es (Baenhkermed 9949 .bethesa egbési axei alvpe abl(eatewgtiodtcel.,

cytokines, .but 1ggnpral | Ry tH0sg Aas0CiRLed: Wi t b 0duging ceklubar
demonstrated in in vitro experimentation, and may be
artifacts of culture, they are important models for the
role of the T helper cell in medulating the development of

specific resgsponses in an in vivo environment.

20 In addition to the CD4" T helper lymphocyte subset, a
second of T cell population consists of CD8 bearing
cytotoxic lymphocytes. The CD8' CTL appear to be a major
component of the immune surveillance system whose primary
function 1s to destroy wvirally and intracellular

25 bacterially infected cells as well as malignancies (Berke,
19%4). These cells are also able to produce cytokines, bhut
generally only those associated with inducing cellular
responses (IL-2, IFNy and TNF) (Fong and Mosmann, 1990).
The TCR of these cells, in association with CD8, reccgnize

30 antigen presented in the context of MHC class I {Littman,
1987) . In general, all nucleated cells have surface
expression of class I presenting endogenously synthesized
peptides (Matasumara, 1992). Specific, immuno-privileged
sites, including the brain and the testes, have low level

35 expression of the protein, though it is inducible in these

areas with interferon exposure {(Moffett and Paden, 19%4).



responses (I1L-2, IFNy and TNF) (Fong and Mosmann, 1990). -rQ d§ gthese
cells, in association with CD8, recogni ze 30 antigen prese ted”Tn't

context of MHC class | (Littman, 1987). In general, all ﬁsﬂyﬁ{ hﬂ@cel S
have surface expression of class | presenting endogenously P 2 ed

pepti des ( Mat , 1992). Specific, immuno-privileged | udi ng
the brain ana&(?ﬁ)zg% stes, have |ow | eveI 35 expression of ?ﬁt’%g%’ ?n,
though it is inducible in these areas with interferon exposure (Mffett

and Paden, 1994). 7 0 7 SEP 2009 1.9 SEP 2002 WO 99/57271 PCTI US99/ 09502
Prot ei ns producegot&idhereades asntge reeido@mlaum& hteighl biet hAQigMb ne

met abol i sm of the cell m@Engf{Q& u % eﬁlﬁa‘[‘%if ééﬁ gg%%jxegc} aga]il éegyto MAC

class | for surface expression ;) S‘are
prot eol yti cal | ydsgrf?ﬁ%%rw@ M%&Ob?ﬁﬁﬁdf:ﬁﬁ% ] Oémsﬁéfa‘é?de@ﬁﬁec%@§ to
class | which i(Enghkhaskpriessgied orrkeheolupé@mcieleal atrhepeeltol(Hngakhfard,

1994) . Theqyeti (iéhlaé(rﬂl |ze@n919c9%%§l i’n Ry qgu&tﬁﬂm %%9&' Q[?.&O%EE rJl%%%
expressed in this fashiop, sel ection id ?/% resuts in
i

elimination of al "M hutDr gﬁ%‘f‘l 9% ﬁe%%elq o H%n@ugﬁ? Pfante é:z%]rldet ect
the presence of(Evgekidng,i hpeet edqueont&“fawgﬂbynaéld eefibger(Beikeprodi@ed). The

recogni tion of fp@{:@h%h Rept g@@@@@k@%dbxn £h S StdsHiSnf a&ﬁ&lér%&ﬁ@ by the

t f ] t I
Cont ot 15 bet veENeERAeR s FEEERI TR g (Ho EAPGorL I Eday o8 1 6D
activati ont@ o prutesda¢Berkel-cEI34) . iviene sFvetildance hean defesderrhgs

foreign is det e@atr@debyetm vﬁglallgrh@nfé&@rda@trl eRandRIMREN cthes NDiagdl, es s
stabilized by CQ% ndl ng.to td emtclz_loass I on, lthe |enft§%tegde§eresée i tbt man,
1987). Once 20 I‘ECOE.)I’II tion OcCurs and f)ﬁe T-Tett écones SXTVATEd, Ya
conj ugant for ns “BéEReen ithelftatgdiated (bvardia rtéidedctsmectiigell ceddd t he
effector cell isedippats€hed Chaylarn anckchTebery: 1392) 1ssbhus, crdihﬂah:its

Laken over by a 25 aat hoaen AT ase i [T e S Eebl s SR e O
actlvatloégto pégééed (Berke, 1994). When an antlgeng%hat y

is seen as foreign is detected by the TCR, the interaction
between the molecules is stabilized by CD8 binding to the
clasg I on the infected cell ({Littman, 1987}. Once

20 recognition occurs and the T cell becomes activated, a
conjugant forms between the target cell and the effectoxr T
cell, and the effector cell is dispatched ({Taylor and
Cohen, 1992}. Thus, in this fashion, if self proteins are
altered or if the cellular machinery is taken over by a

25 pathogen, peptides will be available for recognition by
immune surveillance and this arm of the immune system can
eliminate the diseased cell (Berke, 1994}).

Cellular cytotoxicity appears to result from cne of two
major pathways. Either the cell is induced to undergo
30 apoptotic death or it is lysed through the release of
cytotoxic granules by the CTL (Berke, 1992). Apoptosis is
induced in target cells through the release of factors by
the CTL which induce gene expression that result in cell
death (Russel, 19283). An advantage of this mechanism is
35 that cell lysis does not occur and the potential for the
release of the potentialliy infectious contents of the cell



i mmune surveillance and this armof the i nmune system can Ir’ 'SE a?@gt he

di seased cell (Berke, 1994). Cellular cytotoxicity appears 1o resu from
one of two nmjor pathways. Either the cell is induced to un 0
apoptotic death or it is |lysed through the release of cytotoxi'c granul es by

the CTL (Berke, 1993) . Apoptosis is induced in target cell hr h the
rel ease of fé%‘??)"l’sg”ﬁy the CTL which induce gene expressi oﬁcffﬁéﬁm%ﬁgult in

cell death (Russel, 1983). An advantage of this mechanismis 35 that cell
| ysis does not occur and the potential for the release of the potentially
i nf ecti ous cont eit sedicddhdNegita aBd0GTLSEPN200805)1 9cSHEP 12602 MWE8F57271

PCT/ US99/ 09502 .5 neduced Gbagatanand I@éﬁérgihé% H3%un GRlilenl YiSigehonever
c

may be the nore conmmon nmechani sm_t rougPh whi ¢ t?{iget el 1 mnation takes
pl ace. PerforinSloRieHi8t 5268 garFor at € L Par et eER A nehtiPaRestobasea naj or
constituent of CHrgdtcytdtloxnangrarel esis( La umefornl cong998)ery t HBUGHLt here

are other eell 4ypesxidvebmared nrihi & form ebokmuna-trsdguethdanege CTL
appear to be a maj or congjznetnt of anti- v rg[n a&gisantf -tmum)% I muni ty and,
agai nst speci fi &“15at hoGehs, YEFE coRETdsied HindribenddBi®e Por HIBFEction
10 (Kupfer and Suwsgeillawsd) CTLnppPady yrdld asmﬂ%éqﬁmﬁ?ﬁhsog@@iused to
differentiate spgeeilfiengeldnyiopumati onmunliRie ag€entdgaibebct spawificaspects

of many of thes I es ve i . ?Eg il h il
inportant in de%a%éaglgﬁ%'c&r}_ 1 %ggﬁgg{‘i \éﬁgis elarbvyrcﬁl'ri??écaﬁa\'{?%%%l%trﬁl t he
functi on o0 many KupépFsard Hea@sHi ng $dre evident. A variety of accessory
and adhesi on nolecules that play a role in the devel opnent of a productive

i MTUNe response 134i@iaLXPrRIseuitcEk peblSimNdeant LeaD ¥ esentiag tald s (van
20 Seventer et al., .Jf991). ﬁdhesi o nmol_ecul eg are expr e-tslsedfua(t:t1'_~:oonr£1|3l | evel
on nost cells of A3Fe i imure sySPRM * THEY "are " T Ffportant i'n retaining cells
within an area @fbechst A ™amf tifathefe arel amileEeharre oas derived. ¢eld

cont act while they are still important in delineating cell
15 populations, their critical role in the function of many
cells is becoming mecre evident.

A variety of accesgsory and adhesion molecules that play a
role in the development of a productive immune response are
expressed on T-cells and antigen presenting cells (van

20 Seventer et al., 1991). Adhesion molecules are expressed
at some level on most cells of the immune system. They are
important in retaining cells within an area and in the
initiation and maintenance of cell toc cell contact
(Mescher, 1992).

25 CDh-2/LFA 3 (CD58) and LFA-1/ICAM-1 are &two adhesion
molecule complexes involved in the stabilization of T
cell/APC interactions and the enhancement c¢f activity
(Springer et al., 1987). CD2 is one of the first markers
expressed on pre-T-cells and persists throughout the life

30 of the cell, while LFA-1 is expressed later on T-cellsg and
is up-regulated in memory cells or by induction (Springer
et al., 1987).

Accegsory molecule complexes also demonstrate adhesive

properties, but their wmain function is probably the



(Mescher, 1992). 25 CD-2/LFA 3 (CD58) and LFA-1/1CAM 1 ar ept'p\/g?dl?mi on
nol ecul e conpl exes involved in the stabilization of T cel

interactions and the enhancenent of activity (Springer et 9 Ep3RB7) . CD2
is one of the first markers expressed on pre-T-cells and persists

t hroughout the life 30 of the cell, while LFA-1 is expressed Iater on
T-celI's and WOMEFtequl ated in nemory cells or by inducti Y8 ger et
al ., 1987). Accessory nol ecul e conpl exes al so denonstrate adhesive
properties, but their main function is probably the 9 0 7 SEP 2009 1.9
SEP 2002 WO 99/ 527 ¥ePETHEISIA/ @ﬂ’éﬁé’ceﬂ&illa\te%y.gﬁal afipbit L 8gald ubBtaisiggnal
upon ligand bi nd(l N9 F(%ézqdeertson 1988) pogsgsb t.abl 1| sh ent - of Lan
interaction between tha receptor’ andglts lig conlf ormati onal change
in the nol ecul esSN$EFEEELPR tboﬁ@é@es pFake lteﬁ’&PtPéSLﬂft% i st hélwq:velay of a

signal to the eyndpkastiaialonehdaigdoim eré| sof &biixdcr of tuaiigeBi v,
1994). Signal's dgl 'c\éert%%tbxeetsngﬁg TR ¢! eR10L3Yy Ao¥ ARl Eikna0f holgs i

pronoting T cell devel opment bsenc di at ed by

t hese nol ecul es CY“FOEéF‘FEI Ray 90 %"ecﬁ?r?@ é"ﬁérlél dHPE%%ﬂ’ﬁof'g:noaILq n%’r‘?eﬁf’r 1994) .
The CD28/ CD80 i ntveract iigniads adsibjvereddmpahent aflegul pe aduet aveadiaral |

nedi ated i mmune Jresponse (il %%ba%é!t?ﬁg ak. 1ce119%%%)e10319@nﬂ ntSﬁ@CEhortH%f the
CD28 accessory %g)l ecul e f or

ts CD80 isr
2ctivatlon and TESGROF | TeFAETRIF GFORArTS BF. GEPFS TALAEI Gy decatis o1a).
The interat?i on ktelcopecappegis: tiGephgyard drinsilestl 9949 -in  activated and
menory CD4' T cell proliferation and prevention of apoptotic cell death

Li nsl t al.,199 f;th dat i
(Linsley et al .p;l9%3)q /coite dhacoueiyoofidhe ieLackiqnand ebrcidation

of its 20 nmechani sns has prow acrltlca int stanlngT
cell mediated i mﬂpf:?lvezg‘ cg medlated immune response (Linsley et al

1993a} . The interaction of the CD28 accessory molecule
with its ligand CD80¢ is reguired for full activation and
15 proliferation of naive T-cells (Linsley et &l., 199la).
The interaction also appears to play a critical role in
activated and memory CD4* T cell proliferation and
prevention cf apoptotic cell death (Linsgley et al., 193%1a).
The discovery of the interaction and elucidation of its
20 mechanisms has provided a «critical 1link in the

understanding T cell mediated immunity.
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35 10 0 7 SEP 2009 1 9 SEP 2002 WD 99/57271 PCTIUSQQ/OQSO@ 7 OF
THE | NVENTI ON The present invention provides isolated and purified
encoding feline CD80 (B7-1) ligand, feline CD86 (B7-2) 5 Ii q\a}ggﬁ? i@ i ne
CD28 receptor, or feline CTLA-4 (CD152) receptor, as well as' oS
conprising n i cid encoding feline CD80, feline CD36, i 28, or
feline CTLA- ﬁb$%§2ﬁr esent invention provides a host cell gcﬁﬁ%@%ﬂﬁed
wi t h CDBO encodi ng vectors, CD86 10 encodi ng vectors, CD28-encoding
vectors, or CTLA-4- encoding vectors. The invention provi des pol ypepti des
encoded by t he nEGNIARY SF HHE BNTI@NCD80, feline CD86, feline CD28, or
feline CTLA-4. 15 The present invention provides a vaccine conprising an

ef fective anount_.of pol ypeptides.encoded .by the nucl ei aci f _feline
CD80, feline CD8B® EREPREE 5743 PP (A S T .e%TF’ngpFP‘é"s =% R¥&nti on

al so provi des vageserisig wliléne f tP&heB7cémptigand.nmisdgensChis i (Bdd2from

pat hogens. 20 The#émntﬂ@ap@r ok gesed&iit o£gC GirN €81 e At en of (@mlglgm:i Pg an
i Mune response. vent i o sQ_p or__.vaccines.-capahl e .o
suppressi ng and F%%%%%%’es%%ng%ﬁ 2%8 %g&%%s Iﬁm%m‘?lgéP_%&ﬁlgl e EP
2002 WO 99/ 57271ePeqi5Dof obbty CHH EFfPESER PRGN ofe¥HEE FFRRRESOFi gur e
1A: DNA and ani néeaninsl SEHQUaEnce Mie fraldseatr ChEOn{ R IPAckAMYs. a( b1 D NO. 1

and 2) 5 Figure ' L | Gty pl otef LD9; ACi en f.feline
e 237- 1)10?T " cdfis dBARBORRG t %iBhotero -BALERIAFT GectBALSNCR R

encoding vectors, CD28-encoding vectors, or CTLA-4-
encoding vectors. The invention provides polypeptides
encoded by the nucleic acid of feline CD80, feline CD84,
feline CD28, or feline CTLA-4.

15 The present invention provides a vaccine comprising an
effective amount of polypeptides encoded by the nucleic
acid of feline CD80, feline CD86, feline CD28, or feline
CTLA-4. The present invention also provides wvaccines
which further comprise immuncgens derived from pathogens.

20 The invention provides for vaccines capable of enhancing
an immune response. The invention also provides for

vaccines capable of suppressing and immune response.

25
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Figure 2A: DNA and am no acid sequence of feline 10 CD80 (%7713Ep ?ﬁgg'RO)
(SEQ ID NO. 3 and 4) Figure 2B: Hydrophobicity plot of amno aci

sequence of feline CD80 (B7-1) (SYNTRO). 15 Figure 3A: DNAla?gEF‘mﬂPO acid
sequence of feline CD86 (B7-2). (SEQID NO 5 and 6) Figure : ,

Hydr ophobi ci | of amino acid 20 sequence of feline - Fi gure
4A. DNA and 2%?29659%& d sequence of feline CD28. (SEQ I DCRI)?). Té@%/r?gg%) 25
Figure 4B: Hydrophobicity plot of am no acid sequence of feline CD28.
Figure SA: DNA and ami no acid sequence of feline CTLA-4 (CD152). (SEQ ID
NO. 9 and 10) BRIEFRESCRIBTIEN BB IGURESpl ot of amino acid sequence of
feline CTLA-4 (CD152). 35 12 0 SEP 2009 1.9 SEP 2002 WD 99/57271

PCT/ US99/ 09502 _DETAI LED DESCRI PTI O .THE I NVENTI ON The present invention
i nvol ves. an | SoFABRER A i o AU 2% GOy 3¢ el THESEEB0 T ot 6t &
feline soluble CD80 5 |igandCPFhe(fr-dsdAtMIhventdEen IRl ¥0- i hwasidr@3 an

i solated nugcleic acid encoding a feline CD86 ligand or a feline soluble
CD86 |igand. The,.present invention invol.ves an .isolated nucleic acid
encoding a feli %é—géﬁ%#'ecept BV OBPPRP ne rllo Subl 8" cos¥*Pecep colrad.C The
present invention 10 invol ves saAueRet stfedehdee FRBAIPd -éhc oAy -a feline
CTLA- 4 receptor or a feline soluble CTLA-4 receptor. In one enbodi nent the
present inventi vigdes nu i acj ncodi Ng i OcL{ gand which
has t he sequenc% g jglwn in%h‘lE %rng 1%% ié)%éngs%ﬁﬂi&%e%ipo%ine and

egi nni
endi ng wi t¥° t hr eoni ne( SEQ | D KBV 1YB71H a(ﬁg’fqﬁgﬁ” enbGH9reRt ¥Phe? and

g

4)
Figure 2B: Hydrophobicity plot of amino acid
sequence of feline CD80¢ (B7-1) (SYNTRO).
15
Figure 3A: DNA and amino acid sequence of feline
CcD8e (B7-2). {SEQ ID NO. 5 and 8)
Figure 3B: Hydrophobicity plot of amino acid
20 sequence of feline CD86 (B7-2).
Fiqure 4A: DNA and amino acid seqgquence of feline
cDz28. (SEQ ID NO. 7 and &)
25 Figqure 4B: Hydrophobicity plot  of amino acid
seguence of feline CD28.
Figure 5A: DNA and aminc acid sequence of £feline
CTLA-4 {CD152). (SEQ ID NO. 9 and 10)
30
Figure 5B: Hydrophobicity plot of amino acid
sequence of feline CTLA-4 (CD152).
35
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present invention provides nucleic acid encoding the feling CBgp bipgand
whi ch has the sequence shown in Figure 3A beginning with nethionine and
ending with glutam ne 20 (Sequence ID NO 5) . In one enbod| a8EP B0he
present invention provides nucleic acid encoding a feline CD28 receptor
shown in Figyy ich has the sequence beginning with LR and
ending with ?’e(r??gﬁsgn\i\?Sequence ID NO 7) . In one enbodi nenﬁ/ﬂéegglgésggent 25
i nvention provides nucleic acid encoding a feline CTLA-4 receptor which
has the sequence shown in Figure 5A beginning wth nethionine and endi ng

W th asparagi N{ESATREONRESCRIHDIONOF THE IMYENTHioN an enbodi ment of the

above-descri bed invention, the nucleic acid is DNA or RNA | n another
enbodi nent the e . Or__genomi,c . The.invention provides.an

ol i gonucl eot i de foae 5’5%%&&&‘2“%?%681{% XTUHES MIPCR™H §“§E§éau%‘ﬁ’c‘%

conpl ement ary t cerfeda@guenéel vpg (eRAY ljwesdneri a fdblnrucicdiublactBBencodi ng
CD28, CDSO, SCD?GJ.iandCT Ir}ae4pﬁl@§esﬁd Qﬂ@eﬁb@d&@-al@&o&?eblﬁvé@ £h fsSER: 2909 OI1- .9
'SEP 2002 WO 99 P 9 e e t he J nyention. provides
an ol i gonucl eot ?Zd‘g&je\kﬁ%ﬁy?sgég&ﬁgésta %qg}lelgb?fgc 1egoatniddé§ anﬁghlg? h whi ch
has a sequence cHpleeRPafy! i sedlieneersmitqiergnt pesiewelivast#e nucl eic
aci d encodi ng CO21a€BB80nudllalE, aetd enctdidyg 4a desdheberk aheeptAnobher

embodi ment of the pboue- descrhbedyinvantd on.. proyj ol otide
which is detectably |abeled.  In one ‘S%bé’gi ment %gﬁ%%%e}’é:t &Bﬁggﬂgg%%
conprises a%10 rdHOdiVERt ¥pe =2 FUNNGHREF 2D BRERFINI PnfehdenEFLA-

-enbodi nent the of igaspcbeott de fied isel sclubid [CTmRtAytatadtor.The i nventi on
provi des a vector conprising nucleic acid encoding a feline CD80 |igand or

a feline soluble CDS0 15 Iéig%nd. Anot her enbodi nent of the invenption

provides a pl asth @ TeERTINELF gt SFCPEPL B IVES7 PR3B PRASE RUELELFon  No.
200817) . This peishichondsndebosireedDen Apgdnd A%ich has the sequence

15 shown in Figure 1A beginning with methionine and ending
with threonine(SEQ ID NO: 1). In another embodiment the

present invention preovides nucleic acid encoding the

feline CD86 ligand which has the sequence shown in Figure
3A beginning with methionine and ending with glutamine

20 (Segquence ID NO: 5). In one embodiment the present
invention provides nucleic acid encoding a feline CD28
receptor shown in Figure 4A which has the sequence
beginning with methionine and ending with serine
{Seguence ID NO: 7}. In one embodiment the present

25 invention provides nucleic acid encoding a feline CTLA-4
receptor which has the sequence shown in Figure B5A
beginning with  methionine and ending  with
asparagine (Sequence I.D. NO: 9).

30 In an embodiment of the above-described invention, the
nucleic acid is DNA or RNA. In another embodiment the
DNA is cDNA or genomic DNA.

The invention provides an oligonucleotide of at least 12
35 nucleotides which has a seguence complementary to a
sequence unigquely present in the nucleic acid encoding
CcD28, CD89, CD86, or CTLA-4 described above. Another
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1998 with the Anmerican Type Culture Collection (ATCC), 10801 University
Boul evard, Manassas, Va 20108-0971, 20 U.S.A. under the pr@vi SEBngl08f the
‘Budapest Treaty for the International Recognition of the Deposit of

M croorgani snms for the Purposes of Patent Procedure. The ih9&§bPil8ih

provi des a vector conprising nucleic acid 25 encoding a feline CD86 I|igand
or a feline SWPAYR7ICD86 |igand. The invention provides aPplrasHBSect or
desi gnat ed B7-2#19-2/011298 ( ATCC Accession No. 209821). This plasm d was
deposited on April 29, 1998 with the Anerican Type Culture Collection
(ATCC), 10801 Uniyghshiy: 30 Boul @M@éﬁl&@gmg s 8 2803 dor 145

under the provisions of the Budapest ernationa

Recogni tion of t4e°Bepdspt 3)?3‘% cro&Fgafi §H‘El?%trlqeﬁ’e 1%&?&6&%5‘”}&%&13& ent
Procedure. 35 Thespreseaquéemwentonulegearades ta vectogquanpr usiag:he

nucl ei ¢ aci d en%x@g@& a1:f 9hk 9.8 £ELPREb DS arhel (Ao Sehbl ¢ C008
receptor. pF% nven rovides a % 7 SEP 2009 1.9 SEP 2002
WO 99/ 57271 PCT 9 09y %ﬁ & vect or deS| ghat ed PSI-CD28 #7/ 100296
(ATCC Accession No. 209819). Th| s plasm d was deposited on April 29, 1998

with the Americamotype @Aﬁdarl@.egel lgct 98  {AECHesdPBA UnhyeRsidy
Boul evard, Manassas. .,Va 201 ? c%eOtTéJ?:ewhlchu?:jg{%ethet[a%r O\[/)%Bfagfe?d 8]1: t he

provid &
Budapest Treaty FEreThe i AtTona ecogni
M cr oor gani sns flgr ohe Iétmbpdswtof tRat eltteProbidurlebel Theoypresent 4 nvention

provi des a; yect QradQQ'IEBtééé‘Q 30 muglebaoaci dencoding a flerl | DR GHdA 4
ept or The presen invention

receptor or a e soluble CTLA-4.Tec

provi des a pl asrﬁ"&i’ 5%‘8‘?%9 g‘%s?b’r%n@ﬂl%ﬂ’ﬁ&%#sﬁ%]méxfe A‘F’é&yﬁﬁ‘é%%m on No.
209820) This plasm d was deposited on April 29, 1998 vvlth t he American
Type Culture 15 16l kagtherod '%E@Ghdeéoﬁ%dé@rvﬁbﬁibi‘ys |r§1\é@5§1c Aenassas,

Va 20108- 0971, nde i si.ons . of the ape Jre for the
| nt er nat i onal Recogﬁ???o E?i%q$ RITRY Elgand or fellne 80 ubl 8%&%
15 ligand. Another embcodiment of the invention provides a

plasmid vector designated PSI-B7-1/871-35 (ATCC Accession
No. 209817). This plasmid was deposited cn April 29,
1998 with the American Type Culture Collection (ATCC),
10801 University Boulevard, Manassas, Va 20108-0971,
20 U.5.2. under the provisions of the Budapest Treaty for
the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure.

The invention provides a vector comprising nucleic acid

25 encoding a feline (D86 ligand or a feline soluble CD8s

ligand. The inventicn provides a plasmid vector

designated B7-2#19-2/0112%8 (ATCC Accessicn No. 209821).

This plasmid was deposited on April 29, 1998 with the

_ American Type Culture Collection (ATCC), 10801 University

30 Boulevard, Manassas, Va 20108-0871, U.S.A. under the

provisions of the Budapest Treaty for the International

Recognition of the Deposit of Microorganisms for the
Purposes of Patent Procedure.

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

soluble CD28 receptor. The present invention provides a

14



Deposit of M croorganisns for the Purposes of Patent Procgdp 2@gThe
i nvention provides a vector described above which further #%f

pronoter operably linked to the nucleic acid. In another mgggjﬂggt t he
invention provides a host cell which conprises any of the

descri bed vectors. In one enbodi ment the host cell conprising one of the
above- descri We®%§8&k ors is a eukaryotic or a prokaryotic Y3025 n0t her
enbodi ment the host cell is either E. Coli, yeast, COS cells, PCl2 cells,
CHO cells, or GH4Cl cells. 30 The invention provides a polypeptide encoded

by the nucleic p@ghfi &ncRdicng adé@iéﬂbﬁce@mgsklﬁﬁﬁj Q7 /20b8bé neargel ubl e

CD80 ligand of claim 1. invention rOVId S a

pol ypept i de en0888855§93u§#6;2bé%§g§ 35%%H€o§ﬂﬁ§mé fg?fn% RIBES §End or a
feline solubl e GD8EL 39.gaRBS witdt hoe AwmidenelivPofCulidirenfehtswiopr ovi des a
15 0 7 SEP 2009 (Ai@cﬁEPLcBﬁQZU\Q@v@?&ﬁ%ﬁ@&ﬁ%/mawWaMUme encoded
by nuclelc!%C|d §2§ q% 2@ fqiln%hecq%§lkg%%gt0£iﬂg % d% LDE S0 %?]e CD28
recept or 8 e " AveRtTon prd% ded 'y E Rcoded b nucl ei c
aci d encodi ng afbel ithe Cmiempatdeept orReépglaltlsﬂT ep éh§olliﬂ§’|°§1€TI9§ 4

receptor. |In anethesoeshodinieibrt fige | AMEBEEONC Privaticdes pretdde«af  produci ng
the above-descri bed pol ypeptides by culturing a host cell which expresses
the polypeptides and 10 recovering the polypeptides so produced. The
present inventi GHEprRvATReY al{aert iR cB%ﬂ%ﬁ%gaanve"e"’fcf%cFPW%“a?ﬂ%t of the
above- descrmbednpeuymep&kﬂesean@dlagsuluaﬂhaecaﬂmmeﬂ rdeweghot her enbodi nment

the invention 1% pg 8¥' desy ng vheLsid, t henef fcldeye anpunti Hf the

above-descri bed pol ypepti de an U|table carrier 1.S an ED unt fron1about
0.01 ng to abou@rfgeﬁﬁsp@rpaaggldlHector designated CTLA-4# 1/09199

(ATCC Accession No. 209820). This plasmid was deposited
on April 29, 1998 with the American Type Culture

15 Collection {(ATCC), 10801 University Boulevard, Manassas,
VYa 20108-0971, U.S.A. under the provisions of the
Budapest Treaty for the Internaticnal Recognition of the
Deposit of Microorganisms for the Purposes of Patent
Procedure.

20
The invention provides a vector described above which
further comprises a promoter operably linked to the
nucleic acid. In another embodiment the invention
provides a host cell which cowmprises any of the above-

25 degcribed wvectors. In one embodiment the host cell
comprising one of the above-described vectors is a
eukaryotic or a prokaryotic cell. In another embodiment
the host cell is either E. Copli, yeast, COS cells, PCl2
cells, CHO cells, or GH4AC1 cells.

30
The invention provides a pelypeptide encoded by the
nucleic acid encoding a feline CD80 ligand or a feline
gsoluble CD80 ligand of c¢laim 1. An embodiment of the
invention provides a polypeptide encoded by nucleic acid

35 encoding a feline (D86 ligand or a feline soluble CD86
ligand. Another embodiment of the invention provides a

15



anot her enbodi nent the invention provides a vaccine mher?Lz $€$ ﬁ$iective
anount of the above-described 20 pol ypeptide and suitable re¥ier an

anount from about 0.25 ng/ kg wei ght body of a feline /dayat Q@Mt 25
mg/ kb  weight of a feline/day. The present invention furth;ﬁqﬁ?o I"des an
0

above-described 25 vaccine which further conprises an i munogen derived
from a pat h®H5%h anot her enbodi ment the i munogen wit T OPHEacci ne
is derived froma feline pathogen, a rabies virus, chlanydia,

.Toxopl asnosis gondii, Dirofilaria inmmtis, a flea, or a bacterial

pat hogen. | n angidigipe3®:aabedis®id , b heudientdan RLHEVLESS & Yatfhde
~wherein the fek&ﬁ% Qgthogen LS fe%gge '”WQPQHefk%bSnCZ ViTus (F%ﬁ?,
feline | eukem a V|ruseff€ 9?, Fefi A& THT eCTT0US perifoﬁFPl “vir (FI P,
feline panl eukopiifisgni ripyentien mrayvakesi i roglvyssitiide rewddeds bype 3,
feline 35 rotavidus.eifel ddigl coOimawgr US, féBiddecmynayttddeptoiUsr 4 el ine

sarcoma virus, feli. i _afell rna disease virus, or a feline
parasite. 1% 0 f%%é%%2g§58§§¥éﬁééP4zg%ég®E589/57271 PCT/ US99/ 09502 The
invention also provides a nmethod of inducing immunity in a feline which
.conprises adm ni&t efridufpetro etnhed{mdrimehea idweat bin apmacciese meohdai ot Nng any

of the above-desgrihedngl Hﬂy@&ﬁ}@-de}gfiﬁéﬁ’%ic Bpai 80 Qfxp‘@uq‘ﬁﬁrﬁémt hod of

5 enhanci ng an i mmune response In a I ne conprises , an efrfective

dose of a pol ypept itREE afsthnufiyiddh, cXREeaeS Uit 8ol BPEHFREASSTha"Y nvent i on
provi des ainet hatkafveradoi thstmyliypgret héeabay erddsced bed vacci ne

subcut aneously, intramuscularly, systemcally, topically, or orally. 10 A
further enmbodi nent of the invention provi.des a nethod for suggressing an

i mune response T 585 e 1RRFRN L RTIISEE AdiFRF ¥t RG t8 tRe® el i ne an
effective | munefiesspunsaneuspresyiengbaneuitsafibgdppd yyegitiidesisnéncodi ng
feline CTLA-4 nuglgRii€aBCé Grarried@NOtMEhnother embodiment the invention
15 provides a vaccine wherein the effective amount of the
above-described polypeptide and suitable carrier is an
amount from about 0.01 mg to about 100mg per dose. In
another embodiment the invention provides a wvaccine
wherein the effective amount of the above-described
20 polypeptide and suitable carrier is an amount from about
0.25 mg/kg weight body of a feline /day to about 25 mg/kb
weight of a feline/day.

The present invention further provides an above-described

25 vaccine which further comprises an immunogen derived from
a pathogen. In ancther embocdiment the immunogen within
the vaccine is derived from a feline pathogen, a rabies
virus, chlamydia, Toxcoplasmosis gondii, Dirofilaria
immitis, a flea, or a bacterial pathogen. In another

30 embodiment, the invention provides a vaccine wherein the
feline pathogen is feline immunodeficiency wvirus (FIV),
feline leukemia virus (FelV) , feline infectious
peritonitis wvirus (FIP), feline panleukopenia virus,
feline calicivirus, £feline reovirus type 3, feline

35 rotavirus, feline coronavirus, feline syncytial virus,
feline sarcoma virus, feline herpesvirus, feline Borna
disease virus, or a feline parasite.

16



enbodi ment the invention provides a nethod for suppressing prgERIE
response in a feline which conprises admnistering to the feline an
effective inmune response suppressing anmount of a soluble pglsypggyi de 20
encoding feline CDSO, feline CD86, or feline CD28. In another enbodi nent
the present invention provides a nethod for suppressing an_inmune response
ina feline BYP4%GH ni stering from about 0.25 ngy/ kg body WBFHH¥PEEP to 25
about 25 ng/ kb body wei ght/day of a pol ypeptide encoding feline CILA-4
nucleic acid. In another enbodi nent the present invention provides a

met hod for suppressiik@eafion MUBELFRSAEBSE ridthadf &f i RRUBYn@ K Ster i Ny

from about 0.25.nq4 hody m§%@ht/d%¥8%g &B%H? %5€gg/rg?eq%yf% .\Wei ght / day

of a polypeptidel%nco Hﬁ&efg I ne el rne I'ne 8. The

present inventi od HSSoChrdWAFEINY FRARGBIRT aryupprEssichgvardessriRedr esponse
in a feline suffeamngpdaan 3Fhan anveitdsineldbseaseidds i rMdtdoaesEpi ent of

s s P L B0 AR TRl e

i mrune response SUppressi ng anoun , 02 WO
99/ 57271 PCT/ USO¥P COETFL 56| §peptiidé SRR -d! iFfe TOTERRIEMUEFE & aci d.
The present investiwabla seamprievi deSha nethodief pruppgesss mgtandi sfune

response in a felLing ;SWELeld NGel hOMe AP AEOLAPUNG A BeaSE M ushS, T he

reci pient of a tissue or grg n trans La%% by adnln& tering %8 the'feline an
effective | mminett SRS I8Py CORIRGLARBIN SPLEaL hY! yHoptitidYencodi ng
feline CD8Q0 feline CD86, or feline CD28. 10 The invention provides

i solated and purifiee el chBoGD8the (B7th: CPNAOIAPRESXEERLLINLLIE
nucl eoti des. The |nvent|on.alsoIPrOV|des i sol ated.and qerfled f.el i ne CD80

pol ypepti de of aﬁ‘ﬁwfo%‘%%feeﬁ}nﬁf amt Mo aci'dEP°T'RR Adt fve “1d%e ¥ She bound
or mature form whbErifnes a Aometistarimgssto the feline an effective

immune response suppressing amount of a polypeptide
15 encoding feline CTLA-4 nucleic acid. In another

embodiment the invention provides a method for

suppressing an immune response in a feline which

comprises administering to the feline an effective immune

response suppressing amount of a soluble polypeptide
20 encoding feline CD80, feline CD86, or feline CD28.

In another embodiment the present invention provides a
method for suppressing an immune response in a feline by
administering from about 0.25 mg/kg body weight/day to

25 about 25 mg/kb bedy weight/day of a polypeptide encoding
feline CTLA-4 nucleic acid. In another embodiment the
present invention provides a method for suppressing an
immune response in a feline by administering from about
0.25 mg/kg body weight/day to about 25 mg/kb body

30 weight/day of a polypeptide encoding feline CD80, feline
CD8é6, or feline CD28.

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

effective immune response guppressing amount of a
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of about 33,485 kDa, an isoelectric point of about 9.1 , ggﬁg zim@rge at
pH 7.0 of 10. The coexpression of CD80, wth the costi qu] t ecul e

CD28, and a tunor antigen or an antigen from a pathogenic 85{: Zﬂﬁi’n has
the ability 20 to activate or enhance activation of T-Iyrrp_hy gﬁe] ) ,

i nduci ng thef"Pr oduction of immune stinulating cytokines and to regzul ate
the growth o&PRE& cel | types. The coexpression of CD8O, PP/
costinmulatory nolecule CTLA-4, has the ability to regulate activation of
T-1ymphocytes. 25 The invention provides isolated and purified feline CD86
(87-2) cDNA of appLpxhiBdelancbliifnucl 8t c8es-4 The1dikvapthon al so provides
isolated and purified feline CD86 pol ypeptide of approximately 320 am no
acids, the native 30 menbrane bound or mature form of which has a nol ecul ar

mass of approxi makel préfed94 kBmntanni seksectpiavigesnt aof mealbalit &£ 19, a
net charge at p'ﬂu&p@e@éir%égghmrﬁ[ﬂl% rEOSX L8 Ol nCOBGrrMi bl £rom

costinul atory nol ecul es 8. and a tupor__antigen, or an antigen froma

pat hogeni ¢ 35 oPJaRFEM™HERE EHEEassi Pry° tti?eaffegelaf‘aemoro eﬁhﬁﬁgﬁue &Ctivation
of T-I1ynphocyt esrdamnduciargrilhet ploducedminigiteringue dthemuf<itingg ayt oki nes
and to regul at e defte i oMM N mkBie0 feSFbhLD0Buphrs SERy 2QAduMO 98¢ 57271

PCTI US99109502 of other_cell types._ The coexpression _of CD86 i th
costinul atory mﬂoéé’ﬁ?]%t]éﬁ_ﬁpﬁ?d%%s fFﬁén%bqqqot'yfFim‘? &Gttt 85akE1 348 i on of
T-1ynmphocytes. SDEel.i ne CD80 or CD86 according to the present invention
are obtaingg fromnative or reconbinant sources. Feline CD80 or CD86

according to the_present invention co ise the natjv d ne ne bound
formor a secret®f FBFHTICACRF R er?elngiﬁrs O aRB* Jr??ac?er{%qiﬁefgg nventi on

provi des isol at e@®7and poP¥Ai exf f elobmexOBR8:1yc DRAL of nugphsraiidgat el The89
nucl eoti des. TheirhRnenbt ol sl poov iRV i §8FadetiOhal aslatdepurdifinedched i ne CD28
pol ypepti de of polypeptide of approximately 252 amino acids, the native
15 membrane bound or mature form which has a molecular mass
of about 33,485 kDa, an isoelectric¢ point of about 9.1 ,
a net charge at pH 7.0 of 10. The coexpression cof CD80,
with the costimulatory mclecule CD28, and a tumor antigen
or an antigen from a pathogenic organism, has the ability
20 to activate or enhance activation of T-lymphocytes,
inducing the production of immune stimulating cytokines
and to regulate the growth of other cell types. The
coexpression of CD80, with costimulatory molecule CTLA-4,
has the ability to regulate activation of T-lymphocytes.
25
The invention provides isolated and purified feline CD86
(B7-2) cDNA of approximately 1176 nucleotides. The
invention alsc provides isolated and purified feline CD86
polypeptide of approximately 320 amino acids, the native
30 membrane bound or mature form of which has a molecular
mass of approximately 36,394 kDa, an iscelectric point of
about 9.19, a net charge at pE 7.0 of 11.27. The
coexpression of CD86, with costimulatory molecules CD28
and a tumor antigen or an antigen from a pathogenic
35 organism, has the ability to activate or enhance
activation of T-lymphocytes, inducing the production of
immune gtimulating cyvtokines and tc regulate the growth
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approxi mately 221 am no acids, the native nenbrane bound 13 quEpth? form
whi ch has a nol ecul ar mass of about 25,319 kDa, an isoelectric point of
about 9.17 , a net charge at pH 7.0 of 9.58. The invention{pryEpipEs
isolated and purified feline CTLA- 20 4 cDNA of approximately 749

nucl eoti des. The invention also provides isolated and purified feline

CTLA-4 pol yP&SFBE of approxi mately 223 amino acids, the HIYHE Henbr ane
-bound or mature form which has a nol ecul ar nass of about 24,381 kDa, an
-isoelectric point of about 6.34 25 , a net charge at pH 7.0 of -0.99. In

anot her aspect, EhedhRyertdian RAE. demeaa daheds8fon eBRaRGsBY aA thmune
response in a fel |9.T¥u%f3_‘réri munopgen, \@t}'hgmi S h%cshi %}gled Qgifdcn‘i nitst ering
t he i munogen b&POr e, af't el ot SubstantT al | y Simi tandous with the
feline CD80 or regliziee G868 Varion it vi-tlhophosidsne CD28 or feline CTLA-4

in an anount effective to enhance the irrrrune| response. 35 I n anot her
aspect, the.inventi i essi n; Lane response
inafelidto aﬁeaF%mﬁ%%%n&%@gﬁkggg%ﬁ%%vé&d% ?r?lg%ligt Jéllrll l%gft?) e 1907
SEP 2009 1 9 SEPe200\BIGASToRat PET/AYSTSFOOBTRNY #rUnEEEn Tfdfe, after

or substantial | ypson tcaseossdardingt to ttihe peésare COBEtOronf ebimeiEB86 with
or without felipe €§vgr?£&'wﬁo£5@b%upa whih QPtéSEQéﬁT@E‘P\ﬁm DNA, in
e CD80 or fe 5 e

part or whol e, encodi ng I ne i ne CD86 or teline CD28 or
feline CTLA-4, FACKMANDFhETaBFPERITRE C8™8UPpr ess the inmune response. |In

anot her aspect, the invention provides a vaccine for inducing an inmmune
response in feligds 1980 ib Qe idO £RAPLLE Per-ified FEUNQYeHaNd an
ef fecti ve anount _of ffl i ne Q for éémunz rescponSﬁ enhancenent .. The
i munogen is defPVadPt FEPTEXEMIIEY FY oMY RFPRE T5at hBgeHE S Sdeh HEY el i ne
i mrunodef i ci encyreiidess ifselaped |aadkewrified febine SPRperplamepvidaust feline
coronavirus, feldpBBoximately 221 amino acids, the native membrane bound
15 or mature form which has a molecular mass of about 25,319
kDa, an igoelectric point of about 9.17 , a net charge at
pH 7.0 of 9.58.

The invention provides isolated and purified feline CTLA-
20 4 ¢cDNA of approximately 749 nucleotides. The invention

also provides isclated and purified feline CTLA-4

polypeptide of approximately 223 amino acids, the native

membrane bound or mature form which has a molecular mass

of about 24,3831 kDa, an iscelectric point of about 6.34
25 , & net charge at pH 7.0 of -0.99.

In another aspect, the invention provides a methcd of
enhancing an immune response in a felid to an immunogen,
which is achieved by administering the immunogen before,

30 after or substantially simultaneously with the feline
CD80 or feline CD86 with or without feline CD28 or feline
CTLA-4 in an amcunt effective to enhance the immune
response.

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

immunogen, which ig achieved by administering the

15



15 leptovirus, and the like. In another aspect, the invention provides a
vaccine for inducing an i mune response in felids to an iBnliS&Red)l¥ which
is achieved by adm nistering DNA or RNA of an 20 imunogen and DNA or RNA
of feline CD80, CD86, CD28 accessory nolecules, in any conpyggp ngp,
encoding the proteins or fragnents of proteins in an anount effective to
modul at e t he W& 1r esponse. 25 The feline CD80 protein hBSTHN4M0ho acid
sequence which is 59% and 46% i dentical with the human and nouse

proteins, respectively. The feline CD86 protein has an amino acid sequence

which is 68% and ﬁéx{e)ééi?rﬁéf%%'e Wth'er the sﬁﬂ%ﬂn@f@ll@a@ihﬁlh‘?éz@écﬁlﬂ%ﬁ
respectlvely The % %% rotelnegﬁs an_am no q}ence whi ch
is 82%and 74% FH £ Eal T Fﬁ@ohﬁﬁhﬁf Femoisé dP&%e ectively.
The feline CTLAf4lpnet 6PA8 has é#ﬂ%nﬁrﬂTLAaél@rswquén@etvwﬂmﬂe|HNA88ﬁband 78%
i denti cal With g, hﬁn’@arangrnw@;eepr&{@da&g Fes PRt tved Yor Ther hieman or 35

nmouse CD30 prot e functiqnal | epl ace _ the feline CD80 or
CD86 proteins. C?ﬁgﬁefgkég Jhe R@%%ne d%gﬁ qﬁL%eQCDBQ' 2t He 8 and
feline CTLA-4 aréfegpive -SEPPRPEEYS they 19!5@20@59&95@9/ 57271 PCT/ US99/ 09502
novel reagents required for the regul ation of |nnun|ty in felids. The

present inventi ) r S I | es

C0B0 (B7-1) “or CLeE eies)grctpht LREHIL Vropl g BnSabk R B8 et e,
The invention preCdBE FROIETEY HFFPPUFETIRvEETUAS™® 48 d8TBRRIM ng, in
part or whod e, feekpbpesGiBOthe figmuneg&D8Gnar afel ¢ M=cCBR8 =omoukel iate CTLA-4

as wel |l as CDBO,; GDRG, &hks %rCT%m%elOr@%wr&,%ot LeBS, AUt ed fﬁ{@ﬂ i ther’

nati ve or reconblnant sour ces, Fellne CI% g%gt or CTLA-4 roduced
according to the"BrBREHR EndehtYsh F8F (HRFRIE ehhIACE S PRFFPY
feline vacci nes sagai ast felme siamdiqgatfiogende vionganifedgnandeakemia

therapeutic to tyieak, Vigdlin@Narvovirus, feline coronavirus, feline

15 leptovirus, and the like.

In another aspect, the invention provides a vaccine for
inducing an immune response in felids to an immuncgen,
which is achieved by administering DWA or RNA of an
20 immunogen and DNA or RNA of feline CD80, (D86, CD28
accessory molecules, in any combination, encoding the
proteing or fragments of proteins in an amount effective

to modulate the immune response.

25 The feline (D80 protein has an amineo acid sequence which
is 59% and 46% identical with the human and mouse
proteins, respectively. The feline CD86 protein has an
amino acid sequence which is 68% and 64% identical with
the human and rabbit proteins, respectively. The feline

30 CD28 protein has an amino acid seguence which is 82% and
74% identical with the human and mouse proteins,
respectively. The feline CTLA-4 protein has an amino
acid sequence which is 88% and 78% identical with the
human and mouse proteins, respectively. The human or

35 mouse CD8C or CDB6 proteins cannot functionally replace
the feline CDB0 or CD86 proteins. Therefore, the feline
CD80, feline CD86, feline CD28 and feline CTLA-4 are

20C



15 bacterial diseases in cats. Feline CD80, CD86, CD28 or QTQL@F'E duced
according to the present invention is also used to allevia due
to overactive, hyperactive or msdirected i mune responses. 20 Nucl eic

Aci ds, Vectors, Tr ansformants The sequences of the cDNA encodllgnﬁPfI&[lZl ne
CDBO(SEQID NO 7) feline CD86 (SEQ ID NGO 5), fellneCD28é ID NO.
7), or felin® TR’ (SEQ ID NO 9), are shown in 25 FI GURESIYSPRBE and t he
predi cted am no acid sequences of feline CDB0O (SEQ ID NG 2), feli ne CD86
(SEQID NGO 6), feline CD28 (SEQID NO 8) , or feline CTLA-4 (SEQ I D NO

10) , are shown ndvehl GRStk F0qdireMecdesignation ih ofhasaufiel ne
pol ypepti des as 30, CD86, CD28 or.CTLA-4 30 is based on partial am no

aci d sequence hono oﬁ? to human or nouse or rabbit honol ogues of these
pol ypeptides, and the ability of the CD 80 or CD86 pol ypeptides to bind to
feline CD28 rece:meor pﬁzsgembelmw)eneﬁoﬁo ntbfpds &l trocedlt inggu@abrpti nul ate

o otherui sg T U ARGt INALLONLT B0 TULYTBNAGYkege, (FHLNeLTBos, W thout

wi shing to 'ET&‘Y predi c or feline
CD86 pol ypept i de’F af éxhﬁqalt énérem ﬁs%én%fsz?%eszl G'hTB Sppepbdor 1 9 SEP
2002 WO 9915727 IpREGTALSID4 3568 add |duent hed biu@:&éi.d:\ﬂdlld@SémaﬁJJn‘gat ion of NK

(natural killer azctelo&swhélté wlem@rwafo Bz CE %lldéabﬂéétéprﬁell‘%%t kMgg i on of
M—ICrestrlctedc o feration_of cells

hocyt e :
i nteraction vvlth nﬁe %L'ge e %F‘?ﬁ%a i et iCHAC of CPnTe SFEQTE at i ng
cyt oki nes. 10Becapseymsiotiles degeinceac froh ¢hehaqgemetite coderddombinaniul tipl e

codons encode cegh@ide=an nBeBGidsdpdaNA crﬁa%qUQﬂﬁ@S &t hempat ha ﬂoaakeéhown in
FIGURES 1 to 5 can 1%also ncode the feli CTLA-4

amino acid sequénces SHown |hﬁ Bt STEVEY 1§n éﬁc‘hscgggr F]FI%I ude
t hose cont ai ni ngeﬁfg;f@%n@% fedAservandines agmirisst Femers anghpathogeshange in
one or nore nucl epjdriesms | n@ Gkven ebdeBps&@sid t Soi @cal $orAati gpgin the
amno 15 bacterial diseases in cats. Feline CD80, CD86&, CD28 or
CTLA-4 produced according tc the present invention is
also used to alleviate disease due to overactive,

hyperactive or misdirected immune responses.
20 Nucleic Acids, Vectors, Transformants

The sequences of the cDNA encoding feline CDB0 (SEQ ID
NO: 1), feline CD86 (SEQ ID NO: 5), feline CD28 (SEQ ID
NO: 7}, or feline CTLA-4 (SEQ ID NO: 9), are shown in
25 FIGURES 1 to 5,and the predicted amino acid seguences of
feline CD80 (SEQ ID NO: 2), feline (D86 (SEQ ID NO: 6),
feline CD28 (SEQ ID NO: 8), or feline CTLA-4 (SEQ ID NO:
10), are shown in FIGURES 1 to 5. The designation of
these feline polypeptides as CD80, CD86, CD28 or CTLA-4
30 is based cn partial amino acid sequence homology teo human
or mouse or rabbit homologues of these polypeptides, and
the ability of the CD 80 or CD86 polypeptides to bind to
feline (D28 receptor (see below) or to CTLA-4 and to
activate or stimulate or otherwise regulate activation of
35 T-lymphocytes . Furthermore, without wishing to be bound
by theory, it is predicted that feline CD80 or feline
CD86 polypeptides also exhibit one or more of the

21



15 acid encoded at that position. Furthernore, a given amgu? ga’bd%n@gesi due
in a pol ypeptide can often be changed w thout altering the ov v
conformati on and function of the native pol ypeptide. Such
"function-conservative" variants include, but are not |lim i@cﬁf&“m

repl acenent of 20 an amno acid with one having simlar ph%él co- chem cal

properties, WRWS@! for exanple, acidic, basic, hydrophoBt®USH§Wobphilic,
aromatic and the like (e.g., replacenent of |ysine with arginine,
aspartate with glutamate, or glycine with alanine) . In addition, amno 25
aci d sequences %a_l@,@@ﬁ @Jm%k%_e@lléfythOLgctq'%ﬁEwaﬂ ag e (hhoasdivity of
t he nol ecul e. g gp gddl tional. am noé}z:f\(i ences are. added at

ei ther ami no- FhoxyeLer mi nSFTBHAE 18 séve Bafeg ri fIRERFRbhRags, such

as histidine ta@s:tlénatéon vd AFCoweshzisted purdtfdxiat ibriy3@hofytee protein,

after which th%ﬁl@f@hgm@@tléﬂ/ st eRAyeat uﬁaéfayctrl@ﬁwa@h cALbrimatively,
the additiopal se UEnges C nn%r %n addétlm%nal _ce 1Ijt-qiurnf ace%ndl ng site

or otherw s al t%e the F’arget ce SpeCIfICI tny or? ]f ife Y D86, CD28
or CTLA-4, such as with the addltlon of 35 an antigen binding site for

anti bodi es. The Helsuge CB8Q e dejdneeaEP86forhkeljener CD28cas fieléne 22 0 i

SEP 2000 1 9 SEP 2008 Y0 99457274, PG SO 08202 A4 GENAS it hin the

scope of the present i nvention
sequence- conser \BRIUADCREr CAHET BRGR, tha %’éﬁ’&eﬁ@e@@%‘%@ll hgto 5 can
functi on-conser vdlldovencedei eind ﬁmdhyzpepnami,es:n%ndcnaabmnawma ahéneof . The

5,1 nvention encolmasses,LiAMTERLS, o bebifes GOAG SCDBucn CRERODNAT LA 4

that exhibit a usefu egree of bioactivity, either alone or
conbi nation wit e  sdditdfices Ccﬁnté‘dﬁf)’a?lent sse%?né’fpfjaflﬁ%‘a"%v&m it is
wel |l within thevariditnenyg skiwvhidm at hbange iro queedictdvelyuci@omadepul at e

the sequence of {D8o, %{B,co@@aSreguﬁuﬁrﬂ ncABdceshedd st Whet Bging gi ven

fstel’;liolnlel ,[C)[/)8OHdCD85§c1d encoc{ed %-It-:LAi\:hatvaprc%se}Lrll;tlogossE‘Psur%%e%rrr]\oagpr Opl’l at e
amino acid residue in a polypeptide can often be changed
without altering the overall conformation and function cf
the native polypeptide. Such *“function-conservative”
variants include, but are not limited to, replacement of
20 an aminc acid with one having similar physico-chemical
properties, =such as, for example, acidic, basic,
hydrophobic, hydrophilic, aromatic and the like (e.g.,
replacement o©of 1lysine with arginine, aspartate with
glutamate, or glycine with alanine}. In addition, amino
25 acid sequences are added or deleted without destroying
the bicactivity of the molecule. For example, additional
amino acid sequences are added at either amino- or
carboxy-terminal ends to serve as purification tags, such
as histidine tags, (i.e., to allow one-step purification
30 of the protein, after which they are chemically or
enzymatically vemoved). Altermatively, the additional
sequences confer an additional cell-surface binding site
or otherwise alter the target cell specificity of feline
D80, CD86, CD28 or CTLA-4, such as with the addition of

35 an antigen binding site for antibodies.

The feline CD8C or feline CD86 or feline CD28 or feline
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bi oactivity for a given application, or variations that Ecg Q@Uplndlng
activities of these nolecules 15 resulting in increased ef ectiveness.
Feline CD80 and CD86 will each bind to coreceptor CD28 or t $§F%&ﬁptor
CTLA-4. This can be achieved by expressing and purifying th 9 i“emt  CD8O,

CD86, CD28 or. pol ypeptide in a reconbinant system g ing its
T-cell sti rrulvgi?ogwéo activity and/or grow h-promoting act ?gf’f]§%f%%\6%el I
culture and in aninmals, followed by testing in the application. The
variant CD80 is tested for bi oactivity by functional binding to the CD28

or CTLA-4 receptars-4 ToenaaniaminCBB6 séspd est athd @i’rebieﬁacliiﬂv’éﬁt)ﬁobly
functional bindipg 9. 4hec2 jﬁqz%%s 10f 4 CgI'L§ é” %e@%g%émattq e} sglrngan r manner,

variant CD28 or varl ant is fest'e [ 1 oactrvi e present
i nvention al so ENEBnpaS¥ds ?%W%eeoeeﬁcee%g B ign- G‘I’E%@W@W (and
pol ypepti des) deriiadt f pohypeirerdes30 drel i menisipeciiens ithekadf ng winehout

limtation ﬂomahb@n@%é,eﬁémsstegg%é m&%ﬁtébsfepﬂ%aéﬁs@ndcr{g%e I ke.

Fel i ne CD80, or. CTLA-4 nol es of th sequence shown in
Figure 1 to SCD;‘%g%asPFy {‘%ﬁ f.té’& by € ’dg Henithg YEBEAL or SgERSN ©Fl i brari es
to identify cl okésa@bivitat, ithedi 2éond gr ocbescauripscsongwath wathepart of

the sequence Ofkehh&wtes &rt@ozéponéhternaatg \éebyaleédprmwnltlwr@l es are
screened using an}_bbodl ES recoglgl 23 7_SEP, 2009 a SEP. 2002 WO
99/ 57271 PCT/ Usdor 89505 |ne ek Efi!fzs Br ETLRTES 1%%‘?? t wi shing
to be bourd by“@ﬁé@\ﬂ%/ate?ttki% %?ﬁqeéﬁcsatoéd CPR&t CPBO, ofDLDSGr Glded from

ot her feline spaetesstwdllisEhaicat hepsieraFoutne 7@ 10mmbegycid byt he

e o0 R PR LS, Assiinl S e,
defined as DNA &AeBEFHE Polipsept B (3Rl L6REEED atOY SHILATABRULCIEBY% ani no
acid identity wiaflietel i tite COBhAiEE86 act C2Bi f GCH.Athesd0 molecules
15 resulting in increased effectiveness. Feline CD80 and
CD86 will each bind to coreceptor CD28 or to coreceptor
CTLA-4. This can be achieved by expressing and purifyving
the variant CD80, CD86, CD28 or CTLA-4 polypeptide in a
recombinant system and assaying its T-cell stimulatory
20 activity and/or growth-promoting activity in cell culture
and in animals, followed by testing in the application.
The variant CD80 is tested for bicactivity by functional
binding to the CD28 or CTLA-4 receptors. The variant CD86
is tested for bicactivity by functional binding to the
25 CD28 or CTLA-4 receptors. In a similar manner, wvariant
CD28 or variant CTLA-4 is tested for bicactivity.

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

libraries are screened using antibodies that recognize
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General ly, nucleic acid mani pul ati ons according to the pr ﬁzné#&\ﬁ tion
use nmethods that are well known in the art, such as those S ed in,
for exanple, Molecular doning, A Laboratory Manual (2nd Ed., 15 Sanbrook,
Fritsch and Maniatis, Cold Spring Harbor), or Current ProtdchbEP 1082

Mol ecul ar Bi ol o %Eds. Auf ubel, Brent, Kingston, Mre, Feidman, Smth and
St uhl , Geené"’o%a T Assoc., Wley-Interscience, NY, Ny, 186ByS998%50iq
present invention enconpasses cDNA and RNA sequences and sense and

anti sense. The invention al so enconpasses genonmc feline CD80, CD386, CD28
or CT LA-4I DL\IA se:aweﬂ@ezﬁaaoanﬁloée{,a@bizggplze;qmn@es,Wiitﬂghyd,}i%irzl u%o Rt licge}) ed
o, regulatory,sequences. Nuclei.c aci eguence ngo i_ne :
CD86, CD28 or C'Ff}ig t{%’l f/%léaoﬁfdqu) *8r éang g%)pér‘]taesd:o%}aa (ejéd%\%n tH hCE{SeGroI ogous
sequences, incl gginag fyrorbhey Leldnnatkaties viklpohsee etteeass, aksivgnal
sequences, pol yadenybadlefy saquennesfeliiid anso, SEpsandDd's- onoatiang

regions, a th Lke. [ rhpti I regu o) n that. are
operably | in%ked%te(%%%'el i%%@%%gggkcggg,s%%ﬁ%gr L%L{&%Afe%g%%g %]Ze uael%‘(‘:se(s)
i ncl ude” wi t houttPREMPREPAB N RPROLRIUSSato th&P8 O hEDEBT | FP8 t 8F dF Pttt he
expressi on of gerésnddrdsySUAT emmdingkeeisgidpticek| shat evkaryot | eazed | S,

viruses of prokafyoti es6ebl$noVhElgesadn f, HKAr ¥QligeCehLS, @uE any
conbi nati on thereof. o'égfr useful heterol 6gous regul atory sequences are
known to those “¥kPI PEdT e art. 24 0 7 SEP 2009 | 9 S E F 2002 WO

99/ 57271 POGYI US99/ 09502 The nucleic acids of the present invention are
Srabi |11y, S0l UbiT it o o o Ty ynghaldL (Che, B oty B e, the
sequence>s/’ are s@rgg?]i){'%/e’lvegtﬁg? h@sleafnsggé%e%‘ﬁﬁc%é?cw%% %?gaujelﬁct errgf t he
present i nventiadt.areuglh sesnothesed agi t Alaclessd éapablar ofxamplwii ding a
detectabl e signaloieeuther disgtidy ar rapdisestyy.mdmwanpl apyal aiel s include
radIOISOtOP§S’ Sambrook, Fritsch and Maniatis, Cold Spring Harbor), or
Current Protocols in Molecular Bioclogy (Eds. Aufubel,
Brent, Kingston, More, Feidman, Smith and Stuhl, Greene

Publ. Assoc., Wiley-Interscience, NY, NY, 1992}.

20 The present invention encompasses cDNA and RNA sequences
and sense and antisense. The invention also encompasses
genomic feline D80, CD8&6, CD28 or CTLA-4 DNA sequences
and flanking sequences, including, but not limited to,

regulatory sequences. Nucleic acid sequences encoding
25 feline CD80, CD86, CD28 or CTLA-4 polypeptide(g} are also
assoclated with  Theterologous  seguences, including
promoters, enhancers, response elements, ‘signal

gequences, polyadenylation sequences, introns, 5'- and 3'-
nonceoding regions, and the like. Transcriptional

30 regulatory elements that are operably linked to feline
CD80, (D86, (D28 or CTLA-4 cDNA sequence(s) include
without limitation those that have the ability to direct
the expression of genes derived from prokaryotic cells,
eukaryotic cells, viruses of prokaryotic cells, viruses

35 of eukaryotic cells, and any combination thereof. Other
useful heterclogous regulatory sequences are known to
those skilled in the art.

24



fluorescent nolecules, biotin, and the like. 10 The prese(rﬁ I(:Séén i»an al so
provi des vectors that include nucleic acids encoding CD8(% 1 28 or
CTLA-4 polypeptide(s) in part or in whole. Such vectors include, for
exanpl e, plasmd vectors for expression in 15 a variety of egkgpygpi c and
prokaryotic hosts. Preferably, vectors also include a pronoter operably

| i nked to thWOfe#724e CDS0, CD86, CD28 or CTLA-4 pol ypeptﬂffé‘"é???:’@?g?zng
portion. The encoded feline CD80, CD86, CD28 or CTLA-4 pol ypeptide(s) are
expressed by 20 using any suitable vectors and host cells as expl ai ned

herein or otheryse, knawn Lo; §hese (gki blededn fn%ne&&n a@'ﬁo@%@eaect ors

for use in practicing the present |nvent|on|ncuevmt hout L mtation
YEp352, pcDNAI 2% PERRR4s Jyei™ Egr 88T, SE)ted g /[Efv 3EFn TPt ASGER) , and
pSFV1 (G BCO BRtheizai tdftedbiky, |‘€4©)1Ub1®ﬂEYpr eh‘leudlled yECirgreyf.or aude in the

invention is ps%%éc1f§@h£§bl%bgo§ﬁam§¥@ |§hérgéqﬂéicgs g@é'seD@Eﬁyﬁel cells,
PC12 cells, CHO ce cells

nel anophoré cel T'&" hﬁ@ﬁl{*% g%‘ﬁsng?]zé]ac parC er‘sﬁaaeﬂ%%? O%qﬂ? Iprﬁg’efl use in
practicing the preseton nyeht fbee TSE fids evitdetdr sabet tcﬁéa]@bﬁ'hspf-ucti on of
‘naked DNA or gﬁﬂ@&i&n@acgi naét&iapiacl 5ﬂ@nazzl;th@utthbi:m aﬂ&éccmy ox

pTar get ( Pronmega Pro ir%g pc DNA
“(I'nvitrogen, f’llly%e(fscq&) )E] [ﬁ%l%ryam encod %%‘g&% eFa‘)“O %’%QEDBG CD28
or CTLA-4 25 OfJuSEEcEOgImeIeTlsEp PAPPIMO IYY 512731ET/ US99/ 09502

pol ypeptide(s) are also introduced into cells by reconbination events. For

exanpl e, such a,eqUencee i s dik Lol NeCLed, 1 Alo ALELL (A1 agkhn

honol ogous reconbination at t an endogenous gene encog| ng 5 the
pol ypepti de, an"BAEPHY GCip€e RRFREHES NEELf , CBF®a LEfuente T4
substanti al i depbliyedta densh el imep&€DBOox C[BG whGD28 or SGfhA-vectors

polypeptide-encgg&ﬂgkgqur g&gﬁﬁle, plasmid vectors for expression in
15 a variety of eukaryotic and ©prokaryotic hosts.
Preferably, vectors also include a promoter operably

linked to the feline (D80, CCDB&, CD28 or CTLA-4

polypeptide encoding portion., The encoded feline CD8O,

CD86, CD28 or CTLA-4 polypeptide({s) are expressed by

20 using any suitable vectors and host cells as explained

herein cor otherwise known to those skilied in the art.

Suitable wvectors for use in practicing the present
invention inclilude without Ilimitation YEp352, pcDNAI
25 {Invitrogen, Carlsbad, CA), pR¢/CMV (Invitrogen), and
pSFV1 (GIBCO/BRL, Gaithersburg, MD). One preferred
vector for use in the invention is pSFV1. Suitabkle host
cells include E. Coli, yeast, €08 cells, PCl2 cells, CHO
cells, GH4AC1 cells, BHK-21 cellg, and amphibian
30 melanophore cells. BHK-21 cells are a preferred host
cell line for use in practicing the present invention.
Suitable wvectors for the construction of naked DNA or
genetic vaccinations include without limitation
pTarget (Promega, Madison, WI), pSI{Promege, Madison, WI)
35 and pcDNA (Invitrogen, Carlsbad, CA).

Nucleic zacids encoding feline CD80Q, CB86, CD28 or CTLA-4
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reconbi nat i on- based net hods such as non- honol ogous reconbidﬂzt'ges ﬁmd
del eti on of endogenous gene by 10 honol ogous reconbi nati on, s§ i%ﬁﬂ y in

pluripotent cells, are also used. The present invention prq&&ﬂ@q@a met hod
of enhancing an imune response in a felid to an i Mmunogen; ichis 15
achi eved by adm nistering the i munogen before, after or substantially

si mul t aneousMP WA the feline CDBO or feline CD86 with of CUPYREL? feline
CD28 or feline CTLA-4 in an anount effective to enhance the immune
response. 20 The present invention provides a nmethod of enhanci ng an

i mune responsepolygehlddl 0 amel MaUBOJEnt MfFuEGBAI Sindshi @Ak by

adm ni stering an ion v r. whi in I rived
froma feline péfﬁéééﬁ?%%ﬁﬂlfﬁgkgéringggr%%gﬁﬁg?eéfﬁg égg%&%%%%ég%ry

nol ecul es with PSCEPiIMITHAR fEF e ED28SoL: f elFFAECERA- 4PPHOLIF™FouUNt
effective to enhanembiheibAnanehHeesponsel abhenpoesentis igeventnhosdiproovi des a

met hod of rﬁdir%g?i BO158ep! (NG 830905 ok MpdelBloleflet enafoddmmufiogen. whi ch

is 30 achieved Isteri'ng an expressi on vector mgl h contai ns an
i munogen der i vE§HEBRT a%F bl i ARCPRAMIGEN 19RBT thet? eFFnk® Gte%Fel i ne
CD86 accessory mpigéculCe8s wht hCTIgy- amindiopept e rrnc@B28gogetfiel | netl@M A-4 i n

an anmount  ef f eGli-¥anti R eIANGREhe nb RS TRERONSE:  32nlhenbl 58N

i nvention provides a nethod of suppressing an _i ne response in a felid
to an i nmunogen FSERMERF SO Oal?gségﬁfﬁégn 1°%9 SEFCSHY P WoIGEF 57271

PCT/ US99/ 09502 haohbileveds byremhmbabet &p3 ng aspeciabinogen Bétwipoteit er or
substantially sigmhtanggsisd ysavmkhgthe feline CDBO or feline CDB6 with or

wi thout feline CD28 or feline CTLA-4 or with antisense RNA or DNA encodi ng
feline CD80 or 5 feline CD86 or feline CD28 or feline CTLA-4, in an anount
effective to supircessestet | HaTE ipesporiskiesTReMpERIG ML (9MEAELBR Pt ovi des a
vacci ne for induGii@edresponse in a felid to an immunogen, which is

i5 achieved by administering the immuncgen 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.

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

25 or without feline (D28 or feline CTLA-4 in an amount

effective to enhance the immune response.

The present invention provides a method of redirecting an
immune response in a felid to an immurcgen, which is
30 achieved by administering an expression vector which
contains an immunogen derived from a feline pathogen and
the feline CD80 oxr feline CD86& accesscory molecules with
or without feline (D28 or feline CTLA-4 in an amount
effective to enhance the immune response.
35
The present invention provides a methed of suppressing an

immune response in a felid to an immunogen, which is
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i mune response in a felid to an i mmunogen(s), conprising @0 Qe 7 nogen
and effective amount of feline CD80 or feline CD86 with or without fteline
CD28 or feline CTLA-4 for imune response enhancenent, or fql 'm @?80 or
feline CD86 with feline CILA-4 for immune response suppression. n

anot her enbodi he invention provides a vaccine 15 co | Sl
d B PR gens

expression v nt ai ni ng genes for inmunogen(s) to feline pa

and genes for CD80, CD86, with or without feline CD28 or feline CTLA-4 for
i mmune response enhancenent or suppression. 20 Feline CDBO CD86, CD28 or
CT. TA- 4 Pol ypeptaathesvddieoyf ebimnei Fiad@ngeties (inrenofbA mribram adtaci ek sequence

of which i's showndh kL 94 £, 1 afth Znepcdesi8n ROLYPALIEe @go or ,
approximately 292 am ng acids, The f El i ne %g‘ CD86 %eneaf( he cDNA and am no
aci d sequence of SMPERTFE “SABWRF i tEPYLrke e b e %&Pﬁpgﬁﬁbﬁe of
approxi mately 320 whtilnoamsci sigse TREFAf oi AACE28codéne fehene DB Gnek am no

acid sequenge ofsamhiineh diseshowned il i@ Dr encigdRs @rrapal ypept i gde of

appr oxi mat el y Zé%m%%kngf gécg%e.lge Leléég% eCI%é-ia &g ggge CDNA and
am no aci d sequeh&a 5t SWATEH §% “CsROWR-TH Figuf & encedes®a pol ypepti de
of approximately 223 ami no acids. Purification of feline CD80, CD86, CD28

or CTLA-4 from %k pabtusmd iofehel®ihrbandesSUrRCEihse Aehiieredibhy &t hods

wel | -known in t , L nc i ng, t.pot |jm | on: . e
chr omat ogr aghy, m?“&@é%sé%%%g Qﬁr%%tlégr;%%ﬁ?%ﬁgb‘%“éﬁb 2 %@%Q%&%EP 2002
WO 991572710 PCT/ IS0 oHiumegeno 3es sESEGhhes BPURS | oF afpbine i SO ¥ ri c
focusi ng, affi nidlynehcosmtwaghaphyyitandtt feldike€D2Bnon fleer ceda-4

enbodi ment, | ar g quaikhd |28p0he 0l AREhEYRde! LDC ERQ cpfBAf, ACPRR. O
CTLA-4 is obtained by constructi n% a o5 _reconbi nant DNA sequence conpri sing

the coding regi dP&¥oiithe|fqia™ EDBBT EPPBeof eBANAE4SYRREEF S frane to
a sequence encoti repdihErt embbdahent dthediingenesomumsovinieshe vpSEMer epl i con
(G BCO BRL)_LS HR%HEJ}Q%QEQ Qﬁﬁ téﬂpﬁfe@s@ém Q*ector containing genes for
immunogen(s) to feline pathogens and genes for CD8O,
CDE86, with or without £feline CD28 or feline CTLA-4 for

immune response enhancement or suppression.

20 Feline CD80, CDB86, CD28 or CTLA-4 Polypeptides

The feline CD80 gene (the cDNA and amino acid sequence
of which is shown in Figure 1 and 2) encecdes a
polypeptide of approximately 292 amino acids. The feline
25 CD8& gene (the c¢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
acid sequence of which is shown in Figure 4) encodes a
polypeptide of approximately 221 amino acids. The feline
30 CTLA-4 gene (the ¢DNA and amino acid sequence of which is
shown in Figure 3) encodes a polypeptide of approximately

223 amino acids.

Purification of feline CD80Q, CDBs6, CD28 or CTLA-4 from
35 natural or recombinant sgources is achieved by methods
well-known in the art, including, but not limited to,

ion-exchange chromatography, reverse-phase chromatography
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is synthesized using techniques well-known to those 10 ski Ld ?d I':'FS' ﬁ art
and introduced into BHK-21 cells by electroporation. The cel I§ S esi ze

and secrete mature glycosylated feline CDSO CD86, CD28 or CHISEP4002
pol ypeptides containing 6 C-termnal histidines. The nodified feline CD30,

CD86, CD28 or CTLA-4 pol ypeptides 15 are purified fromthe er nat ant
by affinity WeRM¥HHt ogr aphy usi ng a hi sti di ne- bi ndi ng resﬁlﬁq‘%%%@%?nd,
-Novagen, Madison, W). Feline CD80 or feline CD86 polypeptides isolated
fromany 20 source are nodified by nmethods known in the art. For exanple,
feline CD80, CD&6, cED28lam&TLAed dnetrphiosphoiydaltetrar deplwsspboryl at ed,

gl ycosyl at ed Or%%’?f@{tx’c%%lgﬁ%ﬁggrﬁg’;t %%glei:hg' 1 Bspecigl |y disetul.care

nodi fications t | t'er - C , CD28 or,CT% 5 4 sqglubility,
stability, and BMRAME EpelPFIRi TP UAFIeSf PENPEGECFRIS P80 “PEP8s, CD- 28,
CTLA-4 Chi nmeri cCMé ecabes. o30 JHe-pr esentbiamiestt i bn envoshpastsew t Ae
EB@S”CEHJS of df%ﬁiﬁlﬁn%ﬂcgla&éer{@?pﬁlﬁﬂgifn@agﬂgrﬁclﬁiiﬂb f&j{jidihef@PBO, h

: an -4 1n any co i on r exanpl e i_ntroducing e
bi nding site of TR 4C1?8h°'plci)c?é'g?b?ﬁeorcﬁfgzg'qoi%cﬁr%g 15 tfé:,amfog?n%r ease the
bi ndi ng af fini t yeofer@s OBRBliwgi FeCri@rmianhi ki dthiagcspeitut ithérenmune
rﬁts)pgnse- 28 ﬁ Eiﬁﬂgr%g@ﬁcorl (%155&5’/15343.02 @9 /e éddda W&Hﬁ@%ﬁ&%ﬂa I n one
enbodi nent, the.binding site Qr . [¢ - 4 are
exchanged such f’ﬁatsyé‘tgiaﬁﬁ‘?%% Pgb?gﬁgggﬁﬁiﬁsei gg%%pi aced g§ é:ggiggdi ng
regi on of 1OTLA- akiflrd iof frdet a6 aAe EmGTRFUCEICHRBO nBEetl €StilfhPY CTLA-4 S
bi ndi ng regi on ksedtrdpigaease. t e addllei byntiesibBBaidrsecEbbO neruB86 and
i ncrease the nagg%%éj%a%fedenrpquggentw%' tr&%F%mmr&%zgesQ)qnsquﬂAn,lan

alternative enb .. chimeri¢ polecules of €CD8O and CD28 or 6 and
CD28, or fragnBAt¥renfecest coRteiREM®r ané - et Hn P iSHprdPest he The
modified feline CD80, CD86, CD28 or CTLA-4 polypeptides

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

Feline (D80 or feline CD86 polypeptides isolated from any

20 source are modified by methods known in the art. For
example, feline CD80, (D86, (D28 or CTLA-4 are
phosphorylated or dephosphorylated, glycosylated or
deglycosylated, and the 1like. Especially useful are
modificationg that alter feline CD80, CD86, (Cb28 or CTLA-

25 4 solubility, stability, and binding specificity and
affinity.

Feline CD80, D86, CD-28, CTLA-4 Chimeric Molecules.

30 The present invention encompasses the production of
chimeric molecules made from fragments of feline CDS8O,
CD86, CD-28 and CTLA~-4 in any combination. For example,
introducing the binding site of CTLA-4 in place of the
CD-28 binding site, to increase the binding affinity of
35 D28 while maintaining enhancement of the immune

response.
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10 i mmune enhancing capabilities of these nolecules. In an Jg tsgpnga[;gve
enbodi nent, chineric nol ecules of CD80 and CTLA-4 or CD86 and CTLA-4, or
fragnents thereof, are nenbrane bound and inprove the |mmq?é§%;pm§55| ng
capabilities of these nol ecules. In an alternative 15 enbodi chineric
mol ecul es of CDB0 and CTLA-4 or CD86 and CTLA-4, or fragments thereof, are
menbr ane bouMP BWFMR71redirect the i mmune response to achi evECYH®EBE] r ed
effect. 20 ANTI-FELI NE CD80, CD86, CD28 OR CTLA-4 ANTI BODI ES The present

i nvention encorrpasses anti bodies that are specific for feline CD80, CD86,

CD28 or CTLA-4 Fe%omemer@ fb«f{é gs cLi bed @A&V%r ¢BBs 2m

anti bodi es are po &% m)noc ona iscrimnate feline CD8O,
CD86, CD28 or CHY f?%cﬁzﬁf%?%rﬁxcgﬁ’é%?‘%sgu‘:hl §BAtI # RIS BRA ™o ns,
and the l|ike. Sugh che# iisodiepiaced monyénindnhdyremde i GFLARe. nBidods and

cl\:/grrpolsl tlcglnz gl Sé‘éﬁﬁg %@ léﬁelbqeﬂﬁegléa@eawdﬂa@m@sm/sh?»oa L@’@Qﬁ&ﬂé orly ;
nua Pr.l roor apor | cal an
hybri donma tachnotflﬁélél? RRSWR™ %%qicho“%rgﬁf’?l Elaﬁ %If té'r Pf%ggeg%atural or
synthetic felin#&8CD80, CEEBENACDES eore CTAMpodéF idee ¢ fpephiniegeat eof used to
i nduce an feli necr@8@mm&586,re<§@aﬁs@r GH Aad 3btepeetive idipsaemessponse,

the peptides ar e conveni er t | I to tabl rr| r ch_as KLH
and adni ni ster ed N A" sUl é':\t{)l% ac uc\?)gnt Wch4s rngéi decggg C}IaSEP 2009

1 9 SEP 2002 WO Dg/BERrSs ROFresHo/ @%orzemhn‘ra@ﬁerb&w agg| é@?éa‘f%eb&lﬁf des are
coupl ed t0:13 | ysim@meCehBafaifd efapabbsianéd alf yhaeseondiaglies.t ha awt hods of

Tan (1968) “Pr oC. Ml L, AGR0, 5615 82,2409 &@;ﬂe%ulzgeofr% bt ng

ant i bodi es, especi al er ant | od| es, are

ant
al so prepared usqﬂd\“lénd\’/ﬁw CRER Wi, gTIr’F‘ Ghe %b%‘Eﬂgrﬂ? S SHEFEPEd PETI ne
CD80, CD86, CD28rémbraGELAb4uhd used tieprovenitze mlmmunaftWMBshnghel r

capabilities of these molecules. In an alternative

15 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.

20 ANTI-FELINE CD80, CD86, CD28 OR CTLA-4 ANTIBODIES

The present invention encompasses antibodies that are
specific for feline D8O, CD8#, CDh28 or C(CTLA-4
polypeptides identified ag described above. The
25 antibodies are polyclonal or monoclonal, and discriminate
feline CD80, CD86, (D28 or CTLA-4 from different species,
identify functional domains, and the 1like. such
antibodies are conveniently made using the methods and
compositions disclosed in Harlow and Lane, Antibodies, A
30 Laboratory Manual, Cold Spring Harbor Laboratory, 1988,
as well as immunclogical and hybridoma technologies known
to those skilled in the art. Where natural or synthetic
feline CD80, CD86, CD28 or CTLA-4-derived peptides are
ugsed to induce an £feline CD8¢, Cb86, (D28 or CTLA-4-
35 specific immune response, the peptides are conveniently
coupled to a suitable carrier such as KLH and

administered in a suitable adjuvant such as Freund's.
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10 spleens are renoved, and splenocytes used to formcell hy ﬂgh
nmyel oma cells to obtain clones of antibody- secreting cells accordlng to
techniques that are standard in the art. The resulting nonocl onal

anti bodi es secreted by such cells are screened using in vittbSeRdlYs for
the 15 following activities: binding to feline CD80, CD86, CD28 or CTLA-4
i nhi biting t M %98E8bt or - bi nding activity of CD80, CD86, CRHUHPOA- 4
and inhibiting the T-cell stimulatory activity of CD80, CD86, CD28 or
CTLA-4. 20 Anti-feline CD80, anti-feline CD86, anti-feline CD28 or

anti-feline CTLAs %f@%b?@d' §§1@Jt9ed15p%§>tt19eé depti Eyu Quant i éllzfee| i ne
CD80, CD86, CD28 or %:lr %i noasscmyqs suc g ELI S@d and t he
like. Anti- fel |Cr‘?§eC|5§5rl%’ﬁt‘|°’u RUTLYS o g FPnEPepPst iy 25
feline CTLA-4. d&ani hdeBds Pape. dfald -bacadedcto UMmﬁﬁ@él@?ﬂ@é?’extTfm:ts of

feline CDBO or fz@shm@n@%ne&bo&ﬁs' ngsﬁ:&&lqu &ﬁtéﬂealcﬁlqégélnglan@iddl tion,
these anti od| es, cg U % 081 nt | fyalls%o at e ang pur f feI i ne CD80,
CD86, CD28 YPF%m e PRF R sou?c 3PERGES par e nstBtel | ul ar

and hi st ochem caﬂetﬂl@éal i zation studies. APPLI CATIONS 35 Feline CD80
(27-1) ligand, feline CD86 (B7-2) ligand, feline CD28 receptor or feline

used 300 7 skp 3o0he £iBRERHEG0 ATl s b ﬁ?’%éso?‘fﬁ%ﬁ?. oy
as a vacci ne to §Hévéntis npeeti 6Gs Hieedee Wreero PGt wiowthein
honol ogousmr h@;ﬂre@r@gaus rehvwned, specispdenboytexameide ot Iﬁemoe«m ession

of CDBO or 6,y BB AL Frui&sao mgh?&tabec%@aﬁogés %énélbb@yany 5

conbi nati on, an a funor antigen or_ antigens froma _pathogenic _organi sm
The coexpr essi orP&SFeF&rg rF@lé%@C?ﬂrdléﬁfs’éo t\iﬁcpﬂl%lefseltlhﬁé T AR Ept or has
the ability to dimhkihbi&rtact iMhat resulefing-thymphonyl esmtdbddseppresstat | Mmune

response. A specﬂJ isﬁcﬁxéém.lsea‘f:‘@%&e@%&&%@%@%%ﬁtro assays for the
15 following activities: binding to feline D8O, CD86, CD28
or CTLA-4, inhibiting the receptor-binding activity of
CD80, CD86, CD28 or CTLA-4, and inhibiting the T-cell
stimulatory activity of CD80, CDB&, CD28 or CTLA-4.

20 Anti-feline CD80, anti-feline CD86, anti-feline CD28 or
anti-feline CTLA-4 antibedies are used to identify and
gquantify feline CD8C, CD86, CD28 or CTLA-4, using
immunoassays such as ELISA, RIA, and the like. Anti-
feline CD80, anti-feline CD86, anti-feline CD28 or anti-

25 feline CTLA-4 antibodies are also be used to
immuncodeplete extracts of feline CD80 or feline CD86 or
feline <CD28 or feline C(TLA-4. In addition, these
antibodies can be used to identify, isolate and purify
feline CD8¢, CD86, (D28 or CTLA-4 from different sources,

30 and to perform subcellular and histochemical localization
studies.
APPLICATIONS

35 Feline CD80 (B7-1i) ligand, feline CD86 (B7-2) ligand,

feline D28 receptor or feline CTLA-4 (CD152) receptor

produced according to the present invention can be used
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10 CD80 or CD86, with FIV, FeLV, or FIP derived irrrrunogens[] P n%@\gcﬂgg
vector or DNA expression vector, which, when admnistereda v ne
woul d activate, enhance or regulate the proliferation of Cl'l)§+SEI(P CDB+ T-
| ynphocytes, and induce inmune-regul ating cytoki nes such 15'as"1L=2, |FNvy,
IL-12, TNFa, IL-6 and the |ike. Another specific exanple would be to
express CDSOWQIM®1 C028 or CTLA-4 in a viral vector or DRA/ESOHPBEL| on
vector, which, when admnistered as a therapeutic would regulate or re-
direct the i mune response. 20 Enhancenent of imunity through the

interaction of fghingc: G380 @1 ~CPBE-Wd h CPR8,0ht GRleAA 805! Mididd On Of an
i mune response through the interaction of feline CD80 .or CD?GJI,V\Ath CTLA-4
L akes advant age 5 °¢ HEFTSE B AT ot BTRO8PNF iy PATFETLS88E et S HiSn addi ng

forei gn substancescibat Foowdrhage the tdogkereveirdat iCP8At af @&écts on

overall or |ongitgr mdeaktibardhe &BBO:u1EB6pLD28y OleTEALA; 4 inmaligCcul es are
adm ni st ereéi W tchmg)t.heEichrtlaconbi nant____nol ecul such atts t hos gcodi ng
t I

l.es e
anti gens that ar€ 30" ges] rabfuédfgr S G ASAIEr Chmi lﬁensl”hgfrf)el ine CD8O,

CD86, CD28 and/ GetEPEARUC gEFANIST; nBleg (epxPRess i FxfeddspofPfecor and
infected or tranpkect @dth nd of &l idecargeh -gelécagbrextpiessesabhreigens product
within the tar . I : it IS into e 3 nbr ane
of the target c%%%l%?Larﬁ%gégﬁg%?ﬂésgﬁti?%%%?l?gﬁ%ér é—ﬁel?:r e%{lgg’%tss?ae_ t he
target cell or AfFHPRFEFESER iIMFPeEsfic oMAmRLe MRdRoRe (X COPPEIR as a
plasm d, SemlikicpsdloP FDEHEP WARBOFIT, OFSER 2002 1NNV T hmEAT¢4IE09/ 09502
Forest virus, a.iQIO)éVIVHL]§l et JIELREBMA I LS JeARRT SESL dN€ wrngBRE d1d he
antigen presenting cell. The feline CD80, CD86, CD28 and/or CTLA-4 gene or
fragments of gefe@indSTERSA cBRHPNATRCEATEs YPHIGr PEHTRY aSBNAST BNA
expressi on 5 vectesonaland i hhect pdolfferakibel i dfandPéxpresdesCithe dgene

product in the h%hbﬁaé%%é%f'a&&eﬂ%h£¥wéﬁﬁﬁhéﬂfe@%m§Eiﬁg cytokines such
15 as IL-2, IFN-y, IL-12, TNFa, IL-6 and the like. Ancther
specific example would be to express CD80, 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.
20
Enhancement of immunity through the interaction of feline
CD80 or CD86 with CD28 or CTLA-4 or inhibition of an
immune regsponge through the interaction of feline CDBO or
CD86 with CTLA-4 takes advantage of the natural process
25 of regulation rather than adding foreign substances that
could have multiple even detrimental effects on overall
or long term health. The CD80, CD86, (D28 or CTLA-4
molecules are administered with other recombinant
molecules, such as those encoding antigens that are
30 desirable for induction of immunity. The feline CD8G,
CD86, (D28 and/or CTLA-4 gene 1is inserted into an
expression vector and infected or transfected into a
target cell and expresses the gene product within the
target cell so that it is anchored into the plasma
35 membrane of the target cell or antigen presenting cell,
or secreted outside the target cell or antigen presenting

cell. An expression vector, such as a plasmid, Semliki
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vacci ne. The co-expression of immunogen and the CDSO,  CDB6.,) ED3Bp gy or
CTLA-4 within a target cell or felid contributes to the actlvatlon
enhanced activation, or 10 regulation of T |ynphocytes, B ly and
other <cells. Alternatively, the expressed protein coul d be “ddm ni'stered
foll owi ng expression in a plasnmd. The feline CD80, CD86, CD28, or CTLA-4
prot ei ns nor MEPPYS2Huncti on anchored in the cell nenbrane XSTHFPERH2
menbrane 15 accessory nol ecul es, but nay be presented in . other forns,
particularly w thout nmenbrane anchors. In an one enbodi ment, the feline

CDBO and feline @%@tawrussolaupb@nﬂ@ckskng @efﬁ&%%@br@fﬁﬁg%' Phor
hydr ophobic 20 regi or talrped teract wth costi l.ecul es CD28 or

i atory
CTLA-4, in eithet A merrbran a%&@r?& Sregertie cf%jm T%ﬁ’ 15Ft 6PR&t i ve
enbodi nent, the $R46.nE€TCBBENES OF T TiHe 4CORGE arefnamrdive dfogadeantnt he

costinul atory nnérgmbaslﬁlz_%n 05 {FHAt4qaigtd @N&Obﬂbﬂamféaiyﬂesls@sﬂﬁi ng a
transmenbrage 25 dcq:mal réngr gétoeod“uobl c rega](_) 3 ee}sc Ly sees %928 or CTLA-4,
preferably i'n a dine n%{ o7 1T Sat P di sease rarated to
T-cel | nedi at ed E’lfﬁﬁ]#c‘}suﬁpr"e‘%%l B‘ﬁlﬁh a%aﬁs "mééﬁ‘ij'leéTAé@é% 8F GERAticprevents
rejection of transplmnt ethet icksuepaads tan o imachdgent aaat tadt gbsoune 30

di sease. Speci flcc_;@é(ﬁ y c%'s“ghﬁ/gfzgrﬁn[ LUEAr4. s+ iéﬂ‘”ce for, . %g@tl ng

graft versus host sease in one marrow transp ol ubl & 8 or
CTLA-4 prevents BPHERYESE 5° EBFI aE‘bh‘fa&ilﬁinngeﬁEﬁB‘F%ea%tYﬁGlPéhﬁé CDSO or
CD86. 35 SequenceeqaonseronatdfyeT amzlmﬁhmqttleenalla cxynmouayeyeanﬂabltaafs of

feline CDBO, CDBG,; ({28 ﬁ)ite@la‘h%e@g'“ Fg%%e% ARt gagtive
feline CD80, CD86, D28 or EP 2009 1 9 SE WO 99/ 57271

PCTI US99/ 09502 THLR¥#FH5G 8?’%%%?5@?@&“ are # uBedETIf f r afBet o
anot her sequencefelush @R8G cyR&ki neD2d.nter | €AY, protdesdmBermrmatdiony

stimlating factginc-aohi Qﬁéhcfx’feﬁrfhﬁ tk@b@@g%&r%ér&@wégh§ r&en@%hgody or
purification 5 sgauence. sUALAS.R Nii! 8% LEROLEE, 98NS e

forms, particularly without membrane anchors.

In an one embodiment, the feline CD80 and feline CD86 are
soluble, lacking a transmembrane domain or hydrophobic
20 region, and interact with costimulatory molecules CD28 or
CTLA-4, in either a membrane-bound or soluble form. In an
alternative embodiment, the feline CD80 or feline CD86
are membrane bound and the costimulatory molecules CD28
or CTLA-4 are in a soluble form, lacking a transmembrane
25 domain or hydrophcbic region. The soluble CD28 or CTLA-4,
preferably in a dimeric form, is useful for treating
disease related to T-cell mediated immunosuppression in
cats. Soluble CD28 or CTLA-4 prevents rejection of
transplanted tissue and can be used to treat autoimmune
30 disease. Specifically scluble CD28 or CTLA-4 is. useful
for preventing graft versus host disease in a bone marrow
transplant. Solukle CD28 or CTLA-4 prevents binding of a
cell containing membrane bound feline CD8¢ or CDEE.

35 Sequence-conservative and functional conservative
variants of feline CD80, CD86, CD28 or CTLA-4 DNA and

polypeptides or a bicactive feline CD80, CD86, CD28 cr
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E. coli lacZ, E. coli uidA or green fluorescent protein. [YgcgEpesfi80 The
present invention enconpasses nethods and conposition for enhancing the
efficacy of an inmune response in feline species. In this elf?(%(i :ﬁnt
feline CD80, CD86, CD28 or CITLA-4 are used in conjunction z;

i mmunogen for which it is desired to elicit an inmune response. 15 For
exanpl e, in MM82Nacci nes containi ng i nmunogens from paFﬁUﬂ%"H@gs%ch as
feline i nmunodeficiency virus and feline |eukem a virus, and ot her

pat hogens such as feline parvovirus, feline leptovirus, and feline
coronavirus, it CTia-dediraghkstt ori achulleadrehitnerEDE0seDB, fEHRE ©OF CTLA-4

20 in the vacci r@n&&e&eggé@&éehe Q@&E" tude, a'?;qzt%'i{%éty ﬂfterﬁl%ﬁki
response. For thjs ose, cgi i ne .CD86,” CD28 or CILA 4 puri f| ed

from native or rEtoHdEHRght ﬁ?%eEtH%u Lo BEThovAFSIFhcF TR i n t he
vacci ne fornmul a‘paiuj’m%tnia cohcerincanien, r angiidgdyr onvabaurifigation 25

100.0 ny peg vacgdRrRer, ga&h é@m&gLaégS@yraC% th'té?léé}% V%%hn§§ are
known to those ﬁkl | I.ed, i g& 2&: }e (ﬁCﬁHp 1
Phar naceutical s, %1?1 e Gt |gr’f§?Pofh ﬁreﬁc?’ﬁ% pﬁﬁ"@?éﬂt

invention for a rmre effect| ve vacci ne. A vaccine for inducing and

‘regul ating an i nvagmeidegsponse in a felid to an i munogen, is conprised of
an i mmunogen 35 and an effective anount of feline CD8B0 or feline CDB6 with
or without feline CD28 or feline CTLA-4 for imune response enhancenent,

or feline &P80 oFhY ErPRENTEGEERFiPN cFFoUPF=SSEPMobnyls pydSEPIRGERigD

99/ 57271 PCTI US99a51095fiﬁanéﬁ{g NEh&CThAE Aedr dfMEREe ikBBRONTesHthgE essi on. The

| munogen is sel P&f?% %@?&%Qe gfri)‘t%l(éo@%&?ir&%t byt 5 POteddgM (edst O,

feline pathogens su ine 5 1 munodeficiency virus, feline [eukenia
virus, feline i nfR&& iPsuSsTierd e8Ri 1988 dr E%nj‘f‘é%tllr?él HARD 27k GIFERPRIT 1 us
(parvo) , felinefeal wigiah rits,id eldgigerietwi eliscity pen 3immired | repookavi r us,

feline CorQQaVirP@%(éfﬁﬁﬁﬁéan% feline wvaccines containing immunogens
from pathogens such as feline immuncdeficiency wvirus and

feline leukemia virus, and other pathogens such as feline

parvovirus, feline leptovirus, and feline coronavirus, it

ig desirable to include feline CD80, CD86, CB28 or CTLA-4

20 in the vaccine to regulate the magnitude and guality of

the immune response. For this purpose, feline CD8O,

D86, CD28 or CTLA-4 purified from native or recombinant

sources as described above ig included in the wvaccine

formulation at a concentration ranging from about 0.01 to

25 100.0 mg per vaccine per cat.

Commercial scurces of feline vaccines are known to those
skilled in the art {Compendium  of Veterinary
30 Pharmaceuticals, 1927) and are used in combination with

the present invention for a more effective vaccine.

A vaccine for inducing and regulating an immune response
in a felid to an immunogen, is comprised of an immunogen
35 and an effective amount of feline CDB0O or feline CD86
with or without feline CD28 or feline CTLA-4 for immune

response enhancement, or feline CD80 or feline CD86 with
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peritonitis) rabies virus, feline syncytial virus, 10 feli Vi rus,
feline herpesvirus (rhinotracheitis virus), feline Borna Eﬂegegggoﬁaﬂ

Chl anmydi a, Toxopl asnosis gondii, feline parasites, Dirofi I % ?)[@271 t| s
fl eas, bacterial pathogens, and the |ike. 15 Regul ation of t g‘if h or

regul ati on of activation of a cell type, such as a T-1ynph i ndi cat es
that the refQWSHY response either stinulates or suppresg%"é’z%"é/l"? 2 growt h.
Regul ati on of an i mmune response in a felid indicates that the imune
response is either stinmulated 20 or suppressed to treat the di sease or

i nfectious agentrelinetdmA-el itdr bxpiesYeepopée falgpiesebBN, CDB6, CD28, or
CTLA-4, alone or in any conbination in part or in whole, in an 25

expression vector containing, gene(s% for feline i munogens for the purpose
of admi ni st eri nghasiEgOFeR t5 SPACEFRR o EREITFRI® \CREEE R 81T e AW S
i nclude but arenomot linhté®d t@: [FEALget (p&rionegs, WMadhsoas WglinscDNA

(I'nvitroge Car#ﬁ@ﬁgdef¥glenEPOQHﬁhsy @gilﬁé qguke&§¥7v1r§9 Hesseld and
Whitton, 1996 enes or ments of the genes for CDSO, CD86, CD28,

and CTLA-4, al oﬁéf‘é’Ft%WSaﬁ?rt‘b?ﬁ)‘l £t Vb8 4 ﬁeﬂyé £ %?HWWEBF% VI be
i nserted or trangheebed ifpfoné healdbcthimmmosoidsinef mwdwlnug dveet Her manmmal .

Such integratione)9het hasr 98RaS, OF fferlagaentcsx%a{rmﬁ@@ gq&ﬁﬁe@&m be
achieved with a retroviral vectg and .nma t}ﬁLiseg: as a .34.0 7. SEP 2009

1.9 SEP 2002 WORSSA593¥91 BT/ 5889799502 “=1 or gerE tHerapy” ﬁ*hef present
i nvention peovi cf@élnetmman’dllcmméshm%rk@rpﬁ@\rmmﬁWii-IFrgirlaébﬁ‘s@aence to
di sease of feli n@_r@@?ci esfeleJ'ne 5 nedical qagedy conpRECi alchpuhpases. |In

t hi s enbodi nent, :‘%Ip 3??0515 r?C% FLéCDggl olrnCTI(;,rAr\%git?egpr%s&S?hﬂQﬁae or in

any conbinati on Wi t hout

genes encodi ng fleﬂmilﬁésr nﬁﬁ'ﬁtﬁgerbswtl“—lﬁa]acﬁ'ﬁtﬁp%@?eoaft% %€ Ld52usi ng any
appropri ate node of

15 Regulation of the growth or regulation of activation of
a cell type, such as a T-lymphocyte, indicates that the
regulatory response either stimulates or suppresses cell
growth. Regulation of an immune response in a felid
indi¢ates rthat the immune response is either stimulated

20 or suppressed to treat the disease or infectious agent in
the felid.

Bxpression of feline CDB80, CD86, (D28, or CTLA-4, alone

or in any combinatior in part or in whole,. in an
25 expression vector containing gene(s) for feline

immunogens for the purpose of administering as a genetic

vaccine or naked DNA vaccine. Vectors include but are

not limited to: pTarget( Promega, Madison, WI}, pcDNA

(Invitrogen, Carlsbad, CA). (Donnelly JJ, et al., 1997;
30 Hassett and Whitton, 19%6.)

The genes or fragments of the genes for CbB80, (D86, CD2B,
and CTLA-4, alone or in any combination, in part or in
whole, may be ingerted or transfected into the
35 chromosomes of a felid or other mammal. Such integration
of these genes or fragments of these genes as may be

achieved with a retroviral vector and may be used as a
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10 adm ni strati

CD80, CD86, CD28 or CTLA-4, expressed alone or in any conbination Is
adm nistered in a formulation at a concentration ranging fgqqgﬁQ@ﬁnu

on. For growth pronotion or disease resistapceggpPelbite

to 100.0 ng per vaccine per cat in anmounts, preferably in
at a concentration ranging fromabout 0.25 ny/kg/day to about

my/ kg/ day. | YQ4**f¥’be under st ood

CD86, CD28 or

known in the ar
frequenci es and
each point int
reconbi nant 25

physi ol ogi cal | y TREcEpEEHte Jﬁ’é[rePFéPn RIRMHdgs, Mebhods AR5 EOTPRTHSIARS e
buffered sal i ne for tepmnvirngdrewieancdhe diecesass atfi 6al iy splesbdeg oittrai n

exci pients,ginc
enhancer(s), 30
art. The fellne
adm ni stered by
i ntravenous, su
routes. 35 For

consi sts of fel

0.01
| ati on

that the required anmount %WU$%$%WE CD80,

'CTLA-4 can be determ ned by routine experinentation well -

t, such as by establishing a matrix of 20 dosages and

foafpaf | qehea theoapy of experinental units or subjects to
he matrix. According to the present invention, native or
feline CD80, CD86, CD26 or CTLA-4|sforrruIated with a

kiddlk agh alnld%k C@&&n(e%):naplﬁﬁtﬁo%;er (81 18RS QfBLE BNt

{ ke .t hat th
L5 ellse e B0l A1 Bkt B tRs o on 1 5

aaIMyC@ﬂﬁ@@ﬂ:FLV@f reapsrt ¢ncinudibpdew atHbun kembimatiom

RE¥HaANROUS: + hdut rg'iéﬁé%“&r@'bdlh?alﬁémyﬁéiuhﬁrhunégféﬁiscahs or oral

: d
RRes e ltes T o e Pk L A

form

sal i ne. Fok%or aladéllinii%@mﬁﬂaitnory IorQ PreEr 20U9eNor ignSEPT 20895845909/ 57271
PCT/ US99/ 09502 radiktd:sdd, afkDine fopisonectiRB0,co€b86yr 2B 40r efftdessed W th

or w thout exci

| i posones and m Cros heres” De

fornms) are also

15

20

25

30

35

RLGALS. o1 S 5 Csﬂpﬁa Jon{m%%&ox?“%aspsgh Pﬁtéf&d €9
rmal patc S
fegmy %RPOUSaEX%Iﬁﬂqgentfﬁﬁﬁﬁﬂ gapping ﬁrom about 0.01 to

100.0 mg per vaccine per cat in amounts, preferably in a
formulation at a concentration ranging from about 0.25
mg/kg/day to about 25 mg/kg/day. It will be understoecd
that the required amount of feline CD80, CD86, CD2B oxr
CTLA-4 can be determined by routine experimentation well-
known in the art, such as by establishing a matrix of
dosages and frequencies and comparing a group of
experimental units or subjects to each point in the
matrix.

According to the present invention, native or recombinant
feline CDB0O, CD86, CD28 or CTLA-4 1s formulated with a
physiologically acceptable carrier, such as, for example,
phosphate buffered saline or deionized water. The
formalation may also contain excipients, including
lubricant(s), plasticizer(s), absorption enhancer(s},
bactericide(s), and the like that are well-known in the
art. The feline CD8C, CD86, (CD28 oxr CTLA-4 polypeptide
of the invention is administered by any effective means,
including without limitation intravencusg, subcutaneous,
intramusculiar, transmuscular, topical, or oral routes.
For subcutaneous administration, for example, the dosage
form consists of feline CDB80O, CD86, CD28 or CTLA-4 in

sterile physiological saline. For oral or resgpiratory

35

OMFreIease dosage



10 A oning of the feline CD80 (B7-1) -TAMJ, CD86 (B7-2) 0%28] ged LA-4
cDNA: The feline CD80 (B7-1), CD86 (B7-2), CD28, and CTLA- 1§ wer e

‘cloned by first RT-PCR (Reverse transcriptase/Polynmerase chai EI reaction)
anplifying a region between two sequences that were conservTe%l Epnz“ﬂbh to
make degenerate priners that interacted with the feline nRNA. The source
of the nmRNA W¥R9¥8Mpheral bl ood 20 nononucl ear cells (PBVESTEEPMRAt ed for
at least 16 hours wth Con A. This PCR product was sequenced. The sequence
was used to nake prinmers for RACE (rapid anplification of cDNA ends) PCR
The 5 end was adphhiseththiynf i fatineaebay, BNA vbidh & domwastr eamtpri nmer
conplinentary tao y. nc .Qnser o) .

ol i gonucl eoti de c,’mr/;gﬁtﬁ%\%t%’d&tnggﬁg' ?»flge“(r‘:ll of %éﬁ(ejm%: %gg%f?ln%tnetd with the
5 end of NRNA)IR TR ¢ sddeReEs &ndet FLPRE BT nd PRYTR} (REECPSF (e
upstream pri mer odheghshas-RORaeenpatidyd e€avinkeh dhe aldewbhst neadn PCR pri ner
that corresponded with another 30 region in the newy sequenced region.
Degenerate prinmers were enployed in nultiple rounds of nested reactions to
obtain the 3' end. This upstreampriner for PCR was designed to react with
a sequence in tIexamplleg sequenced region. Products were either sequenced
directly or 35 cloned into a TA cloning vector and sequenced fromthe

pl asm d. The whol e open reading frane was cloned by anmplifying inits
‘entirety by PCRXFRFrifrers 36 0 7 SEP 2009 1 9 SEP 2002 WO 99/ 57271
PCTI US99/ 09602 constructed fromthe knowmn sequences. The ORFs were cl oned

and sequenced thfeaitHgmese die BYriheORfDaws(zsubchraned itnte aspSt) pl asmid
with an Sv40 pro&&tgr, %ngTLﬁh}fnggX-pl asmd. The pSI was used to establish
the S functional“1Mt'ePietTon o -1 with the feline CD28. DNA prinmers
used for RT/PCR of the feline CD80 (B7-1) cDNA were:
The feline CD80 (B7-1), CD86 (B7-2)}, CD28, and CTLA-4
15 ¢DNA were cloned by first RT-PCR (Reverse
transcriptase/Polymerase chain reaction) amplifying a
region between two segquences that were conserved enough
to make degenerate primers that interacted with the
feline mRNA. The source of the mRNA was peripheral blood
20 mononuciear cells (PEMC) stimulated for at least 16 hours
with Con A. This PCR product was sequenced. The sequence
was used to make primers for RACE (rapid amplification of
c¢DNA ends) PCR. The 5 end was amplified by first making
cDNA with a downstream primer complimentary to the newly
25 sequenced conserved region. an oligonucleotide was
ligated to the 3' end of the c¢DNA (compliment with the &%’
end of mRNA). This seguence served as the binding site
for the upstream primer which was PCR compatible with the
downstream PCR primer that corresponded with ancther
20 region in the newly sequenced region. Degenerate primers
were employed in multiple rounds of nested reactions to
obtain the 3’ end. Thig upstream primer for PCR was
designed to react with a seguence in the newly seguenced
region. Products were either sequenced directly or
35 cloned into a TA cloning wvector and seguenced from the
plasmid. The whole open reading frame was cloned by
amplifying in its entirety by PCR with primers
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5 Prinmer: 5'-CGCGGATCCGCACCATGGGTCACGCAGCAAAGT GGAAAAC- U ?55%3@ 11)
Q bo

10 3' Primer: 5'-CCTAGTAGAGAAGAGCTAAAGAGGEC-3'; (SEQ | D NO ve
for conplete list of priners for feline CD28 CcDNA). prlners used fo
RT/PCR of the feline CD28 CDNA were: 15 5' Priner: 19 SEP 2002

5' - CGCGGATCCACCGGTAGCACAATGATCCTCAGG 3'; (SEQ 1D NO 13) 3' Primer:

5' - OGOGGATCCTHEIERTINGGGGTCCATGTCAG 3' ;. (SEQ ID NO. 14) (S%%T"é%%“}’é”’f or
conplete list of primers for feline c28 20 cDNA). DNA priners used for
RT/PCR of the feline CTLA-4 cDNA were: 1. Degenerate priners for the first
PCR product (672chptiucted Brob: tied - AIGCTddf)tdces T COATET ((RFSAGS) GG 3' ;

25 (SEQ I D NG g ) AT & A CRATAMATAAGECT3" ;. (SEQ
I D NO. 16) 2. 5'&&%)8 Taﬁg:T Sﬁqg %%‘Agﬂ-&éa\ él%lér ate, -ergeneIA%em fic (GSP)
and nested geneS¥BELPREE ¥NESP) PEFlPrJe‘?%“lds@uFPrélﬂ T PTPEREE DS P

5' - TGTTGGGTTTC( Ene( AT NG AICTT( OHeCTES 13" was (Shd | £ N&std)isd oEsP:

o' - CCATAGTACCGT G R AN Gl £ BEQ of B7NQ w;._élﬁ)tr%? £@1{nSEH 2009 1.9 SEP
2002 WO 99/57271 PCT1 US99/ 09502 Nested PCR with the PCR product of the

first round:  DegaS'prineds- h6dd G THE(PORAA) CHET@eAL6d TECORECTEF 3),  (SEQ
ID N0 19) 3' NGSP, B JACATGAGCTCCACCTTGCAG 3™; (SEQ IDNO. 20) 5 3. &

.end of CTLA-4: imer 1 (AP, Clonetech Lab, Inc., Palo Alto, CA);
Nest ed adaptor i REEmEAP2S’ -GGl eERCAHICCHFERRCIPEEGHPETHFAMAC( GSP) ,
and nested 3'; (SEQ ID NO. 11)
10 3* Primer: 5'-CCTAGTAGAGAAGAGCTAAAGAGGC-3’; (SEQ ID NO.
12)
{See above for complete list of primers for feline CD28

cDNA) .

DNA primers used for RT/PCR of the feline CD28 cDNA were:

15 5/ Primer: 5'-CGCGGATCCACCGGTAGCACAATGATCCTCAGG-3'; (SEQ
ID NO. 13)
3’ Primer: 5'-CGCGGATCCTCIGGATAGGGGTCCATGTCAG-3'; (SEQ ID
NO. 14)
(See above for complete list of primers for feline CD28
20 CcDNA) .

DNA primers used for RT/PCR of the feline CTLA-4 cDNA

were:

1. Degenerate primers for the first PCR product (672 bp):
Deg 5' P: 5’/ -ATGGCTT{(C}GCCTTGGATTT (C) CAGC (A)GG-3';

25 (8EQ ID NO. 15)
Deg 3' P: 5/ -TCRATTG (A}ATG(A)GGAATAAAATAAGGCTG-3' ;

(SEQ ID NO. 16)

2. 5’ end of CTLA-4 {455 bp): Degenerate, gene-gpecific
(GSP) and nested gene-specific (NGSP) primers:

30 First round PCR:
Deg 5’ P: 5'-TGTTGGGTTTC(T)G(A) CTCTG(A)CTT(C)CCTG-3";
(BEQ ID NC. 17)
3' @GSP: 5’ -GCATAGTAGGGTGGTGGGTACATG-3' ; (SEQ ID NO.
18)
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gene-specific primer (NGSP): 3" RACE PCR 10 API: ﬂ 7 SEP 2008
5' - CCATCCTAATACGACTCACTATAGEGEC-3'; (SEQ ID NO.  21) 5
5' - GTGAATATGGGTCTTCAGGCAATG 3' ; (SEQ ID NO. 22) 3 Nested RACEP EMR with
t he product of 3' RACE PCR. 15 AP2: 5'- ACTCACTATAGEECTCGAGCEEC 3'; (SEQ 1D
NO. 23) 5' NGSP. 5'- GAAATCCGAGIGACTGIGCTGAG 3'; (SEQ ID NO, 24 4.
Primers for WRSPMEETLA 4 gene Fel CTLA-4 5' Priner: PCT/US99/09502
5' - AACCTGAACACTGCTCCCATAAAG 3" 20 ; (SEQ ID NO. 25) Fel CTLA-4 3' Prinmer
5' - GCCTCAGCTCTTAGAAATTGGACAG 3'; (SEQ ID NO. 26) DNA primers used for
RT/ PCR of the fel Naet€DEBRB#i2h tONKRwpreduds df tbegénesttmprd:ners for
the first POR progusts (423 hnkorrddRemt £ By CHGBATITTERIGEA0RARE 3'
(SEQ I D NO. 27) ﬁgg 5 GTGACATTATCTTGAGATTTC-3'; (SEQ ID NO.  28)
2 Degenerate pri g F%ﬁ“ihé econd PCR product (574 30 bp): Deg 5 P:

- GA( G) CA(T) GCACH( ANATRCGACT AT FRGCTCSECE TTSCAYO3 ' 29) SEe gl IB'NOP: 20)
5' CTGTGACATTATCTTGAGATTTC-3'; (SEQ ID NO. 30) 38 0 7 SEP 2009 1 9 SEP
2002 WD 99557271 PET/ eRdopHoSHA- 43 AslapsRY BFLTTBe: ML ABPReErsht ech
Lab), Degenerate, LaB -pene- speeiXlico, (GSP) Nanted' adepsbedpgeme- Speei f i c
(NGSP) prinmers: 5+ RACE T CACTATAGEEE- 3' ;. (SEQ
ID NO  31) 3' GSP- B~ A%CBab?,cé%%e épr C%A%ng%g (SEQ%

gene- specmflc primer NGS

3' RACE PCR: -
10 APl: 5'-CCATCCTAATACGACTCACTATAGGGC-3’; (SEQ ID NO.

21)
57 GSP: 5! -GTGAATATGGGTCTTCAGGCAATG-3'; (SEQ ID NO.
22)

3' Nesgted RACE PCR with the product of 3’ RACE PCR:

15 AP2: 5'-ACTCACTATAGGGCTCGAGCGGC-3'; (SEQ ID NO. 23)
5’ NGSP: 5'-GAAATCCGAGTGACTGETGCTGAG-3'; (SEQ ID NO.
24)

4. Primers for whole CTLA-4 gene
Fel CTLA-4 5' Primexr: 5'-AACCTGAACACTGCTCCCATAAAG-3'
20 ; (SEQ ID NO. 25)
Fel CTLA-4 3’ Primer: 5'-GCCTCAGCTCTTAGAAATTGGACAG-3';
{SEQ ID NO. 26)

DNA primers used for RT/PCR of the feline CD86 (B7-2)

cDNA were:

25 1. Degenerate primers for the first PCR product (423 bp):
Deg 5' P: 5'-TAGTATTTTGGCAGGACCAGG-3'; (SEQ ID NO. 27)
Deg 3' P: 5'-CTGTGACATTATCTTGAGATTTC-3'; (SEQ ID NO.
28)

2. Degenerate primers for the second PCR product (574

30 bp) :
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)
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NO. 32) Nested 5 RACE PCR with the PCR product of 5 RACE 1% AP2:

5' - ACTCACTATAGGGCTCGAGOGGC- 3' : (SEQ ID NO. 33) 3 Nasp: 0 7 SEP 2001

5' - CAGGTTGACTGAAGTTAGCAAGCAC-3'; (SEQ ID NO. 34) 4. 3' end of B3 APi |
AP2, 5 GSP, and S NGSP: 3' RACE PCR 15 APi: 1°9 SEP 2007

- 5' - CCATCCTAATACGACTCACTATAGGGC-3' ; (SEQ ID NO.  35) 5 GSP:

5' - GGACAAGGEEACAFATCACTGTTTC-3'; (SEQ ID NO.  36) Nested FCTREBEISER with
the PCR product of 3' RACE: 20 AP2: 5'- ACTCACTATAGGGCTCGAGCGGC-3': (SEQ I D
NO. 37) 5 NGSP: 5'-CAGTGCTTGCTAACTTCAGTCAACC-3'; (SEQ ID NO.  38) Wol e
CD86 gene; Fel B725(13nd'ofPriDeeE : A5] - GEGCAATGTCACT GABTT TAddGr are, 25 ( SEQ

ID NO. 39) Fel B72.(1178).3. . Rrineiies - GATCITTIICAGE] / 3 : (SEQ
ID NO. 40) Exanple% | ég‘gos%%lmlﬁrgm E)?S%De%egzé- 15!‘%Synt ré’é {S;PQA%;giP%falgm d
917-19-8/16 Fel i n&'GSHP eBRIBNY's were extracted fromcats and cul tured
with Concanavalin A for 5 hours, Cells were pelleted, 35 washed with PBS
and used to isol at®e t0FH PRNA(Q agen 39 0 1 SEP 2009 | 9 SEP 2002 WO
99/ 57271 PGT/ US99/MF9503 - RARECSTARSASFARRIRCRAIRERFCTD al (FRA was Nor-eat ed
with DNAse | (Boehni nger Mannheim to renove DNA contam nation fromthe

RNA preparations. nger Rg% 5¥¥q n.t he
pr epar ati ons, usiﬁgbéég'en'% 8#?5%%ex nggék?%gﬁggi%ﬁgFaf ?ﬁ?aé%h qui ck
colums. Copy DNAK%a§28enerated from nRNA, in the presence of random
hexamers, dNTPs, RNAsin, reverse trans r{ﬁ§f¥%§ p&ProneggQE@ngAégyerse

‘transcriptase buf &S ESr Gnebdy® difd Wt oduct
10 AP2: 5'-ACTCACTATAGGGCTCGAGCGGC-3°; (SEQ ID NO. 33)
3/ NGSP: 5'-CAGGTTGACTGAAGTTAGCARGCAC-3'; (SEQ ID NO.
34)

4., 3' end of B7-2: AP1, AP2, 5’ GSP, and 5’ NGSP:

3’ RACE PCR:

15 AP1: 5'-CCATCCTAATACGACTCACTATAGGEGC-2'; (SEQ ID NO.
35)
5 GSP: 54 -GGACAAGGGCACATATCACTGTTTC-3'; (SEQ ID NO.
36)

Nested 3’ RACE PCR with the PCR prcduct of 3 RACE:

20 AP2: 5'-ACTCACTATAGGGCTCGAGCGGC-3'; (SEQ ID NO. 37)
5/ NGSP: ©5'-CAGTGCTTGCTAACTTCAGTCRACC-3'; (SEQ ID NO.
38)

Whole CD86 gene:
Fel B72 (1) 5' Primer: 5'-CGGGAATGTCACTGAGCTTATAG-3';

25 {SEQ ID NC. 39)
Fel B72 {1176) 3’ Primer: 5'~-GATCTTTTTCAGGTTAGCAGGGG-
3'; (SEQ ID NO. 40) '

Example 1B

30
Cloning of CD80 (B7-1)-Syntro/SPAH; Plasmid 917-19-8/16
Feline spleen cells were extracted fxom cats and cultured
with Concanavalin A for 5 hours, Cells were pelleted,
35 washed with PBS and used to isolate total RNA(Qiagen
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i ncubated at 42C for 30 mnutes. PCR was then used to 10 generate a double
stranded, full-length cDNA clone of the feline B7-1 open rggdiSef #il&ne
(ORF) using the sense primer 5/97.50 (5'- ATGGGTCACGCAGCA@ﬁA%‘I’&%M ( SEQ
ID NO. 41) and antisense prinmer 5/97.51 (5 - CTATGTAGACA 3) ;
(SEQ ID NO 42 dNTPs, B7-1 15 cDNA (1st strand), MySO4, Vent J) rrerase
(BRL) and VerWO ¥ merase buffer (BRL). PCR conditions weFET’H§ ?J%/’?ows 1
cycle of 94, 15 seconds; 35 cycles of 94" for 30 seconds 48 for 2 mnutes,
72 for 2 mnutes; 1 cycle of 72 for 10 mnutes. PCR reactions were run on
a 1% 1| ow 20 nel tRNeg@voSetgé| REAMSDer)r.agiitad GOAr espohdeaged owitie

expected size ofpyaBe ﬁ?réee@BEny@f %hﬁﬁéﬁme@o Qéd\oveoﬁﬁhfé@r&a&g&ﬁ@%h s Cel
Purification Ki t Sant a CE@{(A % ? cloned into ’ECR BLUNT pl.asm d
vector using ki tt*Feagdht & FRePAVAHTSYEn s 'SP BF UntPoY @ o’ﬁ’?‘?{b Kit 25
(San Diego, CA) .exbitacéstr aéred fFbeskanamypeinatiestst antindacdierdeals col oni es
were pre-sceseened itetekhecpresepast&f clarani gue Nagh sibek(esntmhded in

feline CD80(B7- B%) Jnserts thaf ver e i nther ge_of 800-900 bp
size and contai néD(Y S ene\ﬁ/%?eclilsequenceéL u5|lﬁlg %ﬁl PEE3peC Ofo

fluorescenat ed HAGWHL é’@@é’&ﬁéncﬁﬂ@%r ofBRin affiersqui PindRcriptase
(Perki n- El mer - Cetru®medppldred rBrosys tte@hiscliligse bbf feim breeeyay amd B7- 1,

gene speci 110 PriIRkaar h¥edyd 1o the phevLoUSld gnsdefTulegoe. vere

used to gener ate sequence p r.nmers
CAGGAAACAGETATGAEE ST}t %@E’@bﬂb N(B’anﬂlgﬁi ngl?g CPgA clone of the
AATACGACTCACT ATAm:&e) B7-1SEQehD ¥@did4) frBrie 1 (JRRAE spewng fitite peensss are

12196. 22 (5' - 40,08:SEP: 2009 (& 8rS60-aROZMORRLET T POHESIS/ 9502
'AACACCATTTCATCA CCTTT 3 ; ( )agtl D NO. 45), 1/97.

(5' - ATACAAGTGTATT 188RER| D Wl‘?&%ﬁ 152//%76.520 (5'-
(5 - ACIJTCTGACCAAW@I\‘EGACBG()?TGAQPS@BI D NQSEQ7YD §Q/ 98221 dNTPs, B7-1

(5 - ATTAGAMTCCA@SE&RCAQ@CEEI%&) @ |De}}{0 Ap&!@}nerésé/ R32 and vent
(5 TCATGTCTGGCAA% erase bﬁ&fer( ) conhitlons were as follows:

1 cycle of 94° 15 seconds; 325 cycles of 94 for 30
seconds 48° for 2 minutes, 72° for 2 minutes; 1 cycle of

72¢ for 10 minutes. PCR reactions were rum on a 1% low

20 melt agarose gel and DNA fragments corresponding to the
expected size of the B7-1 ORF were isolated, gel
purified (Qlagen's Gel Purification Kit, Santa Clara, CA)

cand cloned into pCR-BLUNT plasmid wvector using kit
reagents from Invitrogen's Zero Blunt PCR Cloning Kit

25 {San Diego,CA). DNA extracted from kanamycin resistant
bacterial colonies were pre-screened for the presence of

a unigue Nhel gite {contained in feline CDB0O (B7-1)-
TAMU) . Inserts that were in the range of 800-920C bp size

and contained a Nhel site were sequenced using ABI's

30 flucorescenated automated sequencing protocols and
equipment (Perkin-Elmer-Cetus; Applied RBiocgystems, 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'-

35 CAGGAAACAGCTATGAC-3') ; (SEQ ID NO. 43) and 1/97.37 {5-
BATACGACTCACTATAGG-3") ; (SEQ ID NO. 44).
B7-1 gene specific primers are : 12/96.22 (5'-
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11/96. 32 (S' ATTCACTGACGICACCGA-3') ; (SEQ ID NO 50), 11/ 9@ 73§[E§ i
(5" - AAGCCTGTGECTCTGA-3') ; (SEQ ID NO. 51). Two clones wer %ned to
contain full-length CDB0 sequence corresponding to the ori 9553

sequence with 10 the exception of 2 DNA point nutations. Hﬁ@g. nt
mutation did not effect the amino acid sequence. The second nut at

resulted in APYFHHS acid change froma Leucine to an IsoF‘éTfE?gﬁ@%mrhe
resultant feline CDB0 clone was designated 917-19. 8/16.

(CD80- Syntro/ SPAH). 15 To facilitate the cloning of feline CD80 (B7-1) gene
behi nd any pox PACACCRTTTAMCATACHYTECORI &R Ban¥D. 4%oning sites, two new

glr :)m] ; \ZNgr gl ggzﬂ ggfga t% Aﬂtm&mﬁ@@&aﬁmc%m*gomﬁ rbekboru@nzwrF
espect.ive
These two pri mers/aPe? 5 zﬂséGgf%C&%ﬂ@%ﬁ%& C)D (% D P 40—}) Y
(5' - TCGAGAAT TCGEET CACCAGCASAGHER BTORCGTTCAGIEGTHB)  NO(SEY IDaNd- akdli.sense
priner 1/ 9756 (5 /9787 ACBATERAATCTIATERAGAUAGIET GAGAT-(8xD :[D(lﬁiEQ 49) NO. 53).
25 The resul tantlhl(?gg f35agm§. TM?KEAQ&PéﬂdM[ 5}} Econgcannﬂ% and cl oned

into an OLL SPV ﬁg vec I'NSErtion ’si In the SWI nepox
virus Hindl Il Milgéfodtic (FrafRermtGTIGTCrRR-Yener &FFDM DA PetonBfhant SPV
virus. This reswlicedsi nwéthe @assetimed 980- 23omilaina SPM 3Grgth homsd ogy

vect or cont ai ni %Qg é%&ﬂgs@%nﬁob&@ Crg_%fLI 5#%1 |c%f8§/ &#Je%c@yﬁia‘?t' C pox

pronoter, LP2EP ace tothe E ene cassette
promot ed by0syntHiet |e€‘CFHFé°rch<f pr OBt E‘Fm‘i_lﬁ?‘taﬁll%% d O% PR 23. AL,
was cotransfect ethitwittibnSBYd004dt t of B&ctgeriey atreln@ ra@adnbleqaamcéPV The us

expressing the feling mBladi dNdEuell ia 98l %&%I dase cﬁ{aqltg@ @§om4é]- 0 7 SEP

2009 t. 9 SEP 2002 WO 99/5727 CT/ US99/ 0950 Exa | oni ng of
CD-28 into pox ﬁ%llnﬁo%l%b§s%ﬁl8?‘ r&?ﬁi“h%“ gg’hbﬁe qnaﬁ ?\%eCDZB

was PCR anpli fi ethandelsignated 917-19.8/16. {(CD80-Syntro/SPAH) .

15
To facilitate the cloning of feline CDB0O (B7-1) gene
behind any pox promoter containing EcoRI and BamHI
cloning sites, two new primers were designed to
introduce EcoRI and BamHI restriction enzyme cloning

20 sites omto the 5 and 3 end of the CD-80 ORF,
respectively. These two primers are: gsense primer
1/97.43 {5’ -TCGAGAATTCGGGTCACGCAGCAAAGTGG-3") ; (SEQ ID
NO. 52) and antisense primer 1/97.¢6 (5'-
GCTAGGATCCAATCTATGTAGACAGGTGAGAT-3') ; (SEQ ID NO. 53).

25 The resultant BCR fragment was digested with EcoRI and

BamHI and cloned into an 0O1L SPV heomology wvector {Accl
insertion site within the swinepex virus HindIII M
genomic fragment) for the generation of a recombinant SPV
virus. This resulted in the cassette, 930-23.A1, a 5PV
30 OlL homology vector containing the feline CDB0O ORF behind
the late/early synthetic pox promoter, LP2EP2Z, and
adjacent to the E. c¢oli lacZ marker gene cassette
promoted by synthetic late pox promcter, LP2Z. Plasmid
vector, 930-23.A1, was cotransfected with 8PV 001 to
35 generate a recombinant SPV virus expressing the feline

B7-1 and E.celi R-galactosidase proteins.
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5 synthetic prinmers containing convenient cloning sites, ﬂ S@ B te
cl oning CD-28 behind any pox pronoter for the constructio Z)f ;.71

speci fic honol ogy vector. The synthetic priners were made &)&s? b[ﬁduce an
EcoRl and Bglll cloning site at the 5 and 3' ends of the 2 ragment,
respectively. The two priners are: sense prinmer, 7/97.1 (Ig

GATGAATTCCAT GGCTGGGCTTCT-3')  (SEQ ID NO. 54) and SGHYSURER o i mer
7/197.2 (5 GATCAGATCTCAGGAACGGTATGCCCCAA-3") 3 (SEQ ID NO 55). The

resul tant PCR DNA fragnment was digested with EcoRl and 15 Bglll and cl oned
into an O L SP\Exmwadieod§: vedashonerg e CHed@rdtico®osf varzeduisilaant SPV
virus. This resué¢msk-in the cassette, 930-26.Al, a SPV O L honol ogy vector
(Accl insertion site within the swinepox virus Hndlll M genomc
fragnent) containing the feline CD-28 ORF behind 20 the Iate/earl}/1
synthetic pox pFoRAiSins vy chnfrliag SEent 9 thE Ertblicd #éd#hnmar ker
gene cassette pyautaitdd byimersynbhetindnbatenpoxdept oniiranhg $R2s,Honol ogy

pl asm d vector, £930r26+ 8l c1o¥Ry éﬁii@m}%@&ﬁae&wg& ?EMmOQQQ- 44 geperate a
r ecombi nant SPV virus expreé)srtj| Qag he 25 f e i al act osi dase

proteins. Exanpfg*2tTHratt tPTh Tt 2’1‘%“}%80@;}586‘3(3%?]:1) T$AMU, CD86
30 (B7-2), CD28sycitedi4s andrm€D80 we87- m;id‘Syh‘Pl’ oNnSRAKasDNAS EcapRd and

pol ypepti des: Tﬁ@ltﬁ()'cabﬁﬂn@ndlﬂélrlaf:l ethef & BﬁdCBBOezﬁ@J 4k eBbApek -
appr oxi ma gly 9%1 nucl eoti des c%o ef for T%n %en reading__35 frame of the

feline pol VhEPTT e of S AP oX T Mt el anifiaacr d§F %t he STafrve

menbr ane bound Brimexur® Fohm6f- W%Tﬂ‘é%ﬁ%%"ﬁp@%@%ﬁTmmf About

33, 485 kDQ, an ;42(dkq/ §5x-Pn200%4)1. &éE&QD%éAO PRIeA2 71/ PCH U$99/ 09502

i soel ectric poi BET&fGAax??F%G&AJCGGTﬁT&%GC‘AﬂaE? 1% Bo. 0£5,10. The
onai n oki ma el’y

transnenbr ane d rotéinis am no aci s ®241 to
271. 5 Feline Cpeevipas iR fIE\iAI A& agneot syafﬁ rddﬁSPAﬁFiawzeﬂémm%’?f and

15 BglIT and cleoned inte an OlL SPV homeology vector for the
generation ¢f a recombinant SPV virus. This resulted in
the cassette, 930-26.Al1, a SPV 0OlL homclogy vector {AccI
ingertion site within the swinepox virus HindIITI M
genomic fragment) containing the feline CD-28 ORF behind

20 the late/early .synthetic pox promoter, LP2EP2, and
adjacent to the E. coli lacZ marker gene cassette
promoted by a synthetic late pox promoter, LP2. Homology
plasmid vector, 930-26.A1 , was cotransfected with SPV
001 to generate a recombinant SPV virus expressing the

25 feline CD-28 and f-galactosidase proteins.

Example 2

Characterization of the feline CD80O (B7-1)-TAMU, CD86
30 (B7-2), CD28, CTLA-4 and CD80 (R7-1)-Syntro/SPAH cDNAs
and polypeptides:

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

which has a molecular mass of about 33,485 kDa, an
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and pol ypeptides isol ated i ndependently fromtwo differenm Zo%gpq@ggand
the DNA and am no acid sequences differ slightly. The sourc t
CD80- TAMU nRNA was feline peripheral blood nononucl ear cel §fﬁ?hﬁﬂlated
with 10 ConA, and the source of the CD80-Syntro/ SPAH mMRNA wa e

spl een cells
CD80- TAMJ an

nucl eotide 670. At the ami no acid sequence, the change at nucl eot
15 is silent,

change of neut r AF°RHRTF1&cPRATT | SRt 8-1i sot RS FB2TEE aniRdb 7ai d
resi due 224. Thetfi sol 2a& edThadtpansdfidntdahel ideeaChb86f( Bhe? preobhfnofis 20

approxi mately 117 6%5Hé%@ﬁ§d§§i%9qgéﬁ&oﬁ4§Wx9gﬁﬂ reading frame of

CD86 pol ypepti de of approxi mate
bound or

k Da

of

purified ffﬂi n

and the change at nucleotide 670 results in a conse

y

mature formof which has a nol ecul ar mass of approxi mate
an i soel e€elime pthatt-TaMUabodt £8119: cDatetSychapferrat axd <2BAZE. 0 of

11.27. The isol ghgd andyparsifdead figld1ne-&D28,giNM Rl 13PPEI%LMBLGLY 689
nucl eoti des cod

s.for an open readi f of feline 8 pol ype
Ropr oxi mat ol y 231EOF S FOCEERHo AN RaP R cH it AT SBO0EP DR
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At the amino acid sequence, the change at nucleotide 351
is gilent, and the change at nucleotide 670 results in a
conservative change of neutral amino acids, leucine to

igoleucine, at amine acid residue 224.

The isolated and purified feline CD86 (B7-2) c¢DNA of
approximately 1176 nucleotides codes for an open reading
frame of £feline CDB6 polypeptide of approximately 320
amino acids, the native membrane bound or mature form of
which has a molecular mass of approximately 36,394 kDa,
an isoelectric point of about 9.19, a net charge at pH
7.0 of 11.27.

The isclated and purified feline (CD28 <cDNA of
approximately 689 nucleotides codes for an open reading
frame of feline CD28 polypeptide of approximately 221
amino acids, the native membrane bound cor mature form of
which has a molecular mass of about 25,319 EDa, an
isoelectric point of about 9.17 , a net charge at pH 7.0
of 9.58.

The isoclated and purified feline CTLA-4 cDNA of
approximately 749 nucleotides codes for an open reading

frame of feline CTLA-4 polypeptide of approximately 223
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The coexpression of CD80, with costinulatory nol ecul es ﬁ?g cﬂf@ 4, and
a tunor antigen or an antigen froma pathogenic organi sm EIP bi I ity

to activate or enhance activation of T-lynphocytes, nore spe Elﬁfﬂ”y 10
Th-1 | ynphocytes, and to pronote the growth of ot her cel | Eﬁ@

coexpressi on of CD80 Wi th costimulatory nolecule CTLA-4, has the ability
to suppress WOR on of T-1ynphocytes, nore specifi cal |BFTHyR9%09502

| ynphocytes. The coexpression of CD86, with costimul atory nol ecul es CD28
15 or CTLA-4, and a tunor antigen or an antigen froma pathogenic

organi sm has téeirgbiecidy, ttheasitiret @cabramntianece acthaatreoofoafn of

T- I ynphocyt es, J)i?;[&lsﬁ%' tal q@hleseullb habymiocyiRs, andd0 prOMOLE the
growt h of ot her . cel ression of CD86, with costl mJI atory

I e el o Oy LSS Lot g T (PAE Botbrads e FRATISIAE B 7

T-1 ynmphocytes, @bre® S}¥ecifically Th-1 | ynphocytes. D N A Human Hunman Mouse
Mouse Rabbist Chi cken a n d Honol o Hom)l o Honol o Horol o Hom)l o] Hom)l o 25

Am no gue gue e gue. . gue gue Ac ( Pl\p D%IA/
Per cen Sequen %grcl]uen “:ueesnj‘%re1 ue c}éa l&h cosl—‘:“(mel ce I(Y 301 (:)u &8) Sequen

Sequen S e q i % % 6TTeA1ﬁe) aé@)a Snlﬁ@reaﬁ*@?éifﬁn |O|rdéﬁt ﬁﬂ‘@aﬂﬂ Ifgemt £% o
ldenti ty ty typayhddient dfdentiien,t Valsy the &eling 7do 59c62vde - orCDB80 35

S0™175 55 e b s R B Sl e 0 1
CTLA- 4 10 h-1 lymphocytes, and to promote the growth of other cell
: types.The coexpression of CD80, with costimulatory
molecule CTLA-4, has the ability to suppress activation
of T-lymphocytes, more specifically Th-1 lymphocytes. The
coexpression of CD86, with costimulatory mclecules CD28
15 or CTLA-4, and a tumor antigen cr an antigen from a
pathogenic organism, has the ability to activate or
enhance activation of T-lymphocytes, more specifically
Th-1 lymphocytes, and to promote the growth of other cell
types. The coexpression of CD86, with costimulatory
20 molecule CTLA-4, has the ability to suppress activation
of T-lymphocytes, more specifically Th-1 lymphocytes.

D N A Human Human Mouse Mouse Rabbit Chicken
a n d Homolo Homolo Homolo Homolo Homolo Homolo

25 Amino gue gue gue gue gue gue
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Percen Sedquen Sequen Seqguen Seguen A A A A
t a ge ce) ce) ce) ce) Seguen Seqguen
8 e g ¥ e n% % % ce) ce)
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Tty ty ty
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5 Exanple 3 Use of feline CDBO (B7-1), CD86 (B7-2), CD28, gnqd €FpApdy |

Vacci nes 10 The foll owi ng experinents are perfornmed to evaluate t he

i mmune- enhanci ng activities of feline CD80, CD86, CD28, dkiﬁﬁfﬂ@%

feline vaccines. 15 In an alternate procedure, cats at 8 wee e are
injected intranuscularly with 100g of plasnmid containing cDNA for feline
CDS80, CD86, W®¥5S7Hhd CTLA-4 nolecules in a mxture w th BCRP#E/SE2
containing cDNA for FIV env and 20 gag or FelLV env and gag, or
alternatively, injected intramuscularly with 100g of plasm d containing
CDNA expressingnpairmﬁse conmbi nati ons of CD80 and CD28, or CD80 and
CTLA-4, or q] or CDgg and GLLA-4 1pgired wth CD28 or CTLA-4, in
a mxture mnth asm d 25 containing cDNA for FIV env and gag or FelLV env
and gag. Cbntr6ﬁgéa?s do not receive CDSO, CD86, CD28, and CTLA-4. Cats
are challenged with virulent FeLV or FIV and observed for signs of disease
as descri bed above. The results of the chall enge experinent are that cats
30 receiving the_c vector containing feline CD80, CD86, CD28, and
CTLA- 4 and TtDNASFEBPOF tontaining FIV genes or FelLV genes show 100%
protection from di sease conpared to cats receiving only cDNA vector

containing FIV geaess ofelimeldbgengs-who siwew (8562 pr afmeet,i andf epmdi sease.
35 In an alternate_procedure, cats at 8 weeks of age are 45 0 7 SEP 2009
1.9 SEP 2002 WDO'99 )]g?‘éﬂ PCT/ US99/ 09502 i njected intramuscularly with 0.1
to 100 ng of purified protein for feline CD80, CD86, CD28, and CTLA-4

mol ecul es 1@r almer Aatiyelng PalekBinst: € pattoptedftCleBA10ac£08G: paired

above. and | nj ecUEC By Faieg, APV FCR 37 ep Bng Jorhe " SPORT R L

vacci ne and CTLA 4 in feline vacc1nes

i5
In an alternate procedure, cats at 8 weeks cf age are
injected intramuscularly with 100ug of plasmid containing
cDNA for feline CD80, CD86, (D28, and CTLA-4 molecules in
a mixture with a plasmid containing cDNA for FIV env and

20 gag or FelV env and gag, or alternatively, injected
intramuscularly with 100pg of plasmid containing cDNA
expressing pairwise combinations of CD80 and CD28, or
CD80 and CTLA-4, or CD86 and CD28 or CDB6 and CTLA-4
paired with CD28 or CTLA-4, in a mixture with a plasmid

25 containing c¢DNA for FIV env and gag or FelV env and gag.
Control cats do not receive CD8C, CD86, CD28, and CTLA-4.
Catg are challenged with virulent FelV or FIV and
observed for signs of disease as described above. The
results of the challenge experiment are that cats

30 receiving the cDNA vector containing feline CD80, ({b8s,
CpD28, and CTLA-4 and c¢DNA vector containing FIV genes or
FelV genes show 100% protection from disease compared to
cats receiving only cDNA vector containing FIV genes or
FelLV genes who show 75% protection from disease.

35

In an alternate procedure, cats at 8 weeks of age are
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containing FIV env and gag or FelLV env and gag. Control cdf3 SeP rajis

recei ve CD80, CD86, CD28, and CTLA-4. Cats are challenged wth a virul ent
FIV strain or FeLV strain 10 and observed regularly for devqlfmﬁz of

di sease. The results of the challenge experinment are that cats Teceiving
the purified protein for feline CD80, CD86, CD28, and CTLA-4 and subunit

vacci ne cont YQIMHREI V or FeLV show significantly reduced?$HEPGERE of

di sease 15 conpared to cats receiving only subunit vaccine containing FIV
or FeLV proteins. Exanple 4 20 Use of feline CD80, CD86, CD28, and CTLA-4

to inhibit and idgstrey inmrmeellagiywiith Dunococebd snd redmparcaiedr e

transfected withacuoqt ol XPLESHIRY b8ld NeoEDSG.f EDB0: iacapbipati on

with CD28 25 or CILA-4. The transfected tunor cells are re admni stered to
the cat, and t hépresBRERT b the PEBEYSS (BB IEDEEDS difd EPLASHE TRER he
surface of the tnamredcetilch CAR§esra Bidad proustgl=ngiibzn nespohirantn
transfect edsand cgign- t ransfeet ed Jdumineg! | sapgsall tingnin KijhlbRge®f 30

| ocal i zed and netastatic tumr cells._In al ternate racedure, vectors
expressing feli H@%%HSSPE?%G “ilﬁlh §0?‘rb?c?1gltrblooﬂ19v\n° haﬁﬂ%nd'r% EITAL are
injected directlgontinngng Flihony and gag eeSEL rgvi and doadohrinehol ogi cal
retSpo?Sf. tot the éelt@l)rdocellg)llzs réleéw—é L%moi,n cb'egl, | og2®f angeﬁ dreaaki, Zeﬂtﬁgg/ £ 7971
netastatic tunor_cells a .

PCT/ US99/ 09502 ?ﬁfaﬁkﬁ&%@ﬁ&fgﬁcfﬁ%u&%ﬁﬂ%%éﬁéﬁ %][S)E%H%OI\%&%%&HI ON In
addi tion t&0cyt ckichedsesgRe Eeprizmtinf d0& FeretaPeaithafe diseefeshdih to
enhance or suppress:iasdi 6Ei e | AAHDEernd €8RPEBANe{ED8Aré Btk | 8abs

accessory ol e?%eecéj{%% bicpds pT;lH:E:?ié&C;gPé@Jirﬁ%% %ﬁh%e'dp%oﬁ Fegggan et
al ., 1989). This interdction‘functionS in the delivery of a secondary
Cpb28, and CTLA-4 and subunit vaccine containing' FIV or
FeLV show significantly reduced incidence of disease
15 compared to <cats receiving only subunit vaccine

containing FIV or FeLV proteins.
Example 4

20 Use of feline CDBO, CD86, CD28, and CTLA-4 to inhibit and
destroy tumor cell growth.

Tumor cells from a cat are transfected with a wvector
expressing feline CD80 or CD86 in combination with CD28
25 or CTLA-4. The transfected tumor cells are re-
administered tc the cat, and the presence of the CD8O,
Cb86, CD2B, and CTLA-4 on the surface of the tumor cell
ralises a brecad immunological response to transfected and
non-transfected tumor cells resulting in killing of
30 localized and metastatic tumor cells. In an alternate
procedure, vectors expressing feline (D80 or CD86 in
combination with CD28 or CTLA-4 are injected directly
into a tumor in a cat resulting in a broad immunological
response to the tumor cellis resulting in killing of

a5 localized and metastatic tumor cells.

Example 5
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stimuli that, in conjunction with the primary signal deli\efeSE®yiIgcell
receptor recognition of antigen 10 presented in the context of MiC, results
in Tcell activation and proliferation (Allison and Lanl er kégfgﬁ

Al though it was first described as a B-cells antigen, 1 i
subsequently been found to be expressed on a variety of ceII gy es, nost
with anti gen"Br&¥@Hting capabilities 15 (Freenman et al., Pf&8§§%0o

pri mates and rodents, the CD80 nolecule is a 60 kDa pol ypeptl de corrposed
of approximately 290 ami no acids (Freedman et al., 1987; Freeman et al.,
1989). The confLeNENG ANDOFEQUENGINGa DFVEERINE1@D80I dos®quence suggests 20
characteristics that distinguish it as a nenber of the i mrunoglobulin

superfam |y (| ggpdiRRaclnet al ., 1995). It is conposed of two
extracel lul | ar IgSl}: d mai ns, a hydrophobi c transnmenbrane domain and a

short cytoplasmic tail (Freeman et al., 1989). The extracellular domai n of
25 the mature pEPtIMELRan & EY4okirgslusompeldr mingace gSkecykad disive

(V) -like regi onpéeh| enednbyoca 4@ ner acugptgSE acansdrante ( G)mnm'nbke

domai n ( Freenman g@a%) h ugan ot has ht tenti al
NI i nked %I ycosgiatl on sites, gng) a]1 %ﬁ ‘%gettgr%%g{(rar?ulreém 'feh%e 1’530 hi ghly
gl ycosyl at ed FeCEPBORYHS @nr"ésqeé&és %‘T‘e@“ﬁét et telfilougl?ﬁ?affb b&higvol ved
in binding to CD28ewictGEA-finadonkhey atiee cansidenedoto abes@fdreﬁtr@d

opposite the pr i ng..d n r e I her nor e,
renmoval of the %a dr a%ée]I rgrsll gz{?gg Héggéﬂr)\ogagh tetgr@ prli[%% m?Hlnt%e t he
bi ndi ng capabi | ii?JrJe‘éererdat R¥r T1o84d prepeReF 3?069171%93 2069 aritggsEP 2002
WO 99/ 57270 PCTHLSOOMI502n tdhat d¢dvedextf umtt MEQ, | scetsmlbncrienase tdedl

sol ubi lity of thtl@glrc@p%hu @&pﬁﬁdt%nofmibfs&pla fa%gniéf nsigy,et al.
1994a). CD80 bi n? to two dis nct ecep express 5 di ffer ent

times in the coft ”(9[h th‘%ﬁ‘ﬁ aCEF Eic&’l 2 Ps°% &nﬁ?"lg%n'\/é%qsé’ty of

thynDCytes and hafveukgphuently been found tc be expressed on a variety
cf cell types, most with antigen presenting capzbilities
i5 (Freeman et al., 1989).

In primates and rodents, the CD80 molecule is a 60 kba
polypeptide composed of approximately 290 amine acids
(Freedman et al., 1987; Freeman et al., 1989). The
confirmation of the putative amino acid sequence suggests
20 characteristics that distinguish it as a member of the
immunoglobulin superfamily (IgSF) (Peach et al., 19385).
It is composed of two extracellullar IgSF domains, a
hydrophobic transmembrame domain and a short cytoplasmic
tail (Freeman et al., 198%). The extracellular domain of
25 the mature peptide has a 124 residue NH; terminal IgSF
variable (V)-like region followed by a 100 amino acid IgSF
constant (C)-like domain (Freeman et al., 1989). The
human counterpart has eight potential N-linked
glycosylation sgites, and although the mature peptide is
30 highly glycosylated, these carbohydrate residues are not
thought to be involved in binding to CD28 or CTLA-4, as
they are considered to be oriented cpposite the proposed
binding domain (Bajorath et al., 199%4). Furthermore,
removal ©f the carbohydrate residues does not appear to

35 influence the binding capabilities, rather it is proposed
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activated T-cells, and has a denonstrable role in T-cell a@t?vﬁp Frand
proliferation (Aruffo, 1987). The second CD80 receptor, CTLA-4, is usually

found at a later tine on 10 fully activated T-cells (Linsley egegﬁ,l
1991b). Although a role for CTLA-4 has not been defi nitivel3} 00 shed,

it is hypothesized that the nolecule may act to suppress an active and
existing T c&Y®9%8%¥ponse (Hutchcroft and Bierer, 1996). 1BCHHEE%d

nol ecul e itself does not appear to have signaling capacity. The
cytoplasmc region is relatively short with no residues with denonstrable
signaling or engyamttheirffmcitiion (battedgicretsalthe X804pbilThe dadheof

conservation i ngkpe, C¥i0RlaSPoethish! cbetBECR I EETRIN (AR vaRE hyman
pepti des al so ref I ects the probability that the CD3O | acks si gnal i ng

function and act %?Iely to cross- link CD28 or CTLA-4 (Linsley et al.
1994a). The interaction between CD80 and CD28 has been denonstrated to be
necessary for thesomatibimdd orrcof trai véistinct- cebtepticrsan eapteysdded a5t at e,

thus initiati ngd@f@éfé?ﬁr Yide£ el thesponse CParlecpf Alrival?88) . Adshough
CD80 was first 1dent ed on activat edé% cells (Freednmap et  al. 1987),
b

it has subsequehflyt PBurtl SATABEY SEREYEES, FREsPBR%E A gen
presenting cel | sctihehueld iy B0 lsacrophzagesy nenosyt e lereddnan Bicedll. |

1987), Langerhap.sivselds &ﬁy'ﬂngEP@rﬂléﬂ (Ar‘gi@@g) 1gbendri the s&bdmm (Liu et

al ., 1992 activated T-c¢ Razi varlet of

t unor Iln)es (Ch&ERR reaﬁePtoﬁgg%(LA %’he:LS é‘?i?‘n’éef%’fngit ﬁé)ac%@% Frof €812 )c/)n APC
has been stiown tfolbe BFivaped tZuselia tM@S&eY|%talon b¥°ot-h &bghoughd CD8®

T- ge:_| s 48 895 Zsﬁgllgo.@&r dﬁﬁﬁphagggime@{ @EZZﬁﬁPﬁhﬁlﬁ}SQl%/caﬁﬁﬂaqec{ Al sFln
and Lani er, el | one et al ., 0 t he ol ec orma
only present at - stgnitPeant>1%vel4on" 5 & esgflg%arpay PE- 6 2 Euf%resss“ d
| i nes have been aﬁeﬁi@ﬁswaﬁéé esispinedll aekl tWPﬁD@ﬁal(ﬁHQChSﬂPﬁﬂ et e (Chen
et al. , 1992) Blerer, 19%86}.

15 The D80 molecule itself does not appear to have signaling
capacity. The cytoplasmic region is relatively short with
no residues with demonstrable signaling or enzymatic
function (Hathcock et al., 1994}, The lack of
conservation in the cytoplasmic tail between the wurine

20 and human peptides also reflects the probability that the
CD80 lacks signaling function and acts scolely to cross-
link CD28 or CTLA-4 (Linsley et al., 1994a).

The interaction Dbetween CD80 and D28 has been
demonstrated o be necessary for the maturation of naive
25 T-cells to an activated state, thus initiating a primary
T-cell response (Damle et al., 1988). Although CD80 was
first identified on activated B-cells (Freedman et al.,
1987), it has subseguently been found on most subsets of
professional antigen presenting cells including
30 macrophages/monocytes (Freedman et al., 1987), Langerhan's
cells (Symington et al., 1993), dendritic cells (Liu et
al., 1992}, activated T-cells (Razi-Wolf et al., 1992) and
a variety of tumor lines (Chen et al., 1982}. The
presence of the CD80 molecule on APC has been shown to be
35 important in the activation of both CD4" and CD8" T-cells
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In response to transformation, it appears that some oncogenic lin%ﬁlﬂ
up-regul ate CD80 expression. In these non-antigen presenti ﬂg7 SEP rived

tunors, as well as in sonme imortalized cell lines, CDSO is surface
expressed at 10 levels sufficient to pronote full T cell actl$4EP & (Chen
et al., 1992). Although the kinetics of expression are wunclear, it is

possi bl e t hawd e deri ved CDBO may be a response to t hePCTHHEHEBEM c
insult,” and an evolutionary nmechanismthrough which the i Mmmune system can
remove 15 transforned or tunorgenic cells (Antonia et al., 1995). The role

of the CD28-B7 i(ﬂ?ﬂg&ai ), PPREAE Sy CF ifddual kB114Md My Tacel liggdivation.
The recognition o

antigen I n he cont ext of tf,f VHC t))fy t he TI%‘:R i:ﬁ: in
itsel f insuffiALERPUED iM% i ACLSEBLT nal® pPSETFerht iBHYan8 38 ct iVat i on of
T-cell's (Schwar 2gnif8@nt TERe3Ei pol arpbessionalhdPibsente BN cesisory

signals can | ead;}0s & 8fcdb8e@lder@RBEIN & Y RRL LEHONSI &/ &IMRS §1ghaTiree! |

popul ations (Jenkins et al., 1987). bi ndi ng of the CD28 nol ecule on
the T-cell it hmf’ﬁ‘éc‘&%o(%neeﬁl %Zb'n ]H}g)anti gen 25 presenting cell appears

to deliver the second signal required to activate the T-cell (Schwartz,
1992) When the 1hCRrésp@ngaged, tiransherwdsiemce of tEppsasecdddtsi gpied ,

nai ve cells do | vat e andrecagpbecemBraseii C  {havhese et al .,
1995). This cri{%?ltgg gggﬁlﬁéétﬁ% S9a 50, B0 hr X

, 0,CD80 . nteraction en. clearly

‘defined not onl yoPReRREER PP 50 SFIia‘?%v@'tm@ce’ﬁ's,asnd”{ﬁgl g% |ﬂ-ﬁ cD4'

Thl and Th2 cl coes amubutailiecdnwkliekbrgs COBS0 Tig elrfagR re paESFEBNE snal |

rﬁst E.?EAD%%BZ“?%"’@?%OM%H@H@% l%&o(nlai:@lsﬁﬂ/l at cedl.acdO83dpn 36hds with

t he - am_|ly, there i so_.at_.l east _on > 29 19

SEP 2002 WD 99/ $F2PE PCTH 099/ oé%g‘%‘m%a‘uhtei %ﬁ%?&c‘g%n%req‘ 2%3558‘3 725 ated to

CDBO. Initial stndices. att ehptiqrgibdedehdhstere SeREVENPHE afeE BF TDBO in
‘a primary i nmune.JLspaBsecenseunseEdikbriiiohheust becausean attdlanghnhe

I ntroduction of égghéﬁﬁég IJH%O%%RGQﬂﬁEE}”E%e immune system can remove

15 transformed or tumorgenic cells (Antonia et al., 1995).

The role of the CD28-B7 interaction appears critical in
primary T-cell activation. The recognition of antigen in
the context of the MHC by the TCR is in itself
insufficient to initiate optimal proliferation and

20 activation of T-cells (Schwartz, 1992). TCR stimulation
in the abpsence of accessory signals can lead to a state of
anergy or hyporesponsiveness in T-cell populations
{Jenkins et al., 1987). The binding of the CD28 molecule
on the T-cell with the CD80 molecule on the antigen

25 presenting cell appears to deliver the second signal
required to activate the T-cell (Schwartz, 1992). When
the TCR is engaged, in the absence of this second signal,
naive cells do not become activated and can become anergic
(Lanier et al., 1995). This critical role for the CDZ8-

30 CD80 interaction has been clearly defined not only in the
activation of naive CD4' cells, but also in CD4" Thl and
Th2 clones and naive and memory CD8" T-cells derived Irom
small resting peripheral blood lymphocytes (Linsley et
al., 19%3a).

35 As with the CTLA-4/CD28 Eamily, there is also at least one
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5 responses, the addition of nonoclonal antibody (mAb) to W%ﬁz
seemto elicit anal ogous results (Lenschow et al., 1993). $ prrent
of CDB0 knockout mce inadvertently led to the discovery of the second
CTLA- 4/ CD28 receptor (Freeman et al., 1993). It was felt tHd&SE0lthese

m ce woul d share a sinmilar phenotype with previously devel o;r)ed CD28
knockout s whd¥RSM78H i nadequate T cell response (Freeman &CTHP/095993) |t
was found however in CDBO knockouts that a normal response devel oped and
that APC were able to provide the necessary secondary signal 15 for T cell
mat urati on (Freed@itebtnal . coll0s) . r&tamdhess ave@s Wd scee@econdi £cept or

was hypot hesi Ze%_}%%lqegvggﬁ%@éﬂlge £ 30hah&%k e RS %HQS%@% SSﬁV&Sé’o of the

rel ated CD86 tor seens to have Ve
di screpanci es fdtné FPREDE0 1 KRYEK FFEERAT ?I?Fcﬂ’élﬁjeﬁﬁétﬁ’wlﬂsmpﬁﬁa‘éﬁ uct ur al
and bi ndi ng si mdlahbtuges thef liactsdbdiei orprabhatiiA -ty gt hahibheedol @euwhes share

a conmon fu§Ct'(yés§queQr'Qﬁ@ é&iﬁéyﬁﬂc%fekoﬂgcloﬂéﬁﬂgntlggg Qﬁib?)to

denonstrat es sone Si arltg 0980 sharin ast uct éSlmIar
extracel lul ar | JSBO\E1@IGn5=9B %& E%"egﬁ% o %éfr?&H ensc 6935t

overal I honol ogylbet wee t-he nDiecdeeslopmerer of s s kmﬁkczﬁ% ¢t

gonser ve?Br esi dttgel%dﬁ;@yegn%ﬂt 1&d e OtlEh@p@J{Edotv%rgla%Qs ok sﬁgbhde&&nﬁcel I ul ar
omai ns aj ora ile in region ha

defined for eitHe) F%%rﬁ %%ﬂpiorB%FTseeed[l?élnSE ﬁg dlo%g’)has r'6Vi %539 g@%ecti ve
regi ons ptoposeadiess potemoudf shanss aopinidear ab@ﬁlWP@LWh@P é¥e€t10u31¥,
é%ﬁa)- Desg! te cieh)%l'o%‘é@ @fnz@orksl@&kaﬁi;@nwh@%haad lgaaéqﬁé&aéersi:aii ar
inding avidities to both receptors a c

rapidly from CTUAE™"S5 (insfe B Otet al’. %%g % kg&g%g}&s“%&%%s are a

simlar expressi@fpdrrcs ﬁu\?\ftqfha%@ G‘OWSEF%WselQe'S‘EPD%b?n@Dtb@V 57271
PCT/ US99/ 09502 GidBGrereeianleexpr psseiionactieratedry setdriiar]- eebhs]

ma‘crOphage§5 andfcfpl?‘oggifﬁnaczéég%ﬁt(queemallxggg‘agl., 1993). From these

results a second receptor was hypothesized and eventually

isolated. The subsequent discovery of the related CDB6
(B7-2 or B7-0) receptor seems to have resolved the
discrepancies found in CD8C knockouts and in conjunction

20 with structural and binding similarities reflects the
probability that the molecules share a common function and
origin (Hathcock et al., 19%4).

CD86 {B7-2) demonstrates some gimilarity with CD8O,
sharing a structurally similar extracellular IgSF V-region
25 and C-region {(Freeman et al., 1993). Overall homology
between the molecules however is less than 25% with
congerved residues found scattered on opposite faces of
both extracellular domains {(Bajorath et al., 1994). While
a binding regicn has not been defined for either ﬁolecule,
30 sequence homology has provided prospective regions
proposed as potential sites of interaction (Linsley et
al., 1994a). Despite the lack of conservation, CD80 and
CDh86 share similar binding avidities to both receptors,
although (D86 disassociates more rapidly from CTLA-4
35 (Linsley et al., 19%5a).

CD86 appears to share a similar expression pattern with
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Ki netics of expression however are slightly different for gt
nol ecul es (Hathcock et al., 1994). CD86 ge%eral ly 5 appearg Empﬂq n an
active i mmune response than CD80, and appears to be constituitively
expressed on nonocytes (Freeman et al., 1991). Wile CD80 d&Stfpl#lar as
late as 24 hr after initial stinmulation, CD86 appears early in the
response or weshennd expressed constituitively at |ow 10 |RST&ISS¥02myel oi d
cells (Hathcock et al., 1994). The two surface proteins evoke simlar
‘intracel lul ar responses whether bound to their respective counter

ggggp;g: Saggeas'cbggr %ngore?)g?%ss&lc%lnl Sarl]&ﬂ—la?@ti@a 8 8klis 1995¢eliKhere
ence in _the ility of eit | ecul e

toinitiate the@&??@éﬁ%ﬁ ed!pfrglnlofzgra i oﬁEP BT ggl I é§of tl(l;&%?h uce CTL
activity (Hath&ooktits aif. exmg%lonThewevw@r@aﬁélgky@@é&@fﬁﬁaﬁt ¥t h
;fglsggglt es : ni t'é:hﬁ @wi'n@tlleéﬁléé g(mﬁlth@@@c@deauppmgglao ndiacmpet gefER8I Dy CTLA- 4

ive cock e l.es 0 mto
bi nd t hese %o taé’lpeafgcgﬁfgjfef i hane a%ll Ri fi @%lg%rqe)lén & ggngﬁggl (I:%iﬁ?
differential ef faoct sppeRrHstaurkd @&Pséét‘ﬂbtlt‘f?éife\‘?i‘ipﬁ?ﬁﬁfiaﬂf eRghY¥$tance of
this "two |igand/Freemaeceptar’ syshem whisai@rgoetkaal appd9%E. 126 CGBB0 was

originally descrjbed as. a. qﬁgg%l fQn &S‘Ldn cg@éj agpleghs | &vals 1af chot h CD8O

and CD86 are fodnd on B cel Stismul |po ol sac harl de cgLPS)
anti-1g, anti- CEEPONEENCHnaval Fornd (W%SE c,&?\ﬁgs Euat
(Hat hcock et al .1ev:9949n nyllpiancellils SHhaueoteat @h@vxnl?MBO tT]bP—ré‘ngl ate

CDB6 in nurine B cells ﬁx%%ég.gsn%vgﬂéas@ﬁx@la@véh{:ﬁﬂ@ﬂuﬁ@.@ trhepBdsas system
or for CD80 in regargs to hese | muno-re ators 93a)

The kinetics ofW*é?)FpS‘reé's§°6’1‘?daF€ Heght Irﬁsaig‘?'f’e St el§ Eelcfeg%?%roréach
nmol ecul e. CDB86 issitexar €9gbbreabBy afdedd s35Lanigmleat Bén. (5°H)). WAPPESCDBO is
n}?i przgeﬂt untid.al st .24:h randedags Aotrepacd: pealkRxpLesstonoant |
arter 5. o1 0 7 SEP r%olegcullg SEP qugtz\!\(%eggl §Z§71£§ﬂr5§§&{ 09;93
proliferation of T-cells or to induce CTL activity
{Hathcock et al., 19%4). Thus, the data suggests that
both molecules initiate a similar signal cascade upon
binding to CD28 or CTLA-4 respectively (Hathcock et al.,

20 1994) . As both molecules also seem to bind these counter
receptors with equal kinetics and do not elicit
differential effects, it is unclear as to the evolutionary
gsignificance of this "two ligand/two receptor' system

(Lanier et al., 1995).

25 CD80 was originaily described as a marker for B-cells, and
high levels of both CD80 and CD86 are found on B cells
stimilated with lipopolysaccharide (LPS), anti-Ig, anti-
CD40, concanavalin A (Con A), cAMP, IL-2, and IL-4
(Hathcock et al., 1994). IFNy and IL-5 have been shown to

30 up-regulate CD86 in murine B-cells, though no data are
available from the human system or for CD80 in regards to
these immuno-regulators (Azuma et al., 1993a). The
kinetics of expression are slightly different in B-cells
for each molecule. CD86 is expressed early after

35 stimulaticn (6 hr) while CD80 is not present until almost

24 hr and does not reach peak expressicn until after 48 hr
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(Lenschow et al., 1993). CD80 up-regulation on B-cells al s& f%&ga Eﬂgto be
regul ated by MHC class Il nediated signaling (Nabavi et alV, 2?. Two

ot her surface receptors also appear to be inportant in CD80 surface 5
expressi on. Cross-linking of CD40 expressed on the B-cell byISEP@MLT-cells
expressing the counter-receptor, resulted in increased CD8Q expression
(Azuma et al WOMGIHB) . while cross-linking the Fc recept of CHEWA®TEYul at es
the expression of both nolecules (Barcy et al., 1995). 10 CD40 and its

| i gand CD40L have been proposed as a pathway through which CD80 expression
is regul ated on ARG ddMge et alal . 194994) .coE4Qp-segupiteksedroB-aclasi ety of
cell types, includin I d b Il s i sts

and human endot hae' Tal Q%%a[%? atfldd ﬁig;rqpeg%h%%??e%%ldg!tﬂgd%ol%%ﬁ%tlhe“{segugg% s in
the presence of $FRAlirge BHVAt °f) 21-1983872) The €0 APFanFEERIBL) is
expressed on actéygitet=CDdisol-agldas. tollte bimghintgnof iGDADEYy ODFEtehas
been shown to “pézg%‘éls%ﬁ. ClBQsEXPI B0 | dhadPexptdiddnon | {hdQe ROt
‘appear to induce expression in other céll 20 ti‘ es_expressi ngr thﬁgrgceptor,
i ncl udi ng endot HeY i1 °FeFTeliEpalR %S 18p. tha 66 g.te"i fﬁeéc B* and Toss

mol ecul es, thougin sirarienged 68180t hapresfionanfrenacitd dldent PE3IR) haddle

structural simlapiides Andqar &ne hopght rb@edhierdi stamtIdeqighated ¢heeeman

et al., 1993). 25 The honol ggous resi dues afe concentr at i:n the 1g-like
9r@?§h§€ ec f % { q%%%}.

domai ns, with fefRfEE Vel H-the Transmendbr ane cyt opl asni ¢

domains (June et al. 1995). A famly enconpassing the 37 genes has been
proposed that woobsh dnd iaddiidgeod CD4CD3GRvende€b8Bronareidude dHurailoelyi | in

BT), 30 lin/olj : iy (MIB) & hbek -
o 0g B (Ll nErtSReadien Bt usaniabe e red i BpOkerdd

MHC gene conpl ex?l%i]&t’?‘lsai ’scggéoalsiﬁ%ﬁ?g% %gg—"l E’F%%%}Effl Fﬁkfggefp\cfi\e%gnb%/htehe
MHC and the requhsldidingost ¢eillsat spyoguslese uflenriitinsteldset faproblagdap) . 35

Resting nurine andghyiRan Te68bd1s19%0" €83 150wnhlevehsnef upSZefulatddP 2009 1

9 SEP 2002 15 these cells in the presence of IFNy__ {(de Boer et
al.,_1893). The (D40 ligand (CD40L) is expressed on
activated CD4* T-cells. _The binding of CD40 by CD40L has
been shown to up-regulate CD80 expression in APC, though
it does not appear to induce expression in other cell
20 types expressing the receptor, including endothelial cells

(Page et al., 1994).

The CD80 and CD86 molecules, though sharing less than 25%
amino acid identity, have structural similarities and are
thought to be distantly related (Freeman et al., 1993).
25 The homologous residues are concentrated in the Ig-like
domains, with few conserved residues in the transmembrane
or cytoplasmic domains (June et al. 1995). A family
encompassing the B7 genes has been proposed that would, in
addition to €D80 and CD86, include butyrophilin (BT},
30 myelin/oligodendrocyte glycoprotein (MOG), the chicken MHC
analog, B-G (Linsley et al., 1994b). BT, MOG and B-G are
all encoded by the MHC gene complex, which raises a
potential evolutionary link between the MHC and the
requisite costimulatory molecules (Linsley et al., 1994bj.

35 Resting murine and human T-cells express low levels of
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WO 99/ 57271 PCT/ US99/ 09502 CD86 while human and nmurine T-cells (and T cell
clones), activated with anti-CD3, express CD80 and CD86 atll 7 bbbl e

| evel s (Hathcock et al., 1994). The expression of both CD8Q agﬁl(&ﬁ? on
activated T-cells may 5 reflect the ability of T-cells to e>1|f9a

autocrine costimulation (Azuma et al., 1993b). Interestin P%Ty CD80 has
been shown tWOWSTRLregul ated on HIV infected CD4' T- cel IECTURPYpso

conconm tant CD28 down-regulation. It is proposed that this is a possible
mechani smof viral 10 transm ssion when uninfected CD4' T-cells initiate
CD28/ CD80 nedi atesk Qﬂ'[ﬂl&cﬂdu%hhaﬁch&ndrﬁfn%Ct'edeiWﬂh@ﬂyt[‘eseli( Fda[fdr&rs)et al .,
1993). Hunan pe bl cyies e I lbev and
%ng%%]d L2024 MROOCY AL, G\/% b éés %% g g0

hi gh | evel s of | e "eXposSure 10 resuﬁts in the
up-regul ati on O?P%{ﬁqle?@éeexﬂﬁé’%? onEFthseCk CBBO ahd- YBarcy T8¢ al .,
1995). LPS is aecgpredagoni sflugeh absCDB expsessi artivatkednBnceers plagr al

bl 00od ' monacyt ese (SR ! et Rl 0el904ka1 M0cdabBpksa 1400 L@t crdhe

peritoneal “nmacrophages in the stem restin

macr ophages expfe¥sMgRtiew el AZpR and? é@)@% (@rteeé%ﬁﬁl%? 3é1 C%8f991

Hat hcock et al.hd9%Ben lsRSwando He-Np- stegulﬁnaid on BEVnimfentatnEP6bFages

‘i ncreases SurfaE§11§XpF~§§ﬁ' %ncbmya& | EbYs i Hoﬁﬁniaéélﬁﬂaltq@nw thrg nt1%rl eukin
10 down-regul at es botqp Ecep%&ﬂs g et al. 23han 155 Spl e (1endr|t| c
celI's express | BAPPRYR] s "Rt ulkEs é%eLénn SPRER™ s “Lel s expr ess

| ow | evel stiof €EP8BsMiZrERgh mhemurluwgnﬁeﬁ’@%dt@ﬁ’%cr é’a§é1b$<pr 8’5 HAFS n both
cell types (LarggpsftDd) mediQ84). cdirAandiiichi €he Colteire@DEompPPEaies t 0 be
nore strongly uq-rggul atted aft(fgg? 0 culturing, appears earlier, and nmay
play the nore i AntT Foé I dendrl tic cell mediated signaling

(Hat hcock et al., 1994). Interestingly, though IL-10 has no effect on CD80
expression in dénaent pertehexal (Blaet sronogydean ek st EovCDBE b&pradssi on
(Buelens et al. CDé-Qgé-)d h%éhqgﬂl%r by ebs@l .wHil@93xpseper tredchhasr whi | e

Lnitial Teyels gf, CRAQWE" Gl G HPOLLITLYER! P D BG0LId L€ SCELL ST esent

both CD80O and CD86 (Barcy et al., 1995). LPS is a strong

inducer of (D80 expression in human peripheral blood
monocytes {(Schmittel et al., 1994). No data is reported
on peritoneal macrophages in the human system, but resting
20 murine macrophages express low levels of CD80 and CD86
(Freeman et al., 1991; Hathcock et al. 1994). LPS and
IFNy stimulation of murine macrophages increases surface
expressicn, though IFNy in combination with interleukin 10
down-regulates both receptors (Ding et al., 1983).

25 Splenic dendritic cells express low levels .of both
molecules and Langerhan's cells express low levels of
CD86, though culturing tends to increase expression in
both c¢ell types (Larsen et al., 15%94). In dendritic
cells, CD86 appears to be more strongly up-regulated after
30 culturing, appears earlier, and may play the more
impocrtant role in dendritic cell wmediated signaling
(Hathcock et al., 1994). Interestingly, though IL-10 has
no effect on CD80 expression in dendritic cells, it acts
to down-regulate CD86 expression (Buelens et al., 1995).
33 O'Doherty et al. (1993) reported that while initial levels

of CD80 were low, upon maturation, dendritic cells present
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0 7 SEP 2009 1 9 SEP 2002 WD 99/57271 PCT/ US99/ 09502 hi gh@r Iﬁgeb of
CD80. Langerhan's cell expression of CD80 is inhibited by Jtl$ L+ and

| FNy, but GW CSF exposure can reverse |FNy inhibition, though not IL-10
inhibition (Ozawa et al., 1996). 5 In humans and m ce specifil§ SEPtIR2i nes
have been denonstrated to exert control over CD80 and CD86 ' expression.
IL-4 is a st mogsimducer of CD86 and to a | esser extent OBSUUYHIBILel | s
(Stack et al., -1994), while IFNy increases CD386 expression on a variety of
cell types 10 including B-cells nonocytes and nmacrophages (Hathcock et

al ., 1994). ThoyghLENY 38peaps LBaHP- I eghbalifR0te19XRG 8L Nos

nonocytes, it may act to_down-regu expression_in_macrophages. |L-10,
even in the pre e b IPENpLE t]%Yt]BOUb\A/ﬁI-"rJe(bu?%‘%eI%O Bﬁ‘a %BB%SF
expressi on on lexpaecyt esn( PDengred arNy 193)itidhi s thptehaobt oALAdY be a
pot enti al rrechary%rﬁmbqgignsy@gaqﬁ froma THyggjesponse (DTH) to a Th2
response (hunoral) . I'L-10 however, does not influence CD80 expression on
dendritic cells (Buelens et al., 1995) . This nmay further reflect a role
of these 205nol e6ul ¥aR=T Fd%eMisShbs EPCFEHA at FHPdSedendfVEi cPERr I s are
t hought to be | MEdmariratedt heoi netdmt | enotod typer 2 COadspemnse. CDEs7

i ncreases CD8O e an on.T-gelLs N et geLh iypes
are undefined (veagemyiol, ;Ilgg%‘i; oyl SldRels (8N cBbbChn
t

Ilste - cel | CDB&) ex]t;%ge Si opl._gas been
shown to 25 be MERFESEFef<tHoGGAC 5P ARYHY & fhe’ p NF Y FeBept or
and expressi on cENybeéntneasess €H86 netdressiesepter wirieky4of Regiieicarand

Kipps, 1993} I ntgresiding ¥-dNF = bRlRRY$ oL Oatdnanma®nkast | yupfndvekeeyl es as
CD40, another potent |n|)t| atQIr of 91 expression. %w_%%Fu?QQeear $550 uUp 30
regul ate dendrit?t cefPE¥and LARGIFhan ¥ oS prEssiton c2of - Sur face CD8O,

while | FNy only eausessigp- regunendartest, D8BAYn aChest cBPYR-YAHSER et
al ., 1994). The £86QERLELHLOM mBicpbiyesandrlyisi,s «0én tiransbopratcbmrdotviral |y

infected target palls by OB LYLOLONIfack cBiol WHRNEEYE Coxl Ll HA8n! ONG
thought to be sof &y mediated _
15 monccytes (Ding et al., 1993). This interaction may be a
potential mechanism of a switch from a Thl response (DTIH)
to a Th2 response (humoral). IL-10 however, does not
influence CD80 expression on dendritic cells (Buelens et
al., 1995}. This may further reflect a role of these
20 molecules in T helper subset regulation as dendritic cells
are thought to be important in the initiation of a type 2
response. IL-7 increages (P80 expression on T-cells
though effects on other cell types are undefined (Yssel et
al., 1993), while B-cell CD80 expression has been shown to
25 be mediated through the crosslinking of the p75 TNF
receptor, and expression can be increased in the presence
of IL-4 (Ranheim and Kipps, 1295). Interestingly TNF
belongs to the same family of molecules as CD40, another
potent initiator of CD80 expression. GM-CSF appears to up-
30 regulate dendritic cells and Langerhan’s cell expression
of surface CD8C, while IFNy only causes up-regulation of
CDh86 in these cells (Larsen et al., 19%4).

The recognition, binding, and lysis of transformed and
virally infected target cells by CD8" cytotoxic T-
35 lymphocytes (CTL) was long thought to be sclely mediated

through TCR recognition of foreign peptides expressed in
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t hrough TCR recognition of foreign peptides expressed in 54 0 7 SEP 2009
1.9 SEP 2002 WD 99/57271 PCT/ US99/ 09502 the context of MHE ©ISE®s 2809( Ber ke,
1993) Recently it has been determined that a variety of surface nol ecul es
expressed by both the CTL and target cells are required fof gggpRjgete
interaction to take place (Mescher, 1992). 5 A key player in th| S
interaction WO9gEBO and its counter receptor CD28. The adt¢@8488¥PsEignal
delivered by the B7- CD28 interaction is required by CD8 small resting

| ynphocytes to differentiate to a lytic state (Mescher, 1992).

I nterestingly tft%géonéga&eogﬂmcdl flfa@éef‘t('B@:Eﬁe tlry9@>10 RecoRdar yeshahal is
no | onger required fo% t he .ex sl_gl on varl tt )y operties H—ng&l et al.
1994) . CTL have 9%5Ry BREH KRG T8 he] ortaﬁt d| atofs o

i mmuni ty. | n hurespriemsadotef betlendye \ﬂTrlu§n(1HFW96¢ reldite@rengeaietrd s, | ong
Ler M NoN- pr 0gr €58J:0kolrp1 48 A5505I ALGnk bN e Ak gNpl 91 RiclonSDB' 108mpry CTL

specific fo g,, Pol ;and_Env .and v 0 HLY PNA. and
RNA in perl%)herG}r K5 8& ﬁ%ﬁonuc%éasr 1%’5%!1:41 OE(\A'{Ifa(%1 R%daﬂmﬁ%% % SC(L):%]%ersel y, in
i ndi vidual s in tiesepaee @P8gesThy 2doFFEEEY ovidnmendeyiTred METL S P E
seriously decr ea;m 20ntaaitsisin etisal reqili®ed) . bifhecnsor r erhaeltli omeetlmc_inese

fi ndi ngs suppor thlggxggcou hg{ﬁf’gfﬂ;'ntqueb@o ang*gfcfggatt%r asPRst,

control of |nfec I on a critical establlsh g
protective i mumi3d¢)in H&?%@%h’i‘?ﬁ%&f‘@ﬁgl’ln aCGi Gtrae Eiﬁ?ﬁf@?ﬁ at ©
1996). In addi tlmonasrjaaetﬂgnlamgls:aio cdongekrategnisadi thrHhe |m<fpe*@tssman ef | ect

a_potential role f.gpCCBOoAN (CR28xbaed e BOgT es5ipn Of the di sease.

CD80 has al so been proposed to play a fole in the devel opment of the

pat hogenesis of an HV infection 30 (Haffar et al., 1993). T-cells

normal | y expr essCUpgEatut Lend yPeR™ | 'Hevevidl sbeanH“EﬁﬁtanoIWe&%Pﬁar%cvaat i on
(Schwartz, 1992)viddL i fiwirtit@.st uth ésimeh: HiMuhodetidiemeyi rvialko-(EEVhul at ed

primary T-cell liﬂ%%%té@DQQnﬁﬁggéﬁéiéf) long term non-progression is
15 asscciated with high levels of CD8" memory CTIL specific for
Gag, Pol and Env and very low copy numbers of HIV DNA and

RNA in peripheral blood mononuclear cells (Rinaldo, 1995).
Conversely, in individuals in the late stages of
infection, memory CTL (mCTL) are seriously decreased

20 (Zanussi et al., 1996). The correlation of these findings
supports the idea that mCTL may be a major factor in host
control of infection and could play a critical role in
establishing protective immunity in naive uninfected
individuals (Zanussgi et al., 19986). In addition,

25 pathological correlations with HIV infection reflect a
potential role for CP80 and CD28 in the progression of the

disease.

CD80 has alsc been proposed to play a role in the
development of the pathogenesis of an HIV infection
30 (Haffar et al., 1993). T-cells normally express CD80 but
only at Jlow 1levels and only following activation
{(Schwartz, 1992). In in vitro studies of HIV infection
in alle-stimulated primary T-cell lines, CD28 appears to
be down-regulated, and CD8C expression appears to be
35 enhanced along with MHC CII (Haffar et al., 1993).
Although a rationale for these events has not been
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be down-regul ated, and CD80 expression appears to be 35 enﬁgzggéagqﬁgg W th
MHC ClII (Haffar et al., 1993). Although a rationale for t has

not been 55 0 7 SEP 2009 19 SEP 2002 WD 99/57271 PCTI US99/ 09502 defi ned,
two potentially damaging roles can be hypothesized. The pregefgqgiRf CD80
on the surface in conjunction with class Il could result inh increased
contact bet we@PISHIected T-cells and uni nfected CD4' cel | s BCTYRYPAP? et al .
1993). Wiile this interaction could act to enhance the rate of

‘transm ssi on between T-cells, another role could be to increase CTL

medi at ed recognh&k@ﬂedand thbl | ildgevicaal he dehinagf:yg of rbhes seeandame si gnal
by theinteraC|on theCDB onthelnfec eII ththe 40 CD28
expressed by th ce Tfar°eral . 1II!Lh couf1 speed t he
‘decline in the GDZD'JuE@Ta{FPIat iWeh‘hI iTees Wt I‘?OF% d?%éﬂtoflw BRCFeticed

ill ness (Haffar cehtadt ,bet¥B883)indeatbat - dd18 snuni nenatikdtedaopsyséery t he

expressi on Of t N ek Bl 1211 I %595 br o] N5 B Ee, ifdRrdbolTRoLLANt

factor in 1 nmmune récognition of frans orne en et a 1992).

Al t hough expr es$iCort MR SGeehPe otiRte i Afs otr@nseﬁaﬁg%rﬁeawe%fm L-abi tunors
do not nornal | y aewphessrol€D80ubi HED86, indmessaekiingediateml idegbgnihaen when a

20 potential ly i jgunqgeni, § %H@{héﬂrﬁéﬂ% S EXQE@S%néa tSl Wil py
recognition by T-cel ace en et .al %‘f’lﬁ
dal

transfection exp&fi %ﬁ?@%&Pﬂg"ﬁF@‘%ﬁB& %Itei:eullé‘f%tpe%
cytolysis have peeerxpsaseesdsfwltheHOBg§E tcedlt. (HADDaW .etzalRet AB%*ral and

vacci ni al based g6t 068188 ES@SEHEQ def:!l!ﬂﬁéi i@Nahe B0 ﬁ@é@ﬁﬂl%nhayﬁk@&en used

to transfect rrall nant ce 19 4:. Hodge et .al 994) These
cell's, expressing® ﬁ’ngﬁal ti o%?'ft‘]% ASFAETT v 45t 5osrg’l y(%r egogn?%e flt’um)r

antigens, are tﬁéﬁ3ﬁe|ntroduced 30 into the host mhere it is thought that a
cellular imune response is generated against tunor anti gens expressed on

In both the murine and human system, the expression of the
15 B7 family of proteins appears to be an important factor in
immune recognition of transformed cells (Chen et al.,
1992) . Although expression has been found in sgome
cransformed cells, mest tumors do not normally express
CD80 or D86, thus making it unlikely that when a
20 potentially immunogenic tumor antigen is expressed, that
full recognition by T-cells will take place (Chen et al.,
1593). However, transfection experiments using the CD8O
molecule to enhance tumorcidal éytolysis have proven

successful (Hodge et al., 1994).

25 Retroviral and vaccinial based vectors expressing
functional CD80 molecule have been used to transfect
malignant cells {Li et al., 1994; Hodge et al., 1994).
These cells, expressing CD80 in addition to normally
poorly recognized tumor antigens, are then reintroduced

30 into the host where it is thought that a cellular immune
responge is generated against tumor antigens expressed on
the malignant cells (Townsend and Allison, 1993). Results
from these experiments with some forms of tumors have been
surprisingly effective. In many cases the host is able to

35 mount a strong cellular response against the malignancy,
and control or eliminate it (Hodge et al., 1994).
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the malignant cells (Townsend and Allison, 1993). Results ¢ SFPh@:@g
experinments with sonme forns of tunors have been surprisin JO ettrve. In

many cases the host is able to 35 nount a strong cellul ar response agai nst
the malignancy, and control or eliminate it (Hodge et al. 11952!5 Wise 0 7
SEP 2009 19 SEP 2002 WD 99/57271 PCTI US99/ 09502 Subseque

re-introduct vemes2unor cells with and without the CD80 BuFFEe&bl ecul e
into the host result in simlar levels of anti-tunmor imunity (Hodge et

al ., 1994). Thus, it appears that once nenory is established, that the

CE80 5 rfg' egul S_é&é&%eﬁ@@ igdrdutyshabh ﬂdﬂgrr@iﬁl@“%@tﬁraﬁ& witRbhtate it
if re-introduction ogcurs ese_e er|nent
denonstrate t hattq%gDé%ﬁué%Fe@ﬁf%mﬁse éﬁtaf?rll%:l%on i oln a Fful ar
imunity, and thetelisno§ pediif-temexrimmeniee| (Hedge @‘ésﬁdonsé%%:)an 1‘37@“%0

i nduced to poss'p&)‘a@@ﬁ%éocl,hatthgn!ﬂ@m@ﬁtﬂs@cisa@&aﬁlﬁl&\&l@tﬂ r ehatesikablcbshnent .
(Hodge et aI , 1994 I ncreas e pres av t

effects as “is sBRHFITHTHE IR eI o & Egs%flre :&ar‘:& ree % %IE!?TTTUE%I g

i s thought that GIBGULEIW sitherdy %'tlﬁtFEd‘i%ll%l |%E)<6+‘{Sant(ﬁ%@ei net hé‘learl y
devel opnent of nubsipl e sthesnskgpéMBenrad demsidetratien thatel thet iGpabat i on

and the devel opnent. Qf; DT (W, %hegs& erhe@lmrl%%):el@spgymmlﬁttg

aut oi nmune encep al orryel itis can Mai % i nhi bited b¥
admi ni stration ofndofdF el@TEE\e%llfd-ct ot"é,%?ﬁ@rl fENt 4t 220" SHEEEs “2Fh
i nhi bitioniaf demy@ldedatiopodmibiirecdritochki pige nofl iCD2QHCERO PneesHc ttieon,

reflects a potentigly,fQlieh@r (fdhse iRt giactigyyin exacerbating the di sease
(Arima et al., 1996). The inportance of t he 'CD80 nol ecul e |n t he

progression of 25 an effective i mune response i s c|ear. |l e the cDNA
encodi ng the protef¥eares BBEH TREFPEEE i Gy Gﬁgﬁtge%’fﬂd“er‘ﬁrallrrﬁfﬁ%c“i *%has not
been i sol at ed outsi ee0fint hes elevgloppsnt Hie sbeki Aierms o aunponanity .

conpani on ani mal ;and, RELENE I Alac™Hed Qf LELIQYIARL 158258 ikbORiAE Of

15 in the early development of multiple sclerosis (MS} and
results in T cell stimulation and the development of DTH
(Windhagen et al., 1995). Experimental autoimmune
encephalomyelitis (EAE) can be partially inhibited by the
administration of soluble CTLA-4Ig to experimental

20 subjects. The inhibition of demyelination by the blocking
of CD28/CD80 interacticn, reflects a potential role for
thig interaction in exacerbating the disease (Arima et
al., 1996).

The importance of the D80 molecule in the progression of
25 an effective immune response is clear. While the cDNA
encoding the protein has been isoclated in rodents and
primates, it has not bkeen isolated outside of these
groups. The feline is an important companion animal and
potential model of retroviral disease. Clening of
30 immunological reagents from felid species will provide
tools for research into diseases of veterinary importance
with potential relevance to disease progression or

prevention in other species.

MATERIALS AND METHODS
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30 imunol ogi cal reagents fromfelid species will provide tools for
research into di seases of veterinary inportance w th poterd 7 aSER eli8Yance
to di sease progression or prevention in other species. MATERI ALS AND
METHODS 57 0 7 SEP 2009 19 SEP 2002 WD 99/57271 PCTI US99/ 0?@ p Jhol ati on

of an initial fras%r}ent MRNA was extracted from peripher aI oo rmnonucl ear
cells (PBMOWRSfated for 16 hr with Con A using the
extraction reagent (Biotexc, Houston, TX) . Initially, 5 cDNA vvas derl ved

fromthis RNA by a reverse transcriptase (RT) reaction enploying oligo dT
as the 3' prinmeasciBti®d |of ahhenFPaBFd-aghtgd dT were heated to 75C for 3
mn to renpbve secondary structure. The RT, dNTP, buffer and distilled

wat er were then ed and. the m xture 10 ed for 1 hrt at 4
e Tont ma thi o T REA G B rRe- ol Srih o phRest s1ors Sectpsteat fate,
i nactivate the RFBMCDegeieri@tedpiraets emiradCon o wiimse 188 sRikgIdhs
V(\EA;’JI tPihn L he humﬁ?{ﬂAa@JﬁtxfﬂtﬁthBﬁ :%Qnﬂubfkicﬂﬂé&d mi&aﬁeST@GeneB@?kanty, f
| ers ur re e ove for | a LTl1Ccatl on O a
344 nucl eotl de (:)3%])35 s rdag %“én@er@é‘o g Rl\tlz'{l%gntgr %%9%%51? otr?!g\%sfﬁ R-3e

constant domai n &)t h‘@ag-“éﬁé’ %‘“Plp?}ilﬁér BAP EE ESG AGF A(CTPALEA ACC GGA
C 3' prinmer B7-3r@AGL{ATERd &G AT I66D) ET%eQAﬁa(tGE) 6 7hehoforstart

pol ymer ase chai Q‘llkleﬁgt QR g%?] oﬂﬁgkgcﬁm&(&r@m' 915{% 'EH(T%TBO' YUELASE Was

used to anplify t roduct e reaction m xture t he Taq enzyne,
was initially R&&tée %tollé&é FFESS n¥REe | Ahen haedsd aratndst‘%tf' miptihievent
the formation ofinpubawerd diomelr shr Hhie4ehzynFobdswirgddeds pinaibat oot highe

initiation of t@%m{a@&%@ﬁn@&@e&% @50853‘:3—@% '?r@% I&@agﬁamm% thenppeated to
95C for 30 sec %’F melt the doubl %é he react.ion was, fhen
cool ed to 42C f&F958°8aLe thf“ﬁa’Eisl §i”ée O%HSEF?H%“%freﬁlﬁé‘sdgb‘é%f} ate

priners. A |ow &heediumay tedperdng €DAAsruEishededeteeticrs | iGeatsanine
bi nding of primyschhatb¥¥f e MA) were then employed for the initial

15 amplification of a 344 nuclectide (ntd.) fragment encoding

a central region within the constant domain of the gene:
5' primer B7-2 GGC CCG AGT A(CT)A AGA ACC GGA C
3/ primer B7-3 CAG (AT}TT CAG GAT C(CT)T GGG ARA (CT)TG

A hot start polymerase chain reaction (PCR} protocol
20 employing Tag polymerase was used to amplify the product.
The reaction mixture, lacking the Tag enzyme, was
initially heated to 95°C for 5 min, in a hot start step,
to prevent the formation of primer dimers. The enzyme was
added prior to the initiation of the temperature cycle.
25 The PCR reaction was then heated to 95°C for 30 sec to
melt the double stranded DNA. The reaction was then
cooled to 42°C for 30 sec to facilitate the annealing of
the degenerate primers. A low annealing temperature was
employed to facilitate the binding of primers that wezre
30 not 100% homclogous. The reaction was then heated to 72°C
for 45 sec, the optimal temperature for the Tag polymerase
to extend the primer and copy the opposing DNA strand.
The temperature cycle was repeated 30 times. Following
the 30 cycles, a final extension step of 72°C for 7 min
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30 not 100% honol ogous. The reaction was then heated to 72(ﬁn f P%gg;ec,
the optinal tenperature for the Tag pol ynerase to extend t l%ill-:l ner and
copy the opposing DNA strand. The tenperature cycle was repeated 30 tines.
Following the 30 cycles, a final extension step of 72C for18 SkPrililss 0 7
SEP 2009 19 SEP 2002 WD 99/57271 PCT/ US99/ 09502 was used to facilitate
ext ensi on of warsg/suaconpl eted products. After visualizati RETIFY% agar ose
gel, the product was ligated overnight at 16C into the TA cloning vector
(I'nVitrogen, San Diego, CA) for sequencing. Two Al 5 of the ligation

reaction was usgd.tQdganss orgLeompaientxcbival 6el lany ThecdwAarskar med
bacteria were streaked onto g/ m icillin gat e wth 40

t LBXpI atﬁs %taon oIl aagp agare f gue
| of a 50 g/nPESFEEFDN dF S SUThE? T oI ToW ng day “FWhite 9¢dl onies were
sel ect ed and i nprodwtegas nti@ased] cver I affedf &C cotCaitAENG™ 19PTHEAM  of
anpicillin and growt (@uelfi@Rh, atad tEaabl hoshaEki-ngedten22hgt prrwdviii - pr eps
were performed on overnight. cu ) d ] t essed
the plasm @ wi tﬂ‘g't hiae Qﬁ%rt}el&n %%géﬁc?& &ags%ggémn%g%er%nggg? ed rpo%%'?%e
cul tures 15 usi AgveF'stcaAdar d Biek Arapef gupefsbantegedurere WER2kHe TR  bei ng
further purifiedsbylghenobo hhar afpi ol EXihmaebhoad iMinidat b3 ef als50, 1982).
The DNA was precipltat e Wy of ethanal,iapgd;ithensdi geatied W th
EcoRI. The di ggg?giy\esﬁogu\l??gﬁalqﬁegn%%la 19/?12@ rgég gjéléﬂt gaggternli e 20
col oni es with pFRIANHES hEEroREFTIEH taRe affderf Pl fdni%d Vs t hen

purified from pesbdibvecaimieingndloGeggéntedusiangieilthier Sagduediees® based

(USB, d evel and, . OH) 1335 agipl gbel adgiidgoxy 42y mpaat or sequencing or by
fluorescent dye termhator cycle sequencing (Perkin El ner, 25 Norwal k CT)..
From t he sequence of the cDNA, specific 3 and 5 prinmers_were constructed
for use in 5 rdphd-PEEDT i (St | BATEPTRINA BNASVERAEE r CAETBRE it for

derivation of thetdrmSeguenctes nthan] wackeonedi the ddgemédatetpritiy s from

the 3 untrans'%k%geeggkggéééJTRblasmid was extracted from the cultures
15 usging a standard alkaline lysis procedure, with the DNA
being further purified by phenol:chloroform extraction
(Maniatig et al., 1982). The DNA was precipitated in 2
volumes of ethanol and then digested with EcoRI. The
digests were visualized on a 1% agarose gel to determine

20 colonies with plasmid that contained the proper insert.
Plasmid was then purified £from poaitive clSnea and
sequenced using either Sequenase based (USB, Cleveland,

0H) &% radiolabeled dideoxy terminator sequencing or by
fluorescent dye terminator cycle sequencing (Perkin Elmer,

25 Norwalk CT). From the sequence of the cDNA, specific 3’
and 5' primers were constructed for use in 5’ rapid
amplification of <¢DNA ends (RACE) reactions and for
derivation of the 3’ sequence in conjunction with

degenerate primers from the 3’ untranslated region (UTR).
30 Isolation of the 5’ region

The Marathon cDNA amplification protocol {Clonetech, Palo
Alto, CA) was used to derive the 5' sequence of the gene.
mRNA was produced from PBMC stimulated for 12 hr with Con
A and concurrently 4 hr with LPS. The mRNA was extracted
35 using the ULTRASPEC RNA extraction reagent (Biotexc,
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30 Isolation of the 5 region The Marathon cDNA anplificati 2 &%‘9 @ﬁ@l
(C onetech, Palo Alto, CA) was used to derive the 5 sequ e gene.
MRNA was produced from PBMC stinulated for 12 hr with Con Al E

-concurrently 4 hr with LPS. The nRNA was extracted 35 using 318 RlkaspeC

'RNA extraction rea%ent (Biotexc, 59 0 7 SEP 2009 1 9 SEP 2%% 99/ 57271
-PCTI US99/ 0950%0 9%6%dt on TX). cDNA was produced with an anchSFUSPG8%aT

prinmer with degenerate nucleotides at the 5 end to facilitate binding of
the prinmer to the 5 nost end of the poly Atail. cDNA was then
transcribed as provitasink)D desrhi bes. pEpRricli @ikhnker snawene dlisgat ed to t he

CcDNA with T4 DNA IrhchaS %tgoggggﬁ#gﬁﬁwfe&%ﬁe%rny Rt he c%}]l% g?n th an

internal 3' pri n%rlspem i fied previous 284:
TTA TAC TAG GGA @ml@@tm’lr@e%ﬁ%w& R%‘EE’?T'FOTF%E RAATREE er‘%ﬂ:%etaﬁd an
anchor priner copplenmant@riy .t ociNte wdsgatiesh | tnkescrideduernc eprafineusayanet er s

for the tOU%AdOV@eS&Rb@aacts&%lfyé'ﬂgnéegg &@I@gm@é& waset:ﬁéecmz% Wighont ech,
Palo Alto ) 95C f or ec 72C 30 15

Wer e; '
sec and 68C for 4% Y& E @G es; 0%@?‘6‘3/ %%-‘i JEE, p@%é"r‘f‘ %h e © %ﬁé 68C
for 45 sec 5 cycvesh @5C im—emlse@’ 80@etore8@ifac ofwk 68=f orednsec 25
cycles. 1 Al of ahhiSriiRPGkEOowgs,diluted in 50 | of water and 5 | of
this dilution were then used in a nested PCR reaction 20 (95C for 5 mn 1
cycle; 95C for 30 sec, 65C for 30 sec and 68C for 45 sec 30 cycles with
Kl enTaq pol ymer aB3#8%) TThi £ACt TS 196K EPCsBERIAS ¢ anchor priner and a gene

specific 3" primer |located 5 of the initial primer (Fig..6). B7-20: TTG
TTA TCG GIGoACG BCAL BTG BTT185: MGAAATAATCATARCCAC CGA AGT CAG G 20 | of
each reaction was visual i zed on a 1.5% agarose gel and the proper fragnent

cut out of the 0gha INSENG PHRReFXISAN G 08, P I e d sBhely Iguagar ose
sequence. The parameters for the touchdown PCR reaction
using the KlenTaq polymerase mix (Clontech, Palo Alto, CA)
were: 95°C for 5 min 1 cycle; 9%5°C for 30 sec, 72°¢C for 30
15 gsec and 68°C for 45 sec 5 cycles; 95°C for 30 sec, 65°C
for 30 sec and 68°C for 45 sec 5 cycles; 95°C for 30 sec,
50°C for 30 sec and 68°C for 45 sec 25 cycles. 1 pl of
this reaction was diluted in 50 ul of water and 5 pl of
this diiution were then used in a nested PCR reaction
20 (¢5°C for 5 min 1 cycle; 985°C for 30 sec, 65°C for 30 sec
- and 68°C for 45 sec 30 cycles with KlenTag polymerase mix)
with the linker specific anchor primer and a gene specific
3' primer located 5’ of the initial primer (Fig..é&).

B7-20: TTG TTA TCG GTG ACG TCA GTG
25 B7-135: CAA TAA CAT CAC CGA AGT CAG G

20 ul of each reaction was visualized on a 1.5% agarose
gel and the proper fragment cut out of the gel. The c¢DNA
was extracted and purified from the agarose by
centrifuging the gel slice through a gel nebulizer and
30 micropure 0.22um filter (Amicon, Beverly, MA). The
purified DNA was then sequenced directly using dye
terminator cycle sequencing (Perkin Elmer, Norwalk, CN}.
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centrifuging the gel slice through a gel nebulizer and 30 gL r r@u@. 22m
filter (Amcon, Beverly, MA) . The purified DNA was then Zu ce
directly using dye termnator cycle sequencing (Perkin Elner, | k,
CN). 60 0 7 SEP 2009 1 9 SEP 2002 WD 99/57271 PCT/USQQ/OggGZSE 118%] ati on
of the 3' region The 3' region of the gene was derived by choosing 5 gene
speci fic priwesgs®Hom the 344 ntd. fragment and the 5 r &§GréR¥WPe&di ousl y
sequenced: S B7-s220 GIC ATG TCT GGC AAA GTA CAA G B7-50 CAC TGA CGI CAC
CGA TAA CCA C B7-140 CTG ACT TCG GIG ATG TTA TTG G B7-550: GCC ATC AAC

ACA ACA GIT TCG  B820: o FAIREAG AB416AA CCA TAG CTT C 10 Degenerate 3'
primers were then chosen from concensus regi ons of the human and nurine

CD80 3' UTR B7-1281 G(A/ G A AGA (A/T)TG CCT CAT GA(G/T) CC B7-1260
CA(C/T) (A O ATTIEES ‘ACRIEAD e TINASKES YBF otRICeS PEnTRRRSEE Pa8fB8 wit h
ULTRASPEC 15 (8peatiexe pHdueten frdx) the ora4BM st fmdgmened andt kh€h’ A and

LPS as previ ously described.The.apehorgd oligo dT was used as the initial
3" primer for RNAtranscription to CcDNA. Taqg pol ynerase based PCR

reactions were performed wth this cDNA using the specific 5 prinmers and
20 degener & e 3B7pF3dfecEC( B8€ FoF @ch*%@cﬁié‘: G95C for 30 sec, 42C for
30 sec and 72C for 45 sec 30 cycles; 72C for 7 mn). Two rounds of nested

reactions were geogy reed Toaf ose @nciongl endraguent of the right size was
produced. This product was cut froma 1.5% agarose gel, purified as 25

previously described, and seq o L.h rymnator cycle sequencing
(Perkin El nmer, R%Fﬁﬁ?ﬁ?mtﬁf? gﬁ%ﬁ?ﬂ%§h§eaﬂ%§%%§égla of the 5 and 3'
regions, primers were constructed that would anplify a regi on encoding the
61 0 7 SEP 2009p7-550: GCC ATC AAC ACA ACA GTT TCC

B7-620: TAT GAC AAA CAA CCA TAG CTT C

10 Degenerate 3’ primers were then chosen from concensus

regions of the human and murine CD80 3’ UTR.
B7-1281 G(A/G)A AGA (A/T)TG CCT CAT GA(G/T) CC
B7-1260 CA(C/T) (A/G)AT CCA ACA TAG GG

cDNA was produced from RNA extracted with ULTRASPEC
15 (Biotexc, Houston, TX) from PBMC stimulated with Con A and
LPS as previously described. The anchored oligo dT was
used as the initial 3’ primer for RNA transcription to
cDN&. Taqg polymerase based PCR reactions were performed
with this cDNA using the specific 5’ primers and
20 degenerate 3’ primers (95°C for 5 min 1 cycle; 95°C foxr 30
gec, 42°C for 30 sec and 72°C for 45 sec 30 cycles; 72°C
for 7 min). Two rounds of nested reactions were.required
before a single fragment of the right size was produced.
This product was cut from a 1.5% agarose gel, purified as
25 previously described, and sequenced with dye terminator

cycle seguencing (Perkin Elmer, Norwalk, CN).

From the sequence data of the 5’ and 3’ regiong, primers

were constructed that would amplify a region encoding the
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1 9 SEP 1002 WD 99157271 PCT/ US99/ 09502 entire open readin frarEe t he
feline CDSO gene: B7 START: ATG GGI CAC GCA GCA AAG TGG B7 ob Sk IaGr
AGA GAA GAG CTA AAG AGG C PBMC cDNA produced previously and f@gﬁ@z

contain DNA 5 encoding the gene was enployed. This PCR reacti (F95C for
5 mn 1 cycle; 95C for 30 sec, 42C for 30 sec and 72C for_45 sec 30

cycl es: 72C M199%573 n) enpl oyed Kl enTaq DNA pol ynerase, aRCEHRECockt ai |
that retains some 5 exonuclease activity in the hopes of reducing 10
random errors often associated with Taq pol ynerase. The reaction anplified

a 960 base pair c(bple foagRRE VAL CA-IMRS orCLROELL 1110 cbBE Jéhe! ONi Ng vect or
(I'nVitrogen, San D ego, CA) and sequenced as previously described. The

final sequence of the gene included cDNA fromtw separate 15 ani mal s.
Each base pair 8f BReRBeddWESTi mfegdld&RtI §2CVvESfied in at least three
separate sequences derived from individual PCR reactions, to reduce the
possibility of perpecs cterincedatnosmPCRG nduceat: mat akes. 20 RESULTS RNA
extracted from experinental cat HK5 was used for initial anplification

attenpts with h ver this.cat __was,su q y.lerm . nat d
further pr oduc?ggg r§8 pr 858%%%‘3? np]a‘?‘?foélr‘c’éﬁt Qgﬁi %g{g‘té”ll ﬁ‘%eg%?%rgﬁjﬁn
anpl i ficati®n 25n6PAHRS Tyn IRnst WaEl aTREPYEEVC RINAS r BRIt titAta (R4 bp

product that shapeds7@¥ni desyiély; vder tthe honeac CRIO@dre 30Fsge andand 8).
The prinmers were,_specific,for Legi QL1 W. t hisRt he cept g of the,eqdi ng
sequence corresggngi nﬂgort oégtﬁgélg Ié&fk%ee 6mai n. thoaga 1éfd)dietPocr’ll,sail
degenerate 30 pHleBFaaweiR BB EEe n2Ph88EYTHi TP AXp&PReAEE2IF  or der
to anplify regi eruet et ennndadaner ecofivite pepthdehopeal pit medvoidy nati on
of B7-2 (55.8 anq:a%é'g‘n %ggréaré estllded sobB A RAYGE KO, Ny QREEat ergd Ze.
Later experinents 8 7 SEP 2909 19 SEP 2002 V\!? 57271 PCT:/hU899/ 09502
reaction amplified a 960 base pailr (bp ragment which was
cloned into the TA cloning vector (InVitrogen, San Diego,
Ca) and sequenced as previously described. The final
sequence of the gene included cDNA from two separate
15 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 of

errorse derived from PCR induced mistakes.

20 RESULTS

RNA extracted from experimental cat HK5 was used for
initial amplification attempts with CD80, however this cat
was subseguently terminated and further products were
produced in different animals. The initial amplification
25 of HK5 Con A stimulated PBMC RNA resulted in a 344 bp
product that shared 70% identity with the human CD30 gene
{(Fig. 7 and 8). The primers were specific for a region
within the center of the coding sequence corresponding to
the IgC like domain. Although additional degenerate
30 primers were employed in these initial experiments in
order to amplify regions that encoded more of the peptide,
only the combination of B7-2 (5'} and B7-3 (3') resulted

in product of an appropriate size. Later experiments
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enpl oyi ng these additional degenerate prinmers with gene spnezi §%j§ @h%rrers
wer e unsuccessful. Thus, both the 5 and 3' regions had to be“derived by

enpl oyi ng other nethods. A battery of six new gene specifi i 65 was
created 5 fromthe sequence data obtained fromthe initial grﬁ@%.z (B7-20
5', 135 51, 140 3', 50 3', 284 5, and 190 51). Initially, the 3' priners
were used i nOIBE PCR procedure sonewhat similar to thgcwgg’@%fﬂfe used
to successfully anplify the 5 region of the CD28 nol ecule. 10 No product
was produced enploying this nethod. The Marathon RACE cDNA anplification

syst em ( C ont echemPlRyigsAttgse CAJdit nfede siePaPEy2 o Msed &#1FBgREBRSt hat

encoded the 5 cgsidigisespionce. wENA hentveskfiniom BKG,Cobth Alsd ismubkaied RNA

was successful |y, anplj.fied, Wt ' : 1ob Lifigation was
carried out wt h3 B;qufg%gaﬁ%& Bé%i aﬁla}t?‘ﬁ%{ gﬁ}g%g‘? Bir’{%r%r@é&?%mﬁlﬁ%&éeacti on
did not produce a defined single band so nested reactions wusing this
product as the tRnphaterivdie ey MAvnsengsiSRgC L BYC 20 Mty SBMaE3 T rgs tefe

nested 3' psi mersrandhtheepnreher d26a phtmEheAPf o Heh@nbt i T ipwiducA. pr oduct
of the appropri  J.ength S pro ed, fr ach, hesg 5 rnegacti.ons (Fig.
9). Sequence dat gﬁ?deeﬂlrul \r}%d fl\#%dei’rgth_ gehugélnc?n'g og?t{t%)e' RA&El%Er toSdE)(:ts gave
conpl et e identitiPinialdy 205Rhd313PHFerss 3G onesd r éBpett | FRYY, PFRat

over | apped t he iprddeaduiry seoumiieaed 34dilyr produdte dghecdduagnemssi exbended

fromthe known 5@9&%&@5@9&& h&eS's ARGy 8T ¢RdoRDSE ddiecihel i ne
gene and into the 5 wuntranslated region._ ldentity bet\/\cﬁjen the 5 coding
sequence déli vedVP rRFAITEs 82 P r BERICEII6™BHTY 1115k T575, BYFHH of t he human CD8O

gene was less than the identity found to exist between the 344 bp region
of the feline gerne mnchtHe amalcEgeOEATr agbhDIf Wdtiion thet&umam orgegience. |t

was observed tha sim .l ar d,ack of ggglg_g_y 51 faund Qetj_se@ t he buman
and nuri ne seque%}%g% \k?mﬂ]f{?ul ncég'silﬁclcgr r%gl ong.ECOrrpa,ri sons g?nt hzlatseequence
data from 63 0 7°&EPeoHYY 51 cgdspp sepyenice. RNA derived from EX6 Con

A stimulated RNA was successfully amplified with this

15 protocol. Initial amplification was carried out with B7-
284 and B7-3 and the anchor primer AP1. This reaction did
noct produce a defined single band so nested reactions
uging this product as the template were performed using
B7-20 and B7-135 as the nested 3' primexrs and the anchor

20 primer AP-1 as the 5' primer. A product of the
appropriate length was produced from each of these
reactions (Fig. 9}.

Sequence data derived from direct seguencing of the RACE
products gave complete identity in the 20 and 135 bp
25 regions, respectively, that overlapped the initially
sequenced 344 bp product. The fragments extended from the
known region 5’ through the 5’ ATG start codon of the
feline gene and into the 5’ untranslated region. Identity
between the 5’ coding sequence derived from these products
30 and the 5’ region of the human CD80 gene was lesgs than the
identity found to exist between the 344 bp region of the
feline gene and the analcgous region within the human
sequence. It was observed that a similar lack of homology
igs found between the human and murine sequences within

35 similar regions. Comparisons of the sequence data £f£rom
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WD 99/ 57271 PCTI US99/ 09502 regions outside the coding regi ozesgrpﬁd? a
further marked decline in conservation (data not shown). ,Q et of
degenerate priners encoding the 3 untranslated region were synthesized
fromconsensus 5 regions within the 3' UTR of the human an
sequences. These primners successfully anplified cDNA transcprsgegmtzr om RNA
i sol at ed froWE¥WRistinul ated PBMC fromcat ED3. Unlike FRTURE®HEti al
anplification 'procedures, a series of nested reactions had to be run to 10
obtain the final product. Primary PCR reactions using these degenerate
primers and anchegiphs mrtsifieosvaddiing resigyghgpet ragimriheangaried 5
region did not igictiiakl yn odreledvatean, (dddenhbti sidvhihands (Fig. 10).
However, nested reactions, usi ng diluted primary product and 15 additi onal
specific 5 pri mer s resulted i_n e ro uction of od ct thgt 3pcoded
°3

r
the renaining 3" r 8§FonP T L. ofl) ng" 58 etﬁfengpﬁ% pr oduct
it was found thaxntrgnééabm sixkgien tWer%ormra'—mesmgqionfrqndeﬁfprlﬁsmalgﬁal n

S\,ﬁ-c' ihnfed. E@e gir%:gabngn?wﬁhﬂﬂ’]etﬁédi?g mue@ge tFROVWEAMZO iy helwd dent i ty
ic urt her decline 0 t op..codo
etc%m Q]\.%e%% d?:?lmes.nls suc: esgfuﬂ.)zgapn Je.l§l ?ﬁl%g 960

reverse primer outsrde of th Huct
was construct ed. trmﬁ@lééﬂsﬁ?%tﬁm’n 1€G%F%tﬁ@‘1‘ ﬁPflhAanp’r“M%r‘:eénB%%%asm ng
25 the start cocﬂmmn@&tfm@d a praddkt ofn t hReanidiciipat ednpldifzeatSeguenci ng

of the final produetderonst Eé&ﬁ% tJPtnfes’EQ&hr@Jct%ﬁspﬂ%& | QUSley gt g4 m ned

regions did in fact over’l ap ragment provid a contiguous and
conpl et e s&GuenPEAn: &t éllpﬁé E&@“@‘éne E’F’rrbarylijR IFAESEOBRpPFLREat i on
of the final productk degrpeesteveremeamplantlii edchoonptivgeerANA romomi Coim A

stinulated PBMC (Gfe ani i %rg%e@@daxﬁi@che% /| %@@Eoﬁ%&rrﬁﬁu%ﬁtﬁéﬁ@/ each

ani mal were conpletely sequenced a ch nuclei¢c acid site was checked
and confirmed wX¥Piat ¢ * th eerﬂ:lfé‘&%g €7 B8Bes20099-1 ¥Isep Jeysver:

negsted reactions, using diluted primary product and
15 additiocnal specific 5' primers, resulted in the production
of product that encoded the remaining 3’ region (Fig. 11).

Following sequencing of the 3' product it was found that
once outside of the constant region, identity again
declined. The distal end of the coding seguence showed

20 very low identity which further declined following the
stop codon.

From the 3’ sequence, a reverse primer outside of the
coding region beginning at nucleotide 960 was constructed.
This construct in combination with a primer encompassing
25 the start codon amplified a product of the anficipated
gize. Sequencing of the final product demonstrated that
each o©of the previously determined regions did in fact
overlap and this fragment provided a contiguous and
complete sequence of the feline CD80 gene (Fig. 12).

30 For amplification of the £inal product, samples were
amplified fxom the RNA from Con A stimulated FBMC of
animals ED3 and EK6. At least two preoducts from each
animal were completely sequenced and each nucleic acid

site was checked and confirmed with at least three
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WD 99/ 57271 PCTI US99/ 09502 different correctly reading sequences. The
product from animl EK6 was then cloned into the TA cl oni-lug-(v%p %Ug or
future reference and nmani pul ation. The full nucleic acid sSequenhce Is
provided in Figure 8. 5 The 960 nucl eotide fragnent include 9tSt€ 268art
codon at position 1, the stop codon |ocated at nucl eotide 888, and an
addi tional 7MW ¥t des of the 3 untranslated region (ESHUSSPA9502 £pom
t he products produced and sequenced to enconpass the entire fragnent,
additional 5 and 3' 10 regions were sequenced (data not shown). The
sequenci ng of tdidfeggnboncopsigidanrefdine HEqushges . cdtion dooonct' £RACE

products demonstdrakgd ttRtabhend Gilonshedn@s fesirhl oty WRsobhgofirst in
frame nethi oni nefu%ite a co 0 on i.n.the

te ar ngf oarmr?d to a,_ sim I ar, po |ﬂ n&:ri ne
and human sequenc&8 S The 1575t o't SHEAPHOR AR at %os’il 888 ar st
conforned to a S$igwiERae +dHEAidadt be Dirawvieolisl y sequenced genes.

Al i gnnment of the sequence denonstrated a 77% and a 62% identity,

respectively, wi the RubhLshese hunRmeabd; ndliddle (GBQRYE! ehioRChd
sequences (Fig. 1;),. ,Horrlol 0%‘\4 20 w t thf ot her primate and raodent
sequences i s cofPErabPR 1 &UFe¥et® F6GRd PR GRAL e PaEpedttivel y.
ldentity with tareadBB6iqpede 78 romleathdespadi bbe wl's Unssanstmed25egionssi ng
the MacVectortD%i[@wﬁl%si.stwbﬁwan@ ﬁﬁcgigctepggsaa@éd arMY)_I:setqkl%FBiéG'%C_ aICiddd
sequence was trans|ated_ into an_anino aci d sequence. .Transl atj on, yi el de
2 292 amino aci dIGSIEA e, T8 ERGITS nEEBARTIC: ¢ RAORRCARL | dential > o bot h
the nurinel@nd HRBLPDST YEER ngequeEnged] BjatTmotsisgeun) - pephe deguengiaposed t o
extend from posidfi @as Beditmougbt Zéam ofhenexd r ageirdtubasos e sof rhbe

nmol ecule is co %;? Fvari.able-l L ke I.n, whi ch
extends thr oug%’(}%ggfg%e;e%?ég_gﬁd %%%%SOJF%%%%?Q%%Q%%%% a%?s-q%qgg 1\3{grrai n
whi ch ext ends t d"appFRexi tel) Fediadpethioning &1tteABlaf@&3aRA A Yomai n
fromresidue 24lsi2illairspbelitedn hjeamshind i bphasnseqiaaidesof 2he
residues. Ag in the 3I2AuUMBRORLECUE epot e dflddie 43%'&9;%&%%&095%“8 8
potential N-Iinked ,q_l ycosl I ail on,sites though th omains 65

gimila ocale in the previcusly sequenced genes.

Alignment of the sequence demonstrated a 77% and a 62%

identity, respectively, with the published human and

murine CD80 nucleic acid sequences (Fig. 14). Homology

20 with the other primate and rodent sequences is comparable
to levels found in human and mice, respectively. -Identity

with the CD86 gene from each species was less than 25%.

Using the MacVector DNA analysis software {(IBI, Rochester,
NY) the nucleic acid segquence was translated into an amino
25 acid sequence. Translation vyielded a 292 amino acid
peptide, similar in length, though not identical, to both
the murine and human proteins (Fig. 15). The signal
peptide is proposed to extend from positions 1 through 25.
The extracellular region of the molecule is composed of
30 the 115 base IgSF wvariable-like domain which extends
through residue 13% and the 100 base IgSP constant-like
domain which extends to approximately residue 240. The
membrane spanning domain f£rom residue 241-271 is followed
by a short cytoplasmic taill of 21 residues. As in the
35 human molecule, the feline polypeptide contains 8
potential N-linked glycosilation sites though the domains
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0 7 SEP 2009 1 9 SEP 2002 WD 99/57271 PCT/US99/ 09502 are not identically
| ocal i zed. Honol ogy between the feline, human and nurine feptSEPegiils
significantly less than the identity observed in the nucleic acid
sequences (Table 1). 5 Table 1: Conparison of feline mﬁthvpﬁsﬁmgmpnd human
CD80 for sequence honol ogy. 10 Species Percent honol ogy w %hgbfgline
sequence: NNWP&¥W#de Amino acid Human 77% 59% 15 Mouse 829024895°20 An

al i gnnent of the proposed peptide sequence of feline CD80 with the
proposed human protein denonstrates that by far the nmgjority of the

honol ogy bet weenatéentto igehtéohrbsy oecatkizddy t hélomohsyanbereggmntheesi dues
140- 240) . There fiésidowHigEl agy ket weernnddia deeptibdesqghiridetiygnaks 25
sequence, and th'§ Iq&% ofekgggtiéggé¥gé nds ngqﬂgﬁeggeaclg\léidg%cgonain.
As mentioned, cofd¥ vt ¢TSS rIRT T Fhr dtgh T Re const Akt dBiliTRC Rowever
this identity is{Pdtle dantiguous and very little honology is found between
the transnmgnbrane domain and the intracellular cytoplasmc 30 tail of the

feline peptide o Yol i - lL.e j ).
AT gnmentof tho TR e Rar e I e i M TNt SO bt
human CD86 genesiPeRRHUSTCRaPOEPYIBUgGh there is only linited overal

honol ogy between the two B7 35 fam |y nenbers, residues that have been
deened to be 66 0 7 SEP 2009 1 9 SEP 2002 WO 99/57271 PCT/ US99/ 09502

i ndi cative of the*B?fgene—ranrFy"aTé*rerarnEd—by—rhé—"rérrﬁqépgﬁgrﬁ€ (Fig.
17). These Mol ecBP&EFhel udde5EEF BB HIDUYRELE B D SIP6I §8F 5% 0l di ng

and a proposed

Nucleotide Amino acid

Human 7% 59%
15
Mouse 62% 46%

20 An alignment of the proposed peptide sequence of feline
CDBO with the proposed human protein demonstrates that by
far the majority of the homology between the two molecules
occurs in the constant region (residues 140-240). There
is low homology between the peptides in the signal

25 sequence, and this lack of identity extends through the
Igv like domain. As mentioned, congervation is strong
through the constant domain, however this identity is not
contiguous and very little homology is found between the
transmembrane domain and the intracellular cytoplasmic

30 tail of the feline peptide and analogous regions in the
human molecule {Fig. 16}.

Alignment of the feline, human, and murine CD80 genes with
the murine and human CD86 genes reveals that although
there is only limited overall homolegy between the two B7
35 family members, residues that have been deemed to be
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bi nding region. 5 hile honol ogy between the human and the feiig&)(ﬁﬁ%
sequence is not as great as the identity between the two &ods I les, a

conpari son of the proposed hydrophilicity plots denonstrat ei Eémgm |l e
there are .a variety of changes in the specific amno acid. 93§ , 10
t hese changes are frequently honol ogous and potentially do r the
surface char ¥R &tics of the peptide (Fig. 18). DI SCUSSF%QI[%?@L%e
nucl eotide identities between feline and human and feline and nurine CD80
are noderate, though the degree of nucleotide honmology is not translated
to the peptide. indicaspEar £t Hate vibi | eerchelgenlet i Fre o3 ipededihetlzt e, and
in some nol eculRg ife. epefiRy) drifer ernges betwmen ruLéegidsleiRBls@guences
do not significantlu,al lubhe PERId dayottdd 5 CR80e005aIY Al OB gl gveral
am no acid |nte$_|ty 'S not~ as crltlcaP, and 't hus evol uti on ry arterations
in the nolecul @&EEBEsTePENes are nore permissible. Al though the overall
nucl ei ¢ acid sequences share a 25 relatively noderate degree of identity,
Eggge vveae 5 conpl ilgﬂié; OlE%mc%lrngbttﬁ'ﬂt%Bﬁ anbubhbmhenghh f_ﬁaue@mene Theso i niti al
product was,  obt ai ned_fromthe constant, r. ; u an
area that demonsiTarescthe A g Se?treaeg?ségt%. l?%hﬁ%%@a?‘%%%kﬁ%eégm from
the 30 speci es Ffed. "PEEFEYSS t haf r eEBEPRZAEPTL heOf egi G an@roBBB®@ssful |y
anplified a produgiroperieicead piody denesd: rateasthbt nghi e ttherdd4dratal.

fragment enconp i.ng.t o} | QG 201 o t , due to
the lack of 67 %ﬁyfr‘l‘%ﬁp%ogg%’i@% %Eﬁg%eg%f SeroE) %@%qugé% ﬁ%g‘g‘[f glééslbz

honol ogy i A%t he HIEFRaFEFERS @8 aPIURTERE RPPLRIATARY BoTRAT24nd 9° UTR
nmore conpl i cat echareadteesshrererfasyguhaegctarissotate the seguekcdrodg. t hese

regions. The prgsence of sequence data fromthe central 'region 5 however,
provided a strong anchor point from which the

DISCUSSION

15 The nucleotide identities between feline and human and
feline and murine CD80 are moderate, though the degree of
nucleotide homology is not translated to the peptide. It
appears that while the genetic code is degenerate, and in
some molecules (i.e. CD28) differences between nucleotide

20 gsequences do not significantly alter the peptide, with
D80 conservation of overall amino acid integrity is not
as critical, and thus evolutionary alterations in the

molecule across species are more permissible.

Although the overall nucleic acid sequences share a
25 relatively moderate degree of identity, there were
complications in obtaining a full length sequencé. The
initial CD80 preoduct was obtained from the constant
region ¢f the molecule, an area that demonstrates the
highest degree of conservation in the <¢DNA from the
30 species cloned. Primers that recognized the region and
successfully amplified a product were readily produced,
resulting in the 344 ntd. fragment encompassing the well

congserved IgC region. Unfortunately, due to the lack of
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rest of the nolecule could be elucidated. Feline CD80 is f@%& gﬁgrrpl e of
how, by obtaining a short stretch of a nolecule, and usi n@ hods

and degenerate prinmers in conbination with anchor priners
f1 WPO@@& ned

sequenced 10 region that a full length sequence can be readi
Conmparison of the putative am no acid sequences of these
nol ecul es defhEH F%l‘es a lack of overall honology. The nugléﬁrggggﬁ

pol ypepti des denonstrated 15 | ess than 50% honol ogy at the am no aci d

|l evel . This is conparable to the 59% identity between feline and human
and 46% i dent i t 25 REEN 1nhERe eFiER2 hneeRRiden&ndp 3Py f&Ft iICYESPadTMIFer haps
-reflects the evojdﬂ{almnaalyd [3'OXUTR | Y nfdfret h@ommﬂ@aesd Aegipeasl Swsref t he

predicted 20 hydiaphiLiCtb! g8oflcd el et {)% r%ggggé Wi ch
denonstrates amn acr. s that wou pot e expos recessed due
to their relati RESRFICEpPT i Seapence e\fié‘é WHEl et dHe BRFHY aci d

| evel , the speciddweveanm pocatdets arst ool bach@t avaiedt, firdoe ehaclgeshappear to

be 25 rel ativel y. £ néfrafﬁéimwméi%g@atxs@teqacm&éaot eptifle cbghendion of
t he hydrophili c/rh . nol ecul e that tpus may

‘QP(r:L r act ﬁ;} he
reflect overall,® JlgFr?PE"’l &l Pg ¥a? %Wﬁ‘@p?l BROTTTIRFSGFRaRE ‘—br otein
appears to have quacuﬂeulamdmﬂm aétasmtttkfe;tdsnayldbéemmmtleyplrnm@twed in 30

bi ndi ng, and ot hg{ Sidiclwhigh @aRtROaAEhES ﬁf@q{eﬁeq@oelnltme lRbakAcéd -
structure that wll, allow inter |nd|n relon otake

o]
pl ace. Wi 8 t her®8H°8 iRt gé‘ncg‘ﬁi1 ?ﬁﬁ%%eﬁ?% v'ot nG°® aC|
resi dues in the @p83nedlecul es fromthe prinmate, 35 rodent and feline
species, there is a retention of the characteristics of the I1gSF. The

L e sSP0 0o e%‘*é“n?“?‘gn o e e e e ehee,
i i V-
li ke domain proxrAIET “1%e rﬁ@rﬂﬁ’*&r‘?@ %@88?5?% egi iﬁCk W Fﬁa{’ﬂe ]

conservation bethwesdogyri iheandr ngrandChemn polypeptides demonstrated
15 less than 50% homology at the amine acid level. This is
comparable to the 59% identity between feline and human

and 46% identity between the feline and wmurine
polypeptides and perhaps reflects the evolutionary
proximity of the species. A comparison of the predicted

20 hydrophilicities of the feline and human residues, which
demonstrates amino acids that would potentially be
exposed or recessed due to their relative hydrophilicity,
reveals that while at the amino acid level, the specific

amino acids may not be retained, the changes appear to be

25 relatively conserved. This demonstrates the potential
retention of the hydrophilic/hydrophobic character of the
molecule that thus may reflect overall, a structurally
gimilar polypeptide. The surface protein appears to have
particular amino acids that may be directly involved in

30 binding, and other structural amino acids that need only
retain a structure that will allow interaction with the

binding region to take place.

While there is divergence in the identity of the amino
acid residues in the CDB0 molecules from the primate,
35 rodent and feline sgpecies, there is a retention of the
characteristics of the IgSF. The feline CD80 molecule
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identities are. far greater between the constant regions tfﬁtpbﬁﬁ en the
vari able regions (Freeman et al., 1989). Overall, conservgt he

vari abl e domain is just over 50% while that found in the constant regi on
is over 70% with the short stretch fromresidues 164- 19810t Wlegi on
fromwhich the initial 344 ntd. fragnent was obtained) 10 havi ng far
greater i denM@Y5"Fhis central region of 56 amino acids (F%’QP%?%@%S%%_ZZD ,
within the constant region denonstrates 87% honol ogy between the human and
feline sequences, with an extended region of 28 am no acids (residues
171-198) in whi ctrrmibysacKiangbsiad ftfeemense I kst Somdire angghongvh t he

feline also demongts aioaémsbﬂ&u‘raaqa% Bga%éw_»a&q@ bBgo LI LS RRRILAY
residues in the , mur.i ne%g drophl .Lic na yre of “the am no

A PR HBT TS o R QT R RE b oty PRAL

acids within thi's’regio
expressi on and didentgtigs ﬁé@eﬁalbfgr@laésg kefetsiens the em%@nﬁaufegmon@
potential ipvol va[mﬂbetﬁeén @alad{raﬁmpteor_»egidﬂser(aﬁéém ektahas 1b§9ﬁ proposed

that the 1gC por cul.e di.rec nvol ved in.th
presentation 6\} %1% d% %93:? 11”0?131? ecep Eié’lcli Yand i ntjursgc?v%r (Peach
et al., 1995). ﬁ%a@l%ewaéxé@w%m éhﬁycwwtemﬁh@@ ¥Howeear 70t hat both

the variable andumnshanéhomtgtfstcaf €rbagues pihdsoncetiect v Regdbmg (Peach

et al., 1995). canteial 99t9;1 Ly hoppl.R %Ouﬁ‘frégrﬁérq}’%% bk38ned 0C regl on

of the extracel | uar onal ns, I'ver genc
within thefr ans%‘fﬂﬂgaﬁ@raﬁae%"ﬂe%ﬁd@%é%}ﬁ c "’HHr?aFﬁEtr%Jpp‘é%%l%OFuW her
confirmthe rol eamiglo €B88: akreaiiugmndsratherwithan tiavicogsearsi geghiomg

capacity. As Wi thodtiRn 204 BYE T REnRR bteleaeéﬁltﬁk_e mma%%' 8 le§y 132 highly
gl ycosyl ated. The car bohydr attﬁ resi dués .are not hg gﬁt to be 1nvol ved
e 0

directiy in bindiHy: 5 FEEPAET e 2881 Phe® bRy BF1¢fe
extracel | ul ar poflt&@niue@ 30717-18EP 200%hitd SERY2(02INQ1e90/EFZetence

PCT/ US99/ 09802 &fidhe. molgeul:2giBeaGh aihedl £o1:1H29014 ddieRitdhtes

significant homology to the corresponding residues in the
murine polypeptide. The hydrophilic nature of the amino
acids within this region demonstrate a high likelihood of
surface expression and due to the level of cross species

20 conservation, a potential involvement in ligand/receptor
interaction. It has been proposed that the IgC portion
of the molecule is directly involved in the presentation
of the binding domain for receptor ligand interaction
(Peachh et al., 1995). It has been experimentally

25 determined however, that both the wvariable and constant
motifs are required for effective binding (Peach et al.,
1995) . The concentration of homologous residues in the
IgC region of the extracelluar domains, along with the
high level of divergence within the transmembrane and

30 cytoplasmic domains, appear to further confirm the role
of CD80 as a ligand rather than having a signaling
capacity.

As with human and murine CD80, the feline molecule is
35 highly glycosylated. The carbohydrate residues are not
thought to be involved directly in binding, but may help

to increase the solubility of the extracellular portion
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potential sites found in the human peptide, seven are Iorc{gtleg 'gn d;ggenti cal
positions in the feline protein. The site |ocated at am a E 2 i due 39
inthe feline 5 nolecule is not replicated in human CD80, though there is

a site at residue 232 that is not found in the feline pro_tléi&f%(lﬂﬂleedrran et
al., 1987). Seven sites are found in the nurine nolecule with only two
bei ng in i deY?&47271| ocati ons, though they are generally fBG'F{HSSP{‘P%/)he sane
10 areas of the nolecule as the feline and human peptides (Freeman et al.,
1989). The simlarity in the retained nunber and | ocations of

gl ycosyl ati on sidfestiappeatscitle (Reflcéctett e .i, npaeetance af thee ¢mdHf s in the

function of themhecHl eqidos ThaLR ahf @M Gt et Yaof Q%eﬁ'ptah%l
applications of the feline CD80 | ecul e. The nolecul e as has been
previously di scuSS8Eefs 1er ilflﬁi}té’rc{sg PP PrIfert™ ¢&FeltGpiBht PEPES hat ure T
cell response. N BOEEngocabgw esskrobinofadite rgenduats harh thhef FMNheand
protein levels 2@1uthie ) Bot Orgsitiablighid RemaR aHol, Ne Mg chbse f8] | Ne
| mmune system i s deali ng WLDl0Toel T an, How Lhi s oygtem  deals with
speci fic pat hogéhs > Whéh ESDF ned” W t 1 obseriat i'OhE “obtalFAed"F 181 r esear ch
in other nodel mpseéns Fresdumoeidel furkdfel -i nSpgen siies ehe fewnsh 25
ihm"runﬁ r]ceslp)pnse.iri:lith'ﬁahﬁﬁrixaé n&alS:icg]Eniaf@qglalmtozﬂ@maaaiBélingariinnaheni:i%eijght into
" how the feline sy y engf ci vide. .
veterinary medi ?iofléea%m\l?ll h gﬁ %%cgglegptaggné?%%% %%ﬁoﬁgﬁ?@?{u%%e%%%pl i cation
proposed fof the®Ed80°L30hfoTeted s ®Sother L8 pERs anhddmBBeRePHEIGsNduct i on
of tunor specif{rreemunet yaly, tesh nt rtcuctimdnaet t¥ hin GHB0 rgeatned nto

transfor med. cel | amath! UahChOLLOCUAL 1N d10k0ot e 1PLes k0 gbbelis Gy based

tumor imunity (Townsend and |1son, 1 \S previ ous di scussed, it
i s thought that =& 885 PRstMROTGAIEEr Phce e XFedsi on Ti® h9=tHe t unor
cells, that a gpecmbiiecl4. response is nounted against the 70 0 7 SEP
2009 1 9 SEP 2002

15 There are a wide variety of potential applications of the
feline CDBC molecule. The molecule as has been
previously discussed 1is critical to the propex
development of a mature T cell response. Monitoring
expression of the gene at both the RNA and protein levels

20 will help to establish the means in which the feline
immune system is dealing with infection. How this system
deals with specific pathogens, when combined with
obgervations obtained £from research in other model
systems, may provide further insight into the human

25 immune response. Further, as a significant companion
animal, insight into how the feline system may be
beneficially manipulated may provide veterinary medicine
with enhanced options.

An important future application proposed for the CD80
30 melecule in other species has been the induction of tumor
specific immunity by the introduction of the CDB0 gene
into transformed cells, with reintroduction into the host
to elicit CTL based tumor immunity (Townsend and Allison,
1993). As previously discussed, it is thought that as a
35 result of surface expression of CD80 by the tumor cells,

that a specific CTL response 1s mounted against the
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WO 99/ 57271 PCT/ US99/ 09502 nmualignancy (Hodge et al., 1994) Fg her. a
menory popul ation of CD8' T-cells is established in the h&ﬂ El{%ﬁl@& et
al., 1994). Wile this technol ogy has been concentrated on tunor inmunity,
by analogy, it may also 5 be applicable in establishing anyigSfPrgl;
immunity. As discussed previously, long termnon-progression in acquired

i mmune def i cMh¥$"EYndrome is thought to be nediated thr AfgH'PREMiti al
establishment of a strong anti-HV CIL response (Landay et al., 1994). It
appears 10 that those individuals able to maintain an asynptomatic status
for the | ongest malegratcyr [(Hudget ion ake ab¥®iit.o Houwhbemnda maembayn a

strong CT h resg%@&,mtﬁeﬁte&t E%r*n@tc?ﬂgie_l\@hré@cab\ﬂﬁtshsdt FadthéOHaHy,f
vacci nes have be irected a es is a_hunor.al respopse, if a
vacci ne could i ﬁlg%[g%e tHe Bglé\/ellc?é%ént g?‘lgﬁ !éﬁ???—ﬁ%rﬁl\(?g?féﬁ g%‘fﬁﬁl ation,
thi s popul ati on aérgantmegsefden prumaac imganity nilvaenegdoghatitt owadalsc| ong

t erm non- pr @gr esprppllikabhai e dJtdibli dHahs adeilodaTt ik ya gene based
vaccine 20 that conbined FIV proteins with the CD80 peptide could result
in the surface expression of the,cos{[i rruiat ory nol ecul e in conbination
with MHC CI presént GtFOEHC APV IEBPtHpesond f PSTR cRBIRTRACITEAPSOR hdlI d
result in the expawsiesh ofmgmer|defsigaenfy c sy@itopopud athowslith thebaai ve 25

i ng! Vi gua: : Chl 31\4%6%&@ te HOXRGRUEBe t On Ml il @Rk aMl § MSnentt e ?éa%@-,iﬁeaggd

I nal vi dual wou e. t.o mount rrespons agal C S _t hat econe
|t oot oo w £t neTE AT ROl BariEeraroa S0R8a], Tl Rekldke
opportuni tyo o etpathl titFe d8divicdrd hedila Fo shaiesEitc BRoRSY O BEERe

conponents of thetitusimrsyatelndacpliteba 4N INGAND-SEXENCING-OF FELI NE

cn2s ¢ ggﬁogggthi&;ﬁi%j&a&céiﬁEE 003 &P SRpl0e MQRRLA Bhlnst

While traditionally wvaccines have been directed at
15 establishing a humoral rezponse, 1if a wvaccine could
induce the develcopment of an anti-HIV/FIV wmCTL
population, this population might provide protection
similar to that found in long term non-progressors. In
naive individuals, introduction of a gene based vaccine
20 that combined FIV proteins with the CD80 peptide could
result in the surface expression of the costimulatory
molecule in combination with MHC CI presentation of FIV
epitopes. If successful, this should result in the
expansion of a FIV specific mCTL population in the naive
25 individual. On subsequent exposure to virulent wvirus,
the wvaceinated individual would be primed to mount a
response against cells that become infected with the
virus, eliminating them before the wvirus has the
opportunity to establish itself and begin its destruction
30 of the components of the immune system.

Example 6
CLONING AND SEQUENCING OF FELINE CD28 c¢DNA
INTRODUCTION

71



CD28 is a surface glycoprotein normally expressed as a ho |SfE|pr 1803mposed
of identical disulfide |linked 44 kDa subunits. It is a ne of the

i mrunogl obul in supergene famly, and is characterized by a SI ngl e
extracellular V 5 region, a transmenbrane donamin and a shortgﬁEn dlZel | ul ar
tail (Aruffo and Seed, 1987). Although the nolecule is | at ed t he
nmoi eti es do W&4Pdkar to play a role in binding and are '?/ﬁ;‘}ﬁ%%g Zed to
increase the solubility of the extracellular domain (Peach et al., 1994).
cDNA 10 encoding the human, rat, nouse, and rabbit peptides and an

anal ogous nol ec@b8s8i st ke mmfekenghavwmincIn@nredlémdexgamdcec* (&i nsl ey

et al., 1995a). HoH28ihsr f Qutsh rmstld@%m 1stdnfriaeyueﬁk@@d440%a0heral
Ch4' and CD8' T-c glls W th_increase 5% sian_resu
p

avrL- XA3, PHA afd PRECSti mil 48idAe esSFEH 7 €% %‘fqt IDHSUP?B?E%%U - CD28
bi ndi ng (Li nsl eyfagilyl . enqgeebaharaptemeg,eca@nreenisheﬂl%cfeﬁra@eéitulms v
di scovery tdat Glaa8onpl ayeﬂaﬁhein{mghbaﬂémdﬁi @ndNal egstt Atintgac4l uband

08 T-cel | actingti gn{dupe, el @laa, ﬁt%%ha | B @dlld] Q! Qeuguenting 20

T-cell activation an I feration, enonstrated that
del i very of thi $13ee 'sEamdloigtées dro st FPRFEuER RAAYORYEPES bt i vi ti es
in CTL (Azuma etbialing &f¥03ed. hgidtBek sz@X poessetkaar ke i solibe 1ty usat i on of

T-cells. 25 Wile %%Ve]l&ereqls;@g(rceéhalarqp@&&ﬂalekyégg% mwned ge  CD4

CD8' cells express I evel s c% SS expr ess
CD28 at high | e FECEIEAY T BpMaR, ratlg‘@‘i")se'APP%rra}}Pﬁ’llErB‘Fﬁ’tdﬁiest B r&ept or
is found on al nestalogblis CBdleanik orertlixal dhigtkeal ha€B8beepekloned dudans

(Turka 30 et al.ge h@3ddsandi.Qnecpeak! ¥1100%qak)murine T-cells (June et al.,
1990). The nol ecul e I's not expréessed at constant |evels on the cell

surface (Turka et al., 1990 Following T cell activation, surface
expression i ncr é&%8s 1S HATE ‘P MPShgCBE (ORE HgERGYESHYARY SHFEERREA br
specific 35 mAb amEs bt dB” t Necalown-wiegulattorsedf ekheegenen ateshotbng he

MRNA and pL st ei rfﬂo%V%JvTiLnxﬁg,[ | ¥k egh & ebiss étliirrﬂﬂa@)’ox?,t &la 1supZ>%agsZo1$EP 2009
' resulting from anti-CD28 binding (Linsley et al., 1%93b).
It was determined scon after its discovery that CD28
played an important role in regulating CD4" and CD8" T-cell
activation {(June et al., :1990). In addition to augmenting
20 T-cell activation and proliferaticon, it has been further
demonstrated that delivery of this secondary signal also
actg to induce cytolytic activities in CTL (Azuma et al.,
1993c).

£D28 is expressed early in the maturation of T-cells,
25 While immature CD3” cells are normally CD287, intermediate
CD4* CDB* cells express low levels , and CD4' or CD8%, CD3*
thymocytes express CD28 at high levels {Turka et al.,
1991). After maturation, the receptor is found on almost
all CD4* and over half of all CD8* T-cells in humans (Turka
30 et al., 19921) and on nearly 100% of murine T-cells {(June
et al., 19%0). The molecule is not expressed at constant
levels on the cell surface (Turka et al., 1990).
Following T cell activation, surface expression increases,
while binding of the molecule by its ligand or specific
35 mAb results in the down-regulation of the gene at both the
mRNA and protein level in activated cells (Linsley et al.,
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1 9 SEP 2002 WD 99/57271 PCT/ US99/ 09502 1993a). Al though ho gely on
| ymphocytes of the T- cell |ineage, CD28 has been reported o ﬁr%t:r asm)cytomas
from bone marrow bi opsies (Kozber et al., 1987) and expressed by cultures
of a natural killer-like |leukemc cell line 5 (Azuna et alf.q,SEPORE) . CD28
shares a degree of structural honology with the other B7 receptor CTLA-4
and the two WOH§P2Buped as a subfamily wthin the |gSF gr%ﬁ}"ﬁlsé’?!i”ﬁ%zl ey et
al ., 1995a). The two nol ecul es have an extracellular IgV region, a single
10 menbrane spanni ng domain, and a short cytoplasmc signaling donai n

(Aruffo et al., 1L987). Ahthngm %eﬁel targtgwobegywbﬁtcv@ﬁ;@st he tme ol ecul es

is only about 31% here ar i ons _and I.C resi due that are
conpl etely conserq\}edijbxeef\ﬁe 8?‘?141 gl? eﬁPrtEd ia Tt ecf 3 %ro entially

i mportant role fagmet h@§e0‘f’rd?4cﬂs§lleﬁ B¥02¢%@&n|atll enl%%l) sam%etcarets%t egrity
(Leung and Linslsy,cult924}. ofhe MBRRY nalilbr-Rild Xdsidue cE@Yi Dine | S
retained in_all fzutngee{:s% at g nbers of the CD28/ CTLA- 4 famly (Peach
et al., 199%,) I Y maps I -like 20 | oop region within the nol ecul es,
and when altered by nmutation, results in reduced binding avidity in both
CD28 and CTLA- £IRPeakdrast aatlegrek09d) staudtairpbghanelvay wedh ther epleed as
the potential |igardchpiuh @Q‘Lﬁ.iﬂi e 0a the (W2Bre aithuctbifed Prakehnsly but it

has not been deter ne(ghlfI%? g}fgur%e %gléglrec?fwt LH_EHQSQI ndi g S{:‘E for E7

or if it prowd”es S|n req U|red i ndi ng
to take place (p@&@ﬁuépsamavelgagu) eXtIFHIYGRT t er%ﬁjé’r’con%elsx’réﬂl? esi dues
shared bet ween Gid*®Hrand Cébénning C'lao@tra4nbl ndsdboah €80 and,-Cp86smit h a

hi gher avidity %I@ I 19 Thu PM“ is
expressed at onl%g%ggg}q £§rﬁLéeLﬁI eve %(I%DQé osrall@asc?t)l vaﬁaét 1Eh{eogle-géltfl bi nds
with a 20 fol d HIIRHCVIRAHFS N Skt rtéi’o (SLASPESS et SaPTIY 188815 . 3AFt hough
"CTLA-4 and CD28 threcres sfoerteveltiibhonany sBeciflcatmtidskar thgt cen®on

IiBgfmds thtelr fAREh LoD ANdnas - 002 R GLARRE LiESnARREAES ! Ord¥a Rk Y at ed
(Bal azano e a potentially important role Zfor these motifs in BY

recognition and structural integrity (Leung and Linsley,
1894) . The MYPPPY motif, a six residue zregion, 1is
retained in all of the isolated members of the CD28/CTLA-
4 family {Peach et al., 1994). It maps to the Ch3-like

20 loop region within the molecules, and when altered by
mutation, results in reduced binding avidity in both CD28
and CTLA-4 {Peach et al., 1994}, This region has been
proposed as the potential ligand kinding site on the CD28
and CTLA-4 proteins, but it has not been determined if

25 this region is the actual binding site for B7 oxr if it
provides the structural motifs indirectly reguired for
binding to take place (Peach et al., 199%54). Although
there are conserved residues shared between CD28 and CTLA-
4, CTLA-4 binds both CD80 and CD86 with a higher avidity

30 than CD28 (Ellis et al., 1996). Thus, while CTLA-4 is
expressed at only 2-3% of the level of CD28 on activated
T-cells it binds with a 20 feold higher avidity in vitro
(Linsley et al., 1998b).

Although CTLA-4 and CD28 mwmolecules are evolutionary
35 related, sharing common ligands, their function and

signaling capacities appear to be unrelated (Balazano et
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73 0 7 SEP 2009 1 9 SEP 2002 WD 99/ 57271 PCT/ US99/ 09502 ils 199@%.
Conparison of the signaling regions fromeach nolecule do TnQEP rdil ect a
high identity and suggests that different signaling pathways are initiated
by each rolecule (Hutchcroft and Bierer, 1996). 5 Wile cD3& St Bpressed
inresting T-cells and is up- regulated initially in response to
activation, GNhgwstrriexpression peaks 48 hr after activati oRCEHE00-rns to
baseline levels by 96 hr post- activation (Linsley et al., 1992a). The
expression of CTLA-4 seens to correspond to 10 CD28 down-regul ation

(Lindsten et al.,, 19 Add] L] I ' i ng. I a t hr ough
| i gand bi ndi ng %]f' t %ggajZS%%é%u e éﬁﬂ%@%@%%ﬁ%&?ﬁ? riﬁ(r?mu%-ggh

regul ating the expresdieonogt CPEAr&L{erhskelich Hfentityooms) supggsFfs t hat
are CD28- do nottlexpresseappt eeiqid einkd fathhagsi are esponise 8o bgt eayhat i on

with PVA or cal C&%’gzcéh%ngﬁﬂ%ﬁcﬁdﬂt”gﬁﬁeﬂi&eﬁl 1994993). A conplete sequence

of the events of nmedi ated signaling remains 1 nconpletely defined,

t hough a hypot hesi zed cascade has been established (Hutchcroft and 20

Bi erer, 1996). |¥hhks BRdh LuggEeitadstha® C2Fis8PgdaFrhgs PRYOLFe¥Pthe

mobi | i zati on of ieduiaceld umirciGaly net absdgse ofo phospha-ionesidiuidesand t he
‘i nduction of protei ir_ QS phgsphor i cher Lerer,
1996). The cyt op%’g%%gbsgtogi Ipré%#cst Eg %%2§¥h§%e§gfﬁe‘k%éalsgﬁde ‘|d$1e%&q§§lsnrlgtgi fs
that are thoughttiselgeei koGthFedYi 76 ifth PRERT 13RS Sy nALFAGSY 1Y éWwirng
crosslinking by" Co8fkor CBB6ekpuaessigin cdl CTLA9OAeemEheo4tonm soraicitd

intra-cytoplsasm {f?ﬁfgi Ofbwi138 4006654 nablie eRzZYAAt i gractiyity, deas not
contal n I ntrace u

| ar tyrosine actJvatloPl rmtifsdcl,%l e éhe TC)F/?. 30 .nor
cystei ne resi due8Fbr 1K i ndF AP OFPSPEPHAY T yReEVEH1 S8RT Y yri6EPRe
ki nases (June et bahdingl 994yhe CHgRevEkscudevapraapbPent iiaipophasphigr yipat i on
sites are conserygch AMMRYStnd hexpsalated sequences ((Huhshey okt and,
Bierer, 1996). | %5.’?&8?' | %l—g'erllesnzﬁ}{xggtézge %E)Eb'\”d%yngtndexpress appreciable
15 CTLA-4 in response to stimulation with PMA or calcium

ionophore (Lindsten et al., 1993).

A complete sequence of the events of CCD28 mediated
signaling remains incompletely defined, though a
hypothesized cascade has been established (Hutchcroft and
20 Bierer, 19596)}. It has been suggested that CD28 signaling
involves the mobilization of intracellular Cz*, metabolism
of phosphe-inogitide and the induction of protein tyrosine
phosphorylation (Hutchcroft and Bierer, 1996).

The cytoplasmic tail of the (D28 molecule has defined
25 motifs that are thought to be inveolved in intracellular
signaling following crosslinking by CD80 or CD86 (June et
al., 1994). The 41 amino acid intra-cytoplasmic region
has no definable enzymatic activity, does not contain
intracellular tyrosine activation motifs (like the TCR)
30 nor cysteine residues for the binding of Src family
cytoplasmic tyrosine kinases (June et al., 1994).
However, several potential phosphorylation sites are
conserved amongst the isolated sequences (Hutchcroft and
Bierer, 1996). Intracellular enzymatic activity and

35 protein-protein interactions are often regulated through
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35 protein-protein interactions are often regulated thr ougﬁ gtgo @UQSEP
2009 19 SEP 2002 WD 99/57271 PCT/ US99/ 09502 differenti al ﬁl 'g

phosphoryl ati on, though enzynmes responsible for this acti E‘it bMZCDZS have
not been elucidated (Lu et al., 1992). A consensus site, .,I&Dgglp QOcat ed in
the cytoplasmc tail, is a proposed site of Src 5 honol ogy 2
phospho-t yr owongshiindi ng domain (SH2 domain) dependent — PCTAUS99/09502
phospati dylinositl-3 kinase (P13 kinase) binding (Prasad et al., 1995).

Al though this is one potential signaling pathway of CD28, it has been

dermnSt rat Ed t h tff Pl%tl&IaEas ngLCé:I!nVI %Sggﬁgr tl%?lr r EL%S%H\A té}le/jmeg

activity, 10 an an 1 ncreas I mary

consequence of Wrﬁ%&l i ¥RE F’f‘WsaFéFYlWlaPYot%tB lb%l‘fermﬁ?% E’Sﬁflrl but e
to the activatiemdesited nguf ramali.nt naeel | ul ar congmadingsitun&MEM, al .

1994) . Wile thg g e% gL {NeSS eyt '%appt iCogPLEiRlka 15, nglersstood,

CD28 costinul ation s to an |ncrease ductl on of ((‘Qltokc# nes gy t he

T-cell. | n5CD28h°“F°Jc,%HYI 2 RRASRRSr EYTAR I AhF i ePadgre

i ncreases st eadyepsicane RNfedagvélidimfsiglseriiessef (232 dkinnes) hirgliodi ng

:ENL ) '5 2, |L| 1Pragdd %t té&rf?r RGN 0S| m{t@agh?ﬁtéfﬂ\?aﬁst&eeIwﬂé’tﬁtlgm n, |
, and granul oc nmonocyte colo st.i atin ctor as we

as the IL-2 rec@b‘?%?fl %‘H’S% %% @28 150875 B9 Iﬁéﬂggggé%vh h)é_:\ady state

MRNA i s due to B®: Higieabi d¢tdatityndots tries t:watr@@rtﬁpvstfaﬁ@ Zaﬁci‘rmlrtéfase in

transcription (EHaches ok andrBheserin 21521996ddua°dﬁdm0ug® GD2gr imary
‘costinul ation was fl(rﬁséncdocu fg)gg Slgf%”hg cel | claanes M?r tdghe%t al .
e th 0

1986), CD28 is RBW KRS ay ar e activation cel |

types. Costi mupathwyof CPmslir}a:t%mm Hd$ bRen SHéRR tFTeddrdt efr%‘ | FNy
production, a Thihtiygs eyuteksnenasitdy |(Tudepeodlct,i amo4) a Th2 type cyt oki ne,
in subpopul ations of naive CD4" T- cells (Seder et al., 1994). The CD28

costi nul at ory ngtitf\évaytll‘les al 1l 59 i mpor tant in thgsactl vat i on _of f:[@élyCTL’

these even not~ comp

15 understood, D28 cestimulation leads to an increased
production of cytokines by the T-cell. In CD28" T-cells
activated with anti-CD2 or PHA, anti-CD28 increases steady
state RNA levels of a series of c¢ytokines, including IL-1,
IL-2, IL.-3, IL.-4, tumor necrosis factor {TNFu) ,

20 lymphotoxin, IFNy, and granulocyte-monocyte colony
stimulating factor (GM-CSF), as well as the IL-2 receptor
{Lenschow et al., 19986). The increase in steady state
mMRNA is due to both stabilization of the transcripts and
an increase in transcription (Hutchcroft and Bierer,

25 1996) .

Although CD28 costimulation was first documented in cp4t
T cell clones (Martin et al., 1986), CD28 is now known to
play a zrole in the activation of many cell types.
Costimulation of this pathway has been shown to regulate
30 IFNy production, a Thl type cytokine, and IL-4 production,
a Th2 type cytokine, in subpopulatiocons of naive cp4a*t T-
cells (Seder et al., 199%4). The CD28 costimulatory
pathway is also important in the activation of cps* CTL,
although it does not appear to be necessary for the
35 effector phase of CTL mediated killing (Hodge et al.,
1994). Interestingly, CD28 also appears to play a role in
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al though it does not appear to be necessary for the 35 effgga%ﬂoﬂme of
CTL nediated killing (Hodge et al., 1994). Interestingly, al so
appears to play arole in 75 0 7 SEP 2009 19 SEP 2002 WD 99/57271

PCT/ US99/ 09502 H V infection. In | ynmphocytes cul tured front$8bR2002

i ndi vidual s positive for the virus, binding of CD28 with "a nonocl onal
anti body canypegshds in an increase in HV production (AsjpeTas®dss2 1993) .
5 1n primates and rodents, the secondary signal delivered by the binding
of CDB0 with CD28 clearly has a denonstrable role in the initial
activation of T-cells (Aruffo and Seed, 1987 Recent Liﬂat suggest s
however that a HAYor IPEFFE™of Yhe TAESPSEEEOn FHYCHE &t aii™e

proliferation 1@nByvpdeventdozgtime Dmsdtheofriapoptiosiding efis€hdfy witthal |

1996) . Resting TI- Qn%hlaélbﬂalt h&ﬁbo@fgfa%%n%egﬁpw hncan ibecom acl inmted

t hrough the formation of the TCR conpl ut are unable to proliferate or
secrete |L-2 |npf‘ﬁ§uc%b?én(@é=’38f EI?%S 5%8%?. nking, a state termed clonal

anergy 15 (Linsley et al., 1991a). Mature T-cells can becone activated
sol el y through tthepbimdiesgand tdientTER tiet BetdmdarvHE omalameARCer @by hi s

eventual ly | ead%hfeobaﬁ&w@tw%Dsbngygﬁcbml l.ideat ﬁem wmmaagafmes

Rad t al he d te CAM 1
(ZOaC\(;g?YImJFat ?oﬁ)o Earf-’ba‘bli*ﬁ dJ:emaﬁba I I%ﬁtf;%%gg?g?; éF:a'lt%l ve § LIngﬂo i C!appears

t hat CD28 nedi atsegtdcodBmul at Rererits dagai quegﬁﬁtﬁ)rmﬁ@h’telrné fReasUBEYuUent
onset of clonal &@@EQchf and 2RAPLEiSn( kPt cebustain IPIaferhtidias been

shown that CD28 arole in reqgulatin gnes 025, Pl ay an

i nportant +%le i t%@gﬁp%i’é%t | %‘ﬁ BFeF= 1Yy % LE?/C[ P%ﬁqggﬁ%‘ﬁt Oél SP(BOI se et
al ., 1995). A sustogilned Remriegsd- qeﬁlﬁcllnxté%pﬁes§b6ﬁe|@fosg%‘fl%dC%

T-cel |l s costi milplede é?dﬁ:l@@ggdCﬁ&&ﬁighnKhégfcﬁzﬁwﬁerf,‘bfathe O Epmplexs felt
that CD28 costi [P’él ation 453 téo %Bflpféfazt% hel- X crggg_NAiL?QO Wt Pre

expr ession of t encodeano e pr eventi ng t Qnset (1 gogt 0Si S
_(Radvanyl et al absgggg)of cDhz8 crossllnklng, a state termed clonal an

15 {Linsley et al. 1991a). Mature T-cells can become
activated solely through the binding of the TCR with the
MHC on an APC, but this eventually leads to activation
induced cell death through apoptosis (Radvanyi et al.,
1996} . While other secondary interactions (i.e. ICAM-1

20 cestimulation) can provide auxiliary proliferative
signals, it appears that CD28 mediated costimulation is
unigue in preventing the subsequent onset of clonal anergy
and apoptosis (Linsley et al., 1993a). It has been shown
that (D28 may play a role in regulating genes known to

25 play an important role in the protection of T-lymphocytes
from apoptosis (Boise et al., 1995). A sustained increase
in bcl-x, expression is observed in T-cells costimulated
by CD28 crosslinking (Boise et al., 1995). It is felt
that CD28 costimulation may act to stabilize bclwx% mRNA,

30 with expression of the encoded polypeptide preventing the
onset of apoptosis (Radvanyi et al., 1996).

Ccp28 ligation has been demonstrated to have a role in
enhancing the production of a variety of both T helper
type 1 and type 2 cytokines (Lenschow et al., 1996). There
35 alsc appears to be a role for this interaction in the

development of the specific T helper subsets. Naive CD4*
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CD28 |igation has been denonstrated to have a role in enhancin tg@
production of a variety of both T helper type 1 and type Zﬂgysg&i 8
(Lenschow et al., 1996). There 35 al so appears to be a role for this
interaction in the devel opnent of the specific T hel per subgeits.2iai ve
CD4' 76 0 7 SEP 2009 19 SEP 2002 WD 99/57271 PCTIUS99/ 09502 T-cells wll
normal | y deva®¥®/5&@27Thl phenotype if activated in the abseP€EUSPOBER S/ CDSO
nmedi ated signaling (Lenschow et al., 1996). This nay be an indirect role
as IL-4 production could be induced by the exogenous addition of 5 IL-2,

and the role of (2§, i'xﬁﬂ%g%%&ﬂ&@?ﬁ%%g%%wgbﬂnotkéé lziﬂ‘%%t%’x[z)ég y been

di scussed (Seder et a | studies involvin nockout

mice further sufpdite #PFBRESTOF e/ FRERJIHH ate RAIBRYEIDIMERECRPY Th2
cells. 10 CD28' let iéke wWetEs)deverbpedmy Shaanniadimeck cowbr kessilt4h the

!tma eg) ng dES_tabggfdad}&éeawc@m@rﬂelr@nd@eﬁ@tﬁyt&e itea;B gﬁ&‘?@ggaédaittgﬁna@ﬁence of

erived secondary signa inian, . et .a . e gene was
di srupted FPn erﬁJT'fOnF”ﬁgs h@mr?,g?l%f @%ﬁ%ﬁ%&%ﬁ&%ﬁ%&% ucttﬁgnlggsecond
exon with a neomfcit hasi stoerdy degrn (Sirthvissedn (6edenl et 2393) 19PBMC from
_nice honozygous AnfitiBaskneekouds werafiagndnbe rxpeess neceDABrenetheir
Expression of NSRS Eetl S Conahi datcserst 1 i) WS TR Re Rt T L Tt on
of T-cells derivesk¥s-omthe CD28-1- nice had reduced T cell proliferation
and production of cytokines that could only be partially restored by

exogenous hb-2 (Shahi-nhal Qbral devel888d by ishhasniigeRnadeshhsidrat edchhat
highly purified T-cells are r}ot 25 act ihv.%t echobv}/ Llecteimr\ism i,n tgle tabs nce of
APC (Unanue, 19871 *WER"™t % Eﬁ%%l%ojlﬁ 8 AN PP VY HénoRdtR At ed 't hat
the CD28/ CD80 iimfmcadiononn sheeqiseadef of the RP2Hgearivad ssconfiagy |

| ectins (Shahini gyl abhahik993) . edhgl i ntiepagt i ome Waealsd dioungrea be

I mportant in theiQEg%§%§gﬁﬁéﬁstem cells by partial replacement of the

15 second exon with a neomycin resisgtance gene (Shahinian et
al., 1993). PBMC from mice homozygous for the knockout
were found to express no CD28 on their T-cells while
heterozygotes CD287/* were found to have a reduced surface
expression of the molecule (Shahinian et al., 1993).

20 Mitogen stimulation of T-cells derived from the CD28°/
mice had reduced T cell preoliferation and production of
cytokines that could only be partially restored by
exogenous IL-2 (Shahinian et al., 1593)}. It has been
demonstrated that highly purified T-cells are not

25 activated by lectins in the absence of APC (Unanue, 1984).
With this knockout strain, it was demonstrated that the
CD28/CDR0 interaction is required for the mitogenicity of
T cell lectins {Shahinian et al., 1993). The interaction
was also found to be important in the mediation of

30 isotypic switches by B cells in response to antigen
{(Shahinian et al., 1993}). Unlike with the CD80 knockouts,

a demonstrable role for CD28 could be determined using
gene knockout technology. A CTLA-4 knockout mouse has yet
to be reported, but a ‘mouse traansgenic for the

35 overproduction of CTLA-4 Ig has been studied {Lane et al.,
1994) . As might be anticipated, this strain has some
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1993). Unlike with the CD80 knockouts, a denonstrable rol

be determ ned using gene knockout t echnol ogy. A CTLA-4 knockout use has
yet to be reported, but a nouse transgenic for the 35 overpk b&ifcﬁl)n of
CTLA-4 I g has been studied (Lane et al. 1994) . As might be antici pated,
this strain wWeseseae 77 0 7 SEP 2009 1 9 SEP 2002 WD 99/ EAARE/09502

PCT/ US99/ 09502 phenotypic characteristics that are simlar to CD28

30 isotypic swtches by B cells in response to antigen rehall:}l gt%r;é@g
i i coul d

deficient strains (Lane et al., 1994). Wiile isolat ed T- cell s pr oduce
normal amounts Q 2pn I VA I ﬂBo Aation
(Ronchese et al P fh If?) CEE%QP détt%%% Ehad Has, BAE oJf ce Is to nount

the 1 nabi Tl "gﬂ‘
or maintain a @ﬁéb@?e%ﬁﬁ‘r’%n? edi3gfset (FoncHE9d) et Wrile ig§9dtenugh

there are many peopssgtbduathueytslobmdimeand TitR,, dppterenilivatesa,Il-he
CD28/ B7 1 nt eracty 4 §ls hrﬁéded%ggﬁ%élmhsuwf@Bﬁ@ﬁ@seogtufel |1 g3ubsety; g

differentiation. nterl in-2 |zat|onmabeacr|t|cal
function of CDAgar 68sEPRkIARPI LMY £% EnGELLF Bt H@?urgytoﬁkf“ﬁégt%e@ been
shown to be dir eaidpgrohuintuchy ectslppnaéf ¢edredchdse £hi gl. i Mt3¥Adact | Bnogdh nsl ey

et al., 1991a). fhe.l ngg@mgwypmsggor a&}lmély”s JiL- @nanddhFareg e

produced in menory T 15 cell resp nse to ng,
while in naive %SSGF%‘EV@%OEM@“I EDf§?P§ Prsdas ao?c}é?%%mopsgfqgﬁe 1991;
van Kooten et alinflugfed)on |1 c4léxpressi olififerahstrticegul ated t hrough t he
CD28 si gnal [ ng pat hway (Seder et al., 1994). IL-5, IL-10 and IL-13, other

| mpor t ant {};g. g@;@)&fm GUHRM' L83 PORSG on aqu@é %ocypﬁ{@aulf%@glga the
|nteract|on (de I 1993, Mnt n)f Haddltlon
col ony sti nul at i%g“RA# Wﬁtlﬁnki‘réﬁ:'t&'i‘% Pn’é?%ﬁﬁ @EFCY"(%ZI Safd'f L- 3 and

chemotactic fadiewrs sheehudd nge 1dix@caly at | indireeglly adtbaticechbyhehi®s
signal deli Vere%&%&@%%ﬁmmﬁ&@}} & .21 1995991001 | erhes ixatagnkiaky use of
Chove hre's | nouiad:Oloel SRNEET_ril BTl hgs . Deep-RLe.0Us! Yodlsgussed.
15 cell populations in response to CD28 signaling, while in
naive populations only IL-la is produced {Cerdan et al.,
1991; van Kooten et al. , 1991). IL-4 expression is also
regulated through the CD28 signaling pathway (Seder et
al., 1994). IL-5, IL-10 and IL-13, other important
20 mediators of humoral response, are alsc up-regulated by
the interaction {deWaal Malefyt et al., 1953, Minty et
al., 1993) In addition coleony stimulating and growth
factors including GM-CSF, CSF-1 and IL-3 and chemotactic
factors including IL-8 are all up-regulated with the

25 signal delivered by CD28 (Harlan et al., 1995}.

While the potential use of CD80 in the induction of cancer
immunity has been previously discussed, there are a range
of other proposed clinical uses for (D28 and CD80.
Prevention of the interaction between CD28 and CD80 has
30 been demonstrated in rodent model systems to facilitate
the prevention or treatment of some autoimmune disorders,
in the prevention of the onset of organ rejection or graft

versus host disease, and in the prevention of c¢ytokine

release associated with sepsis ({(Harlan et al., 1995;
35 Nickoloff et al., 1993; Thomas et al., 1994; Zhou, et al.,
1994) . The addition of CTLa-4 Ig to block CD28/CD80
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interaction between CD28 and CD80 has 30 been denonstrated

systens to facilitate the prevention or treatnment of sone aﬁég g

di sorders, in the prevention of the onset of organ rejectio Fgm ft
versus host disease, and in the prevention of cytokine release associated
with sepsis Wasysawiet al ., 1995; 35 Nickoloff et al., 199BET/URSEE2 et al .,
1994; Zhou, et ral., 1994). The addition of CITLA-4 Ig to block CD2S/ CD80
78 0 7 SEP 2009 1 9 SEP 2002 WD 99/57271 PCTI US99/ 09502 interaction in

mce can pr eVe”tmt‘éE}Qécl&;%elﬁyIﬁPé@”@aﬂ %ré\!@/tN%\(}@%C‘hkéng}fgﬁ{br&afﬂ al l y
prot ect against | ethal EAE | et hal hritis in rat et_al.

1995). Wile t ANZB/FEY mise - |ﬁ%ﬁ6‘€‘h8f‘5‘bﬁﬁ &r PRt i AERE s-L(?rtg‘é?sE]?‘% 5
humans has not beenlath&Enpepdritiis hasrdeenHebsar vwgdaiin, IRAMENns Whaiein

psoriasis and r heunatQieh st mmnhhgthepa;gpsr&s Aemmnstnat al@ﬁ@eﬁpi@sm on

of other proposed clinical uses for CD28 and CD380. Preven 'ﬂnSESJ Jh&ge
d nodel

while in no bi opsi.es thi sbex Qs%rét (lecko ff et a.,
1993; Thonm et ymans, §a%y "oF PR e ?FPP an& org tranng%mts in mce
and in vitro huﬁmma@ﬁpethﬂ%nt@ Piseriadds t iandd offhm#qldgaé?ﬁ rihes,

prevention of thﬁogaz.géBZierddﬁ%QEﬁ@él@!Daﬁal’b}{;ﬁ%ﬁlsﬁ.ohn wifilkeasi paphaBl

protection from organ r ecti N, the reyention of,..GW duction
of antigen specﬁ t ol eféélnce FF'Sloet al | ST@@S)(N E@%fl naH] t he
cytokine rel easel%f#d citsERSoftsédsis PRAL - cadt [hoRg GrEept FBdsﬁé‘é?(nor
septicem aigan he-gi=puentedihnmida Ceelaoyui haura Hiven ashtpartistehat | onhef

CTLA-4 1g (Zhou, adds £ i ’of]'%%g?%oroﬁ%h ich E:b@@n@!.m# g @%8/099@%7

i nteraction pr OVI es a nore ndl n

costinmul ati on and5§¥8GFHIS PRsTHHILY ﬁFoa"eslteéﬁFl %&rﬁtﬁ@l Eﬁ?mqtdﬁgl oy
vari ety of problesmmn MATEREALDS ANe MEEHEBDS drsalfativen of re iimducaliohr agnent

of CD28 nmRNA was @éh&@géﬁ é?emm%mahegeméﬂtarp% Lynmphogysies 28
stlrmlatedfor 16 hr _w't using.the R N%
finally, the cytokine release and onset sepsis that can

lead to septic shock or septicemia can be prevented in
mice by the in vive administration cof CTLA-4 Ig (Zhou, et
al., 1994). The manipulation of the CD28/CD80 interaction
provides a more thorough understanding of T cell

20 costimulation and provides insight into establishing
soclutions to a variety of preoblems.

MATERIALS AND METHODS
Isolation of an initial fragment of CD28

mRNA was extracted from HKS peripheral blood lymphocytes
25 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 transcriptase (RT)
reaction employing olige 4T as the 3' primer. Briefly,
the RNA, and oligo dT were heated to 75°C for 3 min to
30 remove secondary structure. The RT, dNTP, buffer and
distilled water were then added and the mixture incubated
for 1 hr at 42°C. Following this incubation, the sample
was heated to 95°C for 5 min to inactivate the RT.
Degenerate primers derived from consensus regions found
35 within the human, murine and rabbit CD28 published nucleic
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extraction reagent (Biotexc, Houston, TX). Initially cDNA was derived from
this RNA by a reverse transcriptase (RT) reaction enployi rily foBEBo2¥ as

the 3" priner. Briefly, the RNA and oligo dT were heated tpo gECJﬂ rr3mn
to 30 renove secondary structure. The RT, dNTP, buffer and LRI gd wat er
were then added and the m xture incubated for 1 hr at 42C. Followi ng this
i ncubat i on, M@R@9%EWpl e was heated to 95C for 5 min to inaBETVEPEFhe RT.
-Degenerate priners derived from consensus regions found 35 within the
human, nurine and rabbit CD28 published nucleic 79 0 7 SEP 2009 19 SEP

2002 WO 99/ 57271 RGTLLSA Q950 nAah, SRANeRass ireheRankenBekhesgda M)
were then enployed for the l%iptlal a ification of _a 673 ntd fragnment

[
encodi ng the nmaji6Fi t Yof TPAELOheATPLA TR FPRartt  &D5F311359 CAR® TAG CTG
CAA GTA CAC 5 €DR84768: tIECRE]PCi TERATACEEEATeEE A Hotmst art PCR
protocol enploying Taq pol ynerase was used to anplify the product ( 95C

for 5 mn 1 cycl®,;599Cf0kan IrSGe ARC IQr 3R &€& and 72C for 45 sec, 30
cycles; 72C for 7 mn, 1 cycle). The fragnment was then visualized 10 on a

1% agar ose gel and Iigat ed into the TA cloning vector (InVitrogen, San
Di ego, CA) and $é¥8eredd @C prieviteishi® WESSERbEd. From the sequence of the

cDNA, specific 3" prinmers were derived and synthesized for use in 5 RACE

reactions. 15 CH28380:: GRCrARGIAGAAT-REGACE BRC 61y ab28239: Adda TTG CAG

AAG TAA ATA TCC_Isolation.of th ' oregLaon. A nodi.tied G BCOS, CE
protocol (G bco tlg’RI‘f‘f‘“pfjdéa:’Ir HhEr EB%‘?"@C?’: I\&D%gwgsf%rrrp cr)nﬁéld?'tc %]b%’aigg Fﬁéor

remaining 5 2@ Geffendd 6f fehe3 § efeheandDIS *RofeEute. SRNA 3RasYEXE? act ed
from 16 hr Con A=t autal ednPBMeyAed. Ogenerapgaend ivas phémBristvasiespl oyed

for first sprand CONA.Synthesi 5., The ) BIA andoLhe r infer, e, heated to 75C
for 5 mn prior to fie I'tion of the” other reagents. | 'owm ng the
{InVitrogen, San Diegc, CA) and seguenced as previously
described. From the seguence of the cDNA, specific 37
primers were derived and synthesized for use in 5’ RACE

reactions,

15 CDh2819%0: CGG AGG TAG AAT TGC ACT GTIC C
CD28 23%: ATT TTG CAG AAG TAA ATA TCC
Isolation of the 5’ region

A modified GIBCO 5 RACE protocol {Gibco  BRL,
Gaithersburg, MD) was employed to obtain the remaining 5°
20 sequence of the feline CD28 molecule. RNA was extracted
from 16 hr Con A stimulated PBMC. A 3’ gene specific
primer was employed for first strand cDNA synthesis. The
RNA and the primer were heated to 75°C for 5 min prior to
the addition of the other RT reagents. Focllowing the
25 denaturation, the mixture was cooled to 4°C and reaction
buffer, magnezsium chloride, dNTP, DPTT and SuperScript RT
(Gibco BRL, Gaithersburg, MD) were added. The RT mixture
was incubated at 42°C for 30 min and then heated to 70° C
for 15 min to denature the RT. An RNase cocktail was then
30 added and the reaction incubated at 55°C for 10 min to

removal residual RNA and prevent incorrect terminal
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25 denaturation, the mxture was cooled to 4C and reaction buffer,

magnesi um chl ori de, dNTP, DTT and Superscript RT (G bco HRY, SERi 20§8r sbur g,
MD) were added. The RT mixture was incubated at 42C for 30 m n and then
heated to 70 C for 15 nin to denature the RT. An RNase cocki 8kl 20fhs t hen
30 added and the reaction incubated at 55C for 10 min to Trenoval residual
RNA and prevewmssistgorrect terminal 80 0 7 SEP 2009 19 SHETARIZ 033

99/ 57271 PCT/ US99/ 09502 transferase (TdT) extension. The cDNA was then
purified over a dassMax (G bco BRL, Gaithersburg, MD) spin colum to

remove uni ncor p%%?gagaggh?%%p%%ﬁ_ﬁsifﬁr Hined o BilNAa £1dilepd L o dne

colum was then tai ) was 5 enployed to add a 20-?0
nucl eoti de dC t &VE*t® Fhae=MBRACIPRRe BBH, s WSS SRHYR d Pf[@ P EOr o f
purified cDNA tragresvemehionmrdeatedadiiorndubl eérer andPw@CTReflofPNMW ng
g';ga]t ur atl bon_ of etlgl%teﬁ%ﬁtti%goleEmBWQ@i Bbhﬁﬁh"[%;aﬁﬁéﬁtwﬁl}[ mgﬁs tr!;gtkb@é ed at

or mn an e _enzyne,was n eat _inactiVv or an
addi tional 10 miSTPLPKE 3 ‘Tg%‘él %[ﬂ\ﬁ%ﬁa?‘lﬂ?ﬁ?ﬁ?ee n q'rga’ %t%’?yﬁéi?%'se based
hot start PCR rEectémgyned5@ s orddedi o F5C0riwrurd) gbcpusbiied ofPBB sec 72C

for 45 sec, 35 Gygf@siud26ni®Fide Mrthetidhenif f4Br SarfOradiv Foleasihdpn
‘included a 3" prj | ocat ed 1§he'

‘ ne t he Q_L\I@ synt hesi s | Ner an
anchor priner ¢ E@fg?f%t]fogr fhe dfq%{Anﬁerggn_d (%:yn%oggﬁ' I a%éelq%ag}:fﬁg with
a few dl residuess dasubabed tafi $1°EaéPr ol VS @PUERE $REYTS0 WRSoFNSRIt er and
5 Al of this di InddtonnaREevhben atsethom fo AAShediBCRateact mon. (95 for 5

mn 1 cycle; 95C f.ar 30 : ; €G..an for. 43-88CL30 cycles
with KienTagq po ayl%éscg%%] >$2r %Waﬁﬁﬁil%rdd%?ld% E@_aaﬂéﬁ%‘% pr iima'r ° and_an

addi tional upst re@FCgRER BHEEAPRc (9P ° DEPRe? . Mihi Sy C APT of0 (37 nasted
reacti on was thefowizmualdzeadeanfar145%eqgarosecies; &AL tihe pr oper -

fragment extract el (ELY; Bes CDNA Mas.punisfLedaas
previously descﬁ%bgg%\%%{%toﬁit%m cor?b,gécl)&%)ggalli zer andiﬁ?ﬁ ropure filter

( Ami con, Bé§er|y§’N@é.tﬁﬁecﬁﬁ?iFV%Hh%ﬂﬂﬁaﬁﬁﬁﬂﬁFe and an anchor' primer

specific for the dC linker and composed largely of dG with
a few dI residues. One pl of this reaction was diluted in
50 pl of water and 5 pl of this dilution were then used in
a nested PCR reaction (95°C for 5 min 1 cycle; 95°C for 30
20 sec, 55°C for 30 sec and 72°C for 45 sec 30 cycles with
KlenTaqg polymerase mix) with the dG/dl 5’ anchor primer
and an additional upstream gene gpecific 3’ primer. Thirty
ul of the nested reaction was then visualized on a 1.5%
agarose gel, and the proper fragment extracted from the
25 gel (Fig. 19). The cDNA was purified as previously
described with the Amicon gel nebulizer and micropure
filter {(Amicon, Beverly, MA). The purified cDNA sample
was sequenced through dye terminator cycle sequencing
{Perkin Elmer, Norwalk, CN). From the fragments
30 completed, a concensus sequence was derived. From the
sequence, a primer pair was synthesized that encompassed

the entire open reading frame of the feline CD28 gene:
feCD28 5’': CEC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG
feCD28 3': CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G

35 Using these primers, a cDNA molecule including the entire

81



was sequenced through dye term nator cycl e sequencing (Pgriieﬁiflrz@@"
Norwal k, CN). Fromthe fragnents 30 conpl eted, a concensu e was

derived. Fromthe sequence, a priner pair was synthesized that enconpassed
the entire open reading frame of the feline CD28 gene: fed3EPslf] CcaC GGA
TCC ACC GGT AGC ACA ATG ATC CTC AGG feCD28 3': CGC GGA TCC TCT GGA TAG GGG
TCC ATG TCA ®O®9/5138I ng these priners, a cDNA nol ecul e i nclRfVHYIBE entire
81 0 7 SEP 2009 19 SEP 2002 WO 99/57271 PCT/ US99/ 09502 coding regi on was
anplified fromcon A stinulated EK6 and ED3 PBMC derived cDNA. This PBMC

.CDNA was pr Oduc@cgdir%r QUL 0445 [ 2Bk 1B EeR HerDNSE TRl Gl kP § it h gRNA
encodi ng the gene. This PCRii[rggctl on (95C fo 5 cycle; 95C for 30

for 5 mn_1 I
sec, 42C for 30%RcPENG #s¢ FENBgec TyBFES: P9t f6° PidRredsi ng
Kl enTag DNA pobyeerasdyi nandie hadpeseasf deduritmgtedndom ernoasn ofRiNan
alssocijI at efl WIt L he;T[@(Qde& VRS 3ffe . PI QHngﬂc@ Je%tli?sf [ age@Ntor Wingh was bed
cloned intg the clo vectaor an ce as_preyl ous scri bed.
s with the COBBYRbT ot S WEHD RRCI ebt s i_?‘& &S &BAr 11 r#éog%ngt | east
three independeat! \3Uerckedes seditdfcesor RESUNTS) Detjarter Elenprd né®8 chosen
from concensus p@lg&@éhsas@ titi Rhelbobbe aﬂrfétmcib;@rr&an?eﬂ éaﬂpz}slt 3028 cDNA
‘sequence were enployed i.n PCR react | n S Y. Yi
product that eng%?r%%sag“gg %ftn}%)gtg qa?ﬁf%n'l‘e%?‘ ﬁ%’ dpe%%%gg%o%?}r% béeﬁﬁagﬁ%g% Due to
t he hi gher degreeidi “eensEenas ilohof BandE? A oPRBI I AFo PEEUFRILSHISG al
anpl i ficaticon ugkngra2Qodegenisatrebpdi NErss wikil ded cbad walkbyulde «anth re
mol ecule. As o to t feli - ulg, i nywhi¢ | Ve13-eeSal |
central fragnen?ggg%&lln%i ;El%]tf pr“%%uce gfgﬁ+§&t h}gy 5 rms%a%:% tnt d.s were
| acki ng from t hénepRFrIEEdngeF + 55k SGEUSPR2S CD28 cDNA (Fig. 20). This
sequence initial fragnent 25 shared an 86% honol ogy with the anal ogous
region within Regenrsequence, a 86% identity with the rabbit cDNA and a

Degenerate primers chosen from concensus regioné within
15 the murine, human and rabbit CD28 cDNA seguence were
employed in a PCR reaction and successfully yielded a
product that encompassed almost all of the feline coding
sequence. Due to the higher degree of conservatiocn found
in the D28 molecule, initial amplification wusing
20 degenerate primers yielded virtually the entire molecule.
As opposed to the feline CD80 molecule in which only a
small central fragment was initially produced, only the 5’
most 113 ntd.s were lacking from the open reading frame of
the CD28 cDNA {(Fig. 20). This sequence initial fragment
25 shared an B6% homology with the analogous region within
human sequence, a 86% identity with the rabbit c¢DNA and a

7%% homology with the murine coding seguence.

The 5’ ATG and the additional 110 ntd. as well as some
upstream 5’ gequence was isolated using 5’ RACE PCR
30 (Gibco, Gaithersburg, MA), <cDNA transcribed from EK6 Con
A stimulated PEBMC was used in the tailing reactions. With
this material, amplification with primer CD28-786 and the
anchor primer dG produced littlie definable material (Fig.

21).
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79% honol ogy with the nurine codi ng sequence. The 5 ATG c} E ?@ i tional
110 ntd. as well as sonme wupstreamb5' sequence was i sol atjg ué ﬁg RACE
'PCR 30 (G bco, Gaithersburg, MA) cDNA transcri bed from EK6 Con A
stinmulated PBMC was used in the tailing reactions. Wth thild S0l al ,
anplification with priner CD28-786 and the anchor priner dG produced
little defi nM1%/Sidterial (Fig. 21). 82 0 7 SEP 2009 19 BEAIPHHI A\

99/ 57271 PCTI US99/ 09502 Although no identifiable bands were anplified with
the prinmer conbination dG@ CD- 786, diluted cDNA fromthis reaction was

gg};{ji :‘N; gd usi ng%ibzt@o@@t@@ g@ﬁ:ti&:liaﬁ'@ésban@%@éﬂ@zarﬁ%ﬂ@%Sﬁ%g- tlﬁevi 3i ?l e

present a appy oxi mat e n. 1.S..pr.o en i .ate rom
an agarose gel pﬁhtﬁe%e(ig@%i%%mt%ht é?’g(g%ﬁ?é 5&]1}“ SO e‘%ilgrrl}h“1 \é\%rﬁ%n(s:tgufgncl udi n
and conti nui ng rhaouipn t Hes stapl iticdbnus Iy gthezzr)esqadorﬁmﬁeq@éiqwm f ’

s . . e o

tTE_ese products @D@éﬁi Wﬁfde\@S)_zaﬁﬁhﬁ.er%V&dsﬁbﬁé basd udad tﬁi@gahar taccodon.
‘This prinmer, in__conhinatio t e r lify
‘cDNA from RNA e???%%}%lé%%ﬂ%%o\gKépand% Pé%r%%%;ﬁen%r%f)gagggsﬁ\ﬁp%gguci ng a
754 bp product EERECSRIPElIRN FEESENISth BPREHESS obliRt $'f reRfiteSeR ani mal
were conpl et el yegesurneadl adichoeant aued RivdnactHrSide ties st ahe cdetbrand
confirnmed with ggi%e ) 3 independent correctly readi ng sequences.
Fol | owi ng sequenci g e full length product was sequenced fromthe TA
cloning vector to 20 insure a consistent and reproducible product. Wthin
the final 685 bfrfmagientseneddrnPh hehear i PEOBPES® 2 eldi My FFamei2% he 5'
égf \gk'gg | Olcotah ed dat:igg@lt _th@ml ﬂncgltula@dl shep;wﬂprbdmh .f oundsapr pasi t iion

- , W an itignal. cl,eot. t ' [ As 25
wth the fe Cos6oRBret & ‘Fﬁ%‘ gﬂ%pgsi pblists &t'hé”%ﬁ‘%c;“y%@dgﬁgm“é%ﬁéf nfirmed
t hrough sequencicRER ofras REACESPERECHr HHeMe tRKE( @REaERDICThSwifimulated

PBMC producing a 754 bp product (Fig. 23).

15 At least two of the preoducts from each animal were
completely seguenced and each nucleic acid site was
checked and confirmed with at least 3 independent
correctly reading sequences. Following sequencing the full
length product was sequenced from the TA cloning vector to

20 insure a congistent and reproducible product.

Within the final 685 bp fragment encoding the entire open
reading frame, the 5’ ATG was located at position 1, the
stop codon was found at position 664-666, with an
additional 19 nucleotides in the 3' UTR (Fig. 24). As

25 with the fe CD80 molecule, the 5’ position of the ATG
codon was confirmed through sequencing of 5’ RACE PCR
products (data not shown).

The feline CD28 gene, once seqguenced, demonstrated an
overall identity that was closest to the rabbit and human
30 sequences (Fig. 25). The homology with the murine cDNA
was still strong while identity with the chicken sequence
was more divergent, though comparable to that seen between

the chicken sequence and other mammalian genes (Table 2}.
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The feline CD28 gene, once sequenced, denonstrated an ov %Ig 'dﬁ@hity
that was closest to the rabbit and human 30 sequences (Fﬁg. E?_ e

honol ogy with the nmurine cDNA was still strong while identit% '@ﬁ%the

chi cken sequence was nore divergent, though conparable tol &W n
between the chicken sequence and ot her manmalian genes (Table 2). 83 0 7
SEP 2009 19wsEMR/s2002 WO 99/ 57271 PCT/ US99/ 09502 Tabl e 2: PCRu§9pI5820n of
feline with nmurine, human, chicken and rabbit CD28 for sequence honol ogy.
Speci es Percent honology with the feline sequence: 5 Am no acid Nucl eotide

5510020 10,0018 LU A RO SOV kR, SR o v

_ romthe ‘nucleic ati d sequence as
‘previously descPRBetRPRife fPRByLOR T99UCRESHRPT/SRPYpept i de sequences of the
ot her published genes was conparable to the identity at the nucl eotide 20
| evel . The sign ence ' r the . i oni ne
t hr ough residuegkségg% appeg%%£§%gfqgﬁbg§%gxégﬁ?ﬁg%hg%%éhge?éggg?%'the

ot her cl onéd CD28—polypepti-des,—that—the single—extracelHular—tgSF

vari abl e- |ike domain ext @mdsof aoid resi due 19-153. TWhelbaydidgphobi c 25

menbr ane spanni ng domai n extends for the next 27 residues, and is followed
by the 41 am no acid cytopla gjc tail. As with the hunan CD28 nol ecul e,
the feline pol yp8pPfde has % botential N-1inked glycosyitation sites (Fig.
26). Conparison of the predicted am no acid sequence of feline 30 and
human CD28; (or ot eipgsdenonst ragged regi ons of honol ogy wd4sh sone differences
(Fig. 27). The majority of changes can be found in the transnenbrane

dormain and in the signal sequence and NH3 term nal donain. The hi ghest
degree of Rabbit 84% 84%

Chicken 59% 50%
15

Aan aminc acid peptide sequence was derived £rom the
nucleic acid sequence as previously described. Identity
with the derived peptide seguences of the other published
genes was comparable to the identity at the nucleotide

20 level. The signal sequence of the peptide extends from
the 5’ methionine through residue 19. It appears that in
the feline molecule, as in the other cloned CD28
polypeptides, that the single extracellular IgSF variabkle-
like domain extends from residue 19-153. The hydrophabic

25 membrane spanning domain extends for the next 27 residues,
and is followed by the 41 amino acid cytoplasmic tail. As
with the human CD28 molecule, the feline pclypeptide has
5 potential N-linked glycosylation sites (Fig. 26).

Comparison of the predicted amino acid segquence of feline
30 and human CD28 proteins demonstrated regions of homology

with some differences (Fig. 27). The majority of changes

can be found in the transmembrane domain and in the signal

sequence and NH; terminal domain. The highest degree of

homclegy is found in the central IgSF V-like domain and in
35 the cytoplasmic tail.
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honol ogy is found in the central 1gSF V-like domain and in %'Scshlée
cytoplasmc tail. 84 0 7 SEP 2909 1 5 SEP 2002 WO 99/ 572710 sé¥09502
-Conparisons of the feline CD28 nolecule with the predicted am id
sequences of the human and nurine nenbers of the CD28/ CTLA-MfSQEiZW
denonstrate that while there is only a 25% overall honol ogy between the
menbers of tRioesrdr oup, that specific regions and resi dueRCEESIYMEINt ai ned.
The MYPPPY notif is retained by all of the nenbers of this group. There
appear to be additional residues retained in the feline nolecule that are

predicted to be jnportant for . structur integrity 1ncludi : er of
conserved 10 c§8¥§?‘ﬁlesorn§s?gu%§e %E?b‘.le i@zs nf%]geq%lﬁeo‘ﬁjf%s‘n%%% ggﬁ%n of the
fel i ne CD28 nol esdihe Bsidnpefersncsisy céohber Pammia e FurérepupTrefed:
sequences espeghal Iopakhernamarat drin vselgieneesat i gha?9yhile vididret yis of
Ltraceltular 098l LdsRALONEYS AAALANOBEH L, eI RAIRILA S an A resul !

of the crosslinking of "the "extracellu portion of the reQeEtor
( Hut cher of t5 and 9rBRer erhat1 gBsgif i FEEhART 30 FeplBres A% MR2pFraditted ani no
“acid sequence ABeofivimly met OD2& wheaimeipar ell taf sheithemoegisob§ oiig he

human  pol ypept idg,,.f urkher tbaLe 4 pLobabili ¥ed hakaeach iprotein
retains a simlar structural nt e%rl ty. V\herg, cagjgnges in the ag1 gor aci d
‘sequence occur K&RelRIng FELESHS “Hot HFELP T Hh i Bni FREAAF EhaRges in

t he hydrophili cisttyu2buodl t Heteptrecul epchhdthy r ef |mutbert haf chaAgesed n t he

amno acig,seq Qgiﬁéeréﬁcggsy(pggpl;ggqus. O note is the hydrophobic
“menbr ane spanni %&domai nin which the feline and human peptides only share

75% honol ogy, yet have very simlar hydrophilicity profiles (Fig. 30). 30
DI SCUSSI ON ~ The Bequeytcas.ashichdoppbheadf Cbh8 sl ésnl €828 Molgewbhstfated a
‘noderate |evel gfoMQkdt,ON@6yserved with other published sequences

especially the mammalian sequences (Fig. 29). A variety
of intracellular signaling pathways are proposed to be

15 mediated as a result of the crosslinking of the
extracellular portion of the receptor (Hutchcroft and
Bierer, 19295}).

Hydrophilicity plots of the predicted amino acid sequence

20 of feline CD28 when compared to similar plots of the human
polypeptide, further demonstrate the probability that each
protein retains a similar structural integrity. Where
changes in the amino acid sequence occur however, there do
not appear to be significant changes in the hydrophilicity

25 of the molecule, which reflects that changes in the amino
acid sequence are largely homologous. Of note 1is the
hydrophobic membrane spanning domain in which the feline
and human peptides only share 75% homology, yet have very
similar hydrophilicity profiles (Fig. 30).

30

DISCUSSION

The sequences of the «cloned CD28 wmolecules all
demonstrated a moderate level of evolutionary
conservation. It can be hypothesized that the role of the
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conservation. It can be hypothesized that the role of the ? g p ﬁﬁ@ 2009
1 9 SEP 2002 WO 99/57271 PCTI US99/ 09502 nolecule in the acli Flon and

mediation of T cell nediated immunity is retained in a Varhﬁ%ﬁ %mﬁhlgher
vertebrates, fromfow , through rodents and carnivores, 8 i ng
‘higher primates. 5 Cbnparison of the putative am no aci d sequences of each
of the nol ecoNeE®/se3Tows noderate honol ogy in portions of theVEswPEee| | ul ar
dormai n proposed to be involved in ligand binding and in intracellular
regi ons proposed to pronote intracellular signaling. Overall, the highest

10 degree of honpl.0 i,s found in tl | on, surroun th rogposed
l'i gand bi ndi ng S|qf1 P?HV,tﬂoca Vatlgﬁeeidb %ngiﬁg¥roﬁ1925|ggzs

118-123 in the f@dweﬁolwltae is Wa@méosléd &j yaateeqoénkdgbert he
pepti de ext ends ¥dBEbrufesp’ £H®Eh hf®nll he-HrduaHghodest €luend C{Aivbies et al .

15 1987). Monone Qse ingle extracellular |gSF
vari abl e-11i ke d&%g?ﬁggﬁﬁgkﬁgexteng.gr?r%§%$e5|due 19-153 (Aruffo et a

1987). The hydrophobi c nmenbrane spanning domai n extends for the next 27
resi dues, afd i sCdmnpargwed oy Ehed PunstAve a2 GCcddt SpUURIHE P& BatAruffo et
al ., 1987). The deldme mopeotited drasmsSnpateiid aiord&lbgpkﬁd wnecesil afi on

sites in identical positi t t
I nterestingly, ﬁh E{§E%F%¥¥ﬁ1%% cﬂ%%ﬁpoggggﬁ ?%%?%gag ?%g&ln t%e feline
proteinis V%HQQF @lpﬁén%uﬁﬁ%3251§§6G@@Q%P¥Q¥ r§IfeIS PHARSSERA A® aci d

di ver gence furth@fomdmgIﬂﬁm&acéhamlaﬁndugnhmeng arevsﬁmuencﬂmshaggeStbetmeen

the nol ecul;gs, (gee%t%eg@' 111?1 eggtftgaﬂou%taai Gher Eé&i&é S%Egouﬁcﬁtr@ pRd. As

m ght be expect ue to_t l eve

share t he 8rote|n
conpari son of thlér‘?ﬂﬂﬂ;reépmﬂfeir@i pyfing $i5e- ’F‘g‘%lgpﬁe éﬁ’&aﬁﬁ‘i‘raﬂ%/
denonstrat e thatd¢mﬁnnnﬂr©muke31duﬁﬁaﬂaep®26nimeﬁﬁqlﬁﬁlﬁhéaPOIXHﬁpmndatlonal
patterns. However, it also reveals that when there is a residue

The proposed signal sequence of the peptide extends from
the 5’ methionine through residue 19 (Aruffo et al.,

15 1987) . Monomeric CD28 1s composed of a single
extracellular IgS8F variable-like domain, which extends
from zresidue 19-153 {(Aruffo et al., 1987). The
hydrophcbic membrane spanning domain extends for the next
27 reegidues, and is followed by a 41 amino acid

20 cytoplasmic tail (Aruffo et al., 1987). The feline
protein has 5 potential N-linked glycosilation sites in
identical positions as those found in the human protein.
interestingly, the glycosylation site located at residue
105 in the feline protein is NS while in the human

25 sequence it is NQT. This amino acid divergence further
reflects that while there are seguence changes between
the molecules, the overall structural characteristics are
retained.

As might be expected due to the level of homologylshared
30 by the protein, cowparison of the hydrophilicity plots of
feline and human CD28 demonstrate that the molecules
share potentially similar conformational patterns.
However, it also reveals that when there is a residue

that it is altered, the change is generally homolegous.
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that it is altered, the change is generally honologous. 86 0 7 SEP 2009 1
9 SEP 2002 WD 99/ 57271 PCTI US99/ 09502 While the transmenbPahStFoddih is

the area of the nolecule with the | owest degree of conservation, sinply

retaining its required hydrophobic character, the cytopl asqisosgqiqngi n of
the fe CD28 nolecule is noderately 5 conserved with other publishe

sequences. Awoapsmtly of intracellular signaling pathways RITES8¢8sed to
be nediated through the crosslinking of the extracellular portion of the
receptor and although the intracellular portion of the CD28 pol ypeptide
does not have iptrinsic 10 enzymatic _actjvity, .rather, |igand. bindin
results in the Qéé{’?vat%eont%?n%nﬁ‘ racer | gloar ef flesit ggemx!g%ul%fs ﬁrguf?o et
al ., 1987). Themelegeld glithcbhsetwartt Peasenerl esinggeyat{y7 Fimpigs | 121
and 204" ) that rbexyenfreen ipyopasediasd potdfiphabiai t e8apdcta,oSithe

phosphoryl ati on t. al. 1 di-t I h ce

begi nni ng at rgg#%lgasfgg ,%?Ha?ﬁlegggl?eng%ng %%u el%gl%rgs%d%g%ggsi te of
an SH2 domdi n i AORRRC Fitthe tonather iRRPi3Eoe8i FRIYPICESad ~e¥2HEIStY PEO5). A
potential site ahtpaesyhdiay atigmiliyg prateiagskisasepthpasadet abnée at S185,
whil e T202 may PEdE?@&asdﬁfEdgh %ﬁglcggsé?fﬁkﬂygﬂdfn%hglEﬁgkgﬁgllular

seri ne/t hreoni ne | nase_act IV tc%/ Hut c croi]t aréghB' erert 199 . _As
di scussed previ 885F3°R tRk Siyn9SRGCFuRtEi BN Ehé BUTRREG” i s
nul ti-faceted, sortionsohathesGPpsisdhgperiiate does gyatoplasnietraidicof the
peptide hag, mul feh%ﬁati?éaeeiﬁeg,a&aémﬂalm Sndaslinat 85 Sresthesf ik Wie
appl i cations of th feline_CD > m)b1 C Iee§ ggéodr 'o[ﬂgcﬁ‘fees c{g&g%%gl ng tool s
to detect surfa@E-e¥predsPon® b2 Fhe ¥ cEptor And iR toring aReg
expression fol | @M ngl98nf ectihems are hfauy goasesveh Qg oEive Fesi®sss for
protein 30 deteqifon &N b& cordignidd wi tbhexi ski-eg beEehhadswkegessAge
det ection, val uable_jnformation ap L .tIQee %g\az hg f_,.expr ﬁsjeg during the
g £ .
course of inf ecﬁogﬁnjrcr%a?/fbsel e&efagrn?nesdl. AP ur? e?ﬁcaorl(r%él é?l on (r)]? cD28
expressi ont5s 1992) . Additionally, the MNM sequence beginning at
regidue 193 of the feline molecule is proposed as a site
of an SH2 domain in the human and murine proteins (Prasad
et al., 1995). A potential site of phosphorylation by
protein kinase C is retained at 5'®°, while T?® may be a
20 gite of Erkl or Erk2 proline directed serine/threonine
kinase activity (Hutchcroft and Bierer, 1996)}. As
discussed previously, the signaling function of the CD28
receptor is multi-faceted, so it is not surprising that
the cytoplasmic tail of the peptide has multiple
25 potential signaling mediators.

The future applications of the feline CD28 molecule should
include developing tools to detect surface expression of
the receptor and monitoring CD28 expression following
infections with viruses such as FIV. If tools for protein
30 detection can be combined with existing methods of message
detection, wvaluable information about the Ilevels of
expression during the course of infection may be
determined. A further correlation of CD28 expression
patterns during the course of chronic FIV infection will
35 act to exemplify the feline system as a proper model of

HIV infection in humans, and may lead to more definitive
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patterns during the course of chronic FIV infection wll SSQ%CSEFOZ _
exenplify the feline systemas a proper nodel of HV infecti'o n q%mans,
and may lead to nore definitive 87 0 7 SEP 2009 1 9 SEP 2002 W) 99/57271
PCT/ US99/ 09502 answers regardi ng the course of infection iﬂgbiﬁpﬂﬂ@ysterrs.
Exanpl e 7 CD28/ CD80 PROTEI N EXPRESSI ON 5 | NTRODUCTI ON Whil e conmuni cati on
in the i munavesgpsizdm is |largely nediated through sol ubl e PERY¥PEISE2

initiation of a primary T cell response in primtes and rodents has been
determned to require direct cell to cell contact 10 (Mescher, 1992)

Oiginally, this_interaction. h 0. Anv he,,l action
bet ween t he TCRagﬁw?ﬁ%%?gggg %§Zﬁ1 %ﬁ%&%ﬁ0%h3%2%¥ﬁ82n8%¥§§%h5¥%g&§%||, but
it has becone clear that binding between accessory nolecules is required
for full activation of the T cell (Schwartz, 15 1992). As discussed, the
evi dence supports the interaction between CD28 and CD80 as the nedi ator of
this accessoryﬁﬁggggg 4Linsley et al., 1991a). Many of the inportant
receptors and ligands in vertebrates are nenbers of the |1gSF superfamly
(Springer, 1990). The 20 nolecules are characterized by the presence of an

i munogl obul i n- 19928/ FBEP FROTTIFNERFFEF L Phe extracel lular portion of the

mol ecul e (Buck, 1992). Although conservation varies, it is often limted
to those resi duegrrroegurt®d to generate an Ig fold (Beale, 1985) . The 25
characteristics of an Ig domain include two closely associated

anti-parallel R strands connected by. Iog s .oll ovvisn tcz,a?mnslesrvcigl op | ogy
(WI1liams and Béa'ﬂlgy,cﬁ%l.catﬁf‘hojﬁbh gﬁerlé“miugea Q%arl ng of sf‘%uc’?ural
properties anongrediehbérshnslighhsslyids Ifpcteoher enigigtipy e AFARFTHI 30
bi ndi ng i nteract ongiand rskgpatd NGPr pRERta@S PRI | eoli@its t Galshi Bedani |y
(Anderson et al'deé%%ﬁ% Ed88to require direct c¢ell to cell contact
10 (Mescher, 1992). Oxiginally, this interaction was thought
to only involve the interaction between the TCR on the T
cell and MHC on the antigen presenting cell, but it has
become clear that binding between accessory molecules is
regquired for full activatien of the T cell (Schwartz,
i5 1592) . As discussed, the evidence supports the
interaction between CD28 and CD80 as the mediator cf this
accessory signal {Linsley et al., 199la).

Many of the important receptors and ligands in vertebrates
are members of the IgSF superfamily (Springer, 1990). The

20 molecules are characterized by the presence of an
immunoglobulin-like region, normally in the extracellular
portion of the molecule (Buck, 1952). Although
conservation varies, it is often limited to those residues
required to generate an Ig fold (Beale, 1985). The

25 characteristics of an Ig domain include two closely
associated anti-parallel £ strands connected by loops
following congerved topology (Williams and Barclay, 1988).
Although there iz a sharing of structural properties among
members of this family, there is a diverse array of

30 binding interactions and signaling properties particular
to this family (Anderson et al., 1988).
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| gSF family, both CD28 and CD80 share a degree of structurfl SERi E&Eity in
their extracellular domains. CD28 has a single extracellular V region,
though it is expressed as a disulfide linked heterodimer (A58 2i7et al .,
1987) . The extracellular region of the CD80 nol ecul e however has both a
V-like and CWop4765¢ donmain and is expressed as a nononmer PERYBMMNMN et
al., 1989). Because IgSF fam |y nmenbers share structural features,
tenplates can be used on a limted basis to establish an 10 idea of the

three di mensiongl rﬁé Q}SUEﬁ r?rte I?Sgt ?‘Qmapﬁ’h%%‘d eénﬁé‘aén&‘%ﬁ%oc%%%%e%p D8O

crystallized (ng ora ou nei t her
pol ypepti de hav&eg&en @ﬁyﬂa}w%@l wl(aﬁrltgcdﬂ tdeiy) sxtregediulad cps
(Leahy et al., 1882)ns nupesuh®es aMstthlé attalaegalislexty acglibul athdesmi ns,

have been exam Q@dlgye:,?ﬁare'é%d%(py %t @ Eﬁﬂff&wﬁﬁﬂgdghé’@eﬁﬁiﬁe&d?ﬁrﬁéfé o the
structure of related nbers of g %:11610@1 Li nsl ey et %' 1995a) .
As previousty dle§‘ClF>JS'e'd L¢80 ana %D@% LRSS P 12592950 Hi idihgCRA diti es
wi th CD28 and %Aedulm&yemﬂmr boks aavVibikeafduidniCt yypecept demdigr t he
I:gandig\ggl l)e %lné ﬁsh%scpréstgécg[l @filmbﬁ&néxor(mteb amgR! egukes, (Lgm)l ey et

a a ou nt.i_a ni sm has be ropase

uncl ear how a | &%° FF?mI?%E ggg‘b}%rmwal? 2 Fapid %Smo té’%sgo%ieg 1iu(:)ens'r ate as
i s possessed by t@D28atps edt et @Sedepilv@lltﬂﬁéeﬁeéeé‘s%r‘ip cesephishatdt y
signal for,d celigeadeyel apEnthidé NdidenetcAdl , <k9928hrel tofi sSrhypeddiesi zed
that CD8O bi ndin %Eu 2 tBQ tHQVT ﬁﬁélbé%% %%&1&%&1zgﬁoqgg$ th .et

oligerimzation 0 the rece YaciIitat uctive

cross-1inking arid s gﬁr§|93ﬂel i veﬁ*%/th‘{‘ﬁhnspéyt’é‘?r althe 16828 n€B28C1P%O f ound
evenly distributedypept atd huat etkelr celyksaahtkeal the WDrestdld ks pioposed to

mgrate on the neyhr an%?&olcbgw ne L&gg earj.gagegg?gg (Daul culls aliipn 1994) .

H gh concentration of igerim zed pronot e reassocl atl on of
free CD28 ih trugq@é@g%yp(ﬁxtracellular domalns, have been examined by X

ray crystallography and give some idea as to the structure
of related members of the IgS8F group (Linsley et al.,
1995a) .

As previously discussed, D80 and CD86 share similar
20 binding avidities with CD28 and CTLA-4. CD28&, however, is
a low affinity receptor for the ligands while CTLA-4 hasg
a high affinity £for both molecules (Linsley et al.,
1994a). Though a potential mechanism has been proposed,
it is unclear how a low affinity receptor with a rapid
25 disassociation rate as is possessed by CD28, is able to
deliver the necessary costimulatory signal E£or T cell
development (Linsley et al., 1995a). It is hypothesized
that ©CD80 binding of CD28 on the T cell surface may
promote oligerimization of the receptor which would
30 facilitate productive cross-linking and signal delivery
(Linsley et al., 1995a). (D28 is found evenly distributed
on activated T-cells and so the molecule is proposed to
migrate on the membrane following T cell engagement {Damle
et al., 1994). High concentration of oligerimized CD28
35 would promote reassociation of free CD28 in the region of

cell:cell contact and promote signal delivery despite the
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cell:cell contact and pronote signal delivery despite the @3 SgP 2009
1 9 SEP 2002 WO 99/57271 PCT/ US99/ 09502 rapid di sassoci ati e i nsl ey

et al., 1995a). This process, terned nutual capping, though ngé EH ectly
observed with the CD28/ CD80 interaction has been dem)nstr_aﬂe%l B ﬂi)t her

receptors in which a simlar 5 initiation of cell:cell contact is required
(Singer, 19%Y09%/5@ll e the CD28/ CD80 interacti on has been BeWBié* 4t ed to
be critical for pronmulgation of a T cell nediated i nmune response, there
remai ns a great deal that is unclear about 10 the exact nechanisns of this

signal i ng pat hwayar(ild BSkBY¥s&diatdlon rdB83@linslRG eXi gt encedsh)t worgeceptors
and two ligands in this jnter ctlon raises, uesttlhonshas to the role each
plays in T cel | H&FFty (RS ePUet®hl S2PPi8G0 1) RORR A CTLALE®E s nor e
strongly, it is agsresdedvishnuehel afBr8f@I9%w Fegerkyari ohas anblest t hough
Zi tgnal ! ng p?t hwastorizaver beerropr opasad %@ég&la&%, ih _hﬂ}'icHO_taE b%&ﬁ\ilanz

et erm ne a si.gnal.. [ on n . -
(Li nsl ey etgal o éggf’!ﬁZg%l\/Aél{%w%L%EAl\fé gé gﬁggﬁ%\@i gﬁ%ééfhserts

The foll owi ng pri%#@ls were used to anplify the entire open reading frame
of the genes for feline CD28 and CD80 for insertion into expression

vectors: 25 feChB(i1% tHeCEpER erldiC iGebr §6A IR el GeAG &in LA LAGTL &GA  AAA
C fe CD80-960: C%F %éw&%?@gét%(; % fe??Zﬁe%g:&%m TCC ACC
GGT AGC ACA ATG ATCCTCRGG °F i eces cc A TCC ATG
TCA G 30 The 5' GBBOLERI rdergntewuis eDPeegdr daet sthdr ésewrfirear é8°Uhi t h
Bamt2 sitesoand gxie eappt Gi¥cdhahesthd nicekRid asilmal bhd at@ hwhhe(iiigarti en i nto
nU|tip|e Cloninqxﬁer§99£hQ 3ITﬁ@”@&isggn&a70§EEngQ%ceptors and two
: ligands in this interacticn raises guestions as to the

role each plays in T cell activity (Linsley et al.,

1%92b) . While CTLA-4 binds more strongly, it is expressed

15 much later fcllowing activation, and although signaling

pathways have been proposed for CD28, it has not been

determined if a signal ig delivered upon ligand binding

with CTLA-4 (Linsley et al., 1995a).

20 MATERIALS AND METHODS
Preparation of inserts

The fellowing primers were used to amplify the entire open
reading frame of the genes for feline (D28 and CD80 for
insertion into expression veactors:

25 feCD80 5': CGC GGA TCC GCA CCA TGG GTC ACG CAG CAR AGT GGA
AAR C
fe CD80-960: CCT AGT AGA GAA GAG CTA AAG AGG C
feCD28 5': CGEC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG
feCh28 37: CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G

30 The 5' CD80 primer and both CD28 primers were engineered
with BamHI sites and the appropriate linkers to facilitate
the insertion into muitiple cloning sites. The 3’ BamHI

20



9 SEP 2002 WD 99/57271 PCT/ US99/ 09502 site was engi neered onto the CD30

sequence by digestion out of the TA cloning vector. The 50 hSERed®Sal so
contain a Kozak box and the 5 ATG for both genes. In each case t he
priners were used to anplify fromtenplate encoding 5 the dn SEPeiﬂ%quence
of each gene that had been previously cloned into the TA cloning vector,
descri bed pr®@®BEE™,. Approximately ten nanograms of eachdl ?ﬁ% Fwer e
used in a Taqg pol ynerase based PCR anplification (95C for 5 mn, 1 cycle;
95C for 30 sec, 60C for 30 sec, 68C for 45 10 sec, 30 cycles; 68C for 7 mn

1 cycle). The applifigd . ;..Qfélé%é VRES ym@t@doz%@qﬁxnéée@w t§hs On an
agarose gel and th% g e‘g‘e into the TA ¢l.oning _vecto % 1 tra San
Di ego, CA), as Previioddfy %I FirB2d"SCrRE - | hgeatlsl oﬂr]r“éeg@’t FbRC vﬁa?tl?é'gd to
transform | nvaFa kmgrebentard thel B, AEhEgpobrthveendsonesnwereh strsgéened and
Sgll ect e? ast pL eMéogﬁlryeﬂﬁ&Hxie?@@edgt@nhﬂgliw G 3%l tEaplgvlt@r&mgadm@o t he

p vector to used .in e ransformatio asm d
was di gestegd 2% lﬁgoffquenc e%acen rr% g/{éas%ﬁ%\%ghv\?%#%ﬁkﬁ cropure
EZ spin col um GAﬂﬂ@@nlntBé\Fé!el FA gignimpveghPhg fetiidied sreYierseazyme, the
plasm d was treappdosihdtelghenal hasddeme oEmehoh nenmmald asye residual

proten and algohel ancelpiiate éngB@R' 3 UL, des! od; 14 B0 25 pg

of Q AGEN purifie i ) at swor't from cl ones
contai ning TA clofYA§evedt Y W% K% REpr &3eF fPﬁséPtge%m% ¢ HEESOR sites
found in tie veeker Bbaakthgs; tdeerd rser . mihel 166 1H) .di Gost ampbified

el ectrophor esed S?Qd tslwé%angsr i‘iz%'b@@lé&%@aﬁh%@é&d o éﬁ@@ér&éét out.
The 30 insert vvg pur] f romt agar se Wt nebul i zer and
mcrocon filter 9&% t a{‘ﬁm EIB‘?F %I‘ekaﬁAne cgﬁgéﬁ%at‘é%% Yt eat nent

of EcoRl di gest ddnpSirogeedusaa rtll&gochabdcessopr@ebhswgﬁac@nb@ﬁ t Héhevect or .
Cne hr treat”EﬂEgQElQZ(%a!ééld% %agygséﬁ 63ﬂt&ah8f8§$|fHﬂuP35céh§é&

phosphat ase, (O P)  qephosphoryl ated e, digsst ed.  ends oL Uheevest 9ls O

prev1ously described.
Cloning inte pSI

For cloning into the pSI vector to be wused in the
transformation of C0S-7 cells, the plasmid was digested
20 with EcoRI, and then enzyme was removed with the Micropure
EZ spin column (Amicon, Beverly, MA). Following removal
of the enzyme, the plasmid was treated with
phenol:chloroform to removal any residual protein and
alcohol precipitated. The inserts were digested from 50
25 pug of QIAGEN purified plasmid DNA (Qiagen, Chatsworth, CA)
from clones containing TA clcning vector with the proper
inserts using the EcoRI sites found in the vectoyr flanking
the insert. The 100 ul digest was electrophoresed on a
1.5% agarose gel and the digested fragment cut out. The
30 insert was then purified £rom the agarose with a gel
nebulizer and microcon filter unit (Amicon, Beverly, MA).
Alkaline phosphatase treatment of EcoRI digested pSI
reduced the chances of self ligation of the vector. One
hr treatment at 37°C with 0.1 U/ug of calf intestinal
35 alkaline phosphatase (CIP) dephosphorylated the.digested

ends of the vector. CIP was removed by heat denaturation
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91 0 7 SEP 2009 19 SEP 2002 WO 99/57271 PCT/ US99/ 09502 at Gﬁ%gpo
foll owed by spin purification with the Mcropure EZ spin cg
Beverly, MA). The inserts were ligated directly into the cu E
dephosphoryl ated pSI vector overnight at 16C using T4 DNA 5 3§E ngLi gant
to vector nolar ratio was approximately three to one with of CD28
or CD80 i nseMOP¥F 11 g of pSI. One | of the ligation reaBFT’Bﬁ”&&@ t hen
used to transformlInvuF conpetent cells. The cells were streaked onto LB
‘pl ates containing 50 g/m anpicillin. The plates 10 were incubated

ovgr ni ght at 37(211-_?33 othesmext mﬂlayflc?;icno«a@léesy gﬁrﬁpiuﬁeﬁub@ﬁ:_ﬁﬁh iwite Bhal of LB
medi a containin cilli ol].ow hg V&L Ni ght, i nc tion at
37C with shaki ﬁﬁlcéctc’p%fs rEZanB‘%J‘nI1 C?g%% dl( O\f\llésaé;eﬁ%Fg g& Wi t h&lg kal i ne
|l ysis, the DNA putiested bfjﬁrﬁher@gaéﬁﬁor GLEPAY IS ek&*t?%lcti:%fﬁ &pe and
precipitated w t&eghwapﬂmyﬂmgdoﬁsﬂs%tef hﬂmhlgﬂ-theatDNA°Wa$sﬂ§aS?e breat ed

and then digest gyg thgynef Ece&t?rT%l%g%awow@gs é(ﬁéﬂﬁh‘né@gwn a 1%
entl

‘agar ose gel to i ositive ones DNA

extracted from 5 W‘Heeof:o lj]ﬁtocq.ﬁ #dr 8 dP280°p oY v BS‘E’F%nté% Ou%l #3

A Aprep spin colmﬁnp@I(Qm@EN,l oChigltes idigieh LoCadeqdiign 845 . tidre ysedi £oed DNA

was then sequengefh<B¥rdY o %aﬁgx&%ney@éﬁsseqmcaéms%éfb ArrekRtgrnal 3
nsert t he sm.d, Location

prinmer to determ ne e orientatjon .of ge

of the priner vva%nt?u&“ﬁ ngatter?af: ’%‘éﬁfg‘ﬁl@l% ﬂ‘lld‘mﬁ‘?locc1 &nac%)ké BAEE*Funct i on
bet ween theé vectere andubatsel pveonigigupe 314t apfeths inert addvrad@siiegorrect .
A clone of each gene iwbtimddRa phasmn ¢l Bftﬂ]?meﬁﬁé)p@fnt@tﬁh@ﬂéaidd)mg\ﬁﬁi t hen

gr own uplnaloom Iture dthe | asnid extract thaq
(Chat sworth, CA)>"™S3(F? prepoalgof” Bpy ghe nl)&l §if% |nsert| on into

con

ONi h
t he SFV vector, W#sharqfsa]ﬁrﬁa teffe Zﬁloaéf@i“d ther e F?Té%f-’l deN3 nwﬁfﬁjc??{ttrﬁ@t%rre way.
One hundred g OfwrtthﬁalﬁEl/:t.ﬁ/eGQty@E.sy\&ﬂiedngES];BL&ﬁf\MaHf'bﬂ.%ﬁleHonckﬂafﬁdlfoﬁ:ml’ 1 hr

at 15 extraction, and precipitated with twc wvolumes of 95%
ethanol. The DNA was RNase treated and then digested with
10 U of EccoRI. The digests were visualized on a 1%
agarose gel to identify the positive clones. Plasmid DNA
was then extracted from 5 wml of overnight culture of
20 positive c¢lones using QIAprep spin columns (QIAGEN,
Chatsworth, Ca) (Fig. 31}. The purified DNA was then
sequenced by dye terminator cycle sequencing with an
internal 3' primer to determine the orientation of the
insert in the plasmid. Location of the primer was such
25 that sequencing would proceed across the junction between
the vector and ingert to insure that the orientation was
correct. A clone of each gene with the plasmid in the
proper orientation was then grown up in a 100 ml culture
and the plasmid extracted with a QIAGEN (Chatsworth, CA)

30 maxi-prep column.

Cloning into SFV

For insertion into the SFV vector, inserts and the plasmid
were treated in much the same way. One hundred upg of the
SFV vector was digested with 120 U of BamHI for 1 hr at
35 37°C (Fig. 32). The enzyme was removed from the digest by
centrifugation through a micropure EZ filter (Amicon,
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35 37C (Fig. 32). The enzyne was renoved fromthe digest by centrifugation
through a mcropure EZ filter (Amicon, 92 0 7 SEP 2009 1 [P7SEPP2IIN2 WO
99/ 57271 PCT/ US99/ 09502 Beverly, MA). The plasm d was then CI P treated.

The CIP was heat inactivated and then the plasmid was agai h3 SEBr M ed with
a micropure EZ filter. Inserts were extracted frompurified TA cloning
vect or DNA bYWEEF7I5 digestion. The inserts were purifi ed?@{FEPPE% ed into
the vector as described previously. Followi ng the transformation of

| nVUF" conpetent cells, the plasmd insert and orientation was confirned

wi th dye term n@te%rwycm 56%@”9&&.%?& v%%’s‘%hlaﬂe@w A dedltgq . Seid oy asm d

10 preparation vas piglarformac JAK: 05|t cI ong of .each gene. eC;F)SI protein
o wer e

expressi on For 5" t Patsf 5PRR |oneof St %‘i‘l celqlasm&fbs
obt ai ned fromt@éerﬁéﬁicmt@ypé @l}lcﬂfeper%olﬁlzecﬂhrﬁr 15 (WEECFs. ke frozen
stock was resuspeapedadtéd fboi pofi AMEMTP WS chOe f etat o€ abia sw upartiCs) . The

cultures wese t?&‘igﬁgl&ﬁ"”c‘eﬁ‘ﬁsaiz{g%&[‘els%eefe hﬂﬁfle ahésffa% Hl eé’rfr'”g

prior to ttrans Wer € renove romthe f eat nent
wWith a 0.25% trySSERTEDER sofeRT oGPy RIEHHRYSIY- wi t h OWFFP@ cetr % were
t hen seeded at -+2@%sconhitissicest | v A’00 ¢amddteade celltur ehdi phesniand

allowed to grow 5Q%xc f t E (o be
transfected 5 mltn%ferBN%rl\{/%Nﬁ%%%%qun %%oér}g}tﬂll\%%e%dldgﬁ%%l% %@%{1 éé&

C
Bedford, M) wasYfilRedSHEHRONS (SiFSF)E%?EeC% déxllfaﬁﬂ?cﬁ%}%qﬁgﬁ% Js‘f)l ution.
Ten g/m o0f 0t he pwmpiafriaédon p8hs plasfbdnevison henpaddetvd ocidre ikt ead The
nmedia was aspirgled fromthe COS cells and the DVEM NuSerum DEAE-

dext ran/ chl or oqui ne/ DNA sol uti on was added to the cells. The culture was
i ncubated for 3.5 hr in a 5% CQ2 incubator 30 followed by renoval of the
nmedi a and repl a®SfeRFOHriH BRA=SS4PR 100 DMSO in PBS. After 2 nin this
solution was aspirated off, and the cells grown overnight in 5 m of

For pSl1 transformation of eukaryotic cells, COS-7 cells
were obtained from the American type culture collection
15 {ATCC)} . The frozen stock was resuspended in 15 ml of DMEM
plus 10% fetal calf serum (FCS). The cultures were then
grown as a monolayer in T-75 flasks. On the evening prior
to transfection, cells were removed from the flasks after
treatment with a 0.25% trypsin EDTA solution by washing
20 with PBS. The cells were then seeded at ~20% confluence
into 100 mm tissue culture dishes and allowed to grow to
~50% confluence for the next day. For each dish to be
transfected 5 ml of DMEM-NuSerum (Collaborative Biomedical
Products, Bedford, MA) was mixed with 0.2 ml of DEAE-
25 dextran/chioroquine solution. Ten pg/ml of the purified
pSI plasmid was then added to the mixture. The media was
aspirated from the COS cells and the DMEM-NuSerum/ DEAE-
dextran/chloroguine/DNA solution was added to the cells.
The culture was incubated for 3.5 hr in a 5% CO, incubator

30 followed by removal of the media and replacement with 5 ml
of 10% DMSO in PBS. After 2 min this solution was

aspirated off, and the cells grown overnight in 5 ml of
DMEM/10% FBS. The following day, the cells were split
into two 100 mm culture dishes. After 3 days, the media
35 was aspirated, and the transformed ¢ells removed with
PBS/0.5 uM EDTA. The PRS/EDTA mixture was added toc the
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DMEM 10% FBS. The foll owi ng day, the cells were split into two 100 nm
culture dishes. After 3 days, the nedia 35 was aspirated, apd S 2009
transforned cells renoved with PBS/ 0.5 M EDTA. The PBS/ EDTA m xture was
added to the 93 0 7 SEP 2009 19 SEP 2002 WO 99/57271 PCTI USHSEPHHP2

cells and they were incubated for 15 mn at 37C. The supernate was renoved
and conbi ned we bdsrpabsequent PBS washes. The supernat e andcmwasdeessoner e

then centrifuged. The resulting pellet was resuspended in DVEM FBS and t he
5 COS cells counted. SFV protein expression Transfection with the SFV

vector was carried_ out in baby hanster Ki ne (BHK). cells, Thirty g of

purified plasni 88thBs2BR gERER 'S HISHES L POr %r ht> dt* 37 3’Iqhg'enz'%lr‘?e was 10
then renoved wi thparmitor opas erd®vied taaxd (cambdoad Bevier bybsedulntari®st he DNA
preci pitated W ,hsBes. VOIHETRS:HRENn 9590 Hl O ashOReward thehakbnor pfuddie pl asmid

was then used as . the tenplate.for Sp6 nedi ate n, vi nscription.
Briefly, the hﬁfage?ﬂ&fﬁ%ﬁ 8&@8? %g%rreé‘stw@? '\e/\ﬁhtjf'ﬁ %911/ %%%s%r}cgp i-on
buffer, 106 nM OFF, cablano@nsefppp(5' )G rNTP mixture, water, RNasin, and
60 U of Sp6 RNA polynerase. Follow ng transcription the reaction was

aliquoted and agggnpleediiSeapkessi & a 1% agarose gel. Forty-five | of the
transcription reaction was used to 20 transfect BHK cells at -80%

confluency in T-75 flasks. GVEM nedia plus 10% FCS nedi a was. aspi rated
fromthe cells TEABSESR LI AREPFTY MOIAtREArES W Terac8tnih Y3%cubat i on
this nedi a was hepkaeedidnth GHK)- MEMswediTatity gigrbfofurified plasmid

1i pof ecti n/ transgrLi hede BNAs iRe GHLE UGS Wekeag53hfeubated ehofme s at 37C
in a5%C02 with trequent . nanual agitation, ?&Eer Zézbr.. t he madlfla was
renoved ant® repPSEERVER CNEMAL OUFERRY THE ddrtaF e S WsF8 i AEUBATed  for

7-9 hr and the @&®)lsndwite DRErprserpiestdyy vithydsi wozarenrelf 36%CEEPHng into
pPQE One and a half pg of the plasmid was then used as the
template for Spé mediated in vitro transcription.
Briefly, the DNA was incubated for 1 hr at 37°C with:
15 transcription buffer, 100 mM DTT, 10 mM G(5')ppp(5')G,
rNTP mixture, water, RNasin, and 60 U of B5Sp6 RNA
polymerase. Following transcription the reaction was
aligquoted and a sample visualized on a 1% agarose gel.
Forty-five pl of the transcription reaction was used to
20 transfect BHK cells at ~80% confluency in T-75 flasks.
GMEM media plus 10% FCS media was aspirated from the cells
and replaced with Opti-MEM media. After a 2 min
incubation this media was replaced with Opti-MEM media/9
pag/ml of lipofectin/transcribed RNA. The cultures were
25 incubated for 2 hr at 37°C in a 5% CO, with frequent
manual agitation. After 2 hr. the media was removed and
replaced with GMEM-10% FCS. The cultures were incubated
for 7-9 hr and the «cells were then removed by
trypsinization.

30 Cloning into pQE

A bacterial expression vector, pQE was also constructed
with the feline CD80 and CD28 gene. Cut and CIP treated
pPQE plasmid, prepared and purified as previously described
was ligated with T4 DNA ligase in a four to one insert to
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A bacte

rial

expression vector, pQE was al so constructed mﬁt£d§§§d%§iine

CD80 and CD28 gene. Cut and CIP treated pQE plasmd, prepé}
as previously described was ligated with T4 DNA ligase in a four to one

to 94 0 7 SEP 2009 19 SEP 2002 WD 99/57271 PCT/LBQ@@@Qﬁg@Z pl asm d
molar ratio with 50 ng of gel purified CD28 or CD80. The l-igation was

i nsert

i ncubat ed f oyokeshars 16C. Two gl

rified

of the ligation reacti on meErsushiesczused to

transform | NvVaF  conpetent cells. Positive colonies were selected and 5
insert orientation confirned by sequencing. Large scale preparation of

purified plasmd was performed and this
made conpetent ByasSE

gr own

i nserts

r emoved

m. Two

! , used to transform ML5 pREP4 cells
i BRAAH AAtdPi yathr 8dt RBnPT FRANBYBYIEE &S Rer e

up on LBcpbat esTivd 111g56ipy/wds Kawabpced fnd ignmpircibPén Twp 1 insure
that both the pQE and helpes, RREPA; B a8l dSeRisea £81@IaRgdoLR TiREe
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M ni - preps and BAMRFLeResfFHtii on aFGEETT of o b1%hi "EF Swi 29 <Sonti rivsd
wer e f iozenti orierBeSighycerbirmedobl sedvrniwmaf-or Lepgartcales use.
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| ey et
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from TxuBidiuslcblakide trepenertEDTAr$ERrReRAr Cotiife VEER | ST er e
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fluorescently | aisspégedi ih HepRPEBRiRT on IOF1EAVR 6T BNES( NET R ittt
Eugene, sGRkeha8dst ki | @1RBSiA86 BSpsfor m30impremmt 3% (Akssoh and

Woods, 1993). Nt}%kt%ggg%rgﬁfgdest%t? eehbg; der e diAReed HhBat DessAre

Pr obes,

f ashi on.
10% FCS

The | abel e
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35

were frozen in & 50% glycerol stock solution for ture

use.
Binding Assay

Binding assays for transfected cells expressing feline
¢p80 and feline (D28 were performed after the protocol
described in Linsley et al., 12%4a. One day after
transfection, CD28 expressing COS-7 cells were removed
from T-75 flasks with trypsin-EDTA treatment. The cells
were allowed to adhere in 24 well plates at a
concentration of 1x10° cells per ml. Two days later, the
feCD80/pSI transfected COS-7 cells were removed from T-75
fiasks with PBS/0.5 uM EDTA. These cells were then
fluorescently labeled with a 5 pM solution of Calcein AM
(Molecular Probes, Eugene, OR) in sterile PBS/1% BSA for
30 min at 37°C (Akeson and Woods, 1993). Mock transfected
COS-7 cells were labeled in the same fashion. The labeled
cells were then washed three times with DMEM plus 10% FCS
to remove unincorporated label, counted, and added
directly to the monolayer. The two cell populations were
allowed to interact for 1 hr at 37°C. Nonadherent cells
were removed by gently washing the monolayer 3 times with
DMEM +10% FCS. Following the washing, the fluorescence of
each of the wells was quantitated on a microplate
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to renove uni ncorporated | abel, counted, and added directly to the

nonol ayer. The two cell popul ations were allowed to inter8ct SEor 280%r at
37C. Nonadherent cells were renoved by gently washi ng the nonol ayer 3
times with 35 DVEM +10% FCS. Fol | owi ng the washing, the flupg&gRdiide of
each of the wells was quantitated on a microplate 95 0 7 SEP 2009 19 SEP
2002 WD 99/ 5wdadssRdr/ US99/ 09502 fl uori met er. Fl uor escencePdTrysa95es

containing transfected populations was conpared to wells in which CD80
expressing cells were added to COS-7 cells transfected with pSI  plasmd

al one. 5 Conpeti S_I Ve beléggl Bgm%%_srgggé ééSllggwgr]tLgAcgn*/%Hgi?% gpg %%)g: tfu5| on

proteins (klndly prov o inhibit
cell/cell i ntera@weﬂ’ﬁswnﬁ/e%s %@ﬁ@%d—q UeHJe?rﬂﬁst«’Pa% e §15@é?ﬁfﬁiﬂagty of
the interactionelksl Wwewengdkcaian ¢@bel | gl ldbutrqrdfected tWiehl®saddition

of CDB0 expressi I the nonol ayer, CTLA-4 1g in DMEMFCS at a
concentration OFE%S&?%EEV\%.% incubated wth the | abeled transfected cells

for 30 min. The ceIIs were washed twice with DVMEM FCS and added to the
nmonol ayer. Al t eErapebetive ¢ozgliagpresayng weinds GThAt held 5amd el 1@ wer e

i ncubated for 3@uBkbn y&k&&eﬁquligday Provideaeny rat immsafy]l Bridtdin

DMEM FCS and folMI 0\eM J[e W?ﬁlg' j ng % aﬁié‘of)@lc/%%tl? irgheled; GHBO expressing
cells were added’ TnhiBriton of In u5|on proteins was gauged
by conpari ng t helepigaprescéfice C?ﬁﬁ“ql’ﬁ’é%t@\el It§e20 FWRH EBFAGY ng ©Sbserifed i n

wel | s w thout thetepdgeildrnt.or sondmng%meansmmmwo&m@mereo et so

‘assayed fo ] t r
extract ed rom ceﬁﬁg%%‘sﬁg%ﬁ%&@f EQ% l%g%ﬂ% & t@%}?&;@l feCD80 0
o o S e 1 oA R PES, & A CRCRNES PP G DRECEL (5% ARGt

potential for cedtantmatlisbglEbAradedechalifcgllel IRNAS Masin hefheevellbe

transcribed to Ghe UghBeq AN ldedOwdTn Privmi/ragd M \bdéer 88 the
transcriptase. E%%olayer Alternatively, (D28 expressing cells in the

15 monolayer were incubated for 30 min. with CD80 Ig at a
concentration of 1 pupg/ml in DMEM/FCS and following
washing, the fluorescently labeled CD80 expressing celis
were added. Inhibition of binding by the fusion proteins
was gauged by comparing the fluorescence in these wells

20 with binding observed in wells without the competitors.
RT-PCR

Transfected €08 «cells were also assayed for mRNA
transcription by RT-PCR. After three days, RNA was
extracted from cells transfected with pSI with., feCD28,
25 feCD80 or without insert. RNA was treated with RNase free
DNase to remove the potential for contaminating DNA. One
half pug of RNA was then reverse transcribed to c¢DNA using
an oligo dT primer and MuMLV reverse transcriptase. Each
cDNA sample was then amplified with primer sets specific
30 for CD28, CD80 and G3PDH with the following temperature
cycle: 95°C 5 min. 1 c¢ycle; 95°C 30 sec, 55°C 30 sec, 72°C
30 sec, 30 cycles; 72°C 5 min., 1 cycle. 20 pl of each

reaction was then vigualized on a 1% agarose gel.

RESULTS
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CDNA sample was then anplified wwth priner sets specific 30 for CD28, CD80

and G3PDH with the following tenperature cycle: 95C 5 minf 7L S8Pci78]3 95C 30
72C 30 sec, 30 cycles; 72C 5 mn., 1 cycle. 20 | of each

reaction was then visualized on a 1% agarose gel. RESULTS 9@%?EWH§FP 2009

sec, 55C 30 sec,

19SEP2002 WO 99/ 57271 PCTI US99/ 09502 The genes for feline
wer e successtddosrrrinserted into three protein expressi on PeDusmesipS| ,
Following ligation into the respective vectors,

and pQE)

28 and CD8O

SFV

t he genes were

used to transform I NvVaF conpetent cells. 5 Figures 33-38 show each of the
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§cFP6nPﬁ8§eHose
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experlnent
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%:OS V\erric_:{ So? V\EI ch rtdhe ad(h Q%gﬂgle& elrc].i &?S 275 Qﬁ& CBE§

In t

erent i ncubat ed
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conpar abl e to thatud@isréncen irhetkontvedls noak wiriahsfeot edlwetdsendhgn COS
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labeled non-adherent CD80 transfected cells were added
were higher than the control wells at the initial two
dilutions. The interaction was dose responsive, and after
the initial two dilutiong, the retention of fluorescence
was the same in wells in which the adherent cells
expressed surface protein as in the wmock transfected
controls {(Fig. 39).

To show that this interaction could be inhibited, the
transfected cell lines were incubated with soluble counter
receptor prior to mixing. At concentrations of 5x10° and
1x10° cells, fluorescence in wells containing CD28 and CD80
expressing COS cells was similar to that observed in the
previous experiment. In the wells in which the adherent
cells were incubated with CD80Ig counter-receptor prior to
mixing, fluorescent retention was comparable to that found
in the control wock transfected wells. When COS cells
transfected with CD80 pSI were incubated with, soluble
CTLA-4, prior to exposing the cells to the (D28 pSI
transfected cells however, the flucrescence was not
inhibited as completely. While the levels are not as
significant as that seen with the uninhibited group, it
was clearly greater than either the control or other

experimental group (Fig. 40).
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transfected with CD80 pSlI were incubated with, soluble 30 LA-4, ior to
exposing the cells to the CD28 pSI transfected cells hom&%r&?h@ﬁg
fluorescence was not inhibited as conpletely. Wile the |levels are not as
significant as that seen with the uninhibited group, it wi$ SHPeHl vy
.greater than either the control or other 35 experinmental ‘group (Fig. 40).
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performed on RNA derived fromCOS-7 cells transforned with pSI-CD28,

pSl - CDB0 and nock transfected to denonstrate the presence of nRNA specific

for each gene int cell line., Figure shows the 1% rase | for 5
each cell Iine. *ThE-Hel&®t &) r%ﬁff—fawgrsl g%l i‘:%réL elgnefé:gglhqg%’e? tcoquﬁow RNA
integrity and asranpoxinedy@iebnp$biCha®. .1 REI- ARk andaferEcteanaitctedDso pSl
transfected COStd &ldrstredPrdespdesdRR sRNGMaNEdpe3Pd FRsSageh owel e CD28
pSI transfected -7 lls exp e o d DH.
Mock transfect eanc(;%% sceg;pir%%es'ed%gﬁﬁﬁgcg%ﬁgggi Shé 0141)%3%_ I?%%J%%f(ﬁipw A

| ack of sui% abl eaghtgsiddi-ene di dhgt eene hirr £3dPHetds agdadfieduty s be
perfornmed to degepstd atewpRiR iidRegeXpr esisl o9.a Costei e aldnyralaith atilee
anti-hu CD28 an nti - @p:10) ocl g3 tihadies ek ecdest e O
isolated | yrrpho%ﬁ:gsgtrgggfet erm % f thergﬁv}vas crosscz reactivity, FACS
anal ysi s usi ng EFBTaAEFBOOPES BRNRePPS GEbrH i PREFLTy % cfﬁ’szseﬁvj‘?‘ll,essi ng
nmessage for bot hraggEéacel prom-6i nsliwmsexmsseedssiiel gerifs foprnCRd%rbdnsht i on

with the fact thatptheygotibogdies did foh & exponldes sunf agepaxpeapsi on on
pSl transf]gtgt ed cePf{s, ?@g to tshec25 concl usi gn t hat thgfse ant i bo?es wer e

not cross reacti®¥é. It was not expected that the CD80 anti body woul d cross
react. The limted honol ogy between the human and feline CD80 nol ecul e

would Iimt the potential for cross reactivity in a nonoclonally derived

antibody. It was g .roaron

15 A lack of suitable antibodieg dictated that a direct
assay could not be performed to demonstrate peptide
expression. Commercially available anti-hu CD28 and
anti-hu ©€D80 monoclional antibodies were tested on
isolated lymphocytes to determine if there was cross

20 reactivity. FACS analysis using the antibodies on cells
confirmed by PCR to be expressing message for both
surface proteins was unsuccessful. This in combination
with the fact that the antibodies did not recognize
surface expression on pSI transfected cells, led to the

25 conclusion that these antibodies were not cross reactive.
It was not expected that the CD80 antibody would cross
react. The limited homology between the human and feline
¢D80 molecule would 1limit the potential for cross
reactivity in a monoclonally derived antibody. It was

30 somewhat surprising however that the anti-hu CD28 was not
cross reactive. Though there is a higher degree of
conservation between the c¢loned CD28 mwolecules, a
commercially available anti-hu CD28 antibody that cross
reacts with the mouse protein was not found. As with the

35 anti-hu CD80 antibody, testing of the hu CD28 monoclonals
was unsuccessful. Thus an assay had to be devised that
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cl oned CD28 nol ecules, a comrercially avail able anti-hu CD28 anti body t hat
cross reacts with the nouse protein was not found. As with1t§EP3H0anti - hu
CD80 anti body, testing of the hu CD28 nobnoclonals was unsuccessful. Thus
an assay hadwo@dsa2idevi sed that 98 0 7 SEP 2009 19 SEP 280RUMWHYZ 57271
PCT/ US99/ 09502 - coul d denpnstrate not only the probability that the
peptides were being expr essed, but that also showed that they were

functi onal and g Slordikeracting. e ePNALOLfaline GRRO gnd D28

wer e successfull |nserte Into a series ressi o ve ors. Wile
the pSl vector H%tﬂﬁFFe‘ﬁﬁ%éeF%lﬂ@éﬁéﬁ?‘% H@&%&FWW &ergd BRAE t he

bi ndi ng assay, ttteevadéirei omatt verll oasd nEdpalflacbli iaterdattinge protein
expression. Foll ow ng transfecti on, expression of CD28 and CD80 nRNA 10 by

t he COS-7 transf,ﬂ% ﬁﬁl I Lines. was g9 fi rgeq:D% %Iére_P%c{_Jg@? eat ment

of the RNA prior reactTon shod have signi fi1cant y reduced any
possi bi | it y>of g@kﬁﬁ‘ﬁtédo%n’iﬂ As A PNKRECBRPERF THen JRCCOFr t AL 18| Eh%vas not
felt that the CG&i/ veektds smighiildd umat vegll yeneqpreascesddsr thi gandy whi ch

was further  CONLLL MG DYLLIG | Aok, 0Ly OI8A0C SR, Shher S ACerapr ot oi 1

in the nock transtected contro ification o e proper ssage
fromthe RNA frofitHdtatpafdf e éHO(‘E@FLFsex%‘i?p‘?e"PéP§ to reflect that the pSl
20 tenmplate was present within the cells and that the nessage encoded by
the plasm d was heiiRgihganseisrbedion, Thepbbadi g Issays ped farswedrmer e

nodel ed after thos n d t S|mlar
Bindi ng avidl ti e GPhansn (BB Lo DBE L Pt eyia: faneebisdt Byohss

nodi fi ed format #e®- useNass deFrAfserat % hike &Y fé’ééoéxﬁrcés% Fe |ne CD28
bound to surfacerexquigssedshdeld neh€80 angntibiatadtie | ntedasdd onaspul d be

i nhibited possikility of genomic or plasmid DNA contamination.
Further, it was not felt that the COS8-7 cells would
15 naturally express either ligand which was further
confirmed by the lack of message for either surface
protein in the mock transfected control. The
amplification of the proper message from the RNA from the
transfected c¢ells, appears to reflect that the pSI
20 template was present within the cells and that the

message encoded by the plasmid was being transcribed.

The binding assays performed were modeled after those
performed by Peter Linsley to demonstrate the similar
binding avidities of human CD80 and CD86 (Linsley et al.,
25 1994a). A modified format was used to demonstrate that
surface expressed feline CD28 bound to surface expressed
feline CD80 and that the interaction could be inhibited
with soluble receptor. The level of binding could be
inferred from the retention of fluorescently labeled
30 cells in the specific wellis. Because a fluorescent plate
reader was used, it was not required that cells be lysed

prior to measuring fluorescence.

The initial assay demonstrated that the retention of
fluorescently labeled CE80-pSI transfected COS cells was
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wi th soluble receptor. The level of binding could be inf erg"jg Ep ghe
retention of fluorescently |abeled 30 cells in the specific § S. Because
a fluorescent plate reader was used, it was not required that eih s be
lysed prior to neasuring fluorescence. The initial assay déﬁt&ﬁit ted that
the retention of fluorescently |abeled CD80-pSlI transfected COS cells was
99 0 7 SEP 2Q@%9ssh7P SE? 2002 WO 99/ 57271 PCTI US99/ 09502 rmyrmesowessizn wel | s
in which adherent cells were transfected wth CD28-pSlI than in wells in
whi ch the adherent cells were nock transfected. The control cells, COS

cells nock transfected wt SI l.acking, an inse insured t nei t her
the presence of 9f%aete\fe&flo‘1y‘?ﬁt£ént Yl-éfhcg’f EETTON ﬁre(li)%seswseﬁet égf?s%%trte? he
adhesi ve propervies @i2a-péIcehan in emlileedni whide thghadhercHetdmdef cel |l s

medi at ed by t heyeidt@cRCt ik detvgen HHae contifACecBXP) ensede IBRoard CD28.
At the initial dilution of 1x106 lls,. the flug enc; [y} wells in
whi ch the cell sgﬁé?%k%gr}per%s%ﬁn%g I’B%lg J(iﬂ%lng\/vai—’lsn ajbIE)sre%)%’nn]?leﬁ]u%e i \}ttéﬁ'?l nmes t hat
of the wel 5 innphtesr the Praseectent | Yhe agereer COBRE t FAARF I cel | s

were introducegrbbéss Weldes FCaBt at s nghRREkKe t peoisfedieedofeths.celAs 5x105
cells, fluor esc%?gﬁlPé?gﬁgfﬁfﬁ‘{]'afdéﬁég%wbm‘gno k2 1EhRes euUct QN dr cel |

nunber, but the ['evel 1 nificantly higher than fluyorescence in
the control. ByRESERSdSRt PREYSH 61 1G5 CEeFIRTTFRE WP r BNt Mt ween  t he
experiment al andtcomd riolitisl ndtlgtiani ofi teld®ycell st ithguifdhabtesermed by

1x104 they, are ngaply Jodent i €aln; R0cHhi $13$S d¥rd neihal-@s nkhake athas
interaction is occurring . bet eg%the ,CDBOFE%ﬁn% ecﬁ,ed and CD28 transfected
e

C0S cel |'s t hat "PEsAPRECF TRy SEERL T8I or €Scaft ty ¥ ‘el ed CDBO

transfected cel lthei Hluheewstitsly Wedrelede CDa@dhéransieeted oryrle rwre
expressing surf aee pEeiLl Andd NAWRYEBEntd 8 ngDROck ranafreeddaced1is wer e
R R U S S e

15 the reduction in cell number, but the level is still
significantly higher than fluorescence in the control.

By a concentration of 1x10° cells the difference between
the experimental and control is not statistically
distinguishable, and by 1x10* they are nearly identical.

20 This assay indicates that an interaction is occurring
between the CD80 transfected and CD28 transfected COS
cells that results in the retention of the fluorescently
labeled CD80 transfected cells in the wells. When the
adherent cells were not expressing surface protein

25 however, the CDB0 transfected cells were removed by
gentle washing. This effect could be titrated out, and
by 1x10% cells fluorescence in the wells was virtually
identical. To confirm that an interaction was occurring,
soluble receptors were introduced to inhibit the

30 CD28/CD80 interaction.

The second assay involved the introduction of soluble
forms of counter-receptors for each peptide in an attempt
to inhibit the interaction between the adhesion partners.
A =oluble receptor for CD80, huCTLA-4Ig and for (D28,
35 huCDB0-Ig were incubated with the respective transfected
C0S cells expressing the counter-receptor of each
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identical. To confirmthat an interaction was occurring, soluble receptors
were introduced to inhibit the 30 CD28/CD80 interaction. Thel ShPoddllassay
i nvolved the introduction of soluble fornms of counter-receptors for each
peptide in an attenpt to inhibit the interaction between tHhe3SEhelE on
partners. A soluble receptor for CD80, huCTLA-41g and for CD28, 35

huCD80- 1 g wem® 99stabat ed with the respective transfected TBIRYPISE

expressing the-counter-receptor of each 100 0 7 SEP 2009 19 SEP 2002 WO
99/ 57271 PCTI US99/ 09502 nolecule prior to the mxing of the two cell

types. Although the soluble proteins were not. aon feline igin it was
felt that due {GTAEFEVEFLGE EonddivarroRos (?lfnd:qmbeti%eﬁgﬁhgéﬁeosp'osed

bi ndi ng regi on éflthhegth hen saheblehersteind ogogsneegrvrisliipet Aeideli ne

EDI ecul es. that itheee fé\_&)ttlljﬂla_&eﬁ%@f Ebctentl leQSSE T @atdd iaty on Flgidter ,  t he
uman fusion partners hind w LL.ourine coupter:r t :

Li nsl ey, personae (‘:V(%ﬁ%utﬁ}ec Ff%%ﬁ?é. %‘?Féldflgéjﬁfecﬁr?ﬁlnﬁgrggeofh%g% I gﬁée%kliﬁpr ed in
the assay, Pt waRaloscugagpsiens olnothrer fokifa Molessagswi Fhatixisereel | s.
The first concepfuiat boeEuwidscbxddrreek| ssadtitrbt§ he FGBRBEEDaMe humnsf ect ed

s al d rat| I ' Lo dinth
cel!s alone demislialile A 128 PR OPEENO SurShll talndd thatotound 1n the

previ ous experinent. not cl ear )  adher ent cel s rncubated with
sol ubl e 15 CDBO {Fec&photeha@easF o CeEReRtRdrie B¢ Ht SOF FHEPShock
transfected contdlgeMhi requheedohadiier enttaCD80t wamnsftedeedibleior@®scent |y

| abel ed cel}s, incuhated with,gso)ublgCThAds hadiakout arhwo gerdhree fold
hi gher fl Uorescence. Despite the di flfgregtc[ﬁs rredltal% edchtéy E}jgygsz&éé/pe of
sol ubl e recept orSeHHREFE2AS" a it ked™ PedfELTOn i KT he™ Enount
fluorescence in welnsgetredtriedhssolars dememtaptong vinsepht Fbereedenver the
vel I's in which nginingeept WhabasoESent he Thesikker agbéomaamonstrased by
the previous 54 aegfbewnthr'l%b'é d by the 1 Ntroductlen, 4 21hBE Proper
sol ubl e counter B or'to € M Xi Ag
15 CD80 receptor had a fluorescence close to that of the
mock transfected control, while the nonadherent CD8O
transfected fluorescently labeled cells, incubated with
soluble CTLA-4 had about a two to three fold higher
fluorescence. Despite the differences mediated by the
20 type of soluble receptor, there was a marked reduction in
the amount of fluorescence in wells in which soluble
receptor was introduced over the wells in which no
receptor wag present. The interaction demonstrated by the
previous assay can be inhibited by the intrdoduction of
25 the proper soluble counter receptor prior to the mixing
of the cells.

While monoclonal antibodies specific for surface proteins
would in general seem preferable to this type of assay,
in the absence of the proper reagents, this seems a
30 viable format through which the expression of functional
counter receptors may be demonstrated. The results of
the dinitial binding assay in combination with the
competitive binding assay confirm that functional feline
CD80 and CD28 cDNA have been isclated, and further that
35 the proteins expressed by the message functionally
interact. Although the applications of this type of

101



of the cells. Wile nonoclonal antibodies specific for surface proteins
woul d in general seem preferable to this type of assay, lnﬂtTIGSEfoﬁaﬂﬂce of
the proper reagents, this seens a 30 viable format through which the
expression of functional counter receptors nmay be dennnstratQBEPﬁHk
results of the initial binding assay in conbination with the conpetitive
bi ndi ng assaywe@d¥?Hmt hat functional feline CD80 and CD28CEBRIRMNe been
i sol ated, and further that 35 the proteins expressed by the nessage
functionally interact. Although the applications of this type of 101 0 7

SEP 2009 19 SEPm%ﬁQ%gV!%,s%%/ 5?87ﬂ1nPQ£bU59§/x%%éQﬁs Eel| %@Em&@fﬁtsws@éxﬁ
limted, it remajns an eff ent sstem v%%%ll% rﬁs tet
probability of f’tfhc‘f']i”o%lto TIAEE 8§<Br5§§| Bh® ¥ PactivoT .1%%%1 Ie 8 5
| NFECTI ON | NTRCBUCHCcENexpypsfigdefindednye¢ragdsonas "strictly intracel lul ar
and potentially pathogenic entities with an infectious phase and 1)
possessi ng only B0 J1LP 8 of nucleic acid, 2) 10 nultiplying in the form of
their genetic material, 3) unable to grow and to undergo binary fission,
and 4) devoid of a Lippmann systeni (Lwoff, 1957). Viruses are non-

cel lul ar in®5nat UFEFE e genonme, whether RNA or DNA, directs the
synthesis of further virion particles by an 15 infected host cell (Luria
and Darnel |, 196Byrrofivcattondi seases represent an interesting systemin
which the practical applications of the B7/CD2B si gnal ing conplex can be
denonstrated. Ampng_the retroviruses, infectj umans nd

|
feline i mmnodef%“ﬁ cYSFEPEE  (BRFEFn 20 cﬁ%’s’lc? sullf'l r?%ejgll pt 78
normal i mmune f upetémyiadlivcpatheadyipotdmdditied wotlycaurinfaadighst hbase

elimnation of CGXT)cebdsdbaugi Hilval one 1984c Redengariet atig, 1987). It
's  thought, hatmafu%%/g%o ShONBLLRYEOMRESY RAYSi@ LkErial, 3
unable to grow and to undergo binary fissicn, and 4) deveid
of a Lippmann system" (Lweff, 1957). Viruses are non-
cellular in nature, whose genome, whether RNA or DNA,
directs the synthesis of further virion particles by an
15 infected host c¢ell (Luria and Darmnell, 1968}. Viral
diseases represent an interesgting system in which the
practical applications of the B7/CD28 signaling complex can
be demonstrated. Among the retroviruses, infection with
HIV in humans and feline immunodeficiency virus (FIV) in
20 cats, results in disruption of normal immune function which
is hypothesized to occur through the elimination of CD4" T-
cells (Fauci et al., 1984; Pedersen et al., 1987). It is
thought that the CD28/CD80 signaling complex plays a role
in the illness and that manipulation of receptor expression

25 may exacerbate the infection (Harlan et al., 1995).

FIV is a wvery real clinical problem in domestic cats,
causing a series of clinical and subclinical manifestations
that closely resemble HIV infection in humans (Pedersen et
al., 1287). As more information is accumulated about FIV,
30 the appropriateness of it as an animal model for human AIDS
is becoming more evident and that it is the non-primate
model that most closely mimic the progression of disease in
humans (8iebelink, 1920). The molecular, bioclogical and
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in the illness and that mani pul ati on of receptor expression 25 may
exacerbate the infection (Harlan et al

., 1995). FIVis av 1720081 ni cal
problemin domestic cats, causing a series of clinical yzuge?l ni cal

mani festations that closely resenble HIV infection in humahg SEPGRr sen et
al., 1987). As nore information is accunul ated about FIV, 30 the

appropri at eneaseamiiit as an ani mal nodel for human Al DS i BCHESBMARY nore
evident and that it is the non-prinate nodel that nost closely mmc the
progression of di sease in humans (Siebelink, 1990). The nol ecul ar,

biological and 10 SEP .20 S 0 9 71.BETIASS 9502
pat hogenl c sim %5 Cigeeéugl S0 m%%‘?sf E{F.)sg gﬁg%%tg éﬁz?n%orggngt Eog%egt ai ned
fromH V studi eSlIE@rI@GG@Per@?@lnﬁﬁdeﬁﬁf‘anﬁﬁg Ed:fudlileﬁ' i R cPFER P ¢at s.

Initially, HV ipestdcandisg mnifestadebyien tinanstent 5 | ynphopenia with

the devel oprment of nDnonucIeosis li ke syndrome around the time of
seroconversion (O ark

T cel | popul ati {)IP'I %]rﬁjl H]:?I Ce ?%:Xlon e{§ Jnén:?f Q-_';i ﬁfrgn qgcﬁhbﬂ@nﬂ n

ansion results in an |n|t|at decl i ne
in CD4: CD8 mat i obymplenerdan widht riisut @YFORTEREt REr "RIOPNEF8RRE dutfhg t he
asynptonmatic pha§§h&§oﬂé1%rbhhﬂe§ﬁé t{iGBOPEr setodinvert96d) (CByk ke ohset of

AIDS rel at ed T, caldPopulat §om s Sﬁ'i' @y&l Yo cell
di m ni shed, and g%f)he di seag%ylpr r%ésres t%}r?ts ter he entire

| ynphocyt e pOpum@M@ql@ndw&%ﬁD@al Y3 8?‘9??1?’5%&6(3%3&1%&%1“1 18%4) .
Wil e the initiabecltiphacypomesi aatiogr cbabl gardaentoindet Feoc? detbed
i nduced Sf’il fts | Q&*ﬁ%&g}edﬁﬂ-"’? PERAI @1‘55,{;1 SodS: ilcS | B other ivilpaks

di seases, ir t her 0SS _a ‘' T.cell e pa Si ght
to be related to (GPPRET pFEI iFfer ath® 3ﬁ?and E%? h6g en%e(5| g g’ﬁcafrﬁaglg%a
1975; Fauci et abympt®8st). tiEhe APavel Bpnesitl ofp RBHPPT at &° ntfdféqloé‘?%l’errs is
a critical st epdk;ﬂllflygﬂg]pr a8huek datd N JRehapiSifestfesi Rbefts areramidal

;;ggl:%ehnduced %53225 the | Vo el l%&gﬁggﬁ%%plﬁbﬂﬁﬁé Quhrus, ¥essardghpal l'y
15 diminished (Fauci et al., 1984). While the initial
lymphocytopenia is probably due to cortico-steroid induced
shifts in immune cell populations as is seen in other viral
diseases, further CD4* T cell loss and CD8" T cell expansion
are thought to be related to viral proliferation and
20 pathogenesis (Fauci and Dale, 1975; Fauci et al., 1984).
The development of appropriate model systems is a critical
step in further elucidating mechanisms of infection and

virally induced disease.

FIV, a T lymphotropic retrovirus, was originally described
25 in a cat colony from California in which multiple, often
chronic infections occurred (Pedersen et al., 1987).
Although the disease manifests itself in a gimilar manner
as HIV in humans and is distantly related taxonomically, it
is antigenically distinct from the causative agent of AIDS
30 in humans (Siebelink et al., 1990). Transmission of the
infection occurs through the exchange of infected bodily
fluids, as in HIV, but unlike HIV in which sexual
transmission is the primary route of infection, it appears
that with FIV, the majority of infections occur by salivary
35 transmission through bites (Yamamoto et al., 1989).

Despite Gdifferences in transmission, the resulting
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25 in a cat colony fromCalifornia in which nultipl 1
: _ e, often
i nfections occurred (Pedersen et al., 1987). Al tﬁough t hel dh gggzh@

mani fests itself in a simlar manner as HV in humans and is distantly

rel ated taxonomcally, it is antigenicall i sti [
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agent of AIDS 30 in humans (Siebelink at al., 1990). Tr ans‘nﬁé?@zﬁﬂg;' Yﬁe

i nfection oc ;91;, Eough t he exchange of infected bodi i i
\ ( { odily PET/USHS/0958% | n
H 'V, but unli ﬁl% in which sexual transmssion is the primary route of

infection, it appears that with FIV, the magjority of infections occur by

salivary 35 transm ssion through bites (Yananot t Ii%%o
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g)ldﬁli Iof the related illness in humans (Siebelink et al 1990)
( ical progressjon of FIV is sinil HL . o e _—
into five clinicati&tSe  MESTHTYT | gf Ee‘ét % %‘t‘lm%ﬂr%%?g%@aﬁﬁtrsuﬂeb vi ded

. i) ‘ _ els c .

rraldal se and | ynpiretesopabdiyidgd] &R ééyﬁp?bﬁ‘h’tci% FHa%8°f of hée\(/a\gng?'[h%:g\é?irbn
?nrjll tprlecedeg thespnset ofs t herhiraatetiwee sbygesfevarnhi g Rght #8ds and
1994| P ios&condagﬁmﬁlgden%%%%%um gti (iohﬁf egti-@psoaG (Jmagki shoeloas.

) - t hout 1s not clear if the route L8l il aryidy eebiben is
the same, FIV isipfegiient grd EpCTdeR e 20SfR| ¢T asheC%é T-}(l:e%lfs (Er wn et
al ., 1991). Virakhy imfient edeaphtral Sosexperd envel wiRiccr SRCETPRTYDAATY cel |
th i VIl t5 ylgg(r) hapsﬁgggrtﬁlqisscyiractmfé&&%gi QRcand @eblikysks @Si.ebaldionk - et
vvlth : ): T onset of . the final siag of Jde Enfectihgr ig@idghdes

a sigii§i cafttherah 4f EHFOTECERT S ang‘earcJ scr 4

(Novot ney et al. isl€9€)samehi FEV i Yrapgc Hor i@dagéégﬂ%sgea%é’%ﬁ;/%‘f‘gﬁici?at e

CD4' T cell |0Ss_i1he §aHm n@nngr., thwwesultinglph ~
syst em dysf uncti on a:éiear( ?cts)%e mani.{",ﬁt m*'e;u@eﬁ?gggéew animadfune 20
Al though it is cl®¥&F ?ﬁ%‘fe | FFSE rﬁ?ﬁ%? Cg4 F S s vk peFh AP ke,

to synctia formation and cell lysis %@Ee elink et al.,
15 1290} . The onset of the final stage of the infection
coincides with a significant loss of cp4* T-cells and a
decrease of CD4:CD8 ratic (Novotney et al., 1990). While
HIV and FIV induced disease may not mediate Ch4* T cell
loss in the same manner, the resulting phenotype and immune
20 system dysfunction appear to be manifested in a quite

gimilar manner.

Although it is clear that infection of CD4* T-cells with
HIV adversely effects the development of a normal immune
response, the exact mechanism of the interaction that
25 results in immunodeficiency has not been conclusively
defined. In the late stages of the infection the events
resulting in the reduction of cD4* T-cells is undefined
(Connor et al., 1993). While the development of synctia,
induction of apoptosis, and the elimination by CTL have all
30 peen demonstrated to reduce T cell populations in HIV
infections (Schattner and Laurence, 1994; Fouchier et al.,
1996), a CD28 mediated mechanism has also been proposed
(Haffar et al., 1995). Infected T cell lines have been
Gemonstrated to down-regulate CD28 expression at both the
35 protein and mRNA level upon allo-antigen stimulation
(Haffar et al., 1995). As previously discussed, CD28
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H V adversely effects the devel opnent of a normal i nmune esp e
exact nmechanismof the interaction that 25 results in |mmnﬁJJe§E@ y has
not been conclusively defined. In the late stages of the infection the
events resulting in the reduction of CD4'" T-cells is undef{g&@P WfTonnor et
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becone apoptotic;rather thasy)f ul t,mlpé:tapw@teﬁllé Schat hoeemairmechaadsaned,
1994). Wile apop tosis is chanis V4 Bgegﬁeghdrﬁllbndﬁat h,
this pathway nay 5\% %ﬁeaaaﬁ?t‘f g‘&gﬁeat(":r%nt I’%iq% ?gg“}rao}‘_'tmhg concom tant ; el |
elimnation (Brinchodimrat dlo, tF94)conFOmERE. CTL h&Ve beer Telated to

‘the devel opment Qi Q9fgndrer Rk suryivedasin HV infection, with hi gh levels
of CTL associated with |ong term non- progression in AIDS infected
i ndi viduals (Land

et al tr I FAUdAY deasm not
only been g%‘-heralcpg |Cﬁé’f¥1%"6‘? % ccgrql:trg?k%l ng eE?r!e\lllltr al ass%cglcaﬁ.ed
illness, it has tsaermvalhovwntﬁéi’ amfl%dio@s iy racPadR | v EFHEnce” disease
(Lombar di et al. asL994ic el @behi haeteth nork@ebyreOnbmt iof AIDAelniqnted

clinical stage of, H.V.infect Gongom { g4y | | iIRUIRQER ket PNGymdrRl
correlated with t léf\hdl"%ﬁ wa%d% Q )y

hunoral , type 2 rieopoass |1has Orz?og 20n 1y lgtlag'r gex%é% 1Z'LLyreiSrRa%I}%gtE.9ea

15 controlling lentiviral asgociated illness, it has been
shown that antibodies may actually enhance disease
(Lombardi et al., 199%94; Siebelink et al., 1995). -Onset of
che final clinical stage of HIV infection and concomitant
immunodeficiency is correlated with the switch from a

20 celluilar, type 1 response to a humoral, type 2 response in
many patients (Schattner and Laurence, 1994}. This
coincides with observaticns that progression from a healthy
state to the development of AIDS is related to a decrease
in CD8* CTL mediated antiviral activity (Lewis et al.,

25 1994). Expression of (D28 on cps8* CTL also appears to be
related to their antiviral activity, with a strong CTIL
mediated antiviral activity associated with the expression
of CD28 on CD8 populations within the infected individual
{Landay et al., 1993).

30 cp28 surface expression, though proposed as a mediator
required to promote HIV resistance, is adversely- effected
by the presence of HIV in both infected and uninfected T-
cells (Caruso et al., 1994). Beginning in the asymptomatic
stages of an HIV infection, a reduction in the percentage
35 of (D28 bearing CD4* and CD8" T-cells is detected (Lewis et
al., 1994). - It is proposed that this may account for
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stages (Zanussi e} @l re14066)to dnesHEYwWhrfemtlediPRdevioal §P8 da6ettdn in

the proliferation 5 of g;?ec & 68bl SrdArkhen aadsbynsd age 1of 21 (Breathoant s
proposed to be ?Jégfraet%escji oDC%ng

down-regul ation. a L£08,ak% s,
expressi ng CD28 PF oPtf er 3P&41 n réjé‘%lg’ﬁg‘ég%%%yb (%rl?ér?ct}%nann d-ligﬁe{l%? 1994) .
Unfortunately i ncordectnd imdeklduass, comppgutepss TIER| PE 3R RBnEbT tut o

as nuch as [75% Og: é*h%o%m%npmh@t k@nnoiiil erdividnakd Hhedi welaakB t hey
make up on]1y 25/oDof t he

opul ation_(.Sau n]gg k- 51199393) Thusus, Whil e
-CD8' popul ati onsc'PrJaX/ %Sénﬁ?n&h%rpﬁﬁ}l??%lﬁnnﬁgg e rf%nn iviad al s, t'h%ected
ef fectiveness of whhis poyil awdpyAathoRs s Maybj T4 on‘i’r’a‘ﬁ?:jt all eff-€ctive
anti-viral immune pespenses 1xHmy fiecatverasl pefthést pdpelaiom iphétpni ti al

phase of the infection (Carus et P294) anSt Udigs havendl Sponse
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of the viruss may be adversely effected even in the initlal phase

infection (Caruso et al., 1994).

atudieg have also demonstrated that Ch28 signal
transduction may be involved in the activity of the virus
(Asjo et al., 193%3; Smithgall et al., 1995). Costimulation
20 of HIV infected peripheral blood CD4" T-cells with anti-CD3
and anti-CD28 results in higher viral replication than
stimulation with anti-CD3 alone (Smithgall et al., 1995).
This response can be ablated by the addition of CTLA-4 Ig
as a soluble form of the CD80 receptor and to a lesser
25 degree by anti-IL-2 {smithgall et al., 1995). In other
studies with infected CD4" T-lymphocytes, in 40% of
patients it was demonstrated that D28 ligation alone
resulted in the up-regulation of virus production without

additional stimuli required (Asjo et al., 1993) .

30 Pretreatment of lymphocyte populations with the HIV surface
glycoprotein gpl20 results in the down-regulation cf CD80
on the surface of APC (Chirmule, 1995} . While CD28
expression on T-cells appears ToO ke down-regulated by HIV
infection, CD80 expression is up-regulated on thege cells

35 (Haffar et al., 1993). This is a proposed mechanism by
which infection may be transferred to uninfected T-cells as
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(Asjo et al., 1993; Smthgall et al., 1995). Costinulation 20 of

infected peripheral blood CD4'" T-cells with anti-CD3 and Bt i Engresults
in higher viral replication than stimulation with anti-CD3 al one

(Smithgall et al., 1995). This response can be abl ated by1®HEPaMili ti on of
CTLA-4 1g as a soluble formof the CD80 receptor and to a | esser 25 degree

by anti-|L-2gwo3ksthagal | et al., 1995). In other studies WETAUSNPBEEX ed CD4'
‘T-lynphocytes, in 40%of patients it was denonstrated that CD28 ligation

alone resulted in the up-regulation of virus production w thout

additional stimuli required (Asjo et w199 retd-eatnept @fso

| ynphocyt e popuFhgi BHSTRFtHR tli’ﬁjtlﬂﬁ}l SC%J "ace ““é%‘f%‘g%?%t ein %EEZO resyl ts in
the down-regul abhomfctEBSD-cald st tray siadidskats tAPCCEEhi tdnrite; TH¥EIC™ whil e

CD28 expression,ap I1£&kd SRPREARSEES e Wawe- (Bgfdat et k) -H V993 hf ecti on,
CDB0 expression I's up-regul ated on these cells 35 (Haffar et al., 1993).

This is a proposed nmechani smb [ i nf egti transieqr egnd O

uni nf ect ed T-ceIW%lésthio%f%Gg%ég]f%g@ lPQE%E&q%\g%%%% 968(%57271

PCT/ US99/ 09502 riche i ptter abei omubistaseeprepesn onitiniifect®d TPEEI 1 8°%hd cD8O
on infected T-cefilssoByifagd ] i 13t @ikhgagetdsilescebh bendaminstrhaedalt ows
the transfer of virus (Haffar et _ al. 993) . L& d heyefdect s¢ of1 €028 in
H V have been expor@ #he E%r 65 e%hgﬁsuﬁﬁeﬂ prottgli’n in _FI'V_has_ not
been distingui shedthekf spnfim rtdsul NESEAPHE dBfonEEFat st ™% PRe Gat as

are observed in e ueRD meedlem it will  further confirmthe useful ness
of the feline as -a retroviral nodel. 10 MATERI ALS AND METHODS | nfection

in vivo Three adult specific en free (SPF) fenale cats were infected
i ntravenoudfy wiMATERIEHS W%ﬁgt he Maryland strain of the FIV virus.

Two simlar femal es were nock 15 infected with serumcontaining no virus to
serve as controsfedtliendinasiextracted prior to the infection and

Three adult specific pathogen free (SPF} female cats were
infected intravenously with 1x10° TCID,, of the Maryland
strain of the FIV virus. Two similar females were mock
15 infected with serum containing no virus to serve as
controls. Blood was extracted prior to the infection and
once every week for seven weeks. In the initial week of
the infection, cats were monitored twice a day to insure
that no initial reaction from the injection occurred, AsS
20 the infection progressed, the animals were monitored on a
daily basis. Every week, during the acute stage of the
clinical illness, 5-10 ml of blood was collected for CBC
determination and PBMC isolation. CBC was determined by
counting cell types in a dip-guick stained blood smear
25 (Jorgensen Lab., Loveland, co) .

The PBMC were extracted from the blood by separation over
a histopaque gradient (Sigma, St. Louis, MO). Following
initial washing with Alsever'’s gsolution, ~5x10° cells were
removed and divided into 5 wells of a 48 well plate. The
30 cells were resuspended in 500 pl of complete RPMI, and then
labeled with antibodies directed against either CD4 or cDa.
After an hour incubation at room temperature with gentle

rocking, the cells were washed two times with PBS.
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once every week for seven weeks. In the initial week of the infe

n,
cats were nonitored twice a day to insure that no initiali[}r‘éa&ﬁpl %ﬁgﬁrom
the injection occurred. As 20 the infection progressed, the aninals were
nonitored on a daily basis. Every week, during the acute st|ap$fPoltlk he
clinical illness, 5-10 ml of blood was collected for CBC determ nation and
PBMC i sol ati gQg ofd3smWas determ ned by counting cell types PCRUSIYPH2 qui ck
stai ned bl ood snmear 25 (Jorgensen Lab., Lovel and, CO. The PBMC were
extracted fromthe bl ood by separation over a histopaque gradient (Signg,

St. Louis, MJ) Following initial shin ith s r' | ULL ONsi552X 105
celI's were renoVellAHEIdFIFHERP r‘ﬁﬁ% geﬁgﬁ“*\%yo é%l%%ls%&% g%l{ég)%l' 16 30
cells were resuspgadedi+in SOrCAl 1asfeledmp(ksd  REALELEXECRFRN MPhbefEd i t h

anti bodi es directgd agal-nstoLidher . I 0is ChBied Altdr iatulitoned | aicubed on at
roomtenperature Wwth gentle rockin th LI washed LW tidms W th
PBS. 107 q 7 SEPSPBEYCUF %5?92562, o} %/’%357%’%’%599/ 9%950.1%8 ol pui ng
washi ng, thes secehdar waahedbdthreegdatmegnt VithudeS Pge (HEEF FINTC | avef ed
(KP&L, Gait her sbyfgn, Mdhyat rAuceescent natliabelefl fobdhuimssadded Bl

i ncubated at room tenperature f 3.1 By gent b eReli ng. The cells were
5 then washed t hrl&&PFF e‘%/\,iqtnh °p écga(?]%hfalﬁxed W t h}L3. 7% formal dehyde.

Fl uorescently | abel ed popul ati ons were then quantitated on a FAC§ # bur
flow cytoneter. The memainimg PBVCYESEevaRRIEARRGHEFPFONA S #B ki th 10

m of Al sever's sgl utj opis&ald-ewisg eeshri Fegatiion teecrif@igsapennatbewas
renoved, and 1 m of ULTRASPEC (Bi otexc, st.on, o Y ¥assmadded frexRNA
extraction. *fhe FNRSIES o0t ir(eeg‘ogﬁg' panli"m'L ¢

reci pitated as .previ glsl ﬁge%ggi bed.
The concentrati ciowsasnt h@%) quaat PEEERJERY ST T OBt Sofbance at

260 nmon a spectfophotmetey prERepRMA: e sad Sprérerpusdyusisesdéliedn 56PP of
DEPC treated vat eéox*?'cnedntfr% 280 Ms - Q6T OchArﬁtti%EltH§e-byse eaguadhdritat bfe
NP he RNA was
abgorbance at 260 nm on a spectrophotometer. The wa
15 then resuspended in 50 pl of DEPC treated water and frozen
at -70°C for later use.

Semi-quantitative RT-PCR

Prior to PCR amplification of sample RNA, 60 ml of blood
was collected from a terminally bled cat. PEMC were
20 isolated as described previously. The cells were counted
on a hemacytometer and divided into 4 flasks at a
concentration of 5%10° cells per ml. The cells were
stimulated with Con A for 0, 8, 16 and 24 hr prior to
centrifugation and extraction of RNA from the cell pellet
25 with ULTRASPEC as previously described. RT-PCR was
performed using 1.5 pug of RNA transcribed to ¢DNA with MMLV
reverse transcriptase and an oligo dT 3' primer. The RNA,
dT primer and DEPC treated dH,0 were incubated for 5 min at
%0°C to remove RNA secondary structure and allow for primer
20 annealing. Transcription buffer, MgCl,, dNTP, and DTT were
then added and the wmixture incubated for 2 min at 42°C.
One ul of reverse transcriptase was then added and the
yeaction allowed to proceed for 30 min. Four pl of the 25
ul RT reaction was then added to each of three tubes for
35 Ccp80 amplification and three tubes for €D28 amplificatiomn.

108



Prior to PCR anplification of sanple RNA, 60 nl of blood E@Ib ted
froma termnally bled cat. PBMC were 20 isolated as desc ib§ p i ously.
The cells were counted on a henmacytoneter and divided into 4 flasks at a
concentration of 5x105 cells per m. The cells were stinulpg&EPWRN Con A
for 0, 8 16 and 24. hr prior to centrifugation and extraction of RNA from
the cell pel lwbo@bmmith ULTRASPEC as previously described. PRTUSEHMNRS
performed using 1.5 g of RNA transcribed to cDNA with MWLV reverse

transcri ptase and an oligo dT 3" prinmer: The RNA, dT prinmer and DEPC
treated dHZO were incubate ] il@{:%t r RS e coREaT |
structure and al gowzfto%epf’?n%ér%{ ngg%)]Lﬁnfea i'ng. raglr?sg}?iyyﬁ on gﬁf ggr, %CI 2,
dNTP, and DTT wepgimeherversdédeanadiee l‘rﬁﬁ%&réD}“ﬁcu RFHGFS25RE At 42C.

One | of reverseykfkanscri ptase was then added and the reaction allowed to
proceed for 30 mn. Four pl of the 25 Al RT reaction was then added to

each of three tubes 5 CDBQ_anp)] 4.fd Lan~ghd dhnee Lybes for CD28
anplification. ¥ 88%.%} %Eﬁ’rfﬁ%'n?‘g %a?&gzc 99/ 57271 PCT/ U599/ 09502 A
m xture of | OX PCR buffer, dNTP and CD28 or CD30 pzé)ecific priners were

then added t® th@&7cBRA. 3 TherimsrneTSA f BAC @PGOCCHefAE GSA 8820 5' priner: CAT
GIC TGG CAA AGT ACA AG 5 B7-284 3' prinmer: TTA TAC TAG GGA CAG GGA AG

whi l'e the primer d for, GR8 WaLes £R&pha sbast: CGC GGA TCC ACC GGT
AGC ACA ATG ATC %%%ﬁ%@&$96528-2§9 3': ATT TTG CAG AAG TAA ATA TCC The three
tubes for each product were then incubated at 10 95C fo ] d en
0.25 pl of Taq pdiPzEebastany :16CA CCAIT el Ak Péﬁf"dékgkt %T(g&&tcﬁ%e%&?he
reactions were subjected to the cycles of the follow ng tenperature

profile: 95C 30 s4$e-25¢ 30. see; TandcX@Q@RAP ecATA Tabe was renpved at 20,
25 and 30 cycles respectively. Twenty 15 pl of each reaction was visualized

O Dea b 802105 Gl TS AN T IR ROGLO0" AR ! SR ERe T

10 959C for 5 min and then 0.25 pl of Tag polymerase in 10 ul
of water was added to each tube. The reactions were
subjected to the cycles of the following temperature
profile: 95°C 30 sec, 55°C 30 sec, and 72°C 30 sec. A tube
was removed at 20, 25 and 30 cycles respectively. Twenty

15 #l of each reaction was visualized on a 1% agarose gel.
The agarcse gel was photographed and the number of cycles
at which a product appeared determined. Following these
preliminary experiments, RNA previously extracted from the
infected and control animal was amplified in a similar

20 fashion.

Tnfection in vitro

In vitre FIV infected T cell lines were stimulated with
Con A for 0, and 16 hr and expression of (D28 and CD80
assayed by the semiguantitative RT-PCR method. The FETJ
25 cell line is a mixed T-lymphocyte population that grows in
the absence of IL-2 in the growth media. Independent
subpopulations of these cells have been exposed to the
Maryland strain and the Petaluma strain of the FIV virus.
Approximately twenty million normal, Petaluma infected and
30 Maryland infected FETJ were stimulated for 0 and 16 hr with
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at which a product appeared determ ned. Follow ng these pr

|J mi.na
experinments, RNA previously extracted fromthe infected anﬁ fcgﬁar gelﬂgani mal
was anplified in a simlar 20 fashion. Infection in vitro In vitro FIV
infected T cell lines were stinulated with Con A for O, an{iggmggzand
expression of CD28 and CD80 assayed by the sem quantitative - PCR net hod

The FETJ 25 Qﬁébwg.&ﬂe is a mxed T-1ynphocyte popul ati on t RET/USEHHE2 i n t he
absence of IL-21n the growth nedia. |ndependent subpopul ations of these
cell s have been exposed to the Maryland strain and the Petal uma strain of

the FIV virus. Approximately twenty mllion naor Patal.upe, i of s6ted and
30 Maryl and i nf etk "REPS %%‘%/é*-stl“?%wa?tge&x‘f%arél&dg%m&a rwith 109 Q 7 SEP

2009 19 SEP 2002n¥\0i8845a2th REThUSHS/ UDBRPSEEG/MIP sTtEaAT A" RANP WS

extracted fromthgsg.&al|s adifion,t haxncuhat i gurwift bdt hes UL TRABPEG IRNA
extraction reagent I(Bi of exc, Houston, TX) and purified as previously
described. 5 MCHI8S9*}R%®% T cell line derived froma cat in a colony that
had nmultiple FIV infections although this line is not <chronically. FIV
infected. Approximat el.y twent§ mebli bindvcieriyeg E&PmsawspE pB PeFé%f’b\S/

centrifugation a’ﬁili [esusRendegdie i b iMfeoficoncantoatrdiFE liimeds etot
supernatant. The 1) j

cells were i ncubated L elfhal,i gm fQn 8@ m n
ina 5%QC02 i ncGE‘éPB’rc%ﬂtlys?&Vbjé}r}gercgeéd' &?#llr%g&?%gii%onceng rat | onx_l_géd
-5x105 and cul t ured tell@4wéwre peflfletefobyafeind FUFRELPRAT HER{er e

stinulated for 0 ;ands 161 hpeWicbRc8n@tddeddfFrBoninfctRNA sw@sTaxtzRict edTRF t h
the ULTRASPEC RNA extraction 15 re t 1 (Bl OLEXEnr HWSHORer T30 r@md ipuai fied
as previousty d&SCrHPOERS NSV aFERERT el b

thérn otting For, Northern bl O:tlcé"‘nrktaﬂa%z%ﬁ’ RNA
concentrations werte Cogarenhirer sy 33Pe AGTEPRADIELPE Hhdl v&I'sTa Jnm

20 Fifteen g of eachsRN saaphe tw@esdcomeent hat edhfiter3nggydl and infecte
MCH 5.4 were stimulated for 0 and 16 hr with 8 pg/ml of Con

A. RNA was extracted with the ULTRASPEC RNA extraction

15 reagent (Biotexc, Houston, TX) and purified as previously

described.
Northern Blotting

For Northern blot analysis, RNA concentrations were
determined by spectrophotometric analygis at 260 nm.
20 Fifteen ug of each RNA gample was concentrated to 3 ug/ul
and resuspended in 3 volumes of sample loading buffer. The
samples were then heated to 70°C for 15 min to denature the
RNA and remove sgecondary structure. The samples, at a
volume of 20 pl, were loaded onto a 1% denaturing agarose
25 gel and then electrophoresed at 70 volts for 2.5 hr until
the bromophenol blue dye front reached within 2 cm of the
bottom of the gel. The RNA was then transferred from the
gel to a Genescreen nylon membrane (Dupont NEN, Boston, MA)
by downward capillary action. The RNA was UV cross-linked
30 onto the membrane by exposure to low intensity UV light for
3 min and then the lanes were visualized for integrity of

the ribosomal bands by UV shadowing.

A feline CD28 specific probe was constructed using random
primed cDNA labeling. A full length CD28 molecule was cut
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and resuspended in 3 volunes of sa [
_ npl e | oading buffer. The sa
then heated to 70C for 15 min to denature the RNA and renfvg léﬁﬁ;e

structure. The sanples, at a volune of 20 |, we

_ , , re |l oaded onto a 1%
detnalturl ng agarose 25 gel and then el ectrophoresed at 70 volg SEf ngZ 5 hr
unt i t he bronophenol blue dye front reached within 2 cmof the boftom of

t he gel. Thewla\}g, th
s then transferred fromthe gel to a RETESEVEER nyl
\Angrsrbb?/ne (Dupont 'NEN, Boston, MA) by downward capillary action. The >IéNXn
cross-linked 30 onto the nenbrane by exposure to lowintensity W

light for 3 min and then the | ane ' [ ' '
ri bosomal bands fgm \es RRABYRTHEY FOTH ?fé\{@%glalé%gg?;?%d&ptgggé%g e the
constructed usi pgagmatoNasppinEtl DK fabetiarfrorhPEesis @mgt FXEFRE bl ecul e

\tAﬁZ '(I:'Zt |11_0 0 7 SEP, 20095109 SFR 12002 VKb GRil RETIUS89/ 08602°n £ rom
~TA cloning vector using flanki gg EcoR| gi LSuctNEas f139MRREAVAS:
purified by gel Beveet¥ophoredrs"afd & %a%:?ec?t From t he agarose wilh. the
;Aglcﬁggt ggl glteEuIrlamdbm( Ariceorrs Beverd yoinvegt 3B8°qgt8f H5UPTFi éc’&cf)’?%%%k"ct was
" Y .
Lcubated Wb %%gggﬁgﬁ desBnBs s fuetiR, XN .at TRECehot ienwes SECHNEERY

tructure  TX) . The react isap sk henasns ;
liquid nit rogen_féﬁ&eﬁl\ﬁ*b l%k%n%lt§%$ﬁﬁa%g§ SggEdATlg’{tlh\%r e a(%éldf p@aa;upn
m xture. Fol | owiwegeaadded rroi hbebeieicgRcat F37EYIE A Lo le%%%%ﬁlg\']%«n 2
\%glsyrr;sr ase was aggded, angh the tDemiwtmnre polouisabed e IOREN. apfetPBact i on
pur i fS i ce)gp\(laﬁp hwat‘g"é{gi‘:% Z%%gubg%%{ F\érco % Omrﬁll?S HAE it Py
uni ncor por at ed redilo-irEbeldsdtifucPeot i‘@e.c’flaﬂ\?mg{ﬁ ¢ Fggg%?%%é%gkgﬂr 3?2\(;(3
:jgt érrr:' O]::I 15 schitiddet i e | ai depandex he-aet ispiny fUf'Re (Srgma-
determ |nﬁ 5onm a ]?gtlﬁnsg! I Iﬁé ON (EOUNt &oveBl afifi MtRErporpEedy biradigethededl5 min
2 o of “Rapi d‘d hy?rl gl zation flui d CAmgE sham Lif e Sai ece

evel and, OH). n¥glretdideof thé#lpPobEe a3 CShicentr ati on of 3-5x106 cpn |
20 was addegd to each dilletiocandfiwblibateed wibh ragEtyisy fef 188 Probe P

determined on a scintillation counter. Blots were
prehybridized for 15 min at 65°C in 5 ml of Rapid Hyb
hybridization fiuid (Amersham Life Science, Cleveland, OH).
Five pl of the probe, at a concentration of 3-5x10° cpm/ul,
20 was added to each blot, and incubated with rotation for 1.5
hr. at 65°C. The probe was removed, and the blots washed
rwo times in 1% SSC/0.1% 8DS at room temperature for 15
min. The blots were then scanned with a Gieger counter and
rewashed at 65°C if necessary. Labeling was guantitated on
25 a Betagen scanning device. A final wash at 65°C for 15
min. was performed, and the blot placed on film for 16-24
hr at -70°C with an intensifying screerm. The
autoradicgraph was developed and the bands quantitated by
densitometry. RNA integrity and concentration was
30 confirmed with a G3PDH specific probe (kindly provided by
Prof. J. Piedrahita, Texas A&M University) labeled and

hybridized in a similar manner.
Semi-gquantitative RT-PCR from the in vitro infected cells

The presence of CD28 was further measured by semi-
35 gquantitative PCR. As previously described, the

concentration of extracted RNA  was estimated by
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hr. at 65C. The probe was renoved, and the blots washed two_t}] 1N 1%
SSC/ 0. 1% SDS at roomtenperature for 15 mn. The blots vveﬂe-ftérfggriig nned
with a G eger counter and rewashed at 65C if necessary. Labeling was
quantitated on 25 a Betagen scanning device. A final wash dt$ br 15
mn. was perforned, and the blot placed on filmfor 16-24 hr at -70C with
an intensi f ymapIs&7een. The autoradi ograph was devel oped BdVHA&5¥ands
guantitated by - densitonetry. RNA integrity and concentration was 30
confirnmed with a G3PDH specific probe (kindly provided by Prof. J.
Piedrahita, TexasA&Mbbiaksitly)rdaRa580ando Aybriwd 28dok Ny Si2Bi Lar
manner. Sem - qugtn.tl tati \ri? - vl?ggef£xqg1 th:elbleg yitrod nlfle{:t edanc%lll.s 1};2
‘presence of CD2 W PR maasurecpsoy Sem -°35 quan?ll%gatlve PER.

previ ousl y descrepiewr t kadcoMdeht reavemseof tEXRIHCPE@ SRNASRasPEBHONELEd by
il o7 ﬁEP ZOO%eQ&iﬁga.ZQQZeMQ@/ 5ﬂ87ﬂam;llU391‘_9/tQ(95Q2[‘ reaction was

spect rophot gnetrji.c readi n 2 1 i.na | une)
wer e transcgi bed 1% ¢ %Zel]%%da%%o{L{gggl\é\%_&p%::lﬁeg%w\an?f%%v tru%\(/agr é’é%g
transcriptase asefReViigds|ypingesOEChe@ecThiteePEHIEThe HEISE AUPSE tFESRT
reaction was 5 ties ifiadshenithed dbasseyperiPCGR pubeses Tdud etlie besraierieg
amplified using O.specifi | NRLS, l'ified using
CD28 specific prgn%r ﬁ%ngh%}lﬁie:f%dmr@ﬁﬁnggp%%%é}em%g?(évn\%{ﬁﬁﬁmmth G3PDH
specific prinmers: G3PDH 5': CCT TCA TTG ACC TCA ACT ACA T 10 GPDH 3': CCA
AAG TTG TCA TGG @IRDHAGC :ASTEr BWA RSl YCdeleh idd ACPuBes were renoved at 20,
25 and 30 cycles. Twenty Al of each sanple was visualized on a 1% agarose
gel . I'n addigti ongs ddie Pr.eseAcEA®iTertal fed 2 lccderived cytokines were
simlarly assayed fromRNA fromFETJ 15 and MCH 5.4 cells. Priners
specific for: IL-2 5 : CAA CCC CAA ACT CTC CAG GAT G 1L-2 3'; %T C%GCGT
TGA GAA GAT GCT FTreiopsdy: dead= e TEEPEYCVIEA EPVRECaE 20. 25 an

30 cycles. Twenty ul of each sample was visualized on a 1%
agarose gel. In addition, the presence of certain T cell
derived cytokines were similarly assayed from RNA from FETJ

15 and MCH 5.4 cells. Primers specific for:
IL-2 §5': CAA CCC CAA ACT CTC CAG GAT G
IL-2 3': GGT CAG CGT TGA GAA GAT GCT TTG

IL-4 5': TAT TAA TGG GTC TCA CCT ACC
IL-4 3': TTG GCT TCA TTC ACA GAA CAG

20 IFNy 5‘: GGG TCG CTT TTC GTA GAC ATT TTG
IFNy 3': CAG GCA GGA CAA CCA TTA TTT C

were used to amplify ¢DNA transcribed from 1.25 pg of RNA.
Twenty percent of the transcription reaction was amplified
for each cytokine. The remaining cDNA was amplified using
25 G3PDH specific primers. The <DNA was amplified for 30
cycles using the following parameters: 95°C 5 min 1 cycle;
95°C 30 sec, 55°C 30 sec, 72°C 30 sec 20 cycles; 72°C 5 min
i cycle. Twenty pl of the reaction were then visualized on

a 1% agarose gel.
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IL-4 3': TTG GCT TCA TTC ACA GAA CAG 20 IFNy 5': GGG TCG CTT TTC GIA GAC
ATT TTG |FNy 3': CAG GCA GGA CAA CCA TTA TTT C were used flof &8P 2608 cDNA
transcribed from1l.25 g of RNA. Twenty percent of the transcription
reaction was anplified for each cytokine. The renaining cDNgSERIRMPIified
usi ng 25 G3PDH cific prinmers. The cDNA was anplified for’ 30 cycles
usi ng the foI‘Y%ﬁsﬁ 1par aneters: 95C 5 mn 1 cycle; 95C 3OP‘§QB§99@¥> 30 sec,
72C 30 sec 30 cycles; 72C5 mn 1 cycle. Twenty Al of the reaction were
then visualized on a 1% agarose gel. 112 0 7 SEP 2009 19 SEP 2002 WO

99/ 57271 PCT/ US89+BI502> detePfihé¢ cidiecedonne i nfection Infection of FETJ
and MCH 5.4 cells was confirmed through RT-PCR anplification of gag
speci fic sequen B_b% t n trati f transcribed to
cDNA at 5 previ §§§F¥ elgcora?ge gpgggrr% er%qugfﬁis%‘% %%érﬂeg %é’éougspeci fic
3" prinmer. Ten RF-BfRtABPRIEI@adPNoAL WERE sRafditiif 68aBG Tt S t2tPER wi t h
the foll ow ng pabacetteraion956E 5 1Mize; EHCw3i8 seandr@h3dQ sec, cBRE 3t sec,
30 cycl esis 72C n. 01 o FP! d NG AMBLELLEALI LN 120 inly §ACHLal SAp! e
wer e visuali zegpoﬁ a 1%/oyggar ose §eIn'.B RESULTS 'I'Sol eterm ne tne e f%jg)s of

acute in vivo i fiPECtTYh on REDFETexpr ES8i ¢, Vat EPAUSE, IERIFISRd ¥ wer e
infected wth ehplvfied Hyy Hobt saeenobCR iwijtdc thenfolnvwisac pbsa®®¥r<l:5 and

QAE6 were inj echgdoWist fyipediss - ofte. s ACS sal HSi s, Shawed sone.di fferences
between in CD4: CD8 ratigs wth thsﬂﬁcﬁﬁri ment.al_.ani mal s&%nd thg controls.
Wil e the cont F8F % Mal'S dVEFal | P EP AR ISP c APstantt 3t o of
around twold o oRemPihererawvrisusbhzed |arctudbi aprra®® orit he experi nent al
group with the ratio dipping as low as one to one in one animal (Table 3).
Tabl e 3: CD4: CD8gdplygphocyte ratios from PBMC drawn from acutely infected
and uni nfected cats.
To determine the effects of acute in vive infection on
CD28 expression, <ats AUO4, AUU3 and OAC2 were infected
with the virus by intravenous injection, while cats AWG3
15 and OAE6 were injected with media alcne. FACS analysis
showed some differences between in CD4:CD8 ratios with
the experimental animals and the controls. While the
control animals overall maintained a fairly constant
ratio of around two to one, there were some fluctuations
20 in the experimental group with the ratic dipping as low

as one to one in one animal (Table 3).

Table 3: CD4:CD8 T-lymphocyte ratios from PBMC drawn from
acutely infected and uninfected cats.

25
CD4: WK1 WK2 WEK3 WK4 WKB WK6 WK8
cbhsg
INFEC
TED

30 AUD 4 4.5 N/D 1.5 1.2 1.0 1.5 1.6
AUU 3 N/D 2.3 2.9 1.3 1.2 1.1
OACZ2 2.8 1.48 2.3 1.9 1.1 1.14
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25 CD4: WK1 WK2 WK3 WK4 WK5 VK6 VK8
1.2 1.0 1.5 1.6 AWU 3 ND 2.3 2.9 1. 2 1.

1.1 1.14 1.1 113 0 7 SEP 2009 1 8 P 2002 WD 99/57271 PCTIU899/09502
UNINF ECTED AWG 3 2.6 1.5 19 2.0 1. 922 5 CAE6 2.1 155ER.M011.2 1.8
2.0 2.0 The tine course of CD80 and CD28 RNA expression was perfornmed to
denonstrat e W@R/SHEEsage for each nol ecule was present antFeiPePsie
anplified by PCR at the time 10 points of 0, 8, 16 and 24 hr foll ow ng Con
A stimulation. This sem-quantitative PCR procedure |ooked to detect a

vi sible band at the | owest nunmber of anplification cycles which could be
inferred as a &g@thve measure of nessage abundance. A definitive CDBO
speci fic band 5t 15 apparent at 20 to 25 cycles at any tinme post
infection, tho&§BEEDBO nessage was visible on the gel by 30 cycles in
each of the expagtngntal graugs (Fig 42)s CD28.onessage wassal s@.wisible
at each ti poi y 30 cy S ugh the 1 rt poi,nt, al had a
faintly V|g?ble R%Ogband atqég'cyc#es (Flgé.| 43? 9A ng?Iar p%oto?ﬁl

enpl oyed with RNA extracted from the PBMC of FIV infected and unlnfected
cats. RT-PCR anplification of CD28 and CDBO specific RNA was used to
demﬁnstra_tg a rahat it}&%ei dearet tdre @mur&n@fcmsme 2Rptdanser ivked for
each pepti de. rfor previo [ t he ur e nts,
sanpl es were re§53§8r%? 2 nsg %&)that es&%égféé} eaghcégﬁ%é e detect ed
after 20 cycl esast m@gﬁnboﬁhdmchrﬁf @D@QléﬁééuEYsP%r%t Vil b idee

10 points of ¢, 8, 16 and 24 hr following Con A stimulation.
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This semi-quantitative PCR procedure locked to detect a
visible band at the lowest number of amplification cycles
which could be inferred as a relative measure of message
abundance. A definitive (DB specific band was not
15 apparent at 20 to 25 cycles at any time post infection,
though CD80 message was visible on the gel by 30 cycles
in each of the experimental groups ({Fig. 42). CD28
message was also visible at each time point by 30 cycles,
though the 16 hr time point also had a faintly visible
20 band at 25 cycles (Fig. 43).

A similar protocol was employed with RNA extracted from
the PBMC of FIV infected and uninfected cats. RT-PCR
amplification of CD28 and CD80 specific RNA was used to
demonsgtrate a relative idea of the amount of mesgsage

25 transcribed for each peptide. As performed previously in
the time course experiments, samples were removed at 20,
25 and 30 cycles. No message could be detected after 20
cycles, though both CD80 and CD28 products were visible
by 25 cycles (Table 4). There were nce demonstrable

30 differences in expression of either message between the
experimental and control groups. Both subsets had
fluctuations in which amplification cycle point that
product was visible.
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by 25 cycles (Table 4) . There were no denonstrable 30 differences
expression of either nessage between the experinental andtﬂwsmbl @foups
Both subsets had fluctuations in which anplification cycle poi nt that
product was visible. 114 p 7 SEP 2009 | 9 SEP 2002 WO 99/ 512/4EP 200

PCT/ US99/ 09502 Table 4: Sem -quantitative determ nation of "CD80 and CD28
RT- PCR producw® 95Tt fi ed frominfected and uni nfected PBWCTRIYR/A4502
intervals during the acute stage of an FIV infection. 5 CYC NO PRE | NF VWK1
VK3 W4 WK6 WKS B/ C INFECTE D 10 AUO 4 30/30 30/30 30/30 -/25 30/25 25/25

A1 5 50150,59 A 4 sl g sl 0k AL S e Bgopos 25
30/30 -/30 -/30 13'?2%‘”‘367”?@“’2’%?2%‘“ fﬁdégf%&ﬂ %Pgﬁ‘fé%cg FFBﬁ?FETJ and

MCH 5.4 cel |l | iPeMC (RVm@tFlivitgayaspedifing puhrerrémt%iemw o4&t ed FR@&t the
MCH 5.4 cell |ing,das iigafectable, and carried an active infection while
the FETJ cell lines did not yield gag specific RNA anplified. FIV specific

product was 25 readily anplifiable from RNA extracted frominfected MCH
5.4 sanpl es though not fromRNA simlarly extracted from uninfected
controls (Fig. 4@)’C SN PRE EBRACERONns  pEEY or nedVEsn  RNA W&ét r act &&8f r om FETJ
cell lines exposgg- to FIV Petaluma and Maryl and strains did not have

visible 30 proﬁ$§ gﬂger simlar conditions (data not shown). Northern
blotting and se %ﬁ itative PCR to detect

10 AUO 4 30/30 30/30 30/3¢ -/25 30/25 25/25
AUU 3 30/30 30/30 25/25 -/25 30/25 -/30
OAC2 30/30 30/30 30/30 -/30 25/30 25/25
UN

15 INFECTE
D
AWG 3 25/30 30/30 30/25 -/30 30/25 25/25
OAE 6 30/30 ~-/30 -/30 ~-/25 30/30 25/25

20 PCR amplification of mRNA from FETJ and MCH 5.4 cell

lines using FIV gag specific primers demonstrated that
the MCH 5.4 cell line was infectable, and carried an
active infection while the FETJ cell lines did not yield
gag specific RNA amplified. FIV specific product was
25 readily amplifiable from RNA extracted Ifrom infected MCH
5.4 samplies though not from RNA similarly extracted from
uninfected controls (Fig. 44). Similar reactions
performed on RNA extracted from FETJ cell lines exposed
to FIV Petaluma and Maryland strains did not have wvisible

30 product under similar conditions (data not shown).

Northern blotting and semi-quantitative PCR to detect
CD28 message were performed on normal FETJ and MCH 5.4
cell lines. The MCE 5.4 cell line had an infected
experimental group and an uninfected control, while the

35 FETJ cell 1line was used as a nonpermissive T cell
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CD28 message were performed on normal FETJ and MCH 5.4 cell_lines. The MCH
5.4 cell line had an infected experinental group and an ulli hiSER 603
control, while the 35 FETJ cell |ine was used as a nonperm ssive T cell

115 0 7 SEP 2009 1.9 SEP 2002 WD 99/57271 PCT/US99/ 09502 1dp§eh 2802 The
sem -quantitati ve PCR denonstrated that each cell |ine was capabl e of
produci ng CO¥#E&hge. Anmplification in the FETJ uninf ec?‘é'@%?fﬁ%?’ol
denonstrated 5 an expression pattern simlar to that seen in the tine
course for CD28 discussed previously. Wile at 0 hr post stinulation, a
band was not visbhteountil after 30 cycles, at 16 hr post stinulation,
banding was visible after 25 cycles (Fig. 45) . A simlar pattern was 10

observed in the onlnfected line with.n bands VISI | e before
o ereras o o RPORR e ayE BBk, apnteastan Yty Gichy 5126 hr

i ncubation. |ntérestiwig y, cehebleaf ectfed MBpI&ificel FDEBne medmagest rated a
pattern differenphplitmseash of thherddy conhfeltsed bonthe a&a&&ém&@al group,

message wag not  vigible .at eitber 0. of,10 hp tU o4, ¢y t%s é:me
message was anplifred as & COntrof to Insurée R e r|
concentration (FP‘Q’-’S%@PI ‘F%%&l%ﬁss%f’pﬁ%m’éﬂiﬁld i n‘fnllﬂ@néé @I?BBFRNA message

‘expression. 20 MNetinhextidil, ota anahysivaswasotseds sl < oaht 1M talaeeﬁlat?,a f ound

usi ng the sem - t V. RPCR. t 3 a
stinmul ated MCH gyéﬁéééi ?%sé i %mgegtu%%?%%{% y@rr%ﬁg%at ed tJhe strongest

probe hybri di zaffbfT %ns?Y?ﬁﬁsat EBLEanpPl: fr ofn CRBILAT nPEEEETN| W86 had a 25
greater ratoe of ohpbrvel zat i o tinanindiethed uie $14 nueldt edineowighsthionul at ed

infected MCH 5. 4,684 I+ ilsiiBEe %oﬁ:@ g0 ADies kP @ddi ti@NptRal hﬂ%.Slble

aut or adi ogr aphs, _radi o? tivit i asured on fhe Beta(en. Raw counts
from CD28 30 hyBFF8F zatron W& 8sstﬁﬁ T ed i th° co]%tsl’&‘t')‘ﬂ%ﬁtﬁé’é? ‘from a
subsequent GAPDEnpevbetisfloliyhe bitst (Fhfpct48) (MEbl eS5. cell line

demonstrated a pattern different from each of the
15 controls. In the experimental group, message was not
vigible at either ¢ or 16 hr until 30 cycles.. G3PDH
mesgage was amplified as a control to insure RNA
integrity and concentration (Fig. 46). Infection

appeared to influence CD28 RNA message expression.

20 Northern blot analysis was used to confirm the data found
using the semi-quantitative RT-PCR technigue. RNA from
16 hr Con A stimulated MCH 5.4 cells that were uninfected
demonstrated the strongest probe hybridization.
Unstimulated sample from the uninfected 1line had a
25 greater rate of hybridization than either the stimulated
or unstimulated infected MCH 5.4 cell line RNA (Fig. 47).

In addition to the autoradiographs, radiocactivity was
measured on the BetaGen. Raw c¢ounts from <CD28B
30 hybridization were standardized with counts obtained from
a subsequent GAPDH probe of the blot (Fig. 48) (Table 5).

Table 5 : Normalized counts for Cb28 Northern blots from
the BetaGen.
35
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Table 5 : Normalized counts for CD28 Northern blots from the B%t n. 35
116 0 7 SEP 2099 19 SEP 2002 WD 99/ 57271 PCTI US99/ 09502 B3Pigk CD28
norm MCHS. 4nor 14995 14921 14807 MCH5.4 Con 13336 13270 15430 A 5 MCHS. 4
inf 16700 10854 9867 MC H 5. 4 | 15112 11077 10967 Con A R§-SEerRil
anplification of cytokine RNA from MCH 5.4 cell 1ines showed anplifiable
message only WQ312. Neither 10 IL-4, 1L-6 or |FNy coul BCEES®Y% i ed
with 30 cycles, though IL-2 nessage was easily detectable (Fig. 49).

‘DI SCUSSI ON CD28 nmessage was measured in in vivo and in vitro 15 infection

to determine if CD28 expressban coupghde assapyedngpd.if infection with the

‘retrovirus alter t he e's e si on. n sufficient RNA could be
recovered, CD28 gsgﬁgrmngégggasuregg%%snorthle%ﬁgbl otting and by a

sen -quantitati MEERTAPERN3S33§ whenli&tbvery 3ds0 20 limited. Following in
vivo experiments thea infection of three animals wth the Maryland strain

of FIV as previ y l.al.ped, CD. d CD8Q, specific nessage was
'éx?éP 1%l7§8 m ﬁg?\%]f rom’ 5627

anplified rom racted fro | ated from blood 25 from
these infected &hFia?s GhdoAéR-i nf etl@Y cont r'B1%¢7 Al t hough det ernination

by Northern bl otddmng woul d have been preferable, the sem -quantitative

RT- PCR was enploy. b . | jm_t-at. . e o e and t he
anount of RNA av%yleﬂaé& gﬁgﬁgugga?sd%gfekgﬁggl%% l$?l:f)j:& V\%%%Ib%EanEé%vé ]Zl SO a
maxi mum of 10 niliGEshFBEUEWATP LAFARPABI BeTF T SBHY ekPerittient NeE anal ysi s
of the CD4LACD8 rmi-i40s I6f-6t e PBMZ £pomil be amplified with 30 cycles,

though IL-2 message was easily detectable (Fig. 49).

DISCUSSION

CD28 message was measured in in vivo and in vitro
15 infection to determine if CD28 expression could be

assayed and if infection with the retrovirus altered the

message'’'s eXpresgsion. When gufficient RNA could be

recovered, CD28 message was measured by northern blotting

and by a semi-quantitative RT-PCR assay when recovery was
20 limited.

Following in vivo experiments the infection of three
animals with the Maryland strain of FIV as previously
explained, CD28 and CD80 specific message was amplified
from RNA extracted from PBMC from isolated from blood
25 from these infected animals and non-infected controls.
Although determination by Northern bletting would have
been preferable, the semi-quantitative RT-PCR was
employed because of limitations on the number of cells
and the amount of RNA available. The cats were bled at
30 weekly intervals, so a maximum of 10 ml of blood was

available for each experiment,

FACS analysis of the CD4/CD8 ratios of the PBMC from
infected animals declined over the 8 wk period as

compared to the uninfected animals in which ratios
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i nfected ani mal s declined over the 8 wk period as

conmpared._ to_th
uninfected animals in which ratios 117 0 7 SEP 2009 rrp EISI%PSE%O&UQ\D
99/ 57271 PCTI US99/ 09502 renmined relatively constant. There are
di fferences between the two experinental groups. Though tﬂeg SEPARIDS
rati os appear to differ in the infected versus uninfected aninmals, no real
differences MWQ®BB7br CDBO and CD28 5 expression were det%‘é‘f"éﬁ??’&gs%ata not
shown). To optimally determ ne CD28 expression pure T-cells were required.
Fromthe PBMC isol ated, on an average, perhaps 40%of the cells were in

fact T-cells. of..hhesgsceldiscateldi agHint 0 Adki-cwoidd bBerfdnckscells
whi ch do not 10 express K CD28

at concentration.a ells.
This in conjunctFEREHT (et ﬁ‘éofeécc?tertlﬂ%rt?tml 7 ot Rer gfheoﬁggsﬁh%%/@t% not
expressed at hi ghtieyeanreby t@ﬂufﬁgrmeémesm?me@h%w ungpEeqtssl najority
of circulating Tngehkls) nbedehd thereesidonid CCBJTIHJ_OyCﬂF@?aiEi erpdsnat i on

rat her 15 g]ﬁgsls\géteh%gmbl ott| QQFQE‘F\%f m(I&gEX ggé,pegﬂ % attenpting to

detect CD2 Sextracted from BIVC wer e
unsuccessful. The sem quantl tatl ve RT-PCR reaction, does detect the
presence of RNATencpdimegl@DagterThing Fechmxpreswagn atwes T2gebbedvars anplify

nmessage speci Iji GehQE r&dP80. Frbﬂﬂhﬁ/ﬂé rP@M@eiéollalteas & Qv decrfNA beampihi gh CD28
message was detecte e !\/CH S ecause
as a T cell Ilne% Pg éﬁ/ tﬁ%ice ﬁr}e f %e&?l a??ﬁ O§ %geﬁl& ""Zﬂe and a
derivative |ine tiBelsadiprevi bast ywha CboP@dCHBCh'Ftﬁﬁlélsvl‘Yfﬁ{Chl edtion. A
final benefot wasghrbat as2@ £eldhd isae aohi@entg=eabar asreser veceld. RNA was

avail abl e than LiQm LYMRROGKLER LAl OhbadexiRact %ﬂ foam @Féw&le ani mal .

Attenpts were al'S0 pursue msssage hern bl otting.
Wiile CDBO is plfé@@ntltaflo‘é ?Wesﬁéﬁcéﬁtlﬁjﬁﬁ oFvE rB%t’f‘?’Fd:lﬁgcgr?% 1%nd
nonocyt es, the higkéstochevetsceoftlexpegdesion af ecfounchtiings T oal btled

led to the decision to employ PCR determination rather
15 than Northern blotting. Preliminary experiments

attempting to detect (D28 message from 20 ug of RNA

extracted from PBMC were unsuccessful . The

semiquantitative RT-PCR reaction, does detect the

presence of RNA encoding CD28. This technigue was also
20 used to amplify message specific for CD8O.

In vitro cell lines provided RNA from which D28 message
was detected by Northern blotting. The MCH 5.4 was
chosen because ag a T cell line, all of the cells
potentially express CD28 message, and a derivative line
25 had previously harbored a chronic viral infection. A
final benefit was that as a cell line, a far greater
reservoir of RNA was available than from lymphocytes from

blood extracted from a single animal.

Attempts were also pursued to detect CD80 message by
30 Northern blotting. While CD80 is present at a low
concentration on resting B-cells, and monocytes, the
highest 1levels cof expression are found in stimulated
monocytes and macrophages. A feline antigen presenting
cell line was unavailable, and T-cells normally only

35 express the peptide at low levels. Experiments to detect
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nonocyt es and macrophages. A feline antigen presenting cell, LiRpe S
unavail able, and T-cells normally only 35 express the peptﬂc;esg? ?m

| evel s. Experinments to detect 118 0 7 SEP 2009 | 9 SEP 2002 WD 99/57271
PCT/ US99/ 09502 CD80 specific nmessage from RNA extracted f r binS RN was
unsuccessful probably for simlar reasons as were discussed with CD28.

Al t er nati vel WO 9¥8RTL quantitati ve PCR was enpl oyed with clarésgdPsied from
‘the infected animals 5 to denonstrate CD80 and CD2S nessage. Though not
providing a definitive answer as to nessage quantity, this assay does

demonstrate messgge LseprAseHlos30de et i Wardhapbaye iy AliRdaACe.

1411
Nort hern bl ot anal ysi neSsage froma feline T 10 cell |ine was

successful . WheHFhecHEiddge PFEPRERDS fIRds StBIMFE eFeRRCTRT 61 ed®fRd
non-i nf ect ed cebBhscidwde wivelh eCD2@i. f Aremmeesvety t IsemexquaadsenipatPC8r ns. CD28

nessage was NMDghLsabyndaal ditiirkni £iLdves! £ XROSHE LR E0MmMQr 16  hr.
Message was al so detectéd in unstimul aﬁsneg ?Hﬂ 15 uni nf ech,gg cel | S, Wil e
nessage was det &6t abFEIIARE 7% SPPRUIMSSE4%98nd uASPTRII &PEd FI v

infected cel | s, prowiéizg wer definikddiey anewsrt hantpneRgagmi Aty cel | s.
This data correlatgs ag8hl WokB skibhairdtentidigsgeencoyteeend Wadng the
-RT-PCR det ection &eghné2 le, 120 The,ability to detect CD28 nessage is not
encunber ed by t KE*25ahe Timtatrons Tound with the CD8O nol ecul e. However,
if a large popul ation of CD30 expressing cells can be isolated it would
certainly be feaisrbhertoblst estalygssage PO mgEssaNer Eherna bfdtiiend. Wen

peptide spggifi f&leffﬁgpﬁi@%b &Rk hodi ez&lelalr ehderv@é%dlff:@rcmm%ss% face
proteins, it w e interesti t g correl at S e t he
amount  of surfaé:é’mé’%?%sé?Qjﬁn%eoc&%ga@ﬁ pgﬁ?iH‘e.ecg%o%gﬁésc%’%&é%npl ified
to insure that tHéfersraes Ap thi fREFesRies PAtteEct edPEhPSERAER &% d | i nes.

IL-2 was 30 anplisti gsufd=em eachigreuped rdeespestiosedofo imfreat fan ist at us.
No other cytoki rl‘-ﬁ-.nes%%%%a&’gs wadgplé.fé.oeddetected in unstimulated and
15 uninfected cells. While message was detectable in the
RNA from stimulated and unstimulated FIV infected cells,
levels were markedly less than in the uninfected cells.
This data correlates well with similar findings

encountered using the RT-PFCR detection technique.

20 The ability to detect CD28 message is not encumbered by the
same limitations found with the CD80 molecule. However, 1f
a large population of CD80 expressing cells can be isolated
it would certainly be feasible to detect message through
Northern blotting. When peptide specific meonocleonal
25 antibodies are developed for these surface proteins, it
will be interesting to correlate message levels_with the

amount of surface expression for each peptide.

Cytokine cDNA was amplified to insure that there were no
differences in infected and uninfected lines. IL-2 was
30 amplified from each group irrespective of infection status.

No other cytokine message was amplified.

The Northern blot indicates that CD28 expression at the
mRNA level is down-regulated in vitro by the presence cof
FIV. While this finding should be confirmed by measuring
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The Northern blot indicates that CD28 expression at the evel
down-regulated in vitro by the presence of FIV. Wile thlsﬂf7ﬁﬁﬂh@u@iould
be confirnmed by neasuring 119 0 7 SEP 2009 1 9 SEP 2002 WD 99/57271

PCTI US99/ 09502 surface protein expression, it appears that {f yp pection
invitro may influence CD28 expression as has been denonstrated in human
T-cells infecV@®S* T H V (Brinchmann et al., 1994). 5 CONSTUSPYIEC2C oni ng
‘and sequenci ng of the cDNA encoding the CD28 and CD80 signaling conpl ex
fromthe feline systemyielded product anal ogous to the nol ecul es isol ated

fromother 10 sysieme Wibkeid r@{;ﬂf‘éts%tlbﬁe wm&%dtﬁ%%ﬂﬁ%n@&cw&
feline protein denonstrated relat velﬁ% (ﬁ%ldentlté W th hunan and

murine pol ypepti ges, léﬁﬁbaW| Sy B BTe%?o Sy B¢hed

nol ecul es, the @@m@ﬁweﬁaﬂ)fl%h&m@@tﬂ‘eﬂeg&hc1rrf@§ice|@|eslthaﬁdw tRyrifgbratmat 15
t he surface | i gagel 41s. ,naborhought to have a signaling function, led to the
conclusion that the isolated product was in fact the feline anal og of

CD80. In contrast the feline CD28 nol ecule retained noderate identity at
both the ndcleic acid and putative amno acid |level, and was 20 anal ogous
to nmol ecules cloned in other species. The nature of the nol ecules were
further identifieoNtnUsId¥nonstrating i nteraction in binding assays.

Monocl onal anti bodi es directed agai nst the anal ogous proteins in _other

spect es coul d not, &eag! b LA ncrprassed (el e 2aiprotel D,0T04g @ Set

of bindi ng assays_was “desi ate Interaction occurred,
and that the |n?%§%c?%%ﬁﬁk&¥9|QQmPBP¥aSF%mb9h%oF%¥ﬂ%?r%ﬁﬁﬁﬂﬂoﬁleﬂﬁEdthese
assays, bindi ng sasidenensiicgbed by tist entlicamlel ibbloreschikl wrhabel ed

cell's, whi gl wassj 4t t amhﬁebxhghep&%el%r&qﬂ% 'a%dogegﬁ &5 tn
counter-recept OI’? These assays denonstrat ed not. onl at the pr Ot ei ns
for feline CDSO line protein demonstrated relatively lo identity with

the human and murine polypeptides, comparisons of
homology between previously cloned wmolecules, the
retention of characteristic residues, and the fact that
15 the surface ligand is not thought to have a siénaling
function, led to the conclusion that the isolated product
was in fact the feline analeg of CD80. In contrast the
feline CD28 molecule retained moderate identity at both
the nucleic acid and putative amino acid level, and was
20 analogous to molecules cloned in other species,

The nature of the molecules were further identified by
demonstrating interaction in binding assays. Monoclonal
antibodies directed against the analcgous proteins in
other species could not react with the expressed feline
25 proteins. Thus a set of binding assays was designed to
demonstrate that interaction occurred, and that the
interaction was inhibitable by soluble receptor. In
these assgays, binding was demonstrated by retention of
fluorescently labeled cells, which was inhibitable by the
30 introduction of soluble counter-receptors. These assays
demonstrated not only that the proteins for feline CD80
and CD28 could be expressed, but alsc that the surface

expressed molecules were able to interact.
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and CD28 coul d be expressed, but also that the surface expressed %bl ecul es
were able to interact. 120 0 7 SEP 2009 1 9 SEP 2002 WO 990 575E¢ g

PCT/ US99/ 09502 The expression of the nolecules in an active |on
al so characterized. The expression of CD2S and CDBO was asé&yﬁ‘(ﬂ in vi vo
and in vitro systens exposed to the FIV virus. The expression of CD28,
which in humOo®5sl s infected with the HV virus, has beBRTHHBRMH% 0 be
altered (Asjo et al., 1993) was al so adversely affected by FIV infection
of feline T-cells. Further information regarding the expression of each of

these ol ecul es i 1S dLognessi . dloihie di sease shauhdl qopLipus, (0 10

establish the feline systemas an retroviral infection.

The | ong term appts GaEP o Erteheass!- nDTfE‘élﬁ’g?ei%lOBo‘?ferﬁI?%ﬂ EpdvEREC  An
under st andi ng ofwdgmaszaysyisient: wwel ahdonartitrodi wesigam exporet hiec human

system can only dJp. |8ad Jﬁu@, MRt Bsaugh cHnder shanding Bf ihowuhdie system
functions in man. Further, (E‘Erqr]r_ﬁortanc of the_ fel eC| gs as a nodel
e

in retrovirdl infedd dRipEte thesiabI YEHEd (‘gF’e;B%?I? P. 2% 1990).
The CD80 has beenltgreopdsetioast @&lpot eﬁEBhlwmijal\mnadvera@&ﬂdueéanMy CTL in

20da|nti - r&;} r Oxi rg M@C%ﬂé‘&lfofﬁheff@mee sysd e wolde her afhfo&%ﬁ%@@?ﬂé ingl ,

noade In |1 C to tes the,e | caC ysLe

SEP 2009 19 SEP‘-’%?{J\RB §5‘F5?§9’ie%%ﬁ%§39F6§§03% g“?seer et?logeeé:ﬁﬁzuna M, et

al ., J. | munol ogye 14F0sressian 225 1999) dissagg yrfiowd, epntginue NEPure 366,

76-79 (1993). egstablish the feline system as an important meodel of
retroviral infection.

The long term appiications of these molecules 1is
potentially wvast. An understanding of immune systems
evolutionarily divergent from the human system can only

15 lead to a more thorough understanding of how the system
functions in man. Further, the importance of the feline
species as a model in retroviral infection is clearly
established (Siebelink et al., 1990). The CD80 has been
proposed as a potential adjuvant to induce memory CTL in

20 anti-retroviral vaccines. The feline sgystem would be an
exceptional model in which to test the efficacy of this
system.

25

30

35
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feline parasite. 145 0 7 SEP 2009 19 Septenber 2002 29. A nethod of
inducing immunity in a feline which conprises adnmnistering to the feline
a dose of a vaccine of any of claim26-28. 5 30. A nethod of q@gg h an
i mmune response in a feline which conprises adm nistering t(gj ?h fg pﬂe a
dose of a vaccine of any of claim23-38. 10 31. The nethod of claim29 or
30 wherein the vaccine is adm nistered subcutaneously, intramdsaasdoy.
systemcally, topically, or orally. 32. A nethod for suppressing an inmmune
response ¥hag 1% ¢bpiimedhi&h conprises administering to the feline an
effective i nmune response suppressing anount of a pol ypeptide of claim21.
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3. The nucleic acid of claim 1, wherein the feline
10 | D86 ligand has the seguence shown in Figure 3A
beginning with methionine and ending with

isoleucine (Sequence ID NO: 5}.

4. The nucleic acid of c¢laim 2, wherein the feline
15 CTLA-4 receptor has the sequence shown in Figure
5A beginning with methionine and ending with

asparagine (Seguence I. D. NO: 9).

5. The nucleic acid of any of claim 1-2, wherein the
20 nucleic acid is DNA or RNA.
G . The nucleic acid of claim 5, wherein the DNA is

¢DNA or genomic DNA.

25 7. An oligonucleotide of at 1least 12 mnucleotides

e

which has a seguence complementary t¢ a sedquence
uniguely present in the nucleic acid of any of

claim 1-2.

30 8. The oligonucleotide of claim 7 which is at least

15 or 16 nucleotides in length.

9. The oligonucleotide of c¢laim 7 or 8, wherein the

oligonucleotide is detectably labeled.
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14.

15.

16.

17.

18.

19.

20.

21.
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The oligonucleotide of claim 9, wherein the
detectable label comprises a radioisotope, a

fluorophor, or biotin.

The oligonucleotide of claim 7 or 8, wherein the

oligonucleotide is selectively methylated.
A vector comprising the nucleic acid of c¢laim 1.

The plasmid vector of «c¢laim 12 designated B7

2&num;19-2/011298 (ATCC Accession No. 209821} .
A vector comprising the nucleic acid of claim 2.

The plasmid vector of claim 14 designated CTLA-44
1/091997 {ATCC Accession No. 209820).

The vector of any of c¢laim 12-15, comprising a

promoter operably linked to the nucleic acid.

A host cell which comprises a vector of any of

claim 12-16.

The hosgt cell of claim 17, wherein the host cell

is a eukaryotic or a prokaryotic cell.

The hosgst cell of c¢laim 18, wherein the host cell
is selected from the group consisting of: E. Coli,
yveagt, COS cells, PCl2 cells, CHO cells, and GH4C1

cells.

A polypeptide encoded by the nucleic acid of claim
1.

A polypeptide encoded by the nucleic acid of claim

2.
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24,

25.

26.

27.

28.
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19 September 2002

A method of producing the polypeptide of any of
c¢laim 20-21 which comprising culturing a host cell
which expresses the polypeptide and recovering the

polypeptide so produced.

A vaccine comprising an effective amount of a
polypeptide of any of c¢laim 20 and a suitable

carrier.

A wvaccine - of «c¢laim 23, wherein the effective
amount is an amount £from about 0.01 mg to about

100mg per dose.

A vaccine of claim 23, wherein the effective
amount is& an amount from about 0.25 mg/kg weight
body of a feline/day to about 25 mg/kb weight of a
feline/day.

A vaccine of c¢laim 23-25 which further comprises

an immunogen derived from a pathogen.

A vaccine of claims 26, wherein the pathogen in a
feline pathogen a rabies virus, chlamydia
Toxoplasmosis gondii, Dirofilaria immitis, a flea,

or a bacterial pathogen.

A vaccine of claim 27 wherein the feline pathogen

is feline immunodeficiency virus (FIV), feline
leukemia virus (FeLV}) , feline infectious
peritonitis virus (FIP), feline panleukopenia

virus, feline calicivirus, feline reovirus type 3,

feline rotavirus, feline coronavirus, feline
syncytial wvirus, feline @sarcoma virus, feline
herpesvirus, feline Borna disease virus, or a

feline parasite.
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A method of inducing immunity in a feline which
comprises administering to the feline a dose of a

vaccine of any of claim 26-28.

A method of enhancing an immune response in a
feline which comprises administering to the feline

a dose of a vaccine of any of claim 23-38.
The method of claim 29 or 30 wherein the wvaccine
is administered subcutaneocusly, intramuscularly,

systemically, topically, or orally.

A method for suppresgsing an immune response 1in a

- feline which comprises administering to the feline

an effective immune response suppressing amount of

a polypeptide of claim 21.

A method for suppressing an immune response in a
feline which comprises administering to the feline
an effective immune response suppressing amount of

a soluble polypeptide of claim 20.

A method of c¢laim 32 or 33 wherein the amount is
from about 0.25 mg/kg body weight/day to about 25
mg/kb body weight/day.

A method of claim 32 or 33 wherein the feline is

suffering from an autoimmune disease or 1is the

recipient of a tissue or organ transplant.
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